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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 Ibom 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 
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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 PVSyst software. 
 
2.1 DETERMINATION OF THE DAILY ENERGY 
CONSUMPTION OF THE ELEVATOR 
For an elevator with daily standby and running energy 
consumptions denoted as  𝐸௦௧௬  and  𝐸ௗ௬  respectively, 
the total daily energy consumption,  𝐸௧ௗ௬ of the elevator is 
given as [25]; 

 𝐸௧ௗ௬  ൌ   𝐸ௗ௬    𝐸௦௧௬      (1) 
Where 

 𝐸ௗ௬ ൌ  
൫ೝ൯൫௩ೝ൯൫ಽೝ ൯ሺ ாೝೄೀሻ 

ଶ
    (2) 
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where: 𝑛௧  indicates the number of trips done by the 
elevator per day. 𝑃𝑎𝑣௧  Indicates the % of average 
distance traveled per trip, 𝐾௧ indicates the load factor, 
and  𝐸ூௌை  indicates the ISO reference cycle running 
energy consumption which is 2 trips and expressed in Wh. 
The value of  𝐸ூௌை can be read from ISO table. The load 
factor, 𝐾௧  for traction lifts can be estimated from the 
percentage average elevator car load/weight,  %𝑄  as 
follows [25]; 

𝐾௧  ൌ

൜
1 െ ሺ%𝑄ሻሺ0.0164ሻ  for counter balance of  50%
1 െ ሺ%𝑄ሻሺ0.0192ሻ  for counter balance of  50%

     (3) 

Similarly, the load factor, 𝐾௧  for r hydraulic lifts can be 
estimated from the percentage average elevator car load,  
%𝑄 as follows [25]; 
𝐾௧  ൌ

ቐ
1 െ ሺ%𝑄ሻሺ0.01071ሻ  for no counter balance 

1 െ ሺ%𝑄ሻሺ0.01 ሻ  for counter balance of  35%
1 െ ሺ%𝑄ሻሺ0.0187 ሻ  for counter balance of  70%

     (4) 

The idle / standby energy consumption of the elevator per 
day is denoted as  𝐸௦௧௬ and it is given as [25]; 

 𝐸௦௧௬ ൌ ቀ24 െ  ቀ
ೝ

ଷ
ቁ 𝑡௩௧ቁ ሾሺ𝑃ௗሻሺ𝑅ௗሻ  ሺ𝑃௦௧ሻሺ𝑅௦௧ሻሿ      (5) 

Where 𝑃ௗ  indicates the idle mode power of the elevator 
(W); 𝑃௦௧ indicates the standby mode power of the elevator 
(W); 𝑅ௗ indicates the idle time ratio when the elevator is 
consuming 𝑃ௗ (its value is less than 1) ,  𝑅௦௧ indicates the 
standby time ratio when the elevator is consuming 𝑃௦௧ (its 
value is less than 1) and 𝑡௩௧ indicates the time taken to 
travel the average distance per trip (s).  The value used for 
𝑅ௗ and 𝑅௦௧ are given in ISO Table. If 𝑆௩௧ is the average 
distance, then the 𝑡௩௧ is given as [25]; 

𝑡௩௧ ൌ  
ௌೌೡೝ












 𝑡ௗ     (6) 

where 𝑉  is the elevator velocity in m/s, a is acceleration 
m/𝑠ଶ,  j is the rated jerk in m/𝑠ଶ, 𝑡ௗ 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];  
𝐾௧ ൌ 1 െ ሺ%𝑄ሻሺ0.0164ሻ , hence, 𝐾௧ ൌ 1 െ
ሺ7ሻሺ0.0164ሻ ൌ 1 െ0.1148 =0.8852ൎ 0.89 
 Table 1 The case study 
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/𝑠ଶ) 1 
7 Jerk , j (m/𝑠ଶ) 1.25 
8 Door times , 𝑡ௗ (s) 8 
9 Idle mode power, 𝑃ௗ (W) 500 
10 Standby mode power, 𝑃௦௧ (W) 120 
11 ISO reference cycle energy, 

ሺ 𝐸ூௌைሻ   (Wh) 
170 

12 Average no. of trips per day, 𝑛௧ 1500 
13 Percentage of average distance 

traveled,  ൫𝑃𝑎𝑣௧൯ (%) 
33 

14 Average car load, %𝑄 (%) 7 
15 𝑅ௗ 0.42 
16 𝑅௦௧ 0.58 
 𝐸ௗ௬ ൌ

 
൫ೝ൯൫௩ೝ൯൫ಽೝ ൯ሺ ாೝೄೀሻ 

ଶ
 =  

ሺଵହሻሺ.ଷଷሻሺ.଼ଽ ሻሺଵሻ 

ଶ
ൌ

 37446.75 Wh 
𝑆௩௧ ൌ ൫𝑃𝑎𝑣௧൯ሺ𝑑ሻ ൌ 0.33ሺ75ሻ=24.75 m 

𝑡௩௧ ൌ  
ௌೌೡೝ












 𝑡ௗ ൌ  

ଶସ.ହ

ଶ.ହ


ଶ.ହ

ଵ


ଵ

ଵ.ଶହ
 8 ൌ

21.3    

  𝐸௦௧௬ ൌ ቀ24 െ ቀ
ೝ

ଷ
ቁ 𝑡௩௧ቁ ሾሺ𝑃ௗሻሺ𝑅ௗሻ  ሺ𝑃௦௧ሻሺ𝑅௦௧ሻሿ  

 𝐸௦௧௬ ൌ ൬24 െ ቀ
ଵହ

ଷ
ቁ ሺ21. ሻ൰ ሾሺ500ሻሺ0.42ሻ 

ሺ120ሻሺ0.58ሻሿ ൌ4228.95 Wh 
 𝐸௧ௗ௬  ൌ   𝐸ௗ௬    𝐸௦௧௬ =37446.75+4228.95 = 41675.7 
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 PVSyst 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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