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INTRODUCTION

ABSTRACT

This study illustrates a factory’s production efficiency by demonstrating its energy efficiency
in the dairy milk industry. Determining the thermal energy to save energy enhances the prof-
itability of the factory. The aim of this study is to conduct a thermal energy and production
analysis of a dairy milk factory based on annual production. This study intends to make the
conclusions more realistic by using production and energy data dependability analysis. The
overall power consumption for the thermal and electric energy processes was found to be
as 180,520 [W]. The target-specific energy consumption value was computed for Case 1 as
6,352.14 [M]/t], for Case 2 as 5,898.67 [M]/t], and for Case 3 as 5,445.21 [M]J/t]. The annual
thermal (steam boiler) and electrical energy expenditures were obtained, with 315.87 [kW]
of thermal (steam) energy and 80.98 [kW] of electrical energy. The total thermal and electri-
cal energy reached 396.85 [kW]. Despite the factory’s expenditure on thermal and electrical
energy, the energy efficiency was determined to be as 45.5%. The input energy was obtained
to be 374.24 [kW] in Case 1, 356.33 [kW] in Case 2, and 342.08 [kW] in Case 3. The energy
efficiency was calculated as 48.2 [%] for Case 1, 50.7 [%] for Case 2, and 52.8 [%] for Case 3.
This study, which is expected to inspire future research, is also likely to assist livestock and
agriculture in the energy field. The novelty of this study is that optimizing product efficiency
and energy consumption in the production of milk and dairy products positively increases the
energy efficiency of factories.

Cite this article as: Oztuna Taner O. Energy and production analysis of a dairy milk factory:
A case of study. ] Ther Eng 2023;9(5):1163-1176.

in the food industry. Bringing energy under control and

The energy performance of a factory is determined by
ensuring the synchronization of factory milk, product pro-
duction, and energy consumption. Energy analysis, which
concerns energy management, is also an effective concept
in the food industry. Energy density is an important part of
the dairy industry’s processes and has an important place
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making it more efficient are effective in the processing of
milk and its products. In this study, the energy performance
of a dairy facility was determined using the optimization
method, accompanied by sample findings. The focus of
this research is to establish an appropriate energy perfor-
mance efficiency through optimization by demonstrating
the mathematical relationship between dairy products and
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energy consumption based on the dairy facility’s results
and data. First, energy performance and management were
determined by considering milk production and energy
consumption values for the dairy plant, accompanied by
data from the milk processing plant.

Dairy products, one of Turkey’s principal agricultural
products, play an important role in the economy. A plant
that manufactures dairy products was adopted for this
study on energy efficiency analysis and management. This
study was supported by the scientific research, statistics,
and dairy plant procedures. In the case of dairy product
manufacturing in Turkey, the facility model was disclosed
by developing a link with production based on energy
usage for modeling and simulation. The proportion of
dairy products produced as a plant output is mathemati-
cally related to energy consumption. Model simulations
(calculations of cheese, cream, butter, yoghurt, ayran, and
other cheese types with raw milk values) were used to assess
the amount of goods and by-products that could be made
from the facility’s present milk vats (boilers) based on prod-
uct characteristics and capacity [1-3].

Life Cycle Assessment (LCA) has also been used in dairy
production by developing a model for the facility based on

the association between energy consumption and produc-
tion for modeling and simulation [1, 4-8]. Greenhouse
gas emissions have been found to be reduced by energy
use, proving the system’s efficiency [9]. This dairy factory
is located in the Cappadocia region and produces dairy
products, such as cheese (white, cheddar, curd, and tulum),
yogurt, butter, and ayran. The annual production capacity
of the dairy products is for white cheese at 1,089 [t/y], for
cheddar cheese at 259 [t/y], for curd cheese at 9 [t/y], for
tulum cheese at 144 [t/y], for yoghurt at 2,513 [t/y], for but-
ter at 3.27 [t/y], and for ayran at 1,224 [t/y]. The daily raw
milk processing capacity of this dairy plant varies between
10,000 and 100,000 liters.

The production departments for milk and other prod-
ucts in the factory are presented in Figure 1. Cheese (white,
cheddar, curd, and tulum), yoghurt, butter, and ayran were
produced in dairy and product manufacturing depart-
ments. In the production department of milk and its prod-
ucts, energy is used intensively and humidity is maintained
under control. Fluid mechanics control is also provided in
piping systems between boats and boilers, where milk and
its products are produced. The piping and tub-boiler mate-
rials consist of high-quality stainless steel.

Figure 1. Production department for milk and products in the factory.
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The Statistical Software Programme (SPSS) was rec-
ommended for comparative analyses of the literature for
consistency and validity of energy data [10-14]. The energy
values of the plant were determined using mathematical
expressions in this research using SPSS data analysis tech-
niques and data reliability and accuracy testing.

Many previous studies have focused on energy con-
sumption, production charts, and specific energy consump-
tion [15-19]. The annual energy efficiency of factories is
indicated by an effective analysis of production and energy,
as well as a numerical calculation for energy consumption
analysis [20-28]. Furthermore, some energy analysis algo-
rithms have been proposed in the literature and are pre-
sented as an analysis of the relationships between energy
consumption and facility production [21-22, 29].

The study analyzes data accuracy, reliability, and SPPS
analysis, highlighting energy consumption and production
values and facility efficiency improvements. Energy man-
agement and performance analysis also affect the future
planning of the facility and encourage an increase in pro-
duction and energy efficiency. Beginning at the facility’s
entrance, controlling raw materials and energy is achiev-
able for efficient energy use with an energy management
unit and control of all inputs and outputs.

The novelty of this study is that optimizing product
efficiency and energy consumption in the production of
milk and dairy products positively increases the energy
efficiency of factories. Furthermore, optimal conditions
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Figure 2. A scheme of the production of dairy milk processes.

for milk and dairy product production can be derived, and
energy savings can be proven in milk dairy factories’ similar
product processes.

MATERIALS AND METHODS

The production processes of dairy factories begin with
the purchase of raw milk and continue through separation,
pasteurization, cooling, calcium chloride addition, starter
culture, pre-maturation, fermentation, clot technique, por-
tioning, brine technique, ripening processes, packaging,
storage, and shipment (Figure 2). The capacity of milk and
its products varies depending on the product, and is related
to energy-consuming machines. In this study, energy-effi-
cient instances are presented by attempting various optimi-
zations through case studies [24, 30].

All processes, from raw material input to packaging,
storage, and shipment, were evaluated during the dairy fac-
tory production process. Thus, calculations are made with
the help of thermodynamic laws by developing methods
based on the specific energy consumption, energy effi-
ciency, and production amounts of milk and products.

Cheese (white, cheddar, curd, and tulum), yoghurt,
butter, and ayran production capacity can be calculated
according to the plate pasteurizer capacity using Eq. (1) to
Eq. (16) [30-31]. Some assumptions can be made regarding
the production of dairy milk products (working days, milk
efficiency of the products, and number of charges). 1 ton
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2
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L
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of milk and product is equivalent to 1000 [kg], and since
1 ton of milk and product is 971 [L], capacity calculations
are made by assuming that 1 ton of milk is approximately
1 [m?®]. The annual value of the plate pasteurizer capacity
(PPA) can be determined using Eq. (1) as follows [30]:

PPA [t/y] = PPH [t/h] x 300 [d/y] x 8 [h/d] x 17, [%] (1)

where PPH is the mass per unit time of the plate pas-
teurizer at 10 [t/h] (catalogue value of the plate pasteur-
izer), and 1, is the efficiency factor of the PPA (85%). The
white cheese production capacity (CWP) can be obtained
using Eq. (2) and Eq. (3) as follows [30]:

CWyy [ty] = Ve ) x NC [ x 1 [dfy] x 1,5 (%] (2)

CWP [t/y] = CW,y [try] x ey [%) 3)

where CW,; is the dairy milk production for white
cheese, Vi, is the fermentation vessel volume of white
cheese (m’=t), NC is the number of charges (1.0) for white
cheese, n is the number of working days per year (300 days
per year), 1, is the efficiency factor of CW),; (80%), and
Hew is milk efficiency (16.5% for white cheese). Cheddar
cheese capacity production (CCP) can be obtained using
Eq. (4) and Eq. (5) [30]:

CCppp [ty] = Ve [t x NC [-] xn [dly] x5 [%]  (4)

CCP [tly] = CCyy [t/y] x ¢ [%] (5)

where CC,,; is the dairy milk production for cheddar
cheese, V. is the vessel volume of cheddar cheese (m’=t),
NC is the number of charges (2.0) for cheddar cheese, 7,
is the efficiency factor of CC,;; (80%), and 7 is milk effi-
ciency (9.0% for cheddar cheese). Curd cheese capacity
production (CUP) can be obtained from Eq. (6) and Eq. (7)
[30]:

CU,y [tly] = Ve [t x NC [-] x n [d/y] x neﬁ[%] (6)

CUP [tly] = CU,y [t/y] X ey [%] (7)

where CU,,; is the dairy milk production for curd
cheese, Vi, is the vessel volume of curd cheese (m’=t), NC
is the number of charges (0.5) for curd cheese, 71, is the
efficiency factor of CU,,; (80%), and 7, is milk efficiency
(9.0% for curd cheese). Tulum cheese capacity production
(TUP) can be obtained using Eq. (8) and Eq. (9) [30]:

TUp [ty] = Vg L1 x NC [-] x n [d/y] x nejf[%] (8)

TUP [tly] = TU,y [t/y] X iy [%] 9)

where TU,,; is the dairy milk production for tulum
cheese, Vi, is the vessel volume of tulum cheese (m’=t),
NC is the number of charges (1.0) of curd cheese, 77, is the
efficiency factor of TU,,; (80%), and 74, is milk efficiency
(10.0% for curd cheese). The Yoghurt capacity production
(YOP) can be obtained using Eq. (10) and Eq. (11) [30]:

YO, [t/y] = Vyo [t] x RA [-] x FMR [-]

x NC [-] x n [d/y] (10)

YOP [t/y] = YO, [t/y] X 11yo [%] X pyo [kg/L]  (11)

where YO, is the dairy milk production for the
yoghurt, Vy, is the amount of fermented milk put in each
cart (basket) according to the packaging type volume (0.5
m’=t), RA is the room amount (2 pieces), FMR is the num-
ber of carts (baskets) for each room (6 pieces), NC is the
number of charges (amount 2.0) of the yoghurt, py, is the
specific weight of the yoghurt (1.042 kg/L), and 1y, is the
milk efficiency (67% for the yoghurt). Butter capacity pro-
duction (BTP) can be obtained using Eq. (12) and Eq. (13)
[30]:

BTy [t/y] = Vi [t x CR [%] x NC [-] xn [d/y]  (12)

BTP [t/y] = BTy [t/y] X 1751 [%] x EF [%] (13)

where BT),; is the dairy milk production for the but-
ter, CR is the volume of crema in the churn volume (60%),
Vris the vessel volume of the butter (0.05 m’=t), NC is the
number of charges (1.0) of the butter, EF is the efficiency
factor (85%), an d#py is the butter efficiency (42.7%). The
Ayran capacity production (AYP) can be obtained using
Egs. (14), Eq. (15) and Eq. (16) [30]:

AY)y [thy] = Vay [t] x AY [%] x pay [kg/L] x n [d/y] (14)

AYP [t/y] = AY,,; [tly] x WA [%] (15)

AY e [ty] = AYB [pes/h] x myyp [kg] x (16)
300 [d/y] x 8 [h/d] x 4y [%] / 1000

where AY,; is the dairy milk production for the ayran,
V,y is the vessel volume of the ayran (1.1 m’=t), NC is
the number of charges (1.0) of the ayran, AY is the vessel
volume efficient (70%), p,y is the specific weight of the
yoghurt (1.042 kg/L), WA is the water addition rate to the
ayran (120%), AYp,c is the ayran filling machine capacity
(t/y), AYB is the number of bottles/boxes (3000 pieces/h),
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myp is the net ayran mass in a bottle box (0.2 kg), and 7,y
is the ayran efficiency (85%).

SPSS (version 18.0) was used for the data analysis soft-
ware was included. Regression analysis was used to exam-
ine the data reliability of the scenarios. The R? values are
presented in graphs. Thus, the fact that R? is close to 1 indi-
cates that the results of the study provide reliable data and
are expressed mathematically. A p (< 0.05) value was shown
to be statistically significant.

Specific Energy Consumption (SECT) and Energy Target
Plan (Food Engineering Fundamental Operations)

The specific energy consumption and energy target
plan (food engineering core operations) for the SECT (spe-
cific energy consumption) table of the dairy processing
plant were laid out based on the current situation and case
studies. Energy consumption expenditures according to the
production of food products were applied according to the
following equations [15, 24, 32-34].

In this generation-energy model, in addition to SECT
and ECT (energy consumption), modeling is performed
by establishing a mathematical relationship between the
heat and electric energy. Owing to the energy consump-
tion (month/year) correlations, functional relationships
between the production amount and heat-electrical
energy consumption were established and revealed by
linear regression analysis in the estimation method. In
this estimation method, the R? value (determination
coefficient) represents the basic annual energy equation
[24, 32, 35].

Under the details of all energy disclosures, the energy
consumption for the dairy milk production plant was cal-
culated using Eq. (17) [24, 32]:

ECTRi41,

ECT,144[G]] = ECT; + my; - (Qgivs — Qui) — Zl—nil (T) “ECTy; (17)

where ECT is the energy consumption of the dairy milk
plant (GJ), j is the number of equal energy measurements
per year up to 1, Q is the volume of production [kg], and
i is a symbol. m is the mass of production, which can be
expressed as mg; = (ECT,; — ECTy)/ (Qgi+1 — Qi) [24,
32].

The total estimated project of the specific energy con-
sumption (SECTT),;,1) can be determined using Eq. (18)
as follows:

ECTp,it1

SECT, 141[G] /ton] = (18)

Qg,i+1

The total target project of the specific energy consump-
tion (SECTT,;41) can be determined using Eq. (19) as
follows:

SECTT,;,,[G]/ton] = SECT,;,, (19)

LCA and Waste Water Management of the Factory

Life-cycle assessment is available for dairy products.
The product characteristics of the milk boats currently
in use at the milk processing facility were used to calcu-
late the capacity amounts of dairy products. The life cycle
assessment in this model was established by estimating the
expenses associated with processing and recycling raw milk
[1,4-7, 36].

Because of the basic facility procedures, calculations
were performed for the LCA of the milk production facility,
as shown in Figure 3. The milk supplied is processed at the
plant using power, fuel, packaging and cleaning procedures,
water, raw materials, and fuel to create cheese (white, ched-
dar, curd, and tulum), yoghurt, butter, and ayran, respec-
tively. Water and wastewater are released after production,
which highlights their environmental impact.

|

Production

heat waste

waste water

cheese-yoghurt-butter-ayran

Figure 3. A scheme of the life cycle assessment for the dairy
milk plant.

Figure 3 depicts the LCA of the milk production facility
with respect to wastewater consumption. Underground water
resources are being treated and a facility certificate for water
use is in place. Administrative building wastewater manage-
ment was also implemented in the facility, and a total of 3600
L/d of wastewater was generated daily with an individual
water consumption of 150 L/d of 24 personnel. This waste-
water is discharged into the municipal sewer system (Sewer
Connection Permit). In industrial wastewater management,
whey formed as a result of milk processing in the facility is
collected and disposed of in the tank with the help of pumps.

Data and Equipment Analysis of the Production:
Uncertainty Analysis

Uncertainty analysis, which shows the precision of mea-
sured data, is useful for analyzing production data and tools
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Table 1. Evaluation of experimental equipment’s relative error and uncertainty of the result

Sensor of equipment  Parameter  Accuracyof Value of measurement Uncertainty in a relative
data (AD) (VM) sense z., (AD/VM) [%]
DC power source with ~ V, [V] +0.4 % [V] 4.0 [V] +0.01
voltage and current I, [A] +04%[A]  2.0[A] +0.20
control
Thermocouple of type T T [°C] +0.8 [°C] ECT inner apparatus= 4 [°C] +0.20
ECT wall apparatus= 5 [°C] +0.16
ECT inner tool design= 2 [°C] +0.40
ECT wall design= 4 [°C] +0.20

[7, 36-42]. To enhance the trustworthiness of data analy-
sis, it was necessary to perform an uncertainty analysis of
the collected measurements. This highlights the degree of
uncertainty in both the systematic and predictive aspects of
the data in Eq. (20) [7, 39-40, 42-46]:

ac V. rac N\ oc YV 2

where z; is the uncertainty of the dependent variable,
zc is the uncertainty of the result, and C is an indepen-
dent variable. Uncertainty analysis can be used to gener-
ate an analytical expression for energy measurement error.
The analysis of the uncertainty method describes what is
expected from the data of the output or suggests the strat-
egy of the data (the experiment or determination results)
from Eq. (21) to Eq. (23) [43, 45, 47-48] as follows:

ECT,
Ditl _ )
0Qg,i+1 SECTp’Hl 1)
OECTyiy _
OSECTp 4y COHFT (22)
5 9172
ZECTp, 141 _ (ZSECTp,i+1) n (ZQg,i+1) (23)
ECTpiv1 SECTp,i+1 Qg,i+1
ZECT, ;
where —2-2 is the uncertainty of the result, and C is

pi+1
the independent variable of the result.

In Table 1, a sensor of equipment can be defined as a
DC power source with voltage control and a type-T ther-
mocouple; uncertainty in a relative sense is obtained from
the accuracy of the data and the value of the measurement.
The uncertainty in the relative sense range was estimated
to be between 0.01% and 0.4%, and it was revealed that
these values were within the uncertainty analysis values.
The study of uncertainty was premised on the fact that it is
difficult to quantitatively evaluate all the many components

involved. An overall dependability of 99.99% was obtained
after analyzing the uncertainty of the four primary analyt-
ical parameters.

Calculation of the process’s thermal and electrical energy

The total energy consumption was calculated from the
thermal and electric energy of the machines and equip-
ment in the factory process. It was received from the fac-
tory because of the calculations and measurements of the
thermal and electrical energy in all machinery and equip-
ment. As a result, the thermal and electrical energies of each
process carried out within the factory were analyzed in this
study. The thermal and electric energies of the machine
and equipment were provided by a homogenizer, cheddar
packing machine, coolant tank, cheddar melting-transfer-
ring machine, cold storage, separator, tulum cheese filling
machine, milk pump, heat exchanger, evaporator, cheddar
dry scalding machine, ayran process tank, heating boiler,
walled cooking vessel, cooking vessel, compressor, vacuum
machine cooling unit, tulum cheese pressing machine,
weighing machine, churning machine, cheddar fermen-
tation tank, brine vessel, pressing machine, chopping
machine, and ayran filling machine.

The total power (P) amounts of the processes (electric
energy) were calculated according to the following from Eq.
(24) to Eq. (25) as follows [49]:

Y Pt [W] = P+ Py + Py 4+ Py (24)

Pn (W] = I, [A] x U, [V] (25)

where Y, P, is total energy of the process, n is denoted
of the process number, [, is the consumption of the current,
and U, is the consumption of the voltage energy.

The total heat transfer of the processes (3} Q) was deter-
mined by considering the Thermodynamic Tables based on
the temperature changes in the process (thermal energy)
from Eq. (26) to Eq. (28) by the 1* Law of Thermodynamics
as follows [49]:

Y Q [W] — X P[W] = AU[W] + AKE[W] + APE[W] (26)
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QW] = 1ie [ x €, [LK| x aTIK]  (27)

Z Qin [W] = Z pin [W] (28)

‘where Y. Qin is the process of total heat transfer input,
2 Pinis the process of work power, Mc is the mass flow rate,
Cpis the specific heat capacity, AU is an internal energy dif-
ference, AKE is a kinetic energy power, APE is a potential
energy power, and AT is a difference temperature. However,
the internal energy, kinetic energy power, and potential
energy power were ignored because of the low energy in
the energy calculations.

This system is generally regarded as an open system that
features steady flow output. The 1* Law of Thermodynamics
is given by Eqgs. (29) to Eq. (30) [45-46]:

L P, [W]+Q [W]=E B, [W]+P [W] (29)

ZQ_ZPZZR)ut_lein (30)

The amount of steam energy generated in all the pro-
cesses was determined by considering the thermodynamic
tables according to the enthalpy changes of the steam at a
certain pressure from Eq. (31) as follows [49-50]:

% Pin (W] = % Qin =3 Qsteam =2 Msteam X (Nsteam = Ncondense) (31)

where Qstream is the steam heat transfer of the process,
Mgteam is the mass flow rate of the steam, hsteam is the
enthalpy of the steam, and Acondense is the enthalpy of the
condense.

Table 2. Analyze the data profile of a dairy milk facility

The energy efficiency (5, The 1% Law of
Thermodynamics) can be formulated from Eq. (32) and Eq.
(33) as follows [49-50]:

Pout [W] = pout,t + pout,e (32)
POU.
ml%] =35 (33)

where Pout. is the thermal (steam) energy, Poute is the
electric energy, and #; is the energy efficiency of the factory.

RESULTS AND DISCUSSIONS

The total amount of production that took place in the
dairy and product plant was used as a contributing fac-
tor in determining the amount of energy consumed over-
all. The dairy industry consumes thermal energy [51].
Thermodynamic modeling was applied to the thermal per-
formance of a dairy factory in this study [52]. Therefore,
an investigation of the efficiency of the factory’s utilization
of energy was carried out using statistics on the produc-
tion and consumption of energy at the plant. To make the
manufacturing facility as effective as possible, an investiga-
tion was conducted on the connection between the use of
energy and the creation of materials. Table 2 presents the
dairy milk facility data for the energy consumption anal-
ysis in this study. Pasteurization shows only the raw milk
processing capacity and is not included in the production
of milk and its products. The pasteurizer capacity was esti-
mated as 20,400 [t/y]. In case studies of dairy production,
various optimization data were determined according to
tank capacity and work time.

Table 2 displays the results of the case studies using the
optimization method based on the current yearly capac-
ity. When assessing a dairy milk facility’s data profile, the

Processing ACP Case 1 Case 2 Case 3
epasityy Prod. Eff. Prod. Eff. Prod. Eff. Prod. Eff.
products

[t/y] [%] [try] [%] [ty] (%] [ty] [%]
PPA 20,400.0 100 20,400.0 100 20,400.0 100 20,400.0 100
cwp 1,089 5.3% 1188 5.8% 1287 6.3% 1386 6.8%
ccp 259.2 1.3% 302.4 1.5% 345.6 1.7% 388.8 1.9%
cup 9.0 0.8% 11.3 0.9% 13.5 1.0% 15.8 1.1%
TUP 144 0.7% 168 0.8% 192 0.9% 216 1.1%
YOP 2,513 12.3% 2932.19 14.4% 3351.07 16.4% 3769.96 18.5%
BTP 3.27 0.02% 9.42 0.05% 12.57 0.06% 15.71 0.08%
AYP 285.52 1.4% 311.47 1.5% 337.43 1.7% 363.38 1.8%
CRE 9 0.04% 18 0.09% 36 0.18% 54 0.26%
TDP 4,311.99 21.1% 4,940.73 24.2% 5,575.17 27.3% 6,209.60 30.4%

Note: PPA: pasteurizer; CWP: white cheese; CCP: cheddar cheese; CUP: curd cheese; TUP: tulum cheese; YOP: yoghurt; BTP: butter; AYP: ayran;
TDP: total dairy products; ACP: annual current production; Eff: efficiency; Prod: Production; t/y: tons/year
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total daily milk yield was derived by subtracting the energy
analysis production efficiencies, which were based on the
production and efficiency of the various milk products.
Annual production efficiency can be calculated using the
product per total dairy product [53]. The total dairy prod-
uct was determined as 4,311.99 [t/y] with a production effi-
ciency of 21.1% for ACP; 4,940.73 [t/y] with a production
efficiency of 24.2% for Case 1; 5,575.17 [t/y] with a produc-
tion efficiency of 27.3% for Case 2; and 6,209.60 [t/y] with a
production efficiency of 30.4% for Case 3.

Table 3 presents the energy consumption of the dairy milk
factory using machinery and equipment. The output power
capacity was calculated using the dairy milk factory process.
In factories, there are many machines and equipment used
for the processing of dairy milk products. These conditions
were considered in the computation. The total power of the
process was calculated at 180.52 [kW] in the factory.

In Table 3, the energy consumption of the dairy milk fac-
tory by the machinery and equipment homogenizer can be
obtained as follows: the cheddar packing machine, coolant
tank, cheddar melting-transferring machine, cold storage,
separator, tulum cheese filling machine, milk pump, heat
exchanger, evaporator, cheddar dry scalding machine, ayran
process tank, heating boiler, walled cooking vessel, cooking
vessel, compressor, vacuum machine cooling unit, tulum
cheese pressing machine, weighing machine, churning

machine, cheddar fermentation tank, brine vessel, pressing
machine, chopping machine, and ayran filling machine.

Table 4 presents the dairy products of the existing prod-
ucts based on a worldwide asset evaluation. These dairy
products are pasteurizers, total cheese, crema, yoghurt,
and butter, which were estimated by averaging the energy
machinery and equipment estimates of the enterprises
daily milk and products per final product mass according
to Table 2 [5]. In Table 4, the total energy consumption
(ECT) was found to be 29,303.18 [G]] for the input of the
annual current production. The total energy was found to
be 31,663.1 [G]] for the input of annual current production
for Case 1. In Case 2, the ECT was found to be 34,019.2 [G]/
kg] for the input of the annual current production. In Case
3, the ECT was found to be 36,375.4 [G]/kg] for the input
of annual current production. Table 4 shows the relation-
ships between the optimizations and energy and produc-
tion based on these values. These optimization values were
generated and graphed using 3 case studies.

The total energy and raw milk data in Table 4 were ana-
lyzed using the current status of the 3 case study compari-
sons. Thus, statistical analysis was performed between the
energy and production values in this study.

Figure 4 shows the ECT and TDP results for the case
study. In the regression analysis, the R? was 0.9989 for ECT
and 0.9973 for TDP. When the regression curves in Figure
4 were evaluated with logarithmic slopes, it was determined

Table 3. Output power capacity of the dairy milk factory process

Energy (power capacity) Pcs  Power [W]  Energy (power capacity) Pcs Power [W]
1. Homogenizer 1 37,000 14. Walled cooking vessel 2 3,000

2. Cheddar packing machine 1 21,000 15. Cooking vessel 2 3,000

3. Coolant tank 2 18,000 16. Compressor 1 2,500

4. Cheddar melting-transfer machine 1 16,000 17. Vacuum machine cooling unit 1 2,500

5. Cold storage 4 12,000 18. Tulum cheese press machine 1 2,500

6. Separator 1 15,000 19. Weighting machine 2 2,370

7. Tulum cheese filling machine 2 6,500 20. Churning machine 1 2,200

8. Milk pump 5 5,500 21. Cheddar fermentation tank 1 2,000

9. Heat exchanger 1 5,500 22. Brine vessel 1 1,500
10. Evaporator 1 5,500 23. Pressing machine 2 1,500
11. Cheddar dry scalding machine 2 5,200 24. Chopping machine 1 750

12. Ayran process tank 1 4,500 25. Ayran filling machine 1 500

13. Heating boiler 1 4,500 Pou ¢ [W] 180,520

Table 4. Dairy product of the annual actual existing products (process energy) based on worldwide asset evaluation

energy Unit ACP Case 1 Case 2 Case 3

electric [G]] 14,319.35 15,413.7 16,507.6 17,601.5
thermal [G]] 14,983.83 16,249.4 17,511.6 18,773.8
ECT [G]] 29,303.18 31,663.1 34,019.2 36,375.4
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Figure 4. ECT and TDP of the dairy milk plant for the case study.

that the values for Cases 1 and 2 reached the optimum
point. Thus, the most efficient and optimal situation for
dairy plants was revealed.

In Table 5, calculations were made according to the
energy consumption values (heat boiler and electric
energy) taken from the dairy and products facility for a
period of 1 year. The annual energy consumption (ACP)
of the total factory was 29,303,200 [M]/y]. Based on these
calculated values, the SECT values of the factory were
optimized according to the case studies. The result of the
SECT value was found to be Case 1 at 6,408.60 [M]/t], Case
2 at 6,101.92 [M]/t], and Case 3 at 5,857.92 [M]/t]. The
SECTT value was calculated for Case 1 as 6,352.14 [M]/t],
for Case 2 as 5,898.67 [M]/t], and for Case 3 as 5,445.21
[MJ/t]. Therefore, the case study results (SECT and SECTT)
are available according to the study by Nathaphan and
Therdyothin [24]. The results of the 3 case studies are com-
patible with the results of the specific energy consumption
in Table 5.

The SEC values of the dairy milk plant in each of the
three case studies are shown in Figure 5. The overall esti-
mated energy consumption of the dairy plant demonstrates
the relationship between the specific energy consumption
and the total goal-specific energy consumption. The SECT
of ACP was calculated to be 6,795.75[M]/t]. The SECT was
determined to be 6,408.60 [M]/t] for Case 1, 6,101.92[M]/t]
for Case 2, and 5,857.92 [M]/t] for Case 3. Case 1 had
an SECTT of 6,352.14[M]/t], Case 2 had an SECTT of
5,857.92[M]/t], and Case 3 had an SECTT of 5,445.21 [ M]/t].
Cases 2 and 3 illustrate the energy efficiency of the case
study. SPSS software (version 18.0) was also used for data
analysis and evaluation. The reliability of the scenario data
was investigated using regression analysis. The R? value was
0.9609 for ECT, 0.9903 for SECT, and 0.9587 for SECTT,
and the equations are depicted in the graph.

Table 6 shows that the factory operates nearly full
time for 150 days per year. The steam boiler uses 244.6
[t/y] powdered lignite coal for annual thermal energy.
The calorific value of the coal used in the heat duct was

Table 5. Total energy consumption of the dairy facility for 3 case studies

ACP Case 1 Case 2 Case 3
ECT [M]] 29,303,200 31,663,140 34,019,250 36,375,359
SECT [M]/t] 4,803.09 6,408.60 6,101.92 5,857.92
SECTT [M]/t] 4,803.09 6,642.70 6,482.41 6,322.13

Note: ECT is the energy consumption of the dairy milk plant [M]], SEC Tp ;41 18 total estimated project of the specific energy consumption [M]/t],
and SECTT), ;41 is total target project of the specific energy consumption [M]/t].
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Figure 5. The dairy milk plant’s ECT, SECT, and SECTT for the case studies.

Table 6. Total energy efficiency of the dairy milk factory for ACP

ACP (annual current production of the dairy milk factory)

Energy/unit [G)ly] [kcal/y] [kWh/y] [kW]
Pin,t, thermal (steam) energy 4,093.63 978,400,000.00 1,137,118.22 315.87
P . 1,049.55 250,841,876.40 291,541.00 80.98
out.e, electric energy
Pin, total input energy 396.85
Pou, total output energy 180.52
71, energy efficiency 45%

determined to be 4,000 [kcal/kg], according to the value
received from the factory. The annual thermal (steam
boiler) and electrical energy expenditures are detailed,
with the thermal (steam) energy being 315.87 [kW] and
electrical energy being 80.98 [kW]. The annual total elec-
tricity consumption of the factory was calculated to be
1,049.55 [G]/y], and the coal consumption was 4,093.63
[GJ/y]. Thus, despite the factory’s thermal and electrical
energy expenditures, the energy efficiency was calculated
to be 45.5%. Although the energy efficiency is calculated
to be approximately 45.5%, the main reasons for the waste
of the remaining 54.5% are the energy losses in the pro-
cesses due to the fluid nature of milk, large amount of
energy consumed, and high amount of waste heat. It is

recommended to further optimize the processes that need
to be initiated in the factory and install a recycling waste
heat system. Thus, the energy efficiency of a factory can
be further increased using these methods.

In Table 6, the electrical energy results in this case study
are in agreement with studies in the literature, as are the
SECT values. Lincoln et al. [54] investigated a milk evap-
orator system case study that presents the processes and
end creation of a novel, fully electric milk evaporator sys-
tem design that uses 3593 [kW] of energy. According to
this case study, the results of Buhler et al. [55] are similar
to those of the energy efficiency of a milk processing fac-
tory. Basaran et al. [50] discovered that a unique design for
10 [t/h] milk could be completed with 44.35% less energy
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Figure 6. Total energy efficiency of the dairy milk factory for 3 case studies.

input than a standard application. Considering the total
energy efficiency of the dairy milk factory, case studies
were optimized, and the energy efficiencies were separately
revealed. The energy efficiency of the factory was deter-
mined according to 3 different scenarios optimized for
thermal and electrical energies according to the actual total
energy efficiency.

Figure 6 demonstrates the energy efficiency of the
dairy milk factory in the three case studies. The input
energy was calculated to be 374.24 [kW] in Case 1, 356.33
[kW] in Case 2, and 342.08 [kW] in Case 3. The energy
efficiency in this case study was assessed to be 48.2% for
Case 1, 50.7% for Case 2, and 52.8% for Case 3, indicat-
ing an increase in energy efficiency. Regression analysis
was used to examine the data reliability of the scenar-
ios. The R? value for 7 is 0.9609, and 0.9587 for SECTT,
and the equations are shown in the graph. Consequently,
numerous similar energy efficiency studies of dairy com-
panies have been conducted, and a few are included in
this study. Lincoln et al. [54] achieved energy savings of
21% in process integration and electrification for efficient
milk-evaporation systems. Buhler et al. [56] reduced the
electricity input by 48% and heat rate by 35% in the elec-
trification scenario. This case study is consistent with past
research, and it has been demonstrated that energy effi-
ciency would grow in various situations owing to optimi-
zation approaches in dairy plants.

CONCLUSIONS

In this study, because of the thermal and electrical
energy, the energy consumption of dairy milk factories has
a considerable impact on the energy efficiency of applica-
tions. The dairy plant’s total estimated energy consumption
exhibits a relationship between the specific energy con-
sumption and the target specific energy consumption for
the energy consumption in each of the three case studies.
The target-specific energy consumption was computed to
be 6,352.14 [M]/t] in Case 1, 5,898.67 [M]/t] in Case 2, and
5,445.21 [M]/t] in Case 3. In this study, Cases 2 and 3 exhib-
ited optimized results in terms of energy efficiency.

The annual thermal (steam boiler) and electrical energy
expenditures were obtained, with 315.87 [kW] of thermal
(steam) energy and 80.98 [kW] of electrical energy. The
total thermal and electric energy was summarized as 396.85
[kW]. The factory’s annual total electricity usage was deter-
mined to be 1,049.55 [G]/y], while its coal consumption
was 4,093.63 [G]/y]. Despite the factory’s expenditure on
thermal and electrical energy, its energy efficiency was
determined to be 45.5%. The energy efficiency of the fac-
tory was 45.5%, but 54.5% of the waste was due to energy
losses, fluid milk, energy consumption, and high waste
heat. Optimizing processes and installing a recycling waste
heat system can increase the efficiency. The input energy
was calculated to be 374.24 [kW] for Case 1, 356.33 [kW]
for Case 2, and 342.08 [kW] for Case 3. The energy effi-
ciency was assessed to be 48.2 [%] for Case 1, 50.7 [%] for
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Case 2, and 52.8 [%] for Case 3, demonstrating increasing
energy efficiency in this case study.

The dairy factory’s capacity was obtained by perform-
ing specific energy consumption estimations based on the
energy consumption data (heat boiler and electric energy)
received from the dairy and product plant over a one-year
period. This study demonstrates the performance of a man-
ufacturing facility by providing details on the operation of
energy analysis in a dairy milk plant. The use of milk and
milk-derived products in the dairy industry results in a high
energy density. As a result, determining the factory’s energy
performance to save energy will increase profitability.

The aim of this study is to make the conclusions more
realistic by using dependability analysis of the production
and energy data. The study’s task is to collect the dairy
plant’s energy and production performance, as well as to
make the energy costs and efficiencies as precise as possible
over the course of a year. A plant’s energy performance can
be measured by ensuring that the production of milk and
goods in the factory is synchronized with the use of energy.

NOMENCLATURE

Abbreviations

ACP Annual current production
AYP Ayran

BTP Butter

CA Cleaning agent

CCpP Cheddar cheese

CHE Total cheese

CRE Crema

cup Curd cheese

cwrp White cheese

DMP Dairy Milk Plant

ECT Energy Consumption

Eff Efficiency

LCA Life Cycle Assessment

PPA Pasteurizer

Prod Production

SECT Total Specific Energy Consumption
SECTT  Target Specific Energy Consumption
TDP Total dairy products

TUP Tulum cheese

YOP Yoghurt

S_ymbols and Units

me Mass flow rate, kg/s

Min Total of the mass flow rate input, kg/s
Moyt Total of the mass flow rate output, kg/s
Mgteam  Mass flow rate of the steam, kg/s

Pin Process of work power input, W

Pour Total energy of the process output, W
Qin Process of total heat transfer input, W
Qout Process of total heat transfer output, W
Qstream  Steam heat transfer of the process, W

G Specific heat capacity, J/kg K

Rconaense Enthalpy of the condense, J/kg
Enthalpy of the steam, J/kg
L Consumption of the current, A

hsteam

KE Kinetic energy power, W

PE Potential energy power, W

Un Consumption of the voltage, V

U Internal energy, W

Zc Uncertainty of the result, -

Zj Uncertainty of the dependent variables, -

m Energy efficiency (1 Law of Thermodynamics),
%

R Regression square value, -

T Temperature, K

Greek Symbols

> total

A difference

Subscripts

in input

n process number

out output

t tons

y year
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