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Energy represents a key aspect that characterizes the ability of an enterprise to 
maintain its sustainable business. It is also considered as a key resource, while 
its consumption should be monitored and controlled. The standard for the energy 
management system used widely in industry is ISO 50001. This standard speci-
fies the requirements for the energy management system by introducing the mate-
rial and the energy flow analysis. This paper presents the application of the energy 
management approach to identify the energy profile of the enterprise in the food 
industry sector. The energy flow was identified in order to have full insight into all en-
ergy consumption users. Based on the measured and calculated results, the energy 
performance indicators were obtained and compared with similar processes in the 
food industry. The aim of the paper is to analyze the energy demand in a production 
enterprise, to have insight into the material and energy flows in the process in order 
to optimize the production process.
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Introduction 

The optimization of energy flows within the enterprise 
requires additional costs, but the energy consumption and 
proper energy management clearly defines the enterprises’ 
energy profile [1,2]. Improved energy performance of an 
enterprise can provide direct benefits to the enterprise itself, 
maximizing the diversity of energy sources, while reducing 
energy costs and the energy consumption [3-6]. It can be 
said with confidence that energy management is becoming 
an increasingly critical factor of the production. The 

proper management of the 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 manage-
ment 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 enterpris-
es that do not see the priority of the energy management 
application and that solve problems without any systematic 
approach to the problem [1]. The standard ISO 50001 [15] 
specifies the requirements for the establishment of energy 
management systems (EnMS). The purpose of the stand-
ard is to enable enterprises to establish the processes that 
are necessary to improve the energy performance. The en-
ergy performance includes energy efficiency, energy con-
sumption and/or other indicator. The application of stand-
ards leads to a lower negative impact on the environment, 
but also lower costs related to the energy consumption. It 
can be applied and certified in any type of enterprise. While 
the ISO 50001 gives only a framework and defines general 

requirements, the application of requirements and its com-
pliance is the enterprise’s responsibility [15,16]. The expe-
rience shows that companies have difficulties in following 
the steps: the assessment of the initial situation due to the 
lack of data and information; missing focus on the key en-
ergy consumer and deriving improvement measures; the 
implementation of a continuous improvement process 
through a lack of employees’ interaction. These single com-
ponents must be integrated with the plan-do-check-act-cy-
cle (PDCA) [15]. The introduced model for energy audit is 
based on the model given in standard ISO 50001 [15].

Material flow analysis (MFA) has becoming one of the 
most important instruments to achieve the environmental 
protection, as well as the sustainable development of the en-
terprises. Introducing the industrial ecology or the industrial 
metabolism paradigm [17-19] it is possible to analyze, simu-
late, as well as to optimize the multi-product system. The out-
come of these results presents how simulation and optimiza-
tion can be done as part of the material flow analysis.

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 approximately 
considered to be 3% [20-22]. But it also represents an impor-
tant energy consumer due to the size of the industry sector 
and the amount of the electricity consumed [23-25].  

The aim of this paper is to present a new advanced ap-
proach for the 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.
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Experimental

To identify the energy flow model in the enterprise, the 
experimental procedure was conducted. The experimental 
energy audit was performed in order to identify the critical 
consumers, monthly consumption and enterprises’ energy 
demand. The proposed model was used and presented in 
Fig.1. The data used for energy audit was the amount of 
energy consumed for 2018 on monthly level, as well as the 

energy demand for end users, types of fuel and production 
volume.

The model has four stages including: general material 
and energy flow analysis, hot spot identification, detailed 
process metering and modelling and improvement evalua-
tion, as it is shown in Figure 1.

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

In stage 1, the first step is to define the system bound-
ary and to list all included processes/machines. The energy 
and material flows can be qualitatively sketched by walking 
through site. The next step is to collect different types of 
data to quantify the flows, such as energy bills, machine 
specifications, material usage report, data regarding pro-
duction wastes, production records etc. Due to the lack of 
the 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, 
published energy profiles of similar processes, etc. 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 the 
analysed period, the input as well as output flow can be 
quantified. In stage 2, the statistic results of collected data 
are recommended to be visualized in the form of Sankey 
diagram. The thickness of the arrows emphasizes the ma-
jor energy and material flow to help to identify the “alarmed 
spots”. Besides the total energy and material consumption, 
other key performance indicators need to be calculated in 
order to determine “the real” spot, where the further analy-
sis should be. This leads to the next step: to organize a 
workshop involving the related engineers, operators and 
production planners to rank the identified hot spots of the 
plant and to generate ideas for improvement. Stage 3 re-
fers to detailed process metering and modelling, which in-
cludes a sub-metering activity for a relatively short period of 
identified hot spots. In the meantime, a time study needs to 
be conducted to quantify the exact value adding time and 
non-value adding time. For the dynamic process, it is help-
ful to construct a more detailed process model, which can 
be further validated with metering results. The generic infor-

mation obtained from stage 1 can be used to form the base 
line scenario. The last stage, stage 4 begins with screening 
improvement measures to select potential ones. It is nec-
essary to review the detailed technical specifications and to 
compare with the limitations of the current process. A tech-
nical 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 accurate. After obtaining the 
cost information of each option, the financial feasibility can 
be reported [26].

 
Process approach
In order to identify the energy flow within the production 

plan, it is necessary to have full insight into the production 
process. The analyzed enterprise includes processes in a 
mill and in a bakery. The bakery used electricity and fur-
nace oil as an energy source. Electricity was used for the 
process machines in mills, bake ovens, cooling system and 
lightening, and furnace oil was used for bake ovens and 
boilers. The production process is presented in Figure 2.
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Figure 2. Production process diagram of the analyzed enterprise

The mill includes the process of flour milling and its stor-
age in the silos, from where it is transported to the kneading 
machine by pneumatic system. Flour and other ingredients 
are mixed in the kneading machine and the dough is made 
for bread and for buns. Then the dough is formed into the 
bread and buns or rolled buns. The formed bread is fer-
mented in the unit for fermentation and baked at 170-330 

ºC. The dough bread is baked and then delivered to the cus-
tomers. The bread moulds and baking trays are washed 
with hot water of approximately 35-40 ºC. On the other 
side, the bun dough is processed to the unit for fermenta-
tion, which is in a form of the storage room where the tem-
perature is controlled automatically from -20 to 40 ºC. Then, 
after 12-16h the fermented bun dough is baked at 200-230 

ºC. One part of the baked buns is stored in the cold room 
at the temperature of -18-25 ºC for the postponed deliv-
ery. The 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 chiller.

Energy profile
The machines and units were listed in the production 

plant, in order to determine the energy profile of the enter-
prise. Based on the equipment rated power and the num-
ber 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 ev-
idence 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 enterprise, it is im-
portant 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 represent a support 
such as: the system of central heating, cooling and ventila-
tion, lightening, 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 (Figure 3), as well as their elec-
tricity demand (Figure 4).

Figure 3. Energy demand in the production plant: Heating sys-
tem of the production hall (62% of the total energy demand), 
Lighting (7%), Cooling System (9%), Production process (19%) 
and other consumers (about 3%).

Figure 4. Electricity demand in the production plant: Heating 
system of the production hall (16% of the total electricity de-
mand), Lighting (16%), Cooling System (19%), Production pro-
cess (42%) and other consumers (about 7%).

Figure 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 con-
sumers (1%).
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In order to identify the largest consumers, the critical 
machines and units are identified in the whole produc-
tion hall. The graphical representation of the consumers 
is shown in Figure 5.

Results and Discussion

In order to present the main results, it is necessary 
to introduce the energy performance which represents 
the amount of actually consume in order to meet differ-
ent needs of an enterprise. In an industrial process, it 
is defined as the realized consumption of energy and 
energy sources at the organization level in a certain pe-
riod of time – a month or a business year. Based on the 
data on electricity consumption, an overview of the en-
ergy performance of the considered processed can be 
given [27,28]. For analysis, is necessary to define the 
concept of energy performance indicators. The energy 
performance indicators are defined as specific energy 
consumption at the organization level in a certain period 
of time – a month and a business year. Energy perfor-
mance indicators are presented as a ratio:

              ..................................................................(1)

where are:
 IP(t) - Energy performance indicator;
 E(t)  -  Amount of energy consumed;
 A(t) - Indicator of monitored activity for which energy 
is used (quantity of products/services, area of heated 
space and similar);

     t  -  Period of time for which the energy performance 
indicator is calculated.

While the production process is mainly bakery, due 
to the data given in papers [29-31] for monitored activity 
indicator the amount of used/produced flour as a ratio is 
mostly used:

               .................................................................(2) 

where:
 F(t) - Processed/Used/Produced flour in 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. Elec-
tricity consumption data on a weekly basis are not pre-
cisely 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 the indica-
tor can be identified, when electricity is used minimally 
to reach the 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 pre-
ventive way to avoid such conditions in the future.

Figure 6. Energy performance indicators for the analysed enterprise

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 [29] and 
the energy performance indicator is in the range of 1,27–
1,89 kWh/kg of processed flour depending upon the type 
of the fuel used in the bake ovens [29-32]. With present-
ed data, the analyzed process is in the range of the aver-
age energy performance indicator. Critical weeks should 

be noted (from 30 to 44 in 2018 in Figure 6), when the 
indicator was on the maximum level. The phase of moni-
toring 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 
[33]. This evaluation would enable to predict the energy 
consumption and to identify the new possibilities of the 
process optimization. 
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Conclusion

The paper presents a case study of the energy man-
agement approach for the identification of energy flows 
within the production enterprise. A proper design of the 
material and energy flows represents the basis of sus-
tainable production processes in order to have minimal 
resource wastes and loses, but also to provide a posi-
tive impact on the environment. The aim was to examine 
energy flows in the manufacturing sector and to iden-
tify the energy demand for such production in order to 
conduct the comparative analysis with similar production 
processes. The production processes in food industry 
sector is analyzed mostly by using the material flow, so 
the energy flow and energy consumption are usually 
negligible. Higher energy consumption is related to the 
process itself, but also to dynamic operations that should 
be planned, controlled and monitored. The presented 
approach of energy management model would be de-
veloped in the form to follow the patterns that are estab-
lished in production processes, as well as to foreseen 
the consumption peaks and to provide sustain and reli-
able operation without any unnecessary energy losses.
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Energija predstavlja ključan aspekt koji karakteriše poslovanje jedne kompanije. 
Može se smatrati i ključnim resursom, čija potrošnja bi trebalo biti nadgledana i kon-
trolisana. Standard za sistem upravljanja energijom koji se koristi u industriji je ISO 
50001. Ovaj standard specificira zahteve za uspostavljanje sistema menadžmenta 
energijom uvodjenjem analize tokova materijala i energije. Ovaj rad predstavlja pri-
menu pristupa menadžmenta energijom kako bi se utvrdio energetski profil kom-
panije u prehrambenom industrijskom sektoru. Identifikovan je tok energije kako bi 
se pružio potpun uvid u potrošnju energije svih potrošača u procesu. Na osnovu 
izmerenih i proračunatih rezultata, odredjeni su indikatori energetske performance 
i uporedjeni su sa sličnim procesima u prehrambenoj industriji. Cilj ovog rada je da 
se analizira energetska potreba u proizvodnoj kompaniji, da se utvrdi tok materijala 
i energije kako bi se optimizovao proizvodni process. 

SAVREMENI PRISTUP MENADŽMENTA ENERGIJOM U PREHRAMBENOJ 
INDUSTRIJI

Milena Rajić1, Pedja Milosavljević1, Rado Maksimović2, Dragan Pavlović1

1Katedra za menadžment u mašinskom inženjerstvu, Mašinski fakultet, NIš, Univerzitet u Nišu, Srbija
2Katedra za industrijsko inženjerstvo i menadžment, Fakultet tehničkih nauka, Univerzitet u Novom Sadu, Novi Sad, Srbija

Ključne reči: menadžment energijom, 
indicator energetske performanse, preh-
rambena industrija, analiza tokova ma-
terijala i energije

(ORIGINALNI NAUČNI RAD)
UDK 005:620.9:664
DOI: 10.5937/savteh2002048R

Izvod

9(2) (2020) 48-53


