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Electricity consumption in industrial pumping systems plays an important role in 
supporting operational efficiency, particularly in facilities that operate continuously. 
The motor and pump system used in the Crude Palm Oil (CPO) pump house at PT 
Pelindo Energi Logistik requires a stable and reliable electricity supply to ensure 
optimal pumping operations. Therefore, analyzing the electrical energy demand of the 
system is essential to understand its energy consumption characteristics and to 
support more efficient energy management. This study aims to analyze the electrical 
energy demand of the motor and pump system in the CPO pump house by evaluating 
the pattern of energy consumption during the analyzed operational period. The 
research methodology involves collecting technical and operational data related to the 
motor and pump system. The data are then analyzed using several key parameters, 
including the average annual energy consumption, minimum and maximum energy 
consumption values, and the standard deviation of energy usage. These parameters 
are used to simulate and evaluate the energy consumption pattern of the system 
during the operational period. The results show that the motor and pump system has 
an average electricity consumption of approximately 131.77 MWh per year with a 
relatively stable consumption pattern. The findings provide insights into the 
characteristics of electricity usage in industrial pumping systems and can serve as a 
basis for improving energy management and operational efficiency. 
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1. Introduction 
 

Global electricity consumption has shown a consistently increasing trend in line with the growth 
of economic activities, technological advancements, and the rising dependence of modern society on 
reliable and sustainable electrical systems [1,2]. This increase in consumption creates strategic 
challenges in energy resource management, particularly related to the limited reserves of fossil 
energy and the significant environmental impacts resulting from their intensive utilization [3,4]. 
These conditions encourage various stakeholders to accelerate the transition toward renewable 
energy utilization as part of long-term energy security and sustainability strategies [5,6]. One 
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renewable energy technology that has experienced significant development is solar panels or 
photovoltaic (PV) systems, which are capable of directly converting solar radiation into electrical 
energy through the photovoltaic effect mechanism [7,8]. Therefore, comprehensive studies on the 
potential utilization of solar energy are becoming increasingly crucial in supporting the 
transformation of energy systems toward greater sustainability, efficiency, and adaptability to future 
energy dynamics [9,10].  

The utilization of solar energy through photovoltaic systems has gained increasing urgency, 
particularly in Indonesia, which is geographically located in a tropical region with relatively high and 
evenly distributed solar radiation throughout the year [11,12]. This potential provides substantial 
opportunities for the industrial and port logistics sectors to begin integrating renewable energy 
technologies into existing electrical systems in order to improve energy efficiency while 
simultaneously reducing operational carbon emissions [13]. In addition to environmental benefits, 
the implementation of solar panels also offers long-term economic advantages through the reduction 
of conventional electricity costs, which tend to be volatile [14]. However, the deployment of 
renewable energy systems requires accurate and representative data-driven planning to ensure that 
the designed system capacity truly matches the load characteristics in the field. Therefore, electrical 
load profile analysis becomes a fundamental stage that must be carried out prior to considering the 
integration of renewable energy technologies in industrial facilities [15].  

From the perspective of port logistics operations, the distribution of liquid commodities 
represents a process with relatively high electricity consumption intensity because it involves various 
electromechanical equipment that supports the fluid transfer process. In the Crude Palm Oil (CPO) 
distribution system, the pump house functions as a critical node that bridges the transfer of fluid 
from storage tanks to ship loading facilities through an integrated piping network [16]. Within the 
operational environment of PT Pelindo Energi Logistik, the CPO pump house operates following 
loading and unloading schedules that are fluctuating and highly dependent on vessel arrival and 
departure dynamics. These operational conditions cause the pump electric motors to become the 
dominant load component contributing significantly to the total electricity consumption of the 
logistics facility [17]. Therefore, a comprehensive understanding of the electrical power requirements 
of the pump house is a crucial aspect in maintaining the reliability and efficiency of the port logistics 
electrical system. 

Without adequate electrical load profile analysis, facilities are at risk of experiencing power 
capacity mismatches, energy waste, and suboptimal electrical system planning that may ultimately 
affect operational reliability. Therefore, electrical energy requirement analysis is an important step 
in industrial energy management, particularly for identifying peak loads, monthly operating patterns, 
and estimated monthly energy consumption in a more accurate and structured manner. Software-
based simulation approaches offer advantages because they can dynamically model load behavior 
based on actual operational data available in the field. One of the software tools widely used in 
energy system studies is HOMER Pro, which has the capability to comprehensively simulate electrical 
load profiles and energy requirements. Through this approach, the energy system planning process 
for the CPO pump house at PT Pelindo Energi Logistik is expected to be carried out more 
systematically, data-driven, and with a higher level of accuracy. 

As summarized in table 1, previous studies indicate that techno-economic simulation approaches 
based on HOMER and similar software have been widely applied to evaluate the integration of 
photovoltaic and hybrid systems across various sectors, generally demonstrating potential 
reductions in energy costs and improvements in system performance. Based on these conditions, it 
can be emphasized that the urgency of renewable energy development, particularly solar panel 
technology, is becoming increasingly relevant in supporting improved efficiency and sustainability of 
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energy systems in the industrial and port logistics sectors. On the other hand, the operational 
characteristics of the CPO pump house at PT Pelindo Energi Logistik, which exhibits significant 
electricity consumption, require accurate, comprehensive, and data-driven electrical power demand 
analysis. Simulation approaches using software such as HOMER Pro provide an appropriate solution 
for obtaining a more detailed and dynamic picture of the electrical load profile. The results of this 
analysis are expected to serve as a strong foundation for the planning, evaluation, and development 
of a more optimal electrical system. Therefore, the synergy between electrical demand analysis and 
future renewable energy utilization opportunities is expected to support the creation of industrial 
operational systems that are more reliable, efficient, and sustainable. 

 
 Table 1 
 Literature review of techno-economic analysis of on-grid Photovoltaic (PV) systems 

References Method Research Focus Key Results 

[18] 

Techno-economic 
modeling using 
HOMER for grid-
connected PV 

On-grid rooftop PV cost-reliability 
trade-off in developing economies 
(including unserved energy 
simulation) 

Systems with maximum PV capacity 
show lower NPC and reduced grid 
requirements for on-grid systems 

[19] 

Stochastic 
assessment with 
MATLAB, PVsyst & 
HOMER Grid 

Techno-economic performance 
evaluation of large industrial grid-
connected rooftop PV systems 

Sensitivity to grid tariffs, inflation, and 
PV degradation is identified, providing 
an economic strategy for grid-PV 
systems 

[20] 

Prefeasibility 
techno-economic 
analysis of HGIRES 
with HOMER Pro 

Optimal design of HRES for rural 
electrification 

An optimal configuration with low NPC 
and COE was found, demonstrating 
100% renewable source KEOH 

[21] 
Techno-economic 
& simulation 
HOMER Pro 

Grid-connected PV systems for 
medium-sized buildings (Algeria) 

The optimal configuration is able to 
meet institutional loads and 
outperform conventional solutions 

[22] 
PV-Wind + grid 
hybrid simulation 
using optimization 

Integration of solar and wind energy 
for desalination stations 

Grid + PV + wind integration 
significantly reduces the energy costs of 
the desalination process 

[23] 
Techno-economic 
hybrid PV + DG + 
grid 

Analysis of hybrid PV + grid + 
generator for telecom BTS 

Results show a significant reduction in 
NPC and COE with PV integration 

[24] 
Techno-economic 
& environmental 
optimization 

Optimization of grid-connected 
microgrids with geothermal + PV + 
WT sources 

Reducing GHG emissions, optimizing 
NPC and proportion of renewable 
energy 

[25] 

Comparison of 
three HOMER 
based hybrid 
systems 

Feasibility analysis of PV + BES + WT 
+ grid systems in various cities 

Feasibility analysis of PV + BES + WT + 
grid systems in various cities 

[26] Microgrid hybrid 
systems feasibility 

Feasibility study of hybrid hydrogen 
& PV systems in residential buildings 

On-grid optimal with COE 0.09 
CA$/kWh; higher off-grid 

[27] 
Techno-economic 
hybrid microgrid 
optimization 

Integration of PV, WT, Battery, DG 
with optimization algorithm 

The PV + WT + BESS + DG configuration 
shows high reliability and competitive 
LCOE 

 
2. Methodology  
2.1 HOMER Pro-Driven Energy System Simulation 

 
This research methodology begins with the systematic collection of technical and operational 

data of the CPO pump house to obtain an accurate representation of the actual electrical conditions, 
as illustrated in figure 1. The next stage involves determining the study location at PT Pelindo Energi 
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Logistik by incorporating geographical parameters, solar radiation data (solar GHI), ambient 
temperature, and the characteristics of the PLN electricity supply as the basis for system modeling. 
Subsequently, a daily load consumption profile is developed based on the main equipment such as 
pump motors and air conditioning systems, with specifications including installed power, operating 
voltage, operating hours, load factor, and equipment efficiency. The validated data are then modeled 
using HOMER Pro software to analyze energy production, energy consumption, and the techno-
economic performance of the system based on parameters such as Net Present Cost (NPC) and Cost 
of Energy (COE). The simulation results are finally used as the basis for evaluation and for formulating 
recommendations to develop a more optimal, efficient, and sustainable energy system. 

 
Fig. 1. Research methodology flowchart 

2.2 Data Colletion 
 

Figure 2 illustrates the configuration of a Solar Power Plant (PV system) integrated with the grid 
and a battery bank to supply an electric pump load. On the AC side, the grid functions as a power 
source from the PLN utility network and is connected to the AC bus as the alternating current 
distribution line [28]. Electrical energy from the AC bus is then delivered to operate the electric load 
represented by a pump. On the DC side, the LR6-60BK solar panel module converts solar radiation 
into electrical energy in the form of direct current (DC). This DC electrical energy can be stored in the 
battery bank as an energy storage system to maintain power availability. Furthermore, the converter 
acts as an interface between the DC bus and the AC bus by converting DC power into AC power, 
allowing electrical energy from the solar panels and batteries to be utilized to supply the pump load. 
The mathematical formulation of the power balance in the hybrid system is expressed as follows (1) 
 



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 8, Issue 1 (2026) 22-36 

26 
 

𝑃𝑙𝑜𝑎𝑑(𝑡) = 𝑃𝑃𝑉(𝑡) + 𝑃𝑔𝑟𝑖𝑑(𝑡) + 𝑃𝑏𝑎𝑡𝑡𝑒𝑟𝑦(𝑡)          (1) 
 
This equation explains that 𝑃𝑙𝑜𝑎𝑑(𝑡) is the power required by the pump, meanwhile 𝑃𝑃𝑉(𝑡) +
𝑃𝑔𝑟𝑖𝑑(𝑡) + 𝑃𝑏𝑎𝑡𝑡𝑒𝑟𝑦(𝑡) respectively is the power that comes from solar panels, the PLN electricity 
network, and batteries. These three energy sources are used together to meet the pump power 
requirements so that the system can operate properly. 

 
Fig. 2. Grid–PV–battery hybrid energy system configuration for pump operation 

 
Figure 3 shows the monthly solar radiation profile over one year expressed in kWh/m²/day. The 

horizontal axis (X) represents the months from January to December, while the vertical axis (Y) 
indicates the amount of solar radiation received each day. Based on the graph, the annual average 
solar radiation is approximately 5.17 kWh/m²/day, which is indicated by the dashed line representing 
the annual average value. The highest solar radiation occurs in September with a value of 6.05 
kWh/m²/day, while the lowest value occurs in June at 4.73 kWh/m²/day. In general, the solar 
radiation begins to increase from July and reaches its peak in September, then gradually decreases 
toward the end of the year. These data indicate that the solar energy potential at the study location 
is relatively stable throughout the year, making it suitable for supporting the implementation of a 
Photovoltaic (PV) solar power system at the site. 
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Fig. 3. Monthly solar radiation profile at the study location 

 
Table 2 presents the technical parameters used as the basis for system design in this study. The 

pumping system consists of six centrifugal pump units manufactured by Siemens & Hinsch GmbH 
with models D-3357862, D-3357864, and series D-96-00637 [29]. Each pump has a nominal flow rate 
of 45 m³/h, resulting in a total system flow rate of 270 m³/h with a total head of 35 m and a pump 
efficiency of approximately 72%. The pumps operate at a rotational speed of 1,450 rpm with a daily 
operating volume of about 2,160 m³/day to support a production capacity of 2,200 MT per month. 
These specifications are used to determine the pumping system characteristics and to estimate the 
electrical energy requirements during operation. 

The pump driving system uses three-phase induction motors with an installed power of 7.5 kW 
per unit, resulting in a total motor capacity of 45 kW. The motors operate at a nominal voltage of 380 
V with a frequency of 50 Hz and a power factor of 0.88 [30]. The motor efficiency is approximately 
90% with an IP55 protection class that provides protection against dust and water splashes. The 
motors are designed to operate continuously with an S1 duty cycle for 8 hours per day. Based on this 
operating duration, the electrical energy consumption required to operate the six motors reaches 
approximately 360 kWh per day or about 10,800 kWh per month. 

The solar power generation system uses LONGi Solar LR6-60BK modules based on 
monocrystalline technology with a rated power output of 295 Wp per module. The modules have an 
efficiency of approximately 18% with a temperature coefficient of −0.41 %/°C, indicating 
performance reduction as temperature increases. Each module requires an installation area of 
approximately 1.635 m², which requires sufficient space for system installation. The PV system 
capacity design is based on a daily energy demand of 360 kWh while considering system losses of 
about 20%. Based on these calculations, the optimal PV system capacity is estimated at 54 kWp with 
approximately 183 modules and a total installation area of about 299 m². 

The inverter used in this system is a grid-tied or hybrid type with a capacity of 60 kW and a 
capacity margin of around 10%. The inverter has an efficiency of approximately 96% and functions to 
convert electrical energy from direct current (DC) into alternating current (AC) so that it can be used 
by electrical loads. In addition, the inverter acts as the interface between the solar panel system and 
the electrical system supplying the pump load. The system cost parameters include a PV module price 
of Rp 10,000/Wp and an inverter price of Rp 2,000,000/kW with annual operation and maintenance 
costs of about 1.5%. The total initial investment cost of the solar power system is estimated at Rp 
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660,000,000, and the system is capable of generating approximately 350–380 kWh of electricity per 
day, which is sufficient to meet the operational energy requirements of the pumping system. 

 
          Table 2  
          Data on pump systems and solar power generation systems specifications 

Categories Parameter Value Units 
Pump System (Installed 
Equipment) Number of Centrifugal Pumps 6 units 

 Pump Brand Siemens & Hinsch GmbH – 

 Pump Model D-3357862; D-3357864; D-
96-00637 series – 

 Pump Type Centrifugal Pump – 
 Nominal Discharge (per pump) 45 m³/hour 
 Total System Discharge 270 m³/hour 
 Total Head (per pump) 35 m 
 Pump Efficiency 72 % 
 Pump Rotation 1,450 rpm 
 Daily Operating Volume 2,160 m³/hour 

 Production Capacity 2,200 MT/month 
Motor System 
(Requirements & 
Operation) 

Motor Type 3 Phase Induction Motor – 

 Installed Motor Power (per 
unit) 7.50 kW 

 Total Motor Power (6 units) 45 kW 
 Nominal Voltage 380 V 
 Frequency 50 Hz 
 Power Factor (cos φ) 0.88 – 
 Motor Efficiency 90 % 
 Protection Class IP55 – 
 Duty Cycle S1 (Continuous) – 
 Operating Time 8 hour/day 

 Daily Energy Consumption (6 
motors) 360 kWh/day 

 Monthly Energy Consumption 10,800 kWh/month 
Solar PV Module Module Type LONGi Solar LR6-60BK – 
 Cell Technology Monocrystalline – 
 Power per Module 295 Wp 
 Module Efficiency 18 % 
 Temperature Coefficient -0.41 %/°C 
 Area per Module 1.635 m² 
PV System (Sizing – 
Recalculated) Daily Energy Requirements 360 kWh/ day 

 System Loss Factor 20 % 
 Optimal Installed PV Power 54 kWp 
 Number of PV Modules 183 units 
 Total PV Area 299 m² 
Inverter System Inverter Type Grid-tied / Hybrid – 
 Inverter Capacity 60 kW 

 Capacity Margin 10 % 
 Inverter Efficiency 96 % 

Cost Parameters 
(Updated) PV Module Prices 10,000 Rp/Wp 

 Inverter Price 2,000,000 Rp/kW 
 O&M costs 1.5 %/ year 
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CAPEX Summary 
(Updated) 

PV Cost (54 kWp × IDR 
10,000/Wp) 540,000,000 Rp 

 Inverter Cost (60 kW × Rp. 
2,000,000/kW) 120,000,000 Rp 

 Total CAPEX of PV–Inverter 
System 660,000,000 Rp 

System Output & 
Compatibility Daily Energy Generated PV 350–380 kWh/day 

 Suitability for Pump–Motor 
Loads Fulfil – 

 System Operating Mode Direct load (daytime) – 
 
3. Results  
 

The system performance analysis was carried out by evaluating the solar fraction, which represents the 
percentage contribution of electrical energy generated by the Photovoltaic (PV) system to the total energy 
demand of the pumping system. This parameter is used to determine the extent to which solar energy can 
replace electricity supplied from the conventional grid during the operational period. Based on the available 
data, the solar fraction at the beginning of the operational period shows a relatively high contribution from 
solar energy. In the first year, the solar fraction reached 55.50% with a standard deviation of approximately 
2.23%, indicating that more than half of the system's energy demand can be supplied by the PV system. Figure 
4 illustrates the trend of solar energy contribution from the PV system over a 25-year operational period, 
where the solar fraction gradually decreases from approximately 52.67% in year 12 to about 49.72% in year 
25, although the PV system is still capable of supplying nearly half of the total energy demand indicating that 
the system remains effective for long-term operation. 

 

 
Fig. 4. Solar energy fraction of the PV system during a 25-year operational period 

 
The evaluation of the energy system was conducted by comparing the annual energy production 

of the Photovoltaic (PV) system and the electricity consumption from the grid over a 25-year 
operational period. The data used consist of four main parameters, namely annual PV energy 
production (MWh/year), the standard deviation of PV production, grid energy consumption, and the 
standard deviation of grid consumption. These parameters are used to assess the stability of energy 
production from the solar power system as well as the level of system dependence on the 
conventional electricity grid. Figure 5 shows the comparison between the annual energy production 
of the PV system and electricity consumption from the grid during the system's operational period. 
The graph indicates a gradual decrease in PV energy production from approximately 73 MWh/year 
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in the first year to around 65.23 MWh/year in the 25th year, while grid electricity consumption 
gradually increases from about 58.70 MWh/year to approximately 66.05 MWh/year at the end of the 
operational period. 

 

 
Fig. 5. Annual energy production comparison between PV system and grid consumption over a 25-year 
operational period 

 
The energy consumption of the motor and pump system is described using annual energy 

demand data over a 25-year operational period. The data used consist of four main parameters, 
namely the average annual energy consumption of the motor and pump system (MWh/year), the 
standard deviation of energy consumption, the minimum energy consumption value, and the 
maximum energy consumption value that occurs in each year of operation. Based on these data, the 
average energy consumption of the system is around 131.77 MWh/year in the first year with a 
standard deviation of approximately 4.11, a minimum value of about 119.98 MWh/year, and a 
maximum value of about 142.02 MWh/year. The average energy consumption of the system during 
the observation period tends to remain stable in the range of 130–132 MWh/year, indicating that 
the energy demand of the motor and pump system remains relatively constant throughout the 
operational period. Figure 6 shows the pattern of annual energy consumption changes of the motor 
and pump system during the 25-year operational period, where the red line represents the sample 
data of motor and pump energy consumption, the blue line represents the average annual energy 
consumption of the system, the light blue area indicates the ±1 standard deviation range from the 
average energy consumption value, and the dashed line represents the rated load of the system, with 
the horizontal axis (X) showing the operational years of the system from year 1 to year 25 and the 
vertical axis (Y) showing energy consumption in MWh/year, indicating that although there are 
fluctuations in energy consumption in several years, the values remain within a reasonable deviation 
range and the system can be considered to have good operational stability during the observation 
period. 
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Fig. 6. Annual energy consumption pattern of the motor and pump system over a 25-year operational period 

 
The assessment of system reliability was conducted using the capacity shortage parameter, which 

represents the ratio of energy capacity shortage to the total energy demand of the system during the 
operational period. This parameter is used to determine the extent to which the power generation 
system can continuously meet the energy demand of the load without experiencing electricity supply 
shortages. Based on the available data, the capacity shortage value during the 25-year operational 
period ranges from 0.994 to 1.007, with an average value close to 1.000 each year. A value close to 
one indicates that the available generation capacity is able to meet the system's energy demand with 
a very high level of reliability. Figure 7 shows the statistical distribution of annual system energy 
consumption over the 25-year operational period in the form of a boxplot, where each box 
represents the distribution of annual energy consumption in each operational year with the middle 
line indicating the median value of energy consumption, the upper and lower boundaries of the box 
indicating the first and third quartile ranges, the vertical lines indicating the minimum and maximum 
energy consumption values, the horizontal axis (X) representing the system operational years from 
year 1 to year 25, and the vertical axis (Y) representing the annual energy consumption in MWh, 
indicating that the distribution of energy consumption remains relatively stable from year to year 
with relatively small variations and suggesting that the energy system has good operational stability 
in the long term.  

 
Fig. 7. Statistical distribution of annual system energy consumption during a 25-year operational period 

 
The load variation factor values range between 0.994 and 1.007, indicating that the deviation 

from the reference value of 1 is very small and reflects relatively stable system operating conditions. 
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The difference between the highest and lowest values is only around 0.013, which indicates that 
changes in energy demand during the analysis period remain very limited. This condition shows that 
the energy consumption pattern of the system tends to be consistent with only minor variations in 
load demand. In the middle of the analysis, figure 8 presents the Load Duration Curve (LDC) which 
illustrates the relationship between electricity load magnitude and the percentage of time the load 
is exceeded during the operational period. The curve shows a load distribution ranging from 
approximately 119 to 145 MWh/year, where the beginning of the curve represents peak load, the 
middle section represents average load, and the end of the curve represents base load, indicating a 
stable and consistent energy consumption pattern throughout the system operation. 
 

 
Fig. 8. Annual energy system Load Duration Curve (LDC) 

 
The economic parameters of the system show that the Net Present Value (NPV) ranges from 

approximately 608.61 to 660.54 million rupiah, indicating that the system provides financial benefits 
throughout its operational period. The Levelized Cost of Energy (LCOE) ranges from 459.84 to 474.99 
Rp/kWh, indicating that the cost of electricity production from the system remains relatively stable 
and at a competitive level. In addition, the Simple Payback Period ranges from approximately 4.88 to 
5.04 years, indicating that the initial investment of the system can be recovered within a relatively 
short time. In the middle section of the discussion, figure 9 presents the comparison of the average 
values of several economic indicators, namely NPV of about 630.56 million rupiah, LCOE of 468.05 
Rp/kWh, Simple Payback Period of about 4.96 years, Discounted Payback Period of about 8.97 years, 
and B/C Ratio of about 1.66. A B/C Ratio greater than one indicates that the economic benefits 
obtained from the system are higher than the investment costs incurred, suggesting that the system 
has good economic feasibility for long-term implementation. 
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Fig. 9. Comparison of economic feasibility parameters of the energy system (NPV, LCOE, Payback Period, IRR, 
and B/C Ratio) 

 
The Net Present Value (NPV) obtained from the system simulation ranges from approximately 

608.61 to 660.54 million rupiah, indicating that the energy system project has the potential to 
generate economic benefits during its operational period. The distribution of these values is derived 
from various calculation scenarios that produce relatively close NPV values, indicating the stability of 
the system's economic performance. In the middle section of the discussion, figure 10 illustrates the 
probability distribution of NPV values in the form of a histogram showing the frequency of NPV 
occurrences from all simulation results. The graph shows that most NPV values are concentrated in 
the range of approximately 620 to 650 million rupiah, with an average value of about 630.56 million 
rupiah, and all values remain positive above the breakeven point. This condition indicates that the 
system has good economic feasibility since the probability of financial loss is very low and the 
economic benefits generated tend to remain stable under various calculation scenarios. 

 

 
Fig. 10. Histogram distribution of Net Present Value (NPV) of the energy system during the operational 
period 
 

The economic performance of the system was analyzed based on simulation data covering several 
key parameters, namely Net Present Value (NPV), Levelized Cost of Energy (LCOE), Simple Payback 
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Period, Discounted Payback Period, and Benefit Cost Ratio (B/C Ratio). Based on the obtained data, 
the NPV ranges from approximately 608.61 to 660.54 million rupiah, the LCOE ranges between 
459.84 and 474.99 Rp/kWh, and the Simple Payback Period ranges from 4.88 to 5.04 years, indicating 
that the system investment can be recovered within a relatively short time. In addition, the B/C Ratio 
ranges from 1.63 to 1.69, which indicates that the economic benefits obtained are greater than the 
investment costs incurred. In the middle section of the discussion, figure 11 shows the increase in 
cumulative cashflow from negative values at the beginning of the investment to more than 2,200 
million rupiah in year 25, with the Simple Payback Period occurring around year 5 and the Discounted 
Payback Period around year 9. This condition indicates that after passing the investment payback 
point, the system is able to generate continuously increasing economic benefits, making the energy 
project feasible for long-term implementation. 

 

 
Figure 11. Trend of Cumulative Cashflow and Payback Period of the Energy System 

 
4. Conclusions 
 

Based on the results of the study, it can be concluded that the motor and pump system at the 
CPO pump house of PT Pelindo Energi Logistik has a significant electrical energy demand with a 
relatively stable consumption pattern throughout the analyzed operational period. The analysis 
conducted using parameters such as average annual energy consumption, minimum and maximum 
values, as well as standard deviation, provides a comprehensive understanding of the system’s 
energy consumption characteristics. The simulation results indicate that the average electrical energy 
consumption of the motor and pump system is approximately 131.77 MWh per year. This value 
demonstrates that the pumping system is one of the main components contributing to the overall 
electricity demand in the facility. Therefore, understanding the energy consumption pattern of the 
system is essential to support more effective and efficient energy management in industrial 
operations. 

Overall, this study demonstrates that a simulation-based approach can be effectively used to 
analyze the long-term electrical energy demand of motor and pump systems. The findings of this 
research can serve as a useful reference for facility managers in evaluating system performance and 
developing strategies to improve energy efficiency. In addition, this study contributes to providing 
insights into the characteristics of energy consumption in continuously operating industrial pumping 
systems. A better understanding of the system’s energy demand can help identify opportunities for 
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optimizing operational performance and reducing potential energy losses. For future research, it is 
recommended to conduct a more comprehensive analysis by considering the integration of 
renewable energy sources and evaluating the efficiency of motor and pump components to further 
enhance the sustainability and performance of the electrical system. 
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