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ABSTRACT

This thesis proposes 1 kW PV grid-connected installed in Sakonnakhon province, North

Isan of Thailand. The thesis shows the design which is a short and proper method for the PV
. design. The design is simulated by software to prove and optimize the design. The simulation is
shown that the method is correct for this design. The construction is done accordingly to the
design. The energy data collected less than every 1 minute. The results of system analyzed to
cover the cost of PV grid-connected power plant construction in Sakonnakhon. This can ensure

that the proposed PV system is correctly designed.
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1 Incandescent bulb 60 0.25 90
1 Typical fluorescent lamp 40 0.15 60
1 Compact fluorescent lamp (CFL) 15 0.07 25
1 Fan 375 0.75 270
1 Radio 55 0.10 35
1 Television, colour 19" 80 0.14 50
1 Drill, 318" variable 240 - 10
1 Blender/Mixer 350 0.07 25
1 Refrigerator (12cu. £t./340 litre) 330 2.75 1000
1 Vacuum cleaner 900 - 45
1 Iron 1000 - 50
1 Clothes washer 1150 - 120
1 Toaster 1200 0.12 45
1 Coffee maker 1200 0.30 110
1 Hair dryer 1500 0.33 120
1 Micro“.lave oven 2100 0.35 130
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1 4 1 4
o i a 4 .
Usziugunimiii asdauwnnes (quality factor, Q)

3.1 poanunnines

1 4 ' T [ v
aodaunnaes (Q AeguamvsandeniuildiveseldduInaanfiegldun
o [ A @ @ d' 1 9 b 4
wasnuemwaileg (B,) fundsuilvandesns (E,,,) HazAuABInIsves
I's A 1 1 =:’ 9 {I a 9
mna (B, donswaunariiud: ennsoadudluaumsasguildninnmisnadey

v
(Standard Test Conditions,STC) 41l

E
Q=—2 (3.2)
Elh
ﬁ Q  =manlizneuguanyetszuy

E,,, =midditheiefilnaavesszuudeants (kwn]
E, =f1aa0Insnaiaiuyessyy [kWh)
aunMvedsTUUzdBslindivanefudnnaiideansld  diulnginms
oRAIUIIZIBAULT TN UL s s I Ruawefunts 1daasanell anudeants
wiynendumitszuulfess s lWnnszuy pv sl funaave s PV
(A, Aanduduvesiidininasediag (g,,) dszdnnmveuun PVITUA (7)) A
auAumTaves STC Faflaunsdad
Ey=1"E oy Auray (3.3)
fi E,  =sueninafildronuiium PV (kWh]
7 =1)52@NTNINVDIUHI PV [decimal]
Egp  =Uninuisd@annszny lassamauuuiuoy [kWhn'
Agray = Aufiune PV [
naendefisznsnmueandeendidon pv lidhlamAuingudasey
u0ﬂﬂ1'ﬂﬁ”fni'nw‘hu.ﬂﬁqﬁﬁﬂqﬁmmmﬁﬂﬁ'ﬂiz%?'n%mwum PV aaaq oenalsfaum
wanugegaasodaiald moldumsguues stC Faldendadl sTC: 1, = 1000
Wim?; Tep, = 25 °C, AM = 1.5) 3¢ Idmdsaunisdi (3.4)
Prw=1Ise Ay, (3.4)
i Pk = fhwﬁwmqaqmiaﬁuﬁmm PV [kWp]
n - falszAnTnmyea PV Aofui [decimal]

Tge  =WAMUIIVVOINTUATITNINNINTFIU STC[1 kW/m']
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PV module (Crystalline) 0.85...0.95
PVamay 0.80...0.90
PV system (Grid-connected) 0.60...0.75
PV system (Stand-alone) 0.10...0.40
Hybrid system (PV/Diesel) 0.40...0.60
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(3.8)

eak

Cp=10 P,

=h.

Cg = battery capacity [kWh]
P = peak power of the PV array [kWp]

peak
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PV module (Crystalline) 0.85...0.95
PV array 0.80...0.90
PV system (Grid-connected) 0.60...0.75
PV system (Stand-alone) 0.10...0.40
Hybrid system (PV/Diesel) 0.40...0.60
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Nominal | Operating | Operating Open Short Maximum Max. Dimensions Max. Tatal
Power Voltage Current Circuit Circuit series fuse | system (mm, x Weight area
w) %) ) Voltage | Current A voltage mm.) (kg) (m)
\2] @A) m
40.0 44.8 0.93 62.2 1.14 4 600 635x1245 13.5 0.79

Typical -V Characteristic at 1,000 Wim® irradiation for BS 40
1.6~

current {A)

05~

1 * 1 *

9 20 30 44 8 e 70

voltage (V)
Voes62.2V Ist=1.16A Temp: 24°C
Pw=40W m=0.9A Vm=44.8V

{ v o o
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TEMNO. DESCRIPTION QTY.
1 Assom SHORT LEC 1921 MM. 2
2 [ Assern SHORT LU 1000 MM, 2
N LOWER FRAME 2
4 UPPER FRAML. {4
s jedefuin . 2
6 G 1
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Max. input voltage Ubc max 400V
Input voltage, MPP range Uy 139V ...320V
Max. input current Iov max 10A
Max. input power Poc 1210 W
Nominal output power P sc. nom 1000 W
Nominal output current LAc, nom 44 A
Nominal operating voltage Uc. om 220V /230V/240V
Nominal operating frequency F 5, nom 50 Hz/60 Hz
Power factor Cos phi 1
(at nominal output power)
MPP Bridge
tracking
Transformer Grid guard
¢+ * —Iél
1
+ 36 Y1
¢ Lo ¢ o
- F_ N
I Communication
= Overvoltage . Interface:
Ground fault . Disply
protection RS485,
monitoring di
radio
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DESIGN AND ANALYSIS OF PV HYBRID SYSTEM FOR ISOLETED HOUSEHOLD ELECTRIFICATION

Rak Skunpong', Pramuk Unahalekhaka?, Boonyang Plangklang’, Werachet Khan-ngern!

!Department of Flectrical Engineering, King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520, Thailand
2 Department of Electrical Engineering, Rajamangala University of Technology Suvammablumi, Nonthaburi Thailand
3Department of Electrical Engineering, Rajamangata University of Technology Thanyaburi (RMUTT). Thanyabui, Klong 6,
Pathumthani 12110 Thailand, Telephone: +66 (0)2 549 3420 Fax 0-2549-3568, E-mail: pboonyang@hotmail.com

ABSTRACT: This paper describes a design method and construction of a PV hybrid system for household
electrification in remote area which has typical important electrical loads for daily life such as television,
refrigerator, electric Fan, coffee maker, and radio. The paper shows the design method which is a short and proper
method for the PV design. The désign is simulated by software to prove and optimize the design. The simulation is
shown that the method is correct for this design. The construction is done accordingly to the design. A prototype
house is constructed specially for demonstration of the systemy. The PV hybrid system is constructed inside the
prototype house which has a 1.8 kWp, 20 kWh of battery, and 3 kW of diesel generator. The results of the system
shows that the designed PV hybrid system can deliver the power to the house continually 24 hours This can ensure
that the proposed PV hybrid system is correctly designed and can be used for utility in the remote area where has no

an electric grid.
Keywords: PV Hybrid, Monitoring System

. INTRODUCTION

Energy is considered as an essential mechanism
1 order to development a country, but now we are facing
nergy shortage. High cost of energy affects the
evelopment of country adversely. Alternative energy
rom various sources has been investigated in order to
ind a substitution for energy from main energy source
uch as energy from the sun or the wind. Altemative
nergy in different forms has been used in different
rojects, but its use is still limited because there is no
ccurate database to provide data, such as real-time
ionitoring, enviromnental factors, for the analysis and
ac assessment of efficiency and economic feasibility. As
1e alternative energy is not available all the time, to
nsure continually power deliver, the construction of a
ybrid system is necessary. Therefore a PV hybrid system
or household electrification in remote areas is
onstructed and demonstrated at Rajamangala University
f Techmology Thanyaburi. The system is working
ontinually including a real-time monitoring system.

. THE PRICIPLE SYSTEM DESIGN

The PV hybrid system for household electrification
ust be able to supply electricity to loads continually.
e system emphasized the use of solar energy as the
1ain source of energy. In the design. the solar energy will
¢ converted to electricity and supplied directly to loads
nd exceed energy is stored into batteries for using during
1¢ night. There is also a real-time monitoring system to
ee whether the power production is working properly.
Jsually the monitoring system observes the production
erformance everyday and can give a report daily,
1nthly or anmually. All the data are collected into a
omputer system. The overall picture of a PV hybrid
ystem can be shown as in Figure 1.

3637

3. THE DESIGN

According to the design principle, the design
must be able to cover all needs of the system which also
includes the real-time monitoring system. The data for the
design include the typical loads and how much power is
used by loads in each time interval. In this paper loads for
bousehold use in remote arcas are described as shown in
Figure 2.

Hybeid power plact

Figure 1: A PV hybrid system

After having the demand of the loads, the
demand is considered and calculated to determine the

capacity of the solar cell. Ppmk. starting from the

efficiency of the system as in equation (1), then the
estimation in theory and in practice is calculated to find
the energy obtained from sunlight (2,3); capacity of solar
cell in shown in equation (6)

Wate Supply
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when  Ppu = peak power of the PV amay under
STC [kW,]
Eyq = real electric output energy of the
system [(kWh/a]
Isse = incident solar radiation under STC [1
EW/mnl]
Eys = annual global solar radiation
{(kWh/m®a}
Q = quality factor of the system
Ey = theoretical output energy of the
system [kWhva]
n = efficiency of the PV array [decimal]
Aerrey = area of the PV array [

Equation (§) (be homor to the author s
professor, this method is called Schmid’ Forula) can be
used for design. The efficiency values of the system is
shown in Table 1.

Table I: shows quality factor of the system used in the
PV hybrid system [3]

PV any 08...050
PV sygem (Grid-conrected) 06...075
PV cyrem (Stand-aloar) 0.19...040
Hgbrid system (PV/Diesel) 0.49...0.80

When we know the value of Ppmk of the solar

cell from the calculation of equation (6), we use the value
in the calculation to find the battery capacity as in
equation (7). The proposed method is designed the

capacity of battery for 10 time of P’“,‘ .

CB=10x P )
When Ppx = peak power of the PV array under STC
= w,)
»

CB = battery capacity [ kWh)

When the capacity of the battery is obtained,
the level of battery voltage can be selectad depending on
the level of load consumption as shown in Table II. For
the designed system, 48 volts of battery is selected.

Table O: shows the level of battery voltage in
comparison with average energy consumption of the
system [3] .
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C.4 00...10 0.90...20 1@

2.6 10..20 20..40

4.12 20..40 40..80 48
§md mere 40.80 30.. %0 %

Afier a2ll the values have been obtained, the
Hybrid system is simulated and analyzed by using a
simulation program, the well known Homer program is
used to assess the performance of system as shown in
figure 3.

Figure 3: The designed PV livbrid system.

From the design and software optimization. the
designed PV hybrid system consists of the followings:
PV=18kWp
Diesel Generator = 3kW
Battery =20 kWh
The result of simulation shows that the designed
system can be able to supply energy to the load
continually as shown in Figure 4.
From the simulation of the designed PV hybrid
system_ it is found that during the day the solar cell can
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produce enough electricity to supply the loads and the
surplus epergy is stored into the battery and during the
night when the solar cell cannot work the stored energy in
the battery is supplied o the load and if the battery is
empty the energy generated by the diesel generator
enabling the system to supply automatically therefore the
PV hybrid system can ensure energy supply continually
and stably without power shortage or faiture.

f Pl

L E

S ¢ aaund

L L

Figure 4: The result of simulation.

4. THE OPERATION AND ANALYSIS

According to the system dasign, the hybrid energy
house is built. The house is specially designed to
demonstrate the designed PV hybrid system supplying
power to the daily loads. The constructed energy house at
RMUTT is shown in figure 5.

3639

Figure &: The Prototype of energy house with everyday
household loads.

From 6 months experiment of the RMUTT energy
hybrid house using a microcontroller automatic on-off
load sinnilating the use of electric appliances in daily life
as a typical load profile shown in figure 2, the result is in
the state of satisfactory. The system can supply clectricity
to the house stably. The monitoring system cau collect the
data of every 5 minute interval and recorded imto the
database to study and evaluate the efficiency of the
system. the collected data is shown as in figures 6-7.

Figure 6: Load profile of the house with a refrigerator

Figure 7: graph showing perfonnance of the PV hybrid
system.

Figures 6-7 are graphs showing relationship in
performance of the PV hybrid system. It can be seen the
time during which the PV can produce electricity for the
loads and the conmsumption is less then the production
level This time is from 6.15 a.m. to 6.00 p.m. The surplus
energy will be stored in the battery for the night use.
During the night the PV cannot producs electricity and the
energy value of the battery is in the niinus range because
the energy from battery is supplied to the loads and the
system will automatically start the generator when the
battery voltage is lower than set-point which is 44 V., At
this level of battery voltage, the battery is empty and can
not supply electricity to the Joads more otherwise battery
will be damaged. However from the experiment of the
designed system, the designed PV hybrid system can

63



23rd European Photovoitaic Solar Energy Conference, 1-5 September 2008, Valencia, Spain

supply to the loads contimually without starting the diesel
generator  because there is enough energy during
experiment in summer season. This can be seen on the
graph which shows that the energy from the generator is
zero all the time.

5. CONCLUSIONS

From the proposed PV hybrid system for
houszhold electrification, the designed method is used to
calculate the system components,-all the valuas obtained
from the design are optimized by the software program. A
real construction of the system design is built accordingly
to the design. From the experiment it is found that there is
a spike of the loads because of the refrigerator, it
maintains the constant temperature of itself and during the
day when the weather is warm, the refrigerator works
almost all the time which is the function of refrigerators in
typical work. The designed hybrid system can supply
enough energy because there is a lot of solar energy. And
the rasult from the experiment shows that the proposed
method is correct for designing a PV hybrid system for
household electrification.  The system can work
contitrally and stably.
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A Practical Method for Quickly PV sizing

Rak Skunpong', Boonyang Plangklang?, Veerachet Khan-Ngem!, Paisan Boonchiam
'King Mongkut’s Institue of Technology Ladkrabung
*Rajamangala University of Technology Thanyaburi (RMUTT)
Klong 6 Thanyaburi Pathumthani Thailand 12110

Abstract

Nowadays PV system is being worldwide
installed. The potential of solar rediation in Thailand
is recognized therefore the PV implementation in
Thailand should be realized and supported for future
renewable energy use. However, the PV sizing
method is still complicated for developers and
researchers. This paper will present a simple and

practical method for PV sizing which takes very short .

time for zing PV system. The calculation in this paper
will be both PV stand alone and PV hybrid systemn.
The results will be simulated to improve that the
method is right for the PV sizing.
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1. Introduction

Photovoltaic system is realized as an energy source
that transforms the solar radiation energy into
electrical energy. The term photovoltaic is often
abbreviated to PV. The radiation energy is transferred
by means of the photo effect directly to the electrons
in their PV crystals. To design the right and effective
PV system is therefore depending on a great role of
solar fadiation. The simple idea for sizing is the
energy balance (1).
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In order to conmstruct a reliable PV system an
accurate planning is necessary. Therefore. a
photovoltaic system should be sized according to
following planning Fig. 1.

Presizing

One of the most parameters required for presizing
PV systems is a value of annual global solar radiation.
The annual global solar radiation at a site has to be
quickly approximated ar first for example in Thailand
is about 5 kWh/m%/d.

After the potential of solar energy was
approximated, the next parameter is how much energy
is required by consumers, it is necessary to kunow
which consumers and how inany of them would be
included into the system. In case of village
electrification it must be informed if there are schools,
health stations, small enterprises or private
households. For example, some of common

household appliances and their approximate daily and
annual energy consumption are listed in Table 1.

Presizing (Thasb rale)
~Data callecsion
“Cheadeg pe
Syt dring
~Cost eviraadion

Figure 1. Procedure for planning and sizing of PV systems
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Table I: Energy consumption of household
_ Sl P cwiva)
1 Incandescent bulb 60 0.25 90
1 Typical fluorescent 40 0.15 60
lamp
1 Compact fluorescent 15 0.07 25
famp (CFL) _
1 Fan 375 0.75 270
1 Radio 55 0.10 35
1 Television. colour 19" 80 0.14 50
1 Drill, 318" variable 240 - 10
1 Blender/Mixer 350 0.07 2
1 Refrigerator (12cu. 330 2.75 1000
1./340 litre)
1 Vacuun cleaner 900 - 45
1 Iron 1000 - 50
1 Clothes washier 1150 - 120
1 Toaster 1200 0.12 45
1 Coffee maker 1200 0.30 110
1 Hair dryer 1500 0.33 120
1 Microwave oven 2100 035 130




It should be noted that air conditioners and some
other electrical heating applications such as space and
water heating should not be included into PV systems
due to their relative high-energy consumption so that
they ‘are not economically supplied by PV electricity,
but rather by thermal solar energy. In addition, the
user should look for the most efficient appliances or
should also consider all appliances if they are really
necessary. As in Table I, it is necessary to find out the
energy consumption in KWh/m?d for properly size
the PV system. However some of appliances can not
be found in daily consumption, it is therefore
approximately calculated in kWh/m*/annual.

Due to the uncertainty of demand prediction and the
assumed radiation, the energy supply should be
basically higher than the energy demand. However. it
could sometimes happen that the supply could not
meet the demand and the system fails consequently.
For this reason, a quality factor (Q) is commonly used
to present how well the supply meets the demand.

2. Quality factor (Q)

The quality factor (Q) is defined as the quotient of
the real electric output energy measured at the system
output (Eiad), which is the system 10ad (Egeman) 2nd
the theoretical output energy (Eg), which is defined as
the output energy fromn the same system under ideal
conditions, which is the Standard Test Conditions
(STC).
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where: Q = quality factor of the system .
ELoad = real electric output energy [KWh}
Eth =theoretical output energy of the system [kWh]

0= 2

The quality factor can be determined over any given
time period. In most cases, a time period of one year
is chosen to presize PV systems. The theoretical
output energy (Eth) is defined as the energy output,
which is produced by a PV array with an area of
Aarray, the global radiation Egiob incident on a
horizontal surface and efficiency 1 determined under
STC:

Ey=1n 'Eglob'Aarray (3)

where:Eth = theoretical output energy of atray [kWh]}
n = efficiency of the PV amray [decimal]
Eglob = global radiation [kWh/m?)
Aarray =area of the PV array [m?]

It is often difficult to obtain values like the
efficiencies from manufacturers. Besides, the area of
the array is frequently unknown. However, the peak
power measured under STC is normally given (STC:
Istc = 1000 W/m®; Tere = 25 °C, AM = 1.5).
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Ppect = 1" ISTC *Aarrey (4

where: Ppeak = peak power of the PV array [kWp]
n =efficiency of the PV array [decimal]
ISTC = global radiation under STC [1 kW/m?]
Aarray =area of the PV array [m’]

According to the equations (3) and (4) after
substitution of n- Aarray:

E glod

E, = Pm,r . )

Ise

According to the equations (2) and (5) the quality
factor can be found out:

o=—ta

. 6
Eglob 'PM
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With the quality factor formula (6) and the empirical
quality factors of existing systems it is practical to use
this quality factor (Q) to presize the PV array.

3. Sizing of PV system
From the quality factor (Q) in (6) . the PV array can
be sized accordingly:

P= Lrous Isc Q)
Eglob o ’
where: Ppeak=peak power of under STC [kWp]
Eload=real electric output energy [kWh/a]
ISTC = solar radiation under STC [1 KW/An®]
Eglob = annual global solar radiation [kWh/m®a]
Q = quality factor of the system

In the theory, supply and demand values are
equivalent and the quality factor is therefore equal to
one (Q = 1). A measured value of, for example, 0 =
0.75 means that 75 % of the electric energy, which is
converted from the incident solar energy, is used
whereas 25 % of the electric energy is lost between
the solar cell and the system output or it is not used.

The quality factor depends strongly on the system
type. In case of grid-connected systems all produced
energy could be used, so there will never be surplus
energy. In a PV system it could however happen that
the battery storage is full and then PV energy will be
dissipated. For this reason, the quality factor relates to
the system type. In order to make a decision
reasoniably on the systemn type the amount of energy
consunption could be useful (Table IT). The quality
factors are then given in Table II1.
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Table II: Suitable type of PV systems
T e
SPEREY,

10 10
CEENENEN

sComponen ; 2

[ Pv module (Crystatline) 0.55...0.95
PV array 0.50...0.90
PV system (Grid-connected) 0.69...0.75
PV system (Stand-alone) 0.10...0.40 .
Hybrid system (PV/Diesel) 0.40...0.60

Therefore, the PV amray can be sized by using
formula (7), the size of PV will be in Watt Peak
(Ppeax) after sizing PV amray. the investment cost is
also considered. The cost and economics result will
not be described in this paper.

4. Battery sizing

For PV systemns, the battery storage is commonly
used for supplying energy during night for stand alone
system therefore the battery capacity and investment
costs should be also considered.

Due to the fact that the batteries are the second
biggest part of the investment and operation costs in
PV- and PV hybrid systems. However, experience has
indicated that operation cost of the battery is
sometimes higher than its investment cost.

The battery capacity depends on characteristics of
radiation, load. and system reliability as well as
intention of the user. From experience, the relation
between storage capacity [kWh] and peak power
[kWp] of the PV array is more or less 10:1. In case
that the global radiation at the site is nearly constant
throughout the year, this value will be lower than
10:1. When having a .system where the power
cansumption is mainly during the night this must be
corrected to the value higher (up to 20 % inore) and
vice versa when e.g. a wind generator or a diesel
generator is integrated into the system (Fig. 2). The
proposed formula for battery sizing is as formula (8).

CB = 10 -Ppeu 8

where: CB = battery capacity [kWh)

Ppes = peak power of the PV amray [KWp]
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From the formula (8) can be described as in Figure
2. The method requires only little information and
provides a quick system design. However, there are
some disadvantages because results are not optimized
solutions due to only rough estimation and therefore
conrain high degree of uncertainty. There is also no
consideration of different system variants (for
example, adapting the size of the PV amay to
available values and compensating this decision
through smaller or larger storage installations).
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Battery capacity Ca [kWh

0,01 0.1 1 10 100

Peak power Ppes kW]

Figure 2. Battery capacity and PV nominal power

Anyway, when planning a PV system, consutner
load is much more vncertain factor and experience
has shown that the empirical method provides as good
results as when the system is sized by simulation
programs.

S. Optimization and Simulation

After obtaining the size of PV from the formula
process, it is recommended that the system should be
optimized. There are many uncertainty factors for
optimization. A factor should be considered firstly is
load demand, what load profile is? How the peak load
is? This information can be used for PV or battery
optimization. Secondly, PV tilt angle should also be
considered, the easy method is that the PV array
should face to the sun the latitude and longitude have
1o be taken info account. However from experience,
the tilt angle for 15 degree is good for self cleaning
during rain.

The optimization process can be executed either by
computer or by hand. The simulation program can
approximately simulate the fact of the design system.
There are nowadays many programs available. For
this paper, to prove the sizing method, the software
Homer is here used. The example load profile for the
stimulation is as Fig. 3.




Figure 3. Proposed example Load profile for sizing

The stand alone PV system is firstly implemented.
The energy consumption for this load profile is 85
kWh/d. The solar radiation is selected from Thailand
S kWh/m¥d Using the formula (7} with Q = 0.4,
abtains as following:

Ppear = (85 kWh/d x | KW/m®) (5 kWh/m*d x 0.4)
Ppea: =42.5 kWp
Ppus = 10X 42.5 kW
Pam = 425 KW/

Therefore from the calculation, the selected PV-
battery system has the PV array of 42.5 kW5 and the
Battery capacity is 425 kWh. The homer program is
used to simulate and it can be set up the system as in
figure 4.

Figure 4. System set up for simulation

The simulation output is therefore shown in figure
5. The selected inverter is 43 kW. According to a
limitation of the market for available Battery in the
program, 423 kWh Battery capacity is selected.
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Figure 5. Sinmlation result for PV stand alone system

The simulation resuft shows that the PV system can
supply power to the load demand without any
shortage or unmet load. The PV system cam cover the
load even there are 2 continued low radiation days.
This can prove that the formula is right for PV sizing.
Moreover secondly a PV hybrid system is selected for
this study using the same load profile as fig. 3. The
generator is selected to supply the peak demand of 5
kW. The daily consumption is the same as 85 kWh/d
and the Q = 0.6. The calculation is therefore:

Ppex = (85 kWIVd x 1 kW/m?Y (S kWh/m*/d x 0.6 )
Ppexx = 28.33 kWp
P = 10X 28.33 kKW
Pp.n=283.3 kWh

The simulation diagram and result are as fig. 6. The
result shows that the formula is effectively used for
sizing PV hybrid system. The systemn can cover all
demand. however the unmet load also occurs in the
simulation but it is a small range and it can be
optimized for the implementation such as increase
capacity of PV, battery, or Generator.

Figure 6, System set up for Hybrid system
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Figure 6 (Cont.). Sinmlation result for Hybrid system

6. Conclusions
The paper presents a short and quick method for
sizing PV system both PV stand alone and PV hybrid
gystem. The calculation and the simnlation show that
the formula is effectively right for quickly PV sizing.
To be honor for a man who works hard. I would
like to call this method as Schmid’s formula.
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