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Abstract— Sustainable production processes in industrial 

organizations require the maximal added value with minimal 

resource utilization. Rational use of energy and energy 

resources represents an increasing challenge for companies in 

Serbia and in the world, all with the aim of preserving the 

environment. Research on material and energy flows, their 

correlations and the formation of models that are flexible and 

applicable to different production and service activities, 

would provide enough information to design processes with 

resource savings and negative impact on the environment. 

This paper presents the energy management model for energy 

profile identification of industrial organizations in the food 

industry sector. The energy flow was identified in order to 

have full insight into all energy consumption users. 

Keywords— energy management, energy performance 

indicator, food industry, material energy flow analyses 

I. INTRODUCTION 

Energy flows optimization in the organization requires 

additional costs, but energy consumption and proper 

energy management clearly define the enterprises’ energy 

profile [1,2]. Improved energy performance of the 

industrial process can provide direct benefits to the 

organization itself, maximizing the diversity of energy 

sources, while reducing energy costs and energy 

consumption [3-6]. It can be said with confidence that 

energy management is becoming an increasingly critical 

factor of production. Proper management of energy 

consumption affects the competitiveness of organizations 

and their willingness and flexibility to adapt to an 

increasingly demanding market and ensure their survival 

[7-11]. Current energy management practices indicate that 

proper management of energy flows and their optimization 

have long-term benefits for the enterprises’ operations and 

represent effective indicators of profitability [12-14]. On 

the other side, there are enterprises that do not see the 

priority of the energy management application and they 

solve problems without any systematic approach to the 

problem [1]. Energy performance includes energy 

efficiency, energy consumption and/or other indicators. 

Material flow analysis (MFA) has become one of the most 

important instruments to achieve environmental protection 

as well as the sustainable development of the organization.  

The food industry sector is characterized as a non-

energy intensive industry where energy consumption 

represents a small part of the total production costs. It is 

considered to be approximately 3% [15-17]. But it also 

represents an important energy consumption due to the size 

of the industry sector and the amount of electricity 

consumed [18-20].  

The paper presents a new advanced approach for energy 

management model application in a production 

organization in the food industry sector, by using the 

energy performance indicator, as a part of the energy 

management system 

II. ENERGY FLOW MODEL 

The experimental procedure was conducted in the 

selected production company, in order to identify the 

energy flow model. The experimental energy audit was 

performed with the aim to identify the critical consumers, 

monthly consumption and organization’s energy demand. 

The proposed model was used and presented in Fig.1. The 

data used for the energy audit was the amount of energy 

consumed for 2018 on a monthly level, as well as the 

energy demand for end users, types of fuel and production 

volume. 

The model has seven stages including: identification of 

system boundary for the energy audit, identification of 

energy flow and energy consumption analysis, comparative 

analysis, determination of energy profile, analyse of 

detailed energy consumption, identification of possibilities 

for improvement, estimation of advantages of proposed 

solutions, as it is shown in Fig. 1. 

The first stage is to define the system boundary and to 

list all included processes and machines. The energy and 
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material flows can be qualitatively sketched by walking 

through the site. The second stage is to collect different 

types of data to quantify the flows, such as energy bills, 

machine specifications, material usage reports, data 

regarding production wastes, production records, etc. Due 

to the lack of an energy metering system, the most 

challenging task is to break down the energy consumption 

at the unit process level. However, a rough estimation of 

load factor can be made based on expert opinions, machine 

documentation, and published energy profiles of similar 

processes. In order to validate the estimation, the assumed 

load factors need to be reused for calculating different 

periods and compared with the energy bill. The comparison 

can be further used to adjust the assumptions for load factor. 

Finally, for analysed period the input, as well as output flow, 

can be quantified. For the dynamic process, it is helpful to 

construct a more detailed process model, which can be 

further validated with metering results. The generic 

information obtained from stage 1 can be used to form the 

baseline scenario. Stage 7 begins with screening 

improvement measures to select potential ones. It is 

necessary to review the detailed technical specifications 

and to compare with the limitations of the current process. 

A technical feasibility report can be generated, which 

includes all advantages or disadvantages of each option. 

Another step is revisiting models with different scenarios, 

in order to compare the total energy consumption and other 

process parameters directly. The potentials for energy 

savings can be also predicted relatively accurately. After 

obtaining the cost information of each option, the financial 

feasibility study can be reported (Fig.2). 

 

 

Fig. 1 The proposed model for an energy audit in the food sector 

To identify the energy flow within the production plan, 

it is necessary to have full insight into the production 

process. The analysed organization includes processes in a 

mill and in a bakery. The bakery used electricity and 

furnace oil as an energy source. Electricity was used for 

process machines in the mill, bakes ovens, cooling systems 

and lightening and furnace oil was used for baking ovens 

and boilers. The production process is presented in Fig. 2. 

 

Fig. 2 Production process diagram of the analyzed organization 

The mill includes the process of flour milling and its 

storage in the silos, from where it is transported to the 

kneading machine by a pneumatic system. Flour and other 

ingredients are mixed in the kneading machine and the 

dough is made for bread and for the bun. Then the dough is 

formed into the bread and bun or rolled bun. The formed 

bread is fermented in the unit for fermentation and also 

baked at 170-330 ºC. The dough bread is baked and then 

delivered to the customers. The bread moulds and baking 

trays are washed with hot water at approximately 35-40 ºC. 

On the other side, the bun dough is processed to the unit for 

fermentation, which is in a form of a storage room where 

the temperature is controlled automatically from -20 to 40 

ºC. Then after 12-16 h, the fermented bun dough is baked 

at 200-230 ºC. One part of the baked bun is stored in the 

cold room at temperatures -18-25 ºC for postponing the 

delivery. Hot water boilers are used for hot water 

distribution as well as space heating. The hot water 40 ºC 

was mainly used for washing the baking plates and dough 

moulds. The cold room and unit for fermentation are cooled 

by central absorption chillers. 

III. ENERGY PROFILE AND ENERGY INDICATOR 

All machines and production lines, as well as units, 

were listed in the production plant, in order to determine 

the energy profile of the organization. Based on the 

equipment rated power and the number of operating hours, 

the total energy consumption was calculated and compared 

with the previous analysis. The number of operating hours 

was calculated based on the evidence that is conducted by 

management. The limitations in identifying the number of 

effective operating hours were the cases where some 

equipment was working at different peak demand and time 

intervals during the operating hours. 

To determine the energy profile of the organization, it 

is important to identify critical consumers and provide a 

detailed insight into how much energy is spent in the 

system that is not part of the production process, but 

represents support, such as: the system of central heating, 

cooling and ventilation, lighting, hot water sanitary heating, 

etc. By using the machine project and also the consumer 

identification on-site, a list of the critical consumers with 

installed power was made. This data was used to present 

the consumers and their energy demand (Fig. 3), as well as 

their electricity demand (Fig. 4). 
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In order to identify the largest consumers, the critical 

machines and units are identified in the whole production 

hall. The graphical representation of the consumers is 

shown in Fig. 5. 

 

Fig. 3 Energy demand in the production plant: The heating system of the 
production hall (62% of the total energy demand), Lighting (7%), Cooling 

System (9%), Production process (19%) and other consumers (about 3%). 

 

Fig. 4 Electricity demand in the production plant: The heating system of 

the production hall (16% of the total electricity demand), Lighting (16%), 
Cooling System (19%), Production process (42%) and other consumers 

(about 7%). 

 

Fig. 5 Consumers overview in the production plant and their electricity 
demand: Milling (5% electricity demand), Dough making (24%), Baking 

(39%), Fermentation (18%), Washing line (3%), Packing (4%), Office 

rooms/lighting (6%), Other consumers (1%). 

Presented results are used to analyze the energy 

performance of the production organization. Energy 

performance represents the amount of energy consumed in 

order to meet the different needs of an enterprise. In the 

industrial process it is defined as the realized consumption 

of energy and energy sources at the organization level in a 

certain period of time – a month or business year. Based on 

the data on electricity consumption, an overview of the 

energy performance of the considered processed can be 

given [21,22]. For analysis is necessary to define the 

concept of energy performance indicators. Energy 

performance indicators are defined as specific energy 

consumption at the organization level in a certain period of 

time – month and business year. Energy performance 

indicators are presented as a ratio: 

 𝐼𝑃(𝑡) =
𝐸(𝑡)

𝐴(𝑡)
 (1) 

Where: 𝐼𝑃(𝑡)IP(t) - Energy performance indicator; 

𝐸(𝑡)E(t) - Amount of energy consumed; 𝐴(𝑡)A(t) - 

Indicator of monitored activity for which energy is used 

(quantity of products/services, area of heated space and 

similar); 𝑡t -Period of time for which the energy 

performance indicator is calculated. 

In the observed process, the production is mainly in 

bakery, due to the data given in papers [23-25], for 

monitored activity indicator is mostly used the amount of 

used/produced flour as a ratio: 

 IP(t) =
E(t)

F(t)
 (2) 

Where: 𝐹(𝑡)A(t) - Processed/Used/Produced flour in 

the period of time for which the energy performance 

indicator is calculated 

The data that is used for calculation is for 2018., when 

the analysed bakery produced and used approximately 281 

tons of flour. The specific energy consumption was 

presented on a weekly level for 2018. in Figure 6. 

Electricity consumption data on a weekly basis are not 

precisely given, but adopted by using monthly 

consumption and the number of working hours in each 

week. Based on the data conducted, the lowest value of 

indicator can be identified, when electricity is used 

minimally to reach operational capacity. The critical 

moments can also be observed when consumption is higher 

than usual, in order to analyze the causes. This can provide 

insight into various accident conditions, working failures, 

break downs in the process and also enable in a preventive 

way, to avoid such conditions in the future. 

 

Fig. 6 Energy performance indicator for analysed enterprise in 2018. 

According to the calculated data, the minimal energy 

performance indicator was 0,7996 kWh/kg of flour and 

maximal 2,1889 kWh/kg of used flour and the average 

value was 1,3726 kWh/kg of flour. These data can be 

compared with the one from literature, where the energy 

performance indicator was 1,37 kWh/kg of flour [23] and 

the energy performance indicator is in the range of 1,27–

1,89 kWh/kg of processed flour depending upon the type of 

fuel used in the bake ovens [23-26]. With the presented data, 

the analyzed process is in the range of the average energy 

performance indicator. It should be noted the critical weeks 

(from 30 to 44 in 2018 in Fig. 6), when the indicator was 

on the maximum level. The phase of monitoring the plant 

is necessary to be conducted in a certain period of time 

(once a year, two times a year) in order to keep track of the 

energy consumption and to evaluate the indicators to 

propose the energy-saving measures. This evaluation 

would enable us to predict energy consumption and to 

identify the new possibilities of process optimization. 
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IV. CONCLUSIONS 

The presented analysis includes a case study of the 

energy management model for the identification of energy 

flows within the production organization in the food sector. 

Proper design of material and energy flows represents the 

basis of sustainable production processes in order to have 

minimal resource wastes and losses, but also to provide a 

positive impact on the environment. The aim of the paper 

was to examine energy flows in the manufacturing sector, 

to identify the energy demand for such production in order 

to conduct the comparative analysis with similar 

production processes. The production processes in the food 

industry sector is analyzed mostly by using material flow, 

so the energy flow and energy consumption are usually 

negligible. Higher energy consumption is related to the 

process itself, but also to the dynamic operations, that 

should be planned, controlled and monitored. The 

presented approach of the energy management model 

would be developed in the form to follow the patterns that 

are established in production processes, as well as to 

foresee the consumption peaks and to provide sustain and 

reliable operation without any unnecessary energy losses. 
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