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Abstract—In this paper, loss of load probability
analysis for cellular network transceiver base station
solar PV power system is presented. The daily load
demand for the case study cellular network transceiver
base station is 48252 Wh/day. The daily load demand
and the solar radiation data are used in PVSyst to select
the requisite PV system components sizes and also to
determine the loss of load probability and loss of load
duration. Particularly, the study focused on providing
detailed insight into the exact day and time that loss of
load will occur in each month based on PVSsyst
simulation results. The results showed that there is a
total annual average loss of load probability (LOLP) of
9% with a total annual loss of load duration of 792
hours per year. The results show that the loss of load
occurred on 30™ of January and it lasted for 10 hours,
from about 2 am to 12 noon. Also, the results show that
the loss of load occurred on two consecutive days in
March, namely, on 12" and 13" of March and it lasted
for 31 hours, from about 6 am on 12th of March to 1pm
on 13" of March. Furthermore, the highest loss of load
duration occurred in the month of July with about 169
hours of no power supply to the load. This amounts to
about 7.041667 days of power outage. The idea
presented in this paper can be employed to determine
the exact time that loss of load can occur all through the
year. This will help in power system planning.
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Power System Cellular Network, Daily Load
Demand, Transceiver Base Station, PVSsyst
Software

1. INTRODUCTION

Cellular network is the fundamental technology employed
in mobile phones and other wireless networking and
personal communication systems [1,2,3,4,5,6,7,8,9,10].
Basically, cellular network consist of at least a fixed-
location transceiver base station which provides
connectivity to the various communication devices that are
with the coverage area of the base station
[11,12,13,14,15,16,17]. Notably, the coverage area is
divided into different cells, where neighboring cell are
designed to operate at different  frequencies
[18,19,20,21,22,23,24,25,26]. In practice, the base station is
usually a critical equipment in cellular networks because
the failure of the base station amounts to the failure
communication for the devices that are within the coverage
area of the base station [27,28,29,30,31]. One of the
dominant causes of failure of the cellular network base
station is electric power failure.

In some cases, the base stations are located in remote areas
that do not have access to the electric power from the
national grid. In other cases, the national grid do not supply
power regularly, or the power supplied from the grid are not
good enough to power the base station equipment. In such
cases, alternative power supply is required. One of the
performance measures of such PV power system is the loss
of load probability (LOLP). The LOLP defines the fraction
of time that the load demand could not be satisfied over a
given period. In this paper, the loss of load probability for a
cellular network transceiver base station powered by a
standalone PV power system is presented. The study seek
to estimate the exact day in a year and the exact time and
duration in each of those days when power failure will be
experienced at the base station. The study is essential for
power generation planning and load shading management
system at the base station. The mathematical details are
presented along with numerical example based on a case
study transceiver base station. The analysis is simulated
using PV Syst software.

2 METHODOLOGY

When the power source fails to generate enough power to
meet the load demand, there will be a power failure or loss
of load. Loss of Load Probability (LOLP) gives a measure
of power failure incidence and the fraction of the period
which the power failure occurred due to insufficient power
generation from the power source. Generally, LOLP can be
computed from the knowledge of the daily energy yield of
the power source and the daily energy demand. In this
paper, the power source is a PV solar power system. For PV
solar power system, over a period of N days, the daily PV
energy yield ( E,,q) for day j (where j = 1, 2, 3...N) is
computed as follows;

Epvd(i) = (Apv)(Gav(j) )(npv )((r[wire)(ninv)) (1)

Where, Apy represents the PV-array area; G,, represents
the solar radiation incident on the PV-array for day j;
represents the PV array efficiency which is about 18.54%
or 0.185; n,,;-. represents the wire efficiency (0.95); and
Ninw represents the efficiency (0.9). Let the daily load
demand for day j be denoted as Ej;, then energy
difference Eq; onday j is computed as;

Eay = Epv) — Erg @)
The annual energy difference, Ey;y is computed as;
_ wJj=365
Evgy = Zist (Epuip = Eugpy) ®)

When E,y is positive, then there is Energy Excess
(EXq(j))- The excess energy is used to charge the battery
bank, hence the Energy Excess ( EXgj)) is stored in battery
bank.

EXa)) = Eagy for Epgy 2 Ergy — (4)
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When E,y is negative, then there is Energy Deficit
(EDg(j)). The energy stored in the battery bank is then used
to supply the energy to the load.
EDawy) = Eagy for Eppy < By ()
Loss of Load Probability (LOLP) over a period of one year
is the ratio of total annual energy deficit to the total annual
energy demand, where,
_ fof(EDd(i))
LOLP = S3t(e0) ©)
Loss of Load Probability (LOLP) over a period of N days is
the ratio of total energy deficit to the total energy demand
over the period of N days, where,
_ YL4(EDaw)
LOLP = 2)C1(Ery) ()
Also, Loss of Load Probability (LOLP) can be computed in
terms of the ratio of the total power failure time over a
given period to the total time in the period. For instance, the
ratio of the total power failure hours in a year to the total
number of hours in a year gives the LOLP in a year.

The solar radiation and ambient temperature data for the
study site are given in Table 2. The scatter plot of the daily
solar radiation data on the horizontal plane for study site is
shown in Figure 2.

3. RESULTS AND DISCUSSION

The load demand and solar radiation data are used in
PVSyst to select the requisite PV system components sizes
and also determine the loss of load probability and loss of
load duration. The schematic diagram of the PV power
system is given in Figure 3, the simulation parameters are
presented in Figure 4 and the results on energy use and loss
of load are presented in Table 3 while the graph plot of the
results on the monthly loss of load duration is presented in
Figure 5. The results in Table 3 shows that there is a total
annual average loss of load probability (LOLP) of 9% with
a total annual loss of load duration of 792 hours per year. In
essence, out of the 8760 hours in a year, there is no energy

LOLP =

Power failure time
Total period of time

®) supplied to the load for a total of 792 hours in a year. This

amounts to

The load demand for the cellular network transceiver base

station is given Table 1 with a daily load of 48252 Wh/day.

9.04109589 % ~ 9%

annual

LOLP = ((ﬂ) 100%) —

8760

as shown in Table 3.

Table 1 The load demand for the cellular network transceiver base station

POWER ENERGY DEMAND/DAY
SIN THE EQUIPMENT QTY RATING (W) DURATION (h) (Wh)
Base Transceiver System
1 (BTS) 2 50 24 2160
2 Air Conditioner 2 1120 12 26856
3 Security light 3 160 12 5760
4 Fluorescent lamp 4 30 0.3 36
5 Aviation warning light 5 160 12 9600
6 Incandescent bulb 3 60 12 2160
7 Connecting Microwave 1 70 24 1680
Total Daily Energy Demand (Wh) 48252
Table 2 The solar radiation and ambient temperature data for the study site
‘4{_1] Meteo File NG_SOUTH_SOUTH_AKWA_IBO_SYM.MET, Monthly accumulations — Od *
Close  Print  Export Change Plane
Meteo for SOUTH SOUTH AKWA IBOM. Synthetic data
Plane: tilt 307, azimuth 0°, Albedo 0.20
|nterval beginning GlobHor Globlne T Amb
kw/h/me. mth K/ mth T

January 1662 1849 26.00

February 1432 15348 2640

March 1604 1519 26,30

April 1616 1322 26,40

(EN 141.1 1121 2630

Jure 1125 914 2550

July 1023 847 24.80

August 117.8 1015 2440

September 1095 100.8 24,70

October 1321 1298 2510

Mowember 1491 162.3 2540

December 153.0 1805 25,70

Year 1650.2 1587.9 2559
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Figure 2 Scatter plot of the daily solar radiation data on the horizontal plane
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Figure 3 The schematic diagram of the PV Power Syste
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PWEYST WE.20 3100521 |Page 174
Stand Alone Systemn: Simulation parameters
Project : LOLF BASE STATION
Geographical Site SOUTH S0UTH AKWA IB0M Country  MNigeria
Srtuation Latfude 50N Longlude SOE
Time defined 35 Legal Time  Time Zone UT+1 ARRud2 36m
Aloeda 020
Meteo data SOUTH S0UTH AKWA IBOM  from MASA-S5E, Synthetic Howrhy data
Simulation variant : New simulation variant
Simulstion dafe 3180521 0800

Simutstion parametsrs
Colisctor Plans Orsntation TIR O AZlmumn O
Py array Charactanstics
P measdiula Slpaly Wiodel  (ulck Ths DJ4-FriPfids

Marutachurer  Sesol
Muminer of P modules nsaries @ modules nparaliel 43 strings
Ttz ronioer of Py madules Mo.omodules 357 LnR Mom. Powar  45Wp
ATTEY ko] power NomirgEl (STC) 19 KWp Alcperaiing cond. 17 KD (50°C)
Array opersting craracieristics (50M0) Umpp 5TV mpp 1A
Tiotal ansz Wiodule aney 00 m"
PV array loss Tactors
Thenmal Loss Ecar U [oomsty 2000 WK U (windy QU0 Wi mis

= Wiominal Oper. Coll. Temp. (E=5800 W, Tamo=20"C, 'Wind welocky = 1m's.) NOCT S6°C

Wlring Omic Loss Gloal anray res. 3.3 mdam Loss Fraction 1.5%ASTC
Miodule iRy Loss Loss Fractlon 25%
Miodule klsmEnch Losses Loss Fraction 4.0 % (fed woRage)
ncldence efiect, ASHRAE paramefrization Wkl = 1 -0 (1oosl-1) oo Parameter Q35
Fystam Paramster Sysiemipe  Stand Alons Sypstsm
Battary Wiodsl  Dawral 3C

Manulaciurer  Elecirona
Eafery Pack Craracterisiics WoRage 43Y Mominal Capacky  1100AR

Mo ofunks 4 Inseries k11 In paraliel

Temperafure Fied (20°C)

Ragutator Miodel  Eeneral Punposs Detzul
Tecmolegy Undsfined Temp ool -5.0my™Celem
Eafery Management Threshakds Crargihg 547523V Dlscharging  47.0/504 W
Eack-Up Ganset Command  47.3516W
Lisar's nesds | Dailly housenold consumers  Constant over e year
aEmge  48KWRTDy

Figure 4 The simulation parameters

Table 3 The results on energy use and loss of load
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Mew zimulation variant
Energy Use
EAmay E Load E User SolFrac TLOL Pr LOL
kuw'h kin'h kiw'h Hour X
January 1882 1496 1476 0.9a7y 10 1.3
Fehruary 1701 1351 1326 04932 12 1.8
March 1838 1496 1432 0,953 H 42
April 1784 1443 1437 04932 5 07
May 1651 1496 1332 0.890 a1 10.9
June 1377 1443 1238 0.855 104 145
July 1277 1496 1156 0773 169 22.8
August 1436 1496 1163 077 165 222
September 1374 1448 1223 0845 112 15.6
October 1663 1496 1393 0931 a1 B9
Movember 1710 1448 1367 0944 40 hE
December 1839 1496 1477 04933 9 1.3
Year 19532 17612 16020 0910 732 9.0
200 J T T T T T T T T T T T
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Figure 5 The Monthly Loss of Load Duration

The bar chart of the energy demand (load) and energy
supplied by the PV to the load for the month of January are
presented in Figure 6. Also, the graph plot of exact day loss
of load occurred in the month of January is shown in Figure
7 while the graph plot showing of the exact time and
duration of loss of load in the month of January is given in
Figure 8. The results in Figure 6, Figure 7 and Figure 8
show that the loss of load occurred on 30™ of January and it
lasted for 10 hours, from about 2 am to 12 noon.

The bar chart of the energy demand (load) and energy
supplied by the PV to the load for the month of March are
presented in Figure 9. Also, the graph plot of exact day loss
of load occurred in the month of March is shown in
Figurel0 while the graph plot showing of the exact time
and duration of loss of load in the month of March is given
in Figure 11. The results in Figure 9, Figure 10 and Figure
11 show that the loss of load occurred on two consecutive
days in March, namely, on 12" and 13" of March and it
lasted for 31 hours, from about 6 am on 12th of March to
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1pm on 13" of March. Similar approach can be used to
evaluate the details of the loss of load probability for the
rest of the months. The highest loss of load duration

power supply to the load. This amounts to about 7.041667
days of power outage.

occurred in the nj?nth of July with about 169 hours of no

80 (—f—

Power [Kwhiday]

Figure 6 The energy demand (load) and energy supplied by the PV to the load for the month of January

Energy need of the user (Load), 438.25 KWhiday
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Figure 7 The plot of exact day loss of load occurred in the month of January
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Figure 8 The plot of the exact time and duration of loss of load in the month of January
[ simulation version: New simulation variant — O it
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Figure 9 The energy demand (load) and energy supplied by the PV to the load for the month of March
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Figure 10 The plot of exact day loss of load occurred in the month of March
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Figure 11 The plot of the exact time and duration of loss of load in the month of March
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4. CONCLUSION

Analysis of the loss of load probability and loss of load
duration for a standalone PV power system is presented.
The study used a cellular network transceiver base station
as the load. The study seeks to provide detailed insight into
the exact day and time the loss of load will occur in each
month based on the PVSsyst simulation results. The results
of the monthly and annual loss of load probability and loss

of load duration are presented. Also, the

exact day and

time the loss of load occurred in the months of January and
March are presented. Similar approach can be employed to
determine the exact time the loss of load can occur all
through the year. This will help in power system planning.
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