
 

 

 

 

 

 

 

28 

 

ISSN (Print): 1844-6116         
ISSN (Online): 2501-8795 

https://www. jmte.eu                  

Journal of Marine 
Technology and Environment 

DOI: 10.53464/JMTE.02.2022.05 

 

 

 

 

METHODOLOGY FOR ENERGY EFFICIENCY IMPROVEMENT OF SHIP MOTOR 

DRIVEN SYSTEMS 
 

Elena KATELIEVA 
1 

 
1 
Nikola Vaptsarov Naval Academy, Engineering Faculty, Varna, Bulgaria 

e.katelieva@nvna.eu 

 

 
 

Abstract: The methodology proposed in this paper identifies the main steps that can be taken for energy efficiency  

improvement of ship motor driven systems. It is necessary to follow the principles of systematic approach, taking into 

account the efficiency of each element and the system as a whole. We need to collect baseline data, to make assessment 

of the system performance and choose the most appropriate optimization measures. The proposed approach shows the 

main activities and technologies that could optimize the overall energy efficiency of the system. Ship motor driven 

systems are one of the largest consumers of electricity on the ship and improving their efficiency will reduce energy 

consumption and emissions from ships. 
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1. INTRODUCTION 

 

About 80-90% of the electricity generated on the 

ship is consumed by motor driven systems. In order to 

increase their energy efficiency, it is necessary to 

optimize the components and operation of the system 

This will provide great savings and reduction of the 

emissions. The shipping companies, ship owners and 

operators must implement an energy management plan 

and arrange training for the crew members on energy 

and emission saving measures. 

The proposed methodology presents the process of 

energy efficiency improvement of electric motor driven 

systems, which consists of the following activities: 

• Determine the baseline data and parameters of the 

system;  

• Analysis of the performance and efficiency of the 

system;  

• Selection of energy efficiency improvement 

measures and activities; 

• Development of implementation plan for the most 

appropriate energy efficiency measures and practices; 

• Assessment of the energy efficiency improvement. 

 

By applying a systematic approach, an overall 

energy efficiency improvement of the system could be 

achieved. Typical motor driven system consists of the 

following components: motor, gears, coupling, end-use 

equipment (pump, fan or compressor) and control 

mechanisms.  

The overall system efficiency depends on the 

efficiency of each component [6], [7]: 

ηsystem = ηmotor x ηcoupling x ηdrive x ηend-use equipment 

 

The electric power quality; reducing flow rate; 

minimize losses; maintenance and effective operation of 

the entire system are also essential for energy efficiency.  

 

2. FIRST STAGE OF THE METHODOLOGY 

- Analysis and evaluation of the system 

 

At this initial stage, the current state of the system 

efficiency is identified. The company should collect the 

baseline data; perform energy audit and complex 

analysis of the motor driven system. At this stage, the 

parameters of the system are determined; as well as data 

of energy consumption; areas with energy losses and 

optimization measures that could be applied. 

This phase of the optimization process includes the 

following steps:  

 

 

2.1 Database development 

 

 data collected from records and discussions 

The sources of information are the following: 

1/ Discussions with management and the crew; 

2/ Technical documentation; 

3/ Records of diagnostics and repair of the equipment; 

4/ Baseline data on the current measures and practices 

applied.  
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 data of electrical measuring instruments 

At this stage the information is collected and 

systematized. This step includes conducting an energy 

audit of the system and database development. 

Operational data is collected from: logs, monitoring 

systems, stationary or portable measuring devices of 

energy consumption. Software tools can also be used for 

simulation of the system operation. 

It is necessary to assess the energy flows in the 

system and determine the possibilities for savings and 

energy efficiency improvement.  

 

 

2.2 Data processing, analysis and evaluation of the 

system efficiency 

 

At this stage, an analysis and complex evaluation of 

the system is performed. The areas with the greatest 

energy losses are determined. The information obtained 

from the previous stage determines the initial data 

necessary for the analysis of the system efficiency. This 

is followed by data processing and evaluation of the 

possibilities for energy efficiency improvement. 

The motor driven systems of pumps, fans and 

compressors are the most numerous on the ship. Most of 

these systems work in continuous mode, consume 

significant part of the electricity on the ship and 

optimization of their efficiency will provide the greatest 

savings. These devices have different principles of 

operation, but they are all characterized by a certain flow 

rate - Q, pressure - p and efficiency - η. 

Motor power could be calculated by parameters Q, 

p and η:  

   (1) 

 

The change in head H, power P and efficiency η as 

a function of flow Q are the operating characteristics of 

the pump. At a certain flow rate, the efficiency reaches 

its maximum and this is the optimal mode of operation, 

which corresponds to the nominal parameters Qn, Hn and 

Pn. 
 

Database of the equipment (pump, fan, compressor, 

motor and devices for operation control) is created. The 

next step is - analysis and calculation of the 

characteristics of the pump and the system [1]: 

 

- Equation of the pump: 

Hpi = Hmax-(Qi / Qn)
2 × (Hmax−Hn)   (2) 

 
- Equation of the system: 

His = Hst+ (Qi / Qn)
2 × (Hn−Hv−Hst)  (3) 

 

Energy consumption can be determined, by crossing 

the pump flow rate and the hydraulic resistance curve of 

the system to identify the operating point. (Figure 1)[6] 

 
 

Figure 1 Identification of operating point. [6] 

 

 

Energy efficiency improvement of the entire motor 

driven system could be achieved by devices for 

mechanical, electromechanical and hydraulic control of 

the speed. Motor speed must correspond to the load 

requirements in order to reduce losses.  

 

A comparison of power consumption of the 

different devices for operation control of the motor 

driven systems can be made to determine the most 

appropriate control method.   

Bypass control - This method for operation control 

uses an additional pipe - bypass. The required pump 

power is determined by the equation [6]: 

 

  (4) 

 

Where:  - density of the liquid; Q - flow rate;  

H - The total dynamic head. 

 

Throttle control - closing the throttle valve 

increases the resistance, which change the system 

characteristics. The required power is determined by the 

equation [6]: 

 

  (5) 

Where 

 
 

Hydraulic control - This method changes the amount of 

oil in the gear, increasing the difference in shaft speeds. 

The required power is determined by the equation [6]: 

 

  (6) 



 

 

 

 

 

 

 

30 

 

ISSN (Print): 1844-6116         
ISSN (Online): 2501-8795 

https://www. jmte.eu                  

Journal of Marine 
Technology and Environment 

DOI: 10.53464/JMTE.02.2022.05 

Where 

 

 
On/off control - when the pump is switched on, it 

works in close to the optimal mode, and when it is 

switched off it does not consume energy. Power is 

determined by the equation [6]: 

 

  (7) 

 

Variable Speed Drive (VSD) - This is the most 

efficient operation control method.  

The ability to adjust the speed of the induction motor is 

determined by “Affinity laws” [2]: 

 

Q2 / Q1 = n2 / n1; p2 / p1 = (n2 / n1)
2
; P2 / P1 = (n2 / n1)

3
 (8) 

 

VSD changes the operation of the system by 

adjusting the speed of the electric drive (P2/P1 = (n2/n1)
3
).  

If we reduce the speed by 20%:  n2 / n1 = 0.8, the power 

of the shaft will be reduced by about 50%:  

 

P2 / P1 = (n2 / n1)
3 
= (0,8)

3
 = 0,512 

 

The required power is determined by the equation [6]:  

 

  (9) 

Where 

 
 

Energy efficiency improvement could be achieved 

by implementing VSD with Pulse Width Modulation 

(PWD). The frequency and voltage of electric power 

supply of an AC induction motors is electronically 

controlled. This technology is used in systems with 

pumps, compressors and fans, which have great potential 

for energy savings.  

The advantages of VSD are the following: 

simplified pipeline system; increased reliability; 

reduction of operating costs; smooth start and stop; 

quality power supply, energy saving and high efficiency. 

In order to determine the energy efficiency of 

different operation control methods, it is necessary to 

make analysis, evaluation of savings and choose the 

most optimal one. It is important to determine the initial 

costs, payback time, energy consumption and saving 

opportunities. By calculating these values, a comparison 

of the effectiveness of each control method can be made. 

 

Energy consumption per year [kWh]: 

   (10) 

Tk, [h] - time for operation for a year. 

 

Energy saved per year [kWh], when using VSD: 

   (11) 

The energy consumed by VSD subtracted from the 

energy required by other operation control method. 

 

Energy costs saved per year [€]: 

   (12) 

CE [€/kWh] - electricity prices 

 

Initial costs C [€] - costs for components and 

installation. 

 

Payback time - the ratio of initial costs and electricity 

saved for a year. 

 

Software calculators can be used to compare the 

efficiency of motor driven systems and different 

operation control methods (Pump Save by ABB; PSAT, 

FSAT and Air Compressor Calculator by DOE).  

 

A comparison of the values of power consumption 

of throttle control and VSD is presented on Fig. 2 [6] and 

comparison of bypass control and VSD - Fig.3. [6] 

 

 
 

Figure 2 A comparison of the power consumption of 

throttle control and VSD [6] 
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Figure 3 A comparison of the power consumption of by-

pass control and VSD [6] 

 

 

The biggest savings are obtained by adjusting the 

motor speed (VSD). 

 

 

2.3 Selection of energy efficiency improvement 

technologies and measures 

 

At this stage the most promising options and 

measures for energy efficiency improvement are 

determined. Models of the system must be created, 

followed by verification, technical and economic 

analysis and evaluation of the system operation. A 

decision is made to develop implementation plan of the 

selected measures. The energy efficiency improvement 

of motor driven systems could be achieved with minimal 

investments through energy management and application 

of appropriate operational measures, which can provide 

energy savings of up to 15%.  

The overall energy efficiency improvement of a 

motor driven system includes the following [7]: 

• Electric power quality - power factor improvement; 

• Reduction of energy losses;  

• Implementation of high efficient motors with optimized 

operation;  

• More efficient pumps, fans, compressors;  

• Use of variable speed drives;  

• More efficient coupling and pipes; 

• Optimized operation, diagnostics and maintenance of 

the equipment. 

The electric motor is one of the main components of 

motor driven systems. Improving energy efficiency of 

the motor could be achieved through regular 

maintenance and proper operation. In order to save 

energy and increase reliability some motors can be 

replaced with high efficient. This will reduce energy 

consumption and operational costs.  

We need to consider all factors before making a decision 

- initial costs (motor and equipment prices), operational 

costs (operating time, electricity prices) and payback 

time.  

Inefficient motors can be replaced by synchronous 

motors with permanent magnets (Nd2Fe14B; Sm-Co). 

This type of motors has many advantages: improved 

energy efficiency; reduced weight, dimensions and 

excitation losses. 

Energy efficiency optimization of motor driven 

systems can also be achieved by using high efficient 

electric motors. The advantages of these motors are 

higher reliability, reduced losses and lower energy 

consumption.  

EFF (EFF1, EFF2, EFF3) is the European 

Efficiency Classification standard and IE (IE1, IE2, IE3, 

IE4, IE5) is the International Electro-technical 

Commission (IEC) standard (fig.4). [5]The higher 

manufacturing standards and the use of high quality 

materials reduce losses and improve energy efficiency. 

 

Advantages of high efficient motors: 

 reduced electricity consumption; 

 optimized operation; 

 longer life; 

 lower maintenance cost. 

 

 
 

Figure 4. Code for efficiency of electric motors 4 pole, 

50 Hz [5] 

 

In order to select appropriate measures to increase 

energy efficiency, some calculations need to be done. 

For example, replacing a standard motor (EEF3) with 

high efficient one (EEF1), despite the higher price, will 

reduce operating costs.  

The energy saved Es, [kWh] and energy costs saved 

per year Cs, [€] can be calculated by the equations [4], 

[7]: 

 (13) 

 (14) 

 

ML is motor load [%]; P2r is the rated power [kW]; h is 

operating time(hours). 

 

In order to chosethe most appropriatemethod for 

operation control of the motor driven systemswe need to 

calculate the savings.  

 

Example: The motor power is 60 kW, efficiency 94 % 

and ML is 75%, at 6000 operating hours and price of 

electricity 0.5 €/kWh. If an electric motor with a 

centrifugal pump with throttle control is considered, and 

operating at 100% full rated speed: 

 

Energy costs per year (throttle control), [€] 
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When using a VSD with an efficiency of 96%, the 

motor runs at 70% of the rated speed and the costs are as 

follows: 

Energy costs per year (VSD), [€] 

Cost savings when using VSD 

 = 143617 - 51313 = 92304 € 

 

Annual electricity costs are about three times lower 

when applying VSD. 

 

3. SECOND STAGEOF THE METHODOLOGY- 

Development of a plan, training and implementation 

 

3.1 Development of implementation plan / planning 

 

At this stage the information obtained from the 

previous stage is used to develop an energy strategy and 

SEEMP (Ship Energy Efficiency Management Plan). 

This plan includes the following stages: planning; 

application; monitoring; self-evaluation and 

improvement.  It contains instructions for the ship's crew 

on energy efficiency improvement measures for all ship 

systems and operational processes. The plan specifies the 

methods for system analysis; optimization measures for 

each component and for the whole system. The 

responsible persons of the crew and monitoring tools are 

also determined. 

A systematic approach is applied to achieve an 

overall efficiency improvement. At this stage, the 

resources for application of all methods are indicated and 

terms of implementation. All this will ensure improved 

operation and efficient use of available resources and 

crew. 

 

3.2 Responsible persons and training 

 

The management team of the shipping companies, 

the captain and the chief engineer determine the 

responsibilities for the implementation of the 

optimization measures depending on the competence of 

the employees. Management team and the captain 

introduce energy efficient measures and practices to the 

crew, and the chief engineer is responsible for 

implementation, monitoring and records. 

The crew receives information on activities and 

equipment used to provide energy savings. 

 

3.3 Implementation 

 

This step includes the application of the selected 

optimization activities and measures, and control of the 

process. Some of these activities and operational 

measures have great potential for energy saving and can 

be undertaken immediately. Implementation of more 

efficient operation control devices and high efficient 

motors could provide greater savings. 

 

 

4. THIRD STAGEOF THE METHODOLOGY - 

monitoring and evaluation of the improvement  
 

This is the final stage of the optimization process. 

In order to achieve increased energy efficiency, it is 

necessary to implement monitoring and analysis of the 

system operation. A quantitative assessment of the 

effectiveness of the applied measures is made to set 

guidelines for optimization activities. 

 

This final stage includes the following steps: 

• Monitoring of the characteristics of system elements; 

• Research and analysis of energy efficiency of all 

components; 

• Economic analysis (calculation of energy and cost 

savings) 

• Data analysis and energy efficiency assessment. 

 

Depending on the results obtained for the achieved 

efficiency, a decision is made on future optimization 

activities. The selected measures and practices for 

improvement are applied in the next optimization cycle. 

 

5. CONCLUSIONS 

 

The proposed methodology identifies the main steps 

that can be taken to increase energy efficiency of ship 

motor driven systems. Application of improvement 

measures and technologies, such as high efficient motors 

with VSD control and generators with permanent 

magnets; use of superconducting windings will increase 

the efficiency of motor driven systems.   

Implementation of the presented algorithm and 

measures will provide reduction of electricity 

consumption, costs and emissions, saves money and 

improves energy efficiency.  
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