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Abstract— In this paper, ecofriendly
elevator solar power system design and
evaluation using PVSyst. A case study traction lift
(elevator) with 41675.7 Wh analytically determined
daily energy demand is used. The meteorological
data of installation site in Akwa Ilbom State was
downloaded from NASA portal using PVSyst
software and the system was configured for 4
days power autonomy and 1 % loss of load
probability along with a backup generator which
has a nominal power of 3 kW and effective power
of 2.7 kW. The simulation was also conducted
using PVSyst and the results showed that the
annual energy yield was 21637 kWh per year, the
annual unused energy was 5683.1 kWh per year,
the annual battery self-discharge was 732.5 Ah
and the batter energy charge/discharge efficiency
was 92.8 %. Also, the annual performance ratio of
the system was 0.562 or 56.2 %. In essence, about
56.2 % of the energy yield were utilized whereas
the remaining 43.8% of the energy were losses of
which 25.12 % was loss due to unused energy. In
all, the solar power system designed for the
ecofriendly elevator can adequately power the
elevator without any loss of load and without
requiring any backup power system. Also, the
unused energy realized can be used to power
additional 25 % of the elevator energy demand.

Keywords— Ecofriendly, solar power, elevator,
PVSyst, loss of load, solar radiation, photovoltaic
power

1. INTRODUCTION

In the last few decades, there have been growing quest for
ecofriendly power systems [1,2,3,4,5]. In this wise, the
global community has continued to promote solar power
systems, wind energy system, and other energy generation
approaches that minimizes carbon emission into the

atmosphere [6,7,8]. Among the various energy sources,
solar photovoltaic power has been the most adopted option
in Nigeria [9,10,11,12]. Accordingly, in this paper, solar
power system for ecofriendly elevator is presented.
Specifically, elevators require effective power supply
without loss of load as any power failure might have
serious effect on the users [13,14,15,16]. Also, in Nigeria
with perennial power problem [17,18,19], it is better to
design for autonomous power system that can sustain the
load without the power from the national grid. As such, in
this work, an off grid solar power system with backup
generator and battery bank is designed for the ecofriendly
elevator. The PVSyst software is used for the solar power
system sizing and performance evaluation [20,21,22,23,24].
The energy consumption of the elevator is analytical
determined using the approach and case study presented in
[25].

2. METHODOLOGY

The focus in this paper is to design a solar power system
that can be used to effectively power an elevator. In order
to guarantee constant power supply without loss of load, a
backup generator is included. The approach used is to first
determine the daily energy demand of the elevator using
available analytical expressions and datasets. Next, the
meteorological data for the installation site of the elevator is
downloaded using PVSyst meteorological data import tool.
Then, the sizing and evaluation of the performance of the
solar power system is conducted using the PV Syst software.

2.1 DETERMINATION OF THE DAILY ENERGY
CONSUMPTION OF THE ELEVATOR
For an elevator with daily standby and running energy
consumptions denoted as Egypy, and Epg, respectively,
the total daily energy consumption, Eg4;0y of the elevator is
given as [25];

Eraioy = Ernaty + Eseny (1)
Where

Ernd[y — (ntrp)(PCWtrp)(ZLftrp )(E'rnISO) (2)
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where: ng., indicates the number of trips done by the
elevator per day. Pavy, Indicates the % of average
distance traveled per trip, K f¢p indicates the load factor,
and E,,;s0 indicates the ISO reference cycle running
energy consumption which is 2 trips and expressed in Wh.
The value of E,,;50 can be read from ISO table. The load
factor, Ky st for traction lifts can be estimated from the
percentage average elevator car load/weight, %Q as
follows [25];
KLftrp =

{1 — (%Q)(0.0164) for counter balance of 50% 3)

1 - (%Q)(0.0192) for counter balance of 50%
Similarly, the load factor, K, s, for r hydraulic lifts can be
estimated from the percentage average elevator car load,
%@ as follows [25];
KLftrp =

1 — (%Q)(0.01071) for no counter balance

1 —(%Q)(0.01) for counter balance of 35%  (4)

1 - (%Q)(0.0187 ) for counter balance of 70%

The idle / standby energy consumption of the elevator per
day is denoted as E,,, and it is given as [25];

Esey = (24— (32) taperp ) [(Pia) Ria) + (Pe) R (5)
Where P;; indicates the idle mode power of the elevator
(W); Py indicates the standby mode power of the elevator
(W); R;4 indicates the idle time ratio when the elevator is
consuming P;,; (its value is less than 1) , Ry indicates the
standby time ratio when the elevator is consuming Py, (its
value is less than 1) and t,,, indicates the time taken to
travel the average distance per trip (s). The value used for
R;q and R are given in ISO Table. If S,y is the average
distance, then the t4,¢p is given as [25];

Savt v a
tavtrp = $+;+7+td 6)

where V is the elevator velocity in m/s, a is acceleration

m/s?, jis the rated jerk in m/s?2, t, is the time for elevation

door opening and closing at the landing.

2.2 THE CASE STUDY ELEVATOR DAILY ENERGY
CONSUMPTION AND SOLAR RADIATION
DATA

The case study traction lift (elevator) parameters are

given in Table 1. Now, for Counter balancing of 50% [25];

Kiferp =1 —(%Q)(0.0164) ,  hence,

(7)(0.0164) = 1 —0.1148 =0.8852~ 0.89

Table 1 The case study

KLftrp =1-

elevator parameters

S/N | Parameter Traction lift

1 Rated load, Q (kg) 600

2 Speed, V (m/s) 2.5

3 Travel distance, d (m) 75

4 No. of stops 20

5 Counter balancing, (%) 50

6 Acceleration ,a (m/s?) 1

7 Jerk , j (m/s?) 1.25

8 Door times , t; (s) 8

9 Idle mode power, P;; (W) 500

10 Standby mode power, Py, (W) 120

11 ISO reference cycle energy, | 170
( ErnISO) (Wh)

12 Average no. of trips per day, Nerp 1500

13 Percentage of average distance | 33
traveled, (Pavtrp) (%)

14 Average car load, %0Q (%) 7

15 Riy 0.42

16 Ry, 0.58

Erndly =

(nerp)(Paverp)(KLferp ) Erniso) (1500)(033)(0:89)(170) _

2

2
37446.75 Wh
Saverp = (Pavy,)(d) = 0.33(75)=24.75 m

_ Savtrp Vv, ,a _ 2475 25 1 _
taverp = —, +a+j+td_ 2.5 +a1+1.25+8_
21.3

Nty
Estby = (24' - (ﬁ) tavtrp) [(Pig) (Rig) + (Ps)(Rsp)]

15000

Etpy = (24 - (3600 ) (21.)) [(500)(0.42) +

(120)(0.58)] =4228.95 Wh
maty + Estpy =37446.75+4228.95 = 41675.7

Etdloy =
Wh

The analytical computations based on the parameter values
in Table 1 show that the daily energy case study elevator
has a daily energy demand of 41675.7 Wh per day. The
energy demand is modeled in PV Syst software as a constant
load of 1737 watts that runs for 24 hours in a day (as shown
in Figure 1) and that amounts to 41688 Wh per day which
is 41.688 kWh per day. The PVSyst sofwtaere
approximated to 41.7 kWh per day (as shown in Figure 1).
Also, the screenshot of PVSyst software plot of the daily
global solar radiation on the horizontal plain at the
installation site of the PV power system is shown in Figure
2.
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Figure 1 The .s;:rl.e‘énpshot of PVSyst software modelling of the daily energy_d;;n“;;l'd of the case study elevator.
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i - Horizontal global irradiation, Sum =1444.9 [KWh/m?]
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0 1 1 1 1 1 1 1 ] 1 1 1

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

Figure 2 The screenshot of PVSyst software plot of the daily global solar radiation on the horizontal plain at the installation
site of the PV power system.
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Figure 3 The screenshot of PVSyst software schematic diagram of the PV power system.

Again, the screenshot of PVSyst software system elevator daily load demand, the PV array and battery bank
configuration for the solar power system is shown in Figure sizes were determined by the PV Syst software. The system
3. The information in Figure 3 shows that system is energy yield, energy consumptions, energy losses and
configure for 4 days power autonomy andl % loss of load performance parameters are then obtained by conducting a
probability and based on these settings and the given simulation using the PV Syst software.
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Specified User's needs  Pre-sizing suggestions | system summary |
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417 kWhjday ~ Enter requested autonomyf+.0 = day(s) 2|  Suggested capacty 2044 an
BE Detaied presizing | Suggested PV power 18204 Wp (nom.)

Storage PV Amray | Back-Up | Simpified Schema |

Sub-array name and Orientation Presizing Help
Name [PV Array " No sizing Enter planned power |1s.7 Kwp
Tit 13°
; -
Orient. Fixed Tilted Plane Azimuth  0° 3 | .. or available area |118 m2
Select the PV module
[ Al modules >| Sortmodues + Power " Technology
| ||mimanufacturers  ~| [235swp24v  Simono  ZDNY-235Cs4 Sunteliite Manufacturer 201_~ |
Sizing voltages : Vmpp (60°C) 24.0V

Voc (-10°C) 393V

Select the control mode and the controller

MPPT power converter

2| universal controller [Generic

=]

Max. Charging - Discharging current

Operating mode
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The operating parameters of the universal controller will automatically be
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Figure 3 The screenshot of PVSyst software system configuration for the solar power system

3. RESULTS AND DISCUSSION

The screenshot of the PV Syst simulation result showing the
key parameters used in the simulation and some other
parameters that are generated from the simulations are
shown in Figure 4. Specifically, Figure 4 shows the geo-
coordinates of the PV installation site, the PV array tilt
angle of 13°, the approximate daily energy demand of 42
kWh, the features and capacities of the PV array, the
battery bank, the controller and the backup generator which
has a nominal power of 3 kW and effective power of 2.7
kW.

The screenshot of the PVSyst simulation result in Figure 5
shows the monthly solar radiation data, the monthly energy
yield of the PV array, energy delivered to the elevator
(denoted as E-User) , and the solar fraction which is the
portion of the load demand that is supplied from the solar
power. The results show that in all the month, the solar
power supplied all the energy demanded by the elevation,
and this is evident with the solar fraction of 1 in all the
months. The annual energy yield is 21637 kWh per year,
the annual unused energy is 5683.1 kWh per year. That
means , the solar power can be used to also power
additional load with annual energy demand of 5683.1 kWh.
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PVSYST V687 1108/23| Page 1/6
Stand alone system: Simulation parameters
Project : Elevator
Geoographical Sie Abkas Boem 4 Country Migaria
Situation Latitude 403'N Longitude 7.02°E
Time defined as Legal Time Time zone UT Alttude Om
Albedo 020
Meteo data: Akwa Bbom 1 Meteonorm 7.2, Sat=100% - Synthetc
Simulation parameies Sysiam hipe Siand Sone wiah Dach-up GoenerawT
Collector Plane Orientation Tt 13 Azmuth 0°
Models used Transposibon Perez Diffuse Perez, Meteonorm
User's noeds daily profile Constant over the year
average 42 kWh'Day
PV Armay Characteristics
PV module Si-mono Model  ZDNY-235CS54
Original PVsyst database Manufacturer  Suntelife
Number of PV modules Inseries S modules In parallel 16 strings
Total number of PV modules ND. modkdes 80 Unit Nom. Power 235 Wp
Asray global power Noeminal (STC) 18.80kWp At operating cond.  16.69 kWp (50°C)
Array operating charactenstics (50°C) Umpp 127V Impp 132A
Total area Module ares 118 m? Cel area 103 m?
System Parameter System type  Stand alone system with back-up generator
Battery Mods MPG 12V 125F
Manufacturer  Narada
Battery Pack Characteristics No.of units B in senies x 17 in perald
Vokage 96V Nominal Capacty 2125 Ah
Discharging min. SOC 200 % Stored energy 1682 kWh
Temperasture Fined (20°C)
Controller Model  Universal controller with MPPT converter
T MPPT converter Temp coeff. -5.0 mV/*C/clem.
Converter Max and EURD efficencies 97.0/95.0%
Battery Management control Threshold commands as  SOC caladation
Charging SOC = 0.90 /0.75 Le. sppro. 1083/ 1026V
Discherging SOC = 0.20 / 0.45 le.spprox. 958/995V
Back-Up Gerset Command SOC = 0.25/0.45 ie. spprox. 97.1/995V
Back-up genset Modd 3 kW
Manufacturer Back-up generator
Nominal power 3.0 kW Effective power 2.7 KW
PV Array loss factors
Thermal Loss factor Uc (corst) 200 W/mPK Uv (wind) 0.0 W/m3K / m/s

Figure_4 The screenshot of the PVSyst simulation result showing the key parameters used in the simulation and some other
parameters that are generated from the simulations
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Simulation variant : New simulation variant - O X
Close Print Export Help
Balances and main results

GlobHor GlobEff E_Avail EUnused E_User E_Load SolfFrac

kWh/m? kWh/m?2 kwh kwh kWh kwh
January 136.2 139.2 2152 723.9 1292 1292 1.000
February 127.4 127.2 1953 729.7 1167 1167 1.000
March 135.9 131.0 2028 678.7 1292 1292 1.000
April 130.8 121.6 1897 601.2 1250 1251 1.000
May 124.8 112.7 1774 391.4 1292 1292 1.000
June 101.7 50.8 1436 246.7 1250 1251 1.000
July 103.5 92.6 1456 18.0 1292 1292 1.000
August 107.8 59.1 1569 338.3 1252 1292 1.000
September 114.4 108.8 1704 298.2 1250 1251 1.000
October 118.2 116.4 1805 444.7 1292 1292 1.000
November 115.3 117.0 1806 514.6 1250 1251 1.000
December 129.0 132.5 2058 699.7 1292 1292 1.000
Year 1444.5 1388.9 21637 5683.1 15211 15216 1.000

EArray - Effective energy at the output of the array

E_User - Energy supplied to the user

E_Load - Energy need of the user (Load)

E_BklUp - Back-up Generator Energy
SolFrac - Solar fraction (EUsed / ELoad)

Figure 5 The screenshot of the PVSyst simulation result for the energy yield and solar fraction

The screenshot of the PVSyst simulation result for the
system performance is presented in Figure 6 which shows
annual performance ratio of 0.562 or 56.2 %. In essence,
about 56.2 % of the energy yield are utilized whereas the
remaining 43.8% of the energy are losses of which 25.12 %
is loss due to unused energy, as shown in Figure 7 .

The screenshot of the PVSyst simulation result for the
balance of the system is presented in Figure 8. The results

shows that the backup generator is never used as it shows
zero ampere-hour (Ah) value. Also the annual battery self
discharge is 732.5 Ah, the batter energy charge/discharge
efficiency is 92.8 %. In all, the solar power system designed
for the elevator can adequately power the elevator without
any loss of load and without requiring any backup power
system. Also, the unused energy realized can be used to
power additional 25 % of the elevator energy demand.
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Simulation variant: New simulation variant — O X
Close Print Export Help
Normalized Performance Coefficients
Yr Lu Yu Lc Ya Ls yf PR
|kwh/m?2.day kwWh/kWp/da kWh /kWp/da kWh /kWp /da

January 4.64 1.242 4.64 2.041 2.60 0.386 2,22 0.477
February 4.69 1.386 4.69 2.227 2.97 0.251 2,22 0.472
March 4.38 1.164 4,38 1.920 2.96 0.243 2,22 0.506
April 4.21 1.066 4.21 1.766 2.44 0.223 2.22 0.527
May 3.7 0.672 3.79 1.270 2,52 0.303 2,22 0.585
June 3.15 0.437 3.15 0.915 2.24 0.021 2,22 0.703
July 3.11 0.031 3.11 0.456 2.62 0.401 2,22 0.712
August 3.32 0.577 3.32 1.077 2.24 0.027 2.22 0.668
September 3.77 0.529 3.76 1.118 2,65 0.430 2,22 0.589
October 3.89 0.763 3.89 1.408 2.498 0.262 2.22 0.570
November 4.03 0.912 4.03 1.600 2,43 0.215 2,22 0.550
December 4.42 1.201 4.42 1.948 2.48 0.259 2.22 0.501
Year 3.95 0.828 3.95 1.478 2.47 0.252 2,22 0.562

Yr - Reference Inddent Energy in coll. plane Ya - Normalized Array Production

Lu - Normalized Unused (Full battery) Loss Ls - Normalized System Losses
Yu - Normalized Potential production Yf - Normalized System Production
Lc - Normalized Array Losses PR - Performance Ratio

Figure 6 The screenshot of the PV Syst simulation result for the system performance
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Loss diagram ower the whole year

1380 vivhin’ * 118 ' coll Effective iradiation on collecton
effciancy at STC « 16 00% PV comverson

Urused energy (Dedery ful)
Effective snergy ot the output of the amay

Convener Loss during cperaton (eficency)
Convene Loss dus 1o powir Trrashokd
Convener Loss ower nomindd conv. voliage
Convenes Loss dus 1o wollage Preshokd
Converter losses (effic, overicad)
Battery Storage

Batery Sicred Energy taurce

Batlery eficmrcy kea
ChargeDisch. Curvent EMcarcy Loss
Cassrg Current (shectrdytle dasocaton)
Batery Sel-dactarge Cunent

Emrgy scpplied 10 the user

15216 KAh Emsrgy meed of the wser (Load)

Figure 7 The screenshot of the PV Syst simulation result for the system loss diagram
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Simulation variant: New simulation variant - O X
Close Print Export Help
Balances of Currents in the system
IArray IBatCh IBatDis IBGass 1BSelf I_Bkl.lp EffBatl EffBate
Ah ah Ah Ah Ah Ah % %
January 12059.4 10046.8 8846.1 127.5 62.2 0.0 87.4 86.8
February 10321.1 8378.7 7947.2 164.7 56.2 0.0 83.7 93.4
March 11357.2 9077.3 8633.3 166.2 62.2 0.0 93.9 93.7
April 10797.6 8590.2 82499.8 162.8 60.2 0.0 g3.8 94.6
May 11398.5 8981.6 8196.9 200.9 62.2 0.0 93.4 90.0
June 9746.0 7247.7 7915.5 111.6 60.2 0.0 93.8 107.6
July 11762.9 8865.5 7470.3 94.9 62.2 0.0 95.1 83.3
August 10069.8 7603.3 8267.6 123.7 62.2 0.0 93.7 107.1
September 11583.3 9179.8 7708.6 72.6 60.2 0.0 95.3 82.9
October 11287.8 8785.4 8210.1 119.3 62.2 0.0 94.0 92.2
November 10754.6 B8542.4 8222.6 77.1 60.2 0.0 94.7 95.0
December 11391.1 9383.9 8863.0 149.2 62.2 0.0 94.0 93.0
Year 132529.1 104682.5 98531.0 1570.6 732.5 0.0 93.4 92.8

lArray - Array Current

1BatCh - Battery Charging Current
1BatDis - Battery Discharging Current
IBGass - Gassinag Current (electrolyte dissodation)

1BSelf - Battery Self-discharge Current

1_BkUp - Back-up Generator Current
EffBatl - Battery current charge/discharge effidency
EffSatE - Battery energy charge/discharge effidency

Figure 8 The screenshot of the PV Syst simulation result for the balance of the system

4. CONCLUSION

A solar power system for powering an elevator is presented.
The focus is to use PVSyst software for the sizing of the PV
array, the battery bank and the other relevant components
of the solar power and also to evaluate the performance of
the system. The sizing is based on the analytically
computed daily energy demand of the elevator and the solar
radiation data of the installation site. The simulation results
show that the selected PV array and battery bank can
effectively power the elevator without any loss of load and
without requiring any backup power system. Also, the
unused energy realized can be used to power additional 25
% of the elevator energy demand.
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