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Abstract. Energy efficiency increasingly becomes a relevant objective in indus-

try. Factory planning plays an important role for energy-efficient factory, pro-

duction and logistics systems. The design of systems and processes in 

intralogistics, as an essential part of factory planning, is in the focus of this pa-

per. Existing approaches for energy efficiency-oriented planning of logistics 

systems are either empirical or theoretical. The paper describes an approach 

combining both aspects. With the presented approach, the energy consumption 

of a system in a factory can be determined and evaluated systematically. As a 

result, energy efficiency measures are deduced and generalized. The approach 

provides energy data and knowledge to support analyzing and optimization ac-

tivities in planning processes. 
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1 Introduction 

Energy efficiency becomes a more and more important objective for industrial com-

panies due to several factors, e.g. rising energy prices, growing environmental aware-

ness and energy policy conditions. The EU member states agreed on the principle of 

“20/20/20 by 2020”, i.e. a 20 % reduction in greenhouse gases, a 20 % share of re-

newable energies and a 20 % increase in energy efficiency by the year 2020 compared 

to 1990 [1]. The national implementation differs between the countries. For example, 

Germany wants to take a pioneering role and therefore adopted the “Energy Concept 

2050”, which staggers the achievement of goals in different phases. The greenhouse 

gas emissions should be reduced by 40 % until 2020, by 55 % until 2030 and by at 

least 80 % until 2050 [2]. 

Industrial companies have recognized this trend and implement corporate strategies 

for improving sustainability and energy efficiency. The energy efficiency of the entire 

factory system does not result directly from the sum of individual parts or actions, i.e. 

individual actions can affect each other positively or negatively. Only through a holis-

tic view of the complex coherences and interactions of individual resources, processes 



and structures of a factory, energy optimization potentials of the overall process or the 

total system can be exploited [3]. 

Therefore, factory planning plays a significant role for energy efficiency of factory, 

production and logistics systems. Despite of this importance, there is still a demand 

on tools and methods to integrate energy efficiency in planning processes systemati-

cally. 

In the Cluster of Excellence eniPROD
®
, which is a collaboration of Chemnitz Uni-

versity of Technology and Fraunhofer Institute for Machine Tools and Forming Tech-

nology, the research is focused on “Energy-Efficient Product and Process Innovations 

in Production Engineering”. An objective of eniPROD
®
 is a national and international 

visible contribution to realizing the vision of an almost emission-free production 

while simultaneously reducing the demand for energy as well as increasing the effi-

ciency of resources [4]. One of the specific issues is “Energy-Efficient Systems and 

Processes in Logistics and Factory Planning”. 

The contribution of logistics to energy efficiency is often neglected by practition-

ers. But it is estimated that 40 % of the energy consumption in production are caused 

by production surroundings which have their greatest share in logistics processes [5]. 

Especially in the field of intralogistics, there are only few scientific publications to 

support energy efficiency-oriented planning [6]. The presented approach for analysis 

and evaluation of energy consumption has been developed within eniPROD
® 

to meet 

these deficits. 

The remainder of the paper is organized as follows: In section 2, the basics of en-

ergy efficiency in logistics systems are presented. Section 3 contains the developed 

approach, which is applied to a use case in section 4. A short discussion and an out-

look on further research are given in section 5. 

2 Energy Efficiency in Logistics Systems 

Energy efficiency, in general, is defined by the ratio of useful process output and 

energy input [7]. Possibilities to reduce energy consumption are either technological 

(e.g. reducing friction) or organizational (e.g. reducing transport effort or switching 

off components when they are currently not used). Technological measures often lead 

to a change of construction and cause additional costs. Organizational measures can 

often be realized without additional costs. 

Scientific problems in the field of energy efficiency are highly diversified. A main 

problem to raise energy efficiency consists in the understanding and modeling of the 

relationship between energy consumption and its causes. Methods that have been 

developed for this problem are mostly found in the field of machine tools and can be 

divided into empirical and theoretical approaches (figure 1). Empirical methods focus 

on the collection and comparison of energy data for different states of operating. Af-

terwards, these data can be used for simulation studies [8], [9]. Theoretical approach-

es use models to describe the influence of different variables on energy consumption 

[10], [11]. 



A transfer of the fore-mentioned methods to logistics systems is hardly possible, 

because their structure and functions are very heterogeneous (e.g. transport, storage, 

picking and packaging). There are only few scientific publications considering sys-

tematic approaches to increase energy efficiency in logistics systems. For instance, an 

empirical approach is presented by Prasse et al. [12]. A theoretical analysis on energy 

efficiency improvement based on a physical model is performed by Zhang et al. [13], 

but there is no verification of the theoretical findings with empirical studies. 

 

Fig. 1. Comparison between different approaches to analyze the energy consumption 

3 Approach for Analysis and Evaluation of Energy 

Consumption 

The presented approach uses an integrative consideration of theoretical and empirical 

methods (figure 1). The goal is to determine and evaluate the energy consumption of a 

system and to deduce energy efficiency measures based on this. The approach is di-

vided into seven steps (figure 2). 

In the first step, “Definition of Target Figures”, the considered system is chosen as 

object of investigation and the goal of the analysis as well as the target figures are 

defined. A typical goal of the analysis is to determine the energy consumption de-

pending on different operating states of the system. In this case, electrical power and 

electrical work can be defined as target figures. In the further procedure, possible 

influencing variables need to be identified and evaluated regarding their quantitative 

effect. 

Then, the system is described in detail and available data is collected in the step 

“Definition of System Boundaries & Data Acquisition”. The analyzed system is sepa-
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rated into subsystems, elements, structures and processes to define the system bound-

aries. Different description models can be used for this task (e.g. hierarchical or pe-

ripheral order). A system is gradually divided into subsystems with the hierarchical 

order. The peripheral order structures a system according to the dependence on the 

master production schedule [14]. Thus, the energy consumption can be traced to its 

origin. After that, required information about energy carriers, processes or materials 

etc. is gathered. If the system is similar to other systems, the results of the analysis 

could be transferred in order to reduce effort. 

 

Fig. 2. Approach for analysis and evaluation of energy consumption 

A central step is the “Modeling & Model Analysis”, which comprises creating a 

model of the system and identifying influencing variables on energy efficiency. Phys-

ical principles in the model describe how the defined target figures (see step 1) de-

pend on the influencing variables. According to the system boundaries (see step 2), 

the influencing variables are divided into control and disturbance variables. Control 

variables can be changed within the system boundaries, whereas disturbance variables 



cannot be influenced. After modeling, the effects of changing control variables are 

analyzed. Two advantages can be achieved with this theoretical consideration: Firstly, 

the effects of energy efficiency measures can be estimated without affecting the real 

system in its operation. Secondly, the operating states can be specified for the prepa-

ration of the practical examination. 

In the next step, “Preparing & Performing Measurements”, the energy consumption 

of the system is measured in order to test the theoretical findings practically. The 

measuring variables, points and instruments are defined on the basis of the target 

figures and influencing variables (see step 3). Possible measuring points are the main 

connection (e.g. control cabinet) or the connections of the components (e.g. drive 

motors). Batteries or their charging stations can be used as measuring points for mate-

rial handling vehicles. Measuring instruments can be stationary or mobile. Special 

attention should be paid to the acquisition of process data in addition to energy data in 

order to link this data. 

Theoretical and practical results are compared in the step “Evaluation of Results”. 

The measured values can be summarized with the use of statistical metrics according 

to the required accuracy. Key figures, e.g. specific energy consumption, are calculated 

to compare different planning or operation alternatives. Depending on the system 

complexity, visualization in form of energy flow charts or diagrams is helpful for 

better understanding. 

The sixth step, “Determination of Peripheral Effects”, is very important for energy 

efficiency-oriented factory and logistics planning. The energy consumption depends 

on the design and operation of a system. Energy measurements often focus just on this 

direct consumption. But in addition, indirect energy consumption is caused by the 

area taken up within a superior system (e.g. energy demand for HVAC and lighting). 

Intralogistics systems, e.g. transport systems, typically take up a great share of the 

floor space, so the indirect energy consumption should not be disregarded. 

The last step consists of the “Deduction and Generalization of Energy Efficiency 

Measures”. Based on the findings of theoretical and practical analysis, influencing 

variables and optimization opportunities are pointed out. Recommendations for ener-

gy efficiency-oriented planning and energy-efficient operation of the system are gen-

eralized. 

4 Use Case “Automated Guided Vehicle” 

The application of the approach is presented on an example in the “Experimental and 

Digital Factory” of the Department of Factory Planning and Factory Management 

[15]. Further practical case studies were performed in an industrial environment [16]. 

The automated guided vehicle “MOVE” of Trilogiq was selected to analyze electrical 

power and electrical energy consumption depending on the transport task (figure 3). 

The investigation focuses on the vehicle operation, not on the construction. Therefore, 

it is not further separated into its components (e.g. drive, control system), although 

this would be possible for analyzing the dependence between the energy consumption 



and the vehicle’s construction. The points for material transfer and battery charging 

stations belong to the system environment. 

The only needed energy form is electrical power, which is provided by two lead 

batteries with each 12 V voltage and 120 Ah capacity. The vehicle uses magnetic 

navigation with a passive guide line and passive ground markers to follow a pro-

grammed route. 

The physical model is build in order to deduce the influencing variables on energy 

consumption. It bases on the planar motion of a particle. The energy consumption of 

electrical components is not considered at this point. The mechanical work is calcu-

lated as target figure by adding the forces due to rolling and acceleration resistance. 

The influencing variables are divided into control and disturbance variables. As only 

the vehicle operation is analyzed, the control variables are the mass of the transported 

goods, the number of acceleration processes, the distance and the velocity. A sensitiv-

ity analysis is used to order the variables according to their predicted influence. The 

ratio between energy consumption and transport effort (specific energy consumption) 

is calculated as key figure. 

Afterwards, the practical measurement was performed by absolving a driving cycle 

with different transport loads and different velocities. The insights of the analysis of 

the physical model were tested. The energy consumption was recorded by the battery 

controller “WI-iQ
®
” from EnerSys/Hawker, which transfers the data of the current 

power consumption to a laptop by wireless communication. It is important to log the 

position of the vehicle and its driving time in order to connect energy and process 

data, i.e. to assign the energy consumption to different parts of the driving cycle. 

 

Fig. 3. Analyzed automated guided vehicle (left) and battery controller (right) 

When the measured results were evaluated, there were, at first, differences between 

the model and the real energy consumption. This means, the mechanical energy used 

for the movement, which is calculated with the physical model, represents only a part 

of the consumed electrical energy. However, the important influencing variables were 

identified before the measurements. As one measured result, less acceleration pro-

cesses led to reduced energy consumption. Whereas, the reduction of velocity led to a 

reverse effect: Although the electrical power was reduced, the time for the driving 

cycle increased and therefore, energy consumption increased, too. The specific energy 



consumption was calculated again from the measured values. Increasing transport 

load led to the decrease of the specific energy consumption i.e. makes the transport 

more efficient. In general, this depends on the relation between the mass of the trans-

ported goods and the mass of the vehicle. 

After performing the measurements, the peripheral effects were analyzed. The au-

tomated guided vehicle needs area for transportation as well as for loading and un-

loading (about 28 % of the floor space), so indirect energy consumption is caused. 

Additionally, the battery charging stations need air-conditioning. If the energy con-

sumption of the vehicle is reduced, the battery needs to be charged less often and 

therefore, the charging components could be smaller sized. 

In the last step, energy efficiency measures are generalized. As already mentioned, 

transport distance has a great influence on energy consumption and should therefore 

be reduced. If the transport route cannot be modified, distance can be reduced by 

summarizing transports, which leads to increasing transport loads. The effect of ag-

gregating two transports was analyzed with the physical model as well as with another 

measurement and led to 30 % energy savings. 

5 Conclusions 

It was shown that energy efficiency becomes more and more important for industrial 

systems and processes. Hence, there is a demand on energy efficiency-oriented tools 

and methods. 

A systematic approach for analysis and evaluation of energy consumption was pre-

sented and exemplarily applied. The approach describes the collection and the inter-

pretation of energy data in order to analyze energy consumption of logistics systems. 

Based on this, energy efficiency measures are deduced and generalized. The approach 

was demonstrated on the example of an automated guided vehicle. The structured 

procedure helped to predict the effects of energy efficiency measures and moreover, 

to prepare and perform measurements systematically and with less effort. 

The measured values can be applied for process modeling and simulation. Differ-

ent planning or operation alternatives can be compared regarding their energy effi-

ciency. Besides the scientific application, industrial companies are able to realize 

energy-efficient processes with the help of this approach. 
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