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Abstract— In this paper, simulated loss of load
analysis of off-grid Photovoltaic (PV) solar power
installation for computer laboratory in Akwa Ibom
State is presented. The case study computer laboratory
has about 20 computer systems and a total daily energy
demand of 53,046 Wh/day. The meteorological data
was downloaded from NASA portal through PVSyst
meteo-data import dialogue window using the
installation site latitude of 5.05° and longitude of 7.90°.
The results of the simulation conducted using PVSyst
software showed that the standard test condition (STC)
energy yield is 34.08MWh, the actual energy yield at
the operating condition is 25.67 MWh while other
losses including inverter, wire and battery losses
reduced the energy delivered to the load to a value of
23.067 MWh. Also, the loss of load occurred in the
months of July, September and October with an annual
value of 1.44 % which is less than the maximum
allowed value of 3% based on the system design
specification. The simulation results also included the
specific days and time of the day and the duration of
the loss of load. Such detail information are relevant
for power management planning.
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1. Introduction

Across the globe, laboratory practical has been accepted as
essential for effective learning of theoretical concepts by
engaging the students in hands-on implementation of the
practical aspects of the course contents [1,2,3,4,5,6,7,8]. In
this regard, computer laboratory is usually equipped with
sufficient computer systems and other accessories and
peripherals. Effective operation of computer laboratory
therefore relies among other things on the provision of
power supply to the laboratory. However, in Nigeria,
uncertainty about power supply has made it difficult to
effectively run computer laboratories in many institutions
across the mnation [9,10,11,12,13,14,15,16,17,18,19].
Moreover, many parts of Nigeria has no access to the
national power grid. As such, some institution rely on
diesel generators as alternative power source while some

other institutions have adopted the solar power system
[20,21,22,23,24,25,26,27,28]. Solar power has been
advocated because it is less handful to the environment
and cost of installation and maintenance of the solar power
system have continued to drop over the years
[29,30,31,32,33]. However, the challenge with solar power
system is the irregularity in the availability of adequate
solar radiation to meet the power demand of the load
[34,35,36,37]. In this wise, there is in some cases loss of
load which can hinder smooth operation of the computer
laboratory [38,39,40,41].

Consequently, this paper considered a solar photovoltaic
power system for a computer laboratory and analysed the
loss of load probability based on the load demand of the
computer laboratory and the solar radiation data of the site.
Particularly, the simulated loss of load analysis of the case
study computer laboratory was conducted using PVSyst
software. The PVSyst software is download the required
solar radiation data from NASA portal. The simulation is
performed for an off-grid solar power system and the
simulation results were discussed along with their
implications.

2. METHODOLOGY
2.1 The Load Demand of the Computer Laboratory
and the meteorological data and PV Array
Orientation
The load demand of the computer laboratory is given in
Tablel. The laboratory has about 20 computer systems and
a total daily energy demand of 53,046 Wh/day. The
meteorological data was downloaded from NASA portal
through PVSyst meteo-data import dialogue window using
the installation site latitude of 5.05° and longitude of
7.90°, as shown in Figure 1. The PVSyst graph plot of the
daily global irradiation on the horizontal plane and on the
tilted plane of the PV module for the installation site is
shown in Figure 2. The optimal tilt angle of 8° was
selected using the PVSyst panel orintation dialogue box ,
shown in Figure 3. At the optimal angle , a transpotion
factor of 1.01 was achieved which means that 1% of
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additional solar irradiation is collected by tilting the PV

panel at 8° to the

horizontal plane.

Tablel. The load demand profile of the computer laboratory

Number of
Power Hours of Power Energy
Electrical Load Rating operation per Demand Demand Per
S/N | Description (w) Quantity | day Per Day (w) | Day (wh/day)
1| Computer System 120 20 10 2400 24000
2 | Air conditioner 1200 2 10 2400 24000
3 | Light 22 10 10 220 2200
4| Fan 67 4 10 268 2680
5 | Printers 83 1 2 83 166
Total 5371 53046
| Characteristics of meteo hourly files - Tables and Graphs — O X
|
Meteo File 2

Wl [AKWA IBOM S

Meteo site |AKWA IBOM STATE

Country |N|geu.3 KindNearI Synthetic

Source  |NASA-SSE satelite data, 1983-2005
Latitude:  5.05°N Allitude:  56m 2| Graphs | Tables | Check data quality |
Longitude : 7.90°E Time zone : 0.0

— : Graph type —Walues

Data Characteristics l] R e e ok tion & Hourly
Synthetically generated data from monthly values. . " Histogram " Daily
Beginning 01,/01/90 00hOO Legal Time " Sorted values " Monthly
End 31/12/90 23h00 Synthetic Data

First random seed : 1 ~Wariables
Year 1930 indicates generic data [unspecific year) ¥ Horiz. Global [~ Global Tited Plane
—Source file , ¥ Horiz. Diffuse [~ Cleamness Index Kt
2 5

Name : IAKWA IBOM STATE _Nasa_19¢ ;] [~ Horiz. Beam [ Amb. temperature

Format : SIT file I~ MNormal Beam —

Time reference : Legal Time I Pre

Time Step : 1 month

Summarization : Multi-year [1983-1983)

Used Horiz. Global
parameters : Horiz. Diffuse Dates Irradiation Units
mﬁf‘ :‘?:mwl C Fom  [01/01790° M | | i -
: to  [31712/90 &
@ Daysinbdays [T -
C Month [ e
| Iﬁ View Meteo site Eb Export Meteo site X Delete % Print E Graph _r]_ Close

Figure 1. The PVSyst meteo-data dialogue window for the installation site with latitude of 5.05° and longitude of 7.90°,
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Graphs of meteo hourly data - O X

| Close Print Export Format ChangePlane Clear Sky Model Help

Meteo for AKWA IBOM STATE - Synthetically Generated Data
Plane: tilt 8°, azimuth 0%, Albedo 0.20

. 10 (]

] T T T T T T T T T T T
. Horizontal global irradiation, Sum =1717.2 [kWh/m?]
v Global incident in coll plane (Hay model), Sum=1732.1 [KWh/m]
——— Horizontal global irradiation Clear Sky

Iradiation [kWhim?.duy |

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

Figure 2. The PV Syst graph plot of the daily global irradiation on the horizontal plane and on the tilted plane of the PV module
for the installation site

Orientation, Variant "New simulation variant” - a X

Field type |Fixed Tilted Plane -~

Field parameters

Tilt 8° Azimuth 0°
- ;I .
Plane Tilt {8.0 ;|[ ]
: o lpe
Azimuth |0.0 ;I“
West East
i
South
“l'e'ar
Optimisation by respect to -
b d
& Yealy inadiation yield =
5 2ol 0.8 FTranspos.= 1.01 =
" Summer (Apr-Sep) Loss/opt.= 0.0% \
("'w“etloct_Ma] 0.6 - I " A 1 - " u_n..l..];.]..l.;l.
0 30 60 90 90 60 -30 0 30 60 90
Plane Tiit Plane orientation
XK Cancel OK

Figure 3. The PVSyst panel orintation dialogue box showing optimal tilt angle of 8° for the site

2.2 The PV Installation Model, Battery Bank, PV The layout of the off-grid system, as modelled in PV Syst
Array and System Configuration Settings using program is shown in Figure 4. The specification of the
PVSyst Software battery used in the battery bank is presented in Figure 5
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while the graph of the battery capacity versus discharge
rate is shown in Figure 6. The battery is a 12 V, 150 Ah
lead-acid battery manufactrerd by Electrona with model
name of DuraSC. In all, the battery bank consist of 120
battery units with 8 batteries in series and 15 battery
strings in parallel.

The specification of the PV module used in the PV array is
presented in Figure 7 while current versus votage graph for
the PV module depicting the module behaviour according

to incident irradiation. is shown in Figure 8. The PV is a
48 V 100 Wp PV panel manufactrerd by Hullk Energy
Technology with model name of CdF1000A1. In all, the
PVarray , as shown in Figure 9 consist of 122 PV panel
units with 2 PV panel in series and 101 PV strings in
parallel. The infoemation in Figure 9 also shows that the 3
days of autonomy was selected along with maximum
allowable loss of load probability of 4 %.

Typical layout of a stand-alone system

PVarray System {  User (load)
: Regulator i
\ | Array :
E Array U P:rray —_ e :
Dl v i EUser
i E Back-up « :
| - |
I: Back-up T Fuse “II i Batt. \lrl ser
i U Batt. ChiDisch.
™ Batteries | user
PV ' — :
array : i
: Back-up : Fixed :
‘ generator <LT-': mper. E E needs

Figure 4 The layout of the off-grid system, as modelled in PVSyst program
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Definitions of a Battery - [ >
5!] Deiailedmodefparmteters] Sizes and lech'mlogy| Commercial da!a] Graphs |
Model |Duwal SC Manufacturer |Electrona
File name  |Electrona_12V1504BTR Data Source |
Orniginal PVsyst database
Technology  |Lead-acid. vented, tubular ~|
= Wwhole battery ¢ Per element
—Basic parameters
Nb of elements in Series |5
Nominal Voltage 12.0 v
Capacity at C10 |150.III Ah
Internal Resistance & Ref. Temp. 360 mOhm —
Reference temperature |20.EI *C —
Coulombic Efficiency > I S7.0 %
r—For information [Lithium-ion only) 1 ( Full battery Indicators
D atasheest Nomin ypacity |Cll3 Stored eneigy at DOD |EJ % 1.60 kKwh
Defined for the discharging rate of [.;, 00 |H0u:s ;I Total stored energy (800 cycles) 1279 kwh
- . Specific energy 25 wWhi'kg
2{1 Set Capacity & C10 I r:_?)| Specific weight 40 ka/kwh
[ Export to Table | =y Print X Cancel  OK

Figure 5 The specification of the battery used in the battery bank

Definitions of a Battery — a X
Basic Data Detailed model p ISizesandteclmobglemcidddalGraphsl
Description Electrona. Dural SC & Whole battery ¢ Per element
Open Cicuit Yoltage Defauk| [ ‘Self-discharge
Open Circuit Voltage vs SOC Profile | Self discharge vs temperature _ Profile_|
2 | voage at SOC = 50% 1227 V¥ | | Selfdischarge current at 20°C EXTI S
Slope (SOC =0to 1) [ v v Self discharge monthly loss [T4 %/month
Temperature coefficient [65 wmvrcr— |
—Capacity ] ¥4 Capac:.sty vs Dlsclharge rateI .
Capacity vs discharge rate : §
il;.-..:-_,.., = 1.4 -
Capacity vs temperature 13 _

~End of charge: gassing overvoltage
Gassing overvoltage behavior Profile | r

The amplitude of the gassing function is determined by
the maximum voltage fuction below. This corresponds to
the voltage at SOC = 1, when the whole charging current
is used for gassing.

Comection factor { C10

C10 capacity = 150 Ah

-
%]

L ULARNRARRS LAARE LRARE RARES RALL
1

SOC = 1 maximum voage Profile r = | E
' t,':"o slo 1 l;u 1 sl.o 200
—Lifetime 1 Discharge rate [Hours]
Static lifetime at 20°C [100 veas I Display Mode: :
| Lifetime vs depth of discharge Profile_| Discharge rate mode [Hows ~|  Value [Relative ~|
[y Export to Table £y Print | X Cancel I " OK |

Figure 6 The graph of the battery capacity versus discharge rate
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Definition of 2 PV module — O e
Model |EdF-'[ 000&1 Manufacturer IHuk Energy Technology
File name  |HulkE nergy_CdF-100041.pan Data source |Manufacturer 2015
_1' Original PYsyst database Prod. from 2015
Nom. Power[100.0 Wp Tol-/+ [00 [25 % Technology [CIS |
[at STC)
. Manufacturer specifications or other Measurements ~Model summary
Reference conditions: GRef |1000 Wime TRef |25 ‘Ci] M ain v asmeters ?
’ R shunt 500 ohm
Short-circuit current lsc |2.047 A Open circuit Voc [7464 WV Rsh(G=0] 4500 ohm
Max Power Point: Impp [1.759 A Vmpp [56.84 V R serie model 4.70 ohm
. o R serie max. 6.46 ohm
Temperature coefficient mulsc [0.2 mA/°C Nb cells 110 in series R serie apparent 6.78 ohm
| oralec |EHJ1IJ %rc Model parameters
- Gamma 1.416
Internal model result tool ll loRef 15.21 nA
Operating conditions GOper [1000 | W/ Toper [25 +fC —* muVoc -100 mv/°C
Max Power Point: Pmpp 100.2 W 2|  Temper coefl. -0.24 %/'C e fed 2T
Current Impp 1.80 A Voltage Vmpp 55.8 V
Short-circuit current lsc 2.05 A OpencicuitVoc 74.6 V
Efficiency / Cells area N/A % / Module aiea 12.45 %
HE Show Optimization [ Copy to table I &2y Print | X Cancel " OK
Figure 7 The specification of the PV module used in the PV array
Module behaviour according to Incident Irrad. [W/m?] - (] x
Close Print Export Format Help
PV module: Hulk Energy Technology, CdF-1000A1
|
25— - .  —S— A — .
Cells temp. = 45 °C
- Incident Irrad. = 1000 W/m?®
20 -
Incident Irrad. = 800 W/m?
1.5 -
= .
= i Incident Irrad. = 600 W/m*
g
S L
1.0 -1
+ Incident Irrad. = 400 W/m*
05 incident Irrad. = 200 W/m? -1
U o | 1 1 [ 1 L
0 10 20 30 40 S0 60 70 80
Voltage [V]

Figure 8 The current versus votage graph for the pv module depicting the module behaviour according to incident irradiation.
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Design of a Standalone system, Variant “"New simulation variant” — [} x
Specified User's needs Pre-sizing suggestions | System summaty |
Av. daily needs - Enter accepted LOL O 2] Battery (user) voltage % v 2|
63.2 kKwh/day Enter requested autonomy |3.0 Zii day(s) l] Suggested capacity 2324 ph

HE Detailed pre-sizing

Suggested PV power 19.76 Kwp [nom.)

Storage PV Anay l Back-up | Schema |
Sub-anay name and Orientation
Mame ]—P\«" Arnay

Tk 8°

Presizing help

¢ Mo Sizing Enter planned power ;20.2 KWwp,

Orient.  Fixed Tilted Plane Azut  D° I .. or available area © [0 E
Select the PY module
|Availahle Now ;] Sot modules by: & power " technology
|Hulk Energy Technoloc v | | 100Wp 48v  CIS CdF-100041 Since 2015 Manufacturer 201_~| [ Open |
Sizing voltages:  Wmpp (B0°C) 51.9V
Voc [-10°C] 78.3V

Select the control mode and the controller

2| Universal contioller  [A1 Manufacturers
Operating mode

MPPT power conwverter

=

Max

Charging - Discharging c

urrent

Dt coupivg [MPPT 380w @BV 1 A
= MPPT converter " 1
" DC-DC converter according to the propetties of then system.

PV Anay design
N of

N Ausl. i

and

~ should be : Vmpp (60°C)
Mod. in sene |3‘ i} ¥ Mo constraint Vmpp [20°C)
Voc (-10°C)

Nb. stiings 10 =1 m ?%wm 81 and

The operating parameters of the genenc default contioller will be adjusted

Operating conditions :

Plane iradiance 1000 W/m?

Universal controller with MPPT conwi C_=] [ Open

104V
113V
157 vV

2| imppisTO)  180A Max. opetating power 19.1 kw
lsc (5TC) 207 A at 1000 W/rr# and 50°C)
Nbmodules 202 Area 183 m | (&tSTC) 207 A Array's nom. power (STC)  20.2 kKwp
x Cancel ./ oK

Figure 9 The PV Array configuration for the power system

3. Results and Discussion

A cut section of the main system parameters and main
simulation results is in Figure 10 while the loss diagram is
shown in Figure 11. The results in Figure 11 and Figure 12
show that the energy delivered to the load per year is 22.81
MWh. Also, as shown in the loss diagram of Figure 12,
although the standard test condition (STC) energy yield is
34.08MWh however, the actual energy yield at the
operating condition is 25.67 MWh while other losses
including inverter, wire and battery losses reduce the
actual energy delivered to the load to a value of 23.067
MWh.

The results on monthly and annual energy use and loss of
load parameters are shown in Figure 13. The results
showed that loss of load occurred in the months of July,
September and October, as shown in Figure 13 and Figure
14. The daily loss of load duration for the month of July is
shown in Figure 15, the daily loss of load duration for the

month of September is shown in Figure 16, and the daily
loss of load duration for the month of October is shown in
Figure 17. The results in Figure 15 show that the loss of
load (no power supply) occurred in the month of July,
specifically from 8" of July to 10" of July, as well as from
16" to 17" of July, with a total of 52 hours of loss of load
in July. The results in Figure 16 show that the loss of load
(no power supply) occurred in the month of September,
specifically from 19" to 20" of September, with a total of
19 hours of loss of load. Similarly, the results in Figure 17
show that the loss of load (no power supply) occurred in
the month of October, specifically from 15" to 18" of
October, with a total of 56 hours of loss of load.

In all, the annual loss of load probability is 1.44% which is
less than the maximum allowed value of 3% based on the
system design specification. As such, the designed solar
power can effectively meet the power demand and satisfy
the design specification.
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Battery Pack

Nb. of units 120

Voltage / Capacity 96 V /2250 Ah

PVSYST V6.70 03103122 | Page 34
Stand Alone System: Main results

Project : COMPUTER_LAB_LOL

Simulation variant : New simulation variant

Main system parameters System type Stand alone

PV Field Orientation tit 8° azimuth 0°

PV modules Model CdF-1000A1 Pnom 100 Wp

PV Array Nb. of modules 202 Pnom total 20.20 kWp

Battery Model Dural SC Technology Lead-acid, vented, tubular

User's needs Daily household consumers Constant over the year Global 23.07 MWh/year
Main simulation results
System Production Available Energy 30.76 MWh/year Specific prod. 1523 kWh/kWp/year

Used Energy
Performance Ratio PR
Time Fraction

22.81 MWh/year Excess (unused)
64.84 % Solar Fraction SF
14 % Missing Energy

6.90 MWh/year
98.86 %

Loss of Load 0.26 MWh/year

Figure 10 A cut section of the main system parameters and main simulation results

1717 KWim? Horizontal global irradiation

+1.4% Global incident in coll. plane

-3.2% 1AM factor on global

1684 KWHVm? * 163 m” coll.

efficiency at STC = 12.45%
34.08 MWh

Effective irradiance on collectors
PV conversion

Array nominal energy (at STC effic.)
PV loss due o irradiance level

PV loss due to temperature
Light soaking for CIS
Module quality loss

Mismatch loss, modules and strings
Ohmic wiring loss

Unused energy (full battery) loss

Effective energy at the output of the array

Converter Loss during operation (efficiency)
Converter Loss due to power threshold
Converter Loss over nominal conv. voltage
Converter Loss due lo voitage threshold

[~ tor | (effic, ricad)
Battery Storage

Battery Slored Energy balance

Missing energy
1.1%
0.3MWh

Battery efficiency loss

23.07 MWh

Energy need of the user (Load)

Figure 12 The loss diagram
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| Simulation variant : New simulation variant —_ O X

| Close Print Export Help

|

|

|

| New simulation variant

: Customised table

|

: EArray E Load E Miss E User T LOL PrLOL

| kKwh kwh kKwh kKwh Hour %
January 2270 1360 0.0 1960 0 0.00

: February 2008 1770 0.0 1770 0 0.00
March 2213 1360 0.0 1960 0 0.00
April 2133 1896 0.0 1896 0 0.00
May 2190 1960 0.0 1960 0 0.00

| |June 2089 1896 0.0 1896 0 0.00
July 2113 1960 86.0 1874 52 6.93

| | August 2129 1960 0.0 1960 0 0.00

: September 2094 1896 393 1857 19 258

| | October 2064 1960 137.9 1822 56 7.54

| | November 2134 1896 0.0 1896 0 0.00
December 22238 1360 0.0 1360 0 0.00

[[Year 25666 23074 2631 22811 126 1.44

Figure 12 The results on monthly and annual energy use and loss of load parameters.
Simulation version: New simulation variant —_— O =

Close Print

60

50

40

30

(Hor|

20

10

Export Format

£ |

Help

Simul. variant: New simulation variant

Duration of "Loss of Load™ (user not supplied), 0.0000 Hour

L 1

Jan

Feb Mar

Apr May

Jun Jul

Figure 14 The monthly loss of load duration results showing that loss of load occurred in the months of July, September and

October
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Simulation version: New simulation variant — a >
]
| Close Print Export Format Previous Month Next Month Clear Sky Model Help
Simul. variant: New simulation variant
=
307 T T T T T |
s Duration of “Loss of Load™ (user not supplied), 4297 Hour
25 -1
20 -_ -
- s
£ 15} 7 !
10 -_ -
sk |
o | L L L I L
| 07/07 09/07 11/07 13507 15/07 17/07
|
Figure 15 The daily loss of load duration for the month of July
Simulation version: New simulation variant - O X

| Close Print Export Format Previous Month Next Month Clear Sky Model Help

14

12

10

[Hotr]
(=]

Simul. variant: New simulation variant

16;].

Duration of “Loss of Load™ (user not supplied), 1.547 Hour

15/09

17/09

19/09

21/09

23/09

25/09

Figure 16 The daily loss of load duration for the month of September
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Simulation version: New simulation variant

Close Print Export Format Previous Month

Simul. variant: New simulation variant

Next Month  Clear Sky Model Help

- O X

302’; 1

20+

[Howr]
T
1

101

[ sy

Duration of “Loss of Load™ (user not supplied), 4.676 Hour

r~ . r -

0
1310 15710 17110

18110

2110 2310

Figure 17 The daily loss of load duration for the month of October

4. Conclusion
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