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Abstract. Production of sugar and beet requires significant energy consumption Their
rational use and the need to preserve the environment is caused not only by the cost of
energy resources, but is one of the ways to increase competitiveness. The technology of sugar
manufacture at «Novorozhitsky Sugar Plant» is considered, at each stage of technological
operations the incoming resources, including material, are determined. The article presents
the results of theoretical and practical analysis according to the data of the energy audit of a
sugar plant. The results of monitoring the consumption and generation of energy resources
for each species were analyzed. The diagnostic survey of the economy allows determining
the areas of excessive consumption of energy resources and identifying potential energy
conservation specialist. The measures and technical solutions to improve energy efficiency
sugar factory are proposed. An economic assessment of the technical solution for the
replacement of presses and determine the payback period has been carried out.

Keywords: energy audit, sugar production, energy saving, rational consumption,
energy efficiency

Introduction. of Ukraine to the Energy Community
Treaty, we are paying much attention to
energy conservation, energy efficiency

and renewable energy sources, and we

Today, the energy policy of the
developed countries of the world is

focused on the awareness of the ex-
haustion of traditional fuel and energy
resources. Consequently, the problem
of energy supply, rational energy con-
sumption and reduction of emissions
to the environment requires concerted
actions of state bodies, organizations
and individuals. After the accession

strive to take a worthy place among the
developed economies of the world.
Sugar industry is one of the main compo-
nents of the entire agro-industrial complex.
Beet sugar production is one of the most wa-
ter-intensive industries in the agro-industrial
complex, for example, one ton of sugar from
beets needs to spend about 60 m3 of water,
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whereas in meat-packing plants per 1 ton of
meat there is 6,9-8,9 m3 of waste water, 1-2
m3 of water is consumed per 1000 liters of
processed milk. The production of sugar has
a continuously streaming mechanized pro-
duction with a high level of automation of
the main processes. Over the past 10 years,
the decrease in specific consumption of fuel
equivalent has taken place only by 0.2%
to the mass of beets (m.b.), because of the
reduction of the cost of FER to the level of
4-5% of the conventional fuel to m.b. indi-
vidual plants [1].

Worldwide practice shows that energy
efficiency is achieved mainly due to orga-
nizational changes in the energy manage-
ment system of an enterprise or city.

The main direction of increasing the
competitiveness of sugar beet and sugar
production is reducing the consumption
of energy resources, sucrose losses and
compliance with the current require-
ments of environmental legislation. For
example, implementing a system of ener-
gy management allows to achieve signif-
icant energy savings for relatively small
financial costs - at 3 — 5 % for 1 - 2 years.

In this regard, it is necessary to solve a
number of agricultural and economic mea-
sures aimed at increasing the energy and
economic efficiency of sugar beet produc-
tion. However, it is necessary to have a clear
idea of the possibilities of energy efficiency
for the implementation of the strategic goal,
to know the methodology of conducting the
energy audit, its features and requirements.
The first stage in the implementation of
measures to increase energy efficiency is
conducting energy audit of the enterprise.

Literature review and problem
statement.

In accordance with the Energy Effi-
ciency Directive 2012/27 / EC [2] (DEE),
mandatory and regular energy audits of

large enterprises and companies subject
to privatization are introduced in Ukraine.
The feature of the Directive is the lack of
requirements to actual implementation
of energy efficiency measures identified
in the audit, in addition to companies
and organizations that implement energy
management system and environmental
management are exempt from this re-
quirement [3].

In the world energy sphere, based on
current national standards, the practice
of developing and improving interna-
tional energy standards is implemented,
while unifying the international stan-
dards of the ISO series.

International Standard for Pow-
er Management Systems DSTU ISO
50001:2014 [4] offers organizations a
proven approach to developing an energy
management plan addressing critical en-
ergy efficiency issues. This plan includes
data on energy use, monitors, documen-
tation, reporting, design and procure-
ment practices, and other variables that
affect the management of energy that can
be measured and monitored.

The management and technical as-
pects of the standard of the ISO 50001
series are a peculiar structured and
comprehensive organization guide for
optimizing energy consumption and
system management by this process.
[5]. It should be noted that this standard
requires “energy reviews” as an integral
part of the energy management system
to be developed, registered and stored.

When conducting an energy audit it is
impossible to avoid the issue of the econom-
ic evaluation of organizational and technical
measures to increase industrial energy effi-
ciency, which are disclosed in the works R.
H. Coase [6]. Issues of energy saving and
energy efficiency policy at the state level in
his works were considered by V. Dzhedaul,
T. Serdyuk, O. Prokopenko [7].
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Today, experts in the industry [8,
9] and literary sources [10, 11], well-
known factors that cause over-con-
sumption of fuel, and the role of each
factor in energy conservation.

According to the results of the au-
thors’ studies [12], the main direction
of the savings of FER in sugar-beet pro-
duction is by reducing the heat (steam)
costs of the process, in particular, by
increasing the sugar recovery from the
welded fillmass.

The main energy saving measures
implemented at the most energy-efficient
sugar factories of Ukraine are [13]:

— reduction of pumping of diffusion juice
due to introduction of pulp pressing
process and return of pressurized
water to the diffusion process with
the installation of pressed presses with
a high degree of spin (22-32 % CP),
improvement of the quality of beet
chips and feed water;

— reduction of the amount of
watered juice on the machine tool,
replacement of obsolete filtering
equipment on automated chamber
filter presses.

One more direction of cost reduction
for production of sugar and increase of
energy efficiency of the enterprise is in-
crease of durability and reliability of oper-
ation of equipment of sugar factories. So
in materials [14] with high wear and cor-
rosion resistance for increasing durability
of parts of diffusion apparatus operating
in aggressive technological environments
of sugar beet production are given.

A number of energy saving measures
(improvement of thermal insulation, use
of heat of condensates, etc.) provide a
reduction of the cost of steam for sepa-
rate technological processes. But at the
same time the amount of evaporated
water in the evaporation unit should de-
crease as well. However, such measures

create only the potential for saving pairs,
but the effect of their introduction may
be negative, that is, lead to an increase
in the cost of the technological process.
This leads to the fact that a significant
proportion of the resulting energy sav-
ing effect is lost. Therefore, during the
diagnostic audit it is expedient to deter-
mine the features of the plant’s project,
technology, equipment used, labor or-
ganization to evaluate the capabilities
of this enterprise and identify priority
measures for energy conservation.

The aim and objectives of the study.
Research on the distribution of energy
resources consumption at a sugar plant
during the energy survey, the develop-
ment of technical measures to improve
its energy efficiency and their assess-
ment in the implementation.

The main research material. During
the energy audits of sugar factories, the
following tasks are solved: analysis of
the actual state and efficiency of energy
use, identification of causes of losses or
inefficient energy expenditures, their clas-
sification and evaluation; establishment
of rational volumes of energy consump-
tion in production processes and installa-
tions; establishment of optimal directions,
means and volumes of use of primary and
secondary energy resources; assessment
of reserves for energy conservation - the
potential of energy saving; the establish-
ment of the possibility of improving the
modes of technological and energy equip-
ment; development or refinement of the
norms of the cost of FER for the produc-
tion of products, works, services (PRP);
organization or improvement of energy
accounting and control systems; recom-
mendations for the installation of new
equipment and improvement of techno-
logical processes. A generalized scheme
for conducting energy surveys and audits
is shown in Fig.1.
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| METHODOLOGY OF ENERGY AUDIT OF INDUSTRIAL ENTERPRISE |

Preparation and formation of necessary documentation

Making energy balances actual

General production and energy
characteristics of the enterprise:

Carry out necessary

the purpose of production; volumes [ calculations, tests,
and types of products; production measurements
subdivisions of the main and
auxiliary technical purposes |  Definition of the object

(workshops, installations)
requiring a detailed
energy survey

Scheme of material and energy
flows: technological process in
separate production units;

kcharacteristics of the main equipment)
the energy source

System for recording and control-
ling the consumption of FER:
structure of annual income;

[ structure of annual consumption,

Characteristics of energy saving
management: organization,

programs, tools of EM: data on the
specific indicators of actual costs

and expenditure rates; main energy-

saving measures and technologies,

General indicators of energy
characteristics, cost of basic
production assets; cost; profit;

number of staff’

results of their implementation

and after energy-saving measures
Individual installations [Workshop| Enterprise
r as a whole —l

structure
of energy
sources

normative
and actual indicators
of energy efficiency

energy
consumption|
structure

energy
saving
potential

I—D‘ OUTPUT DATA |<—|

Definition of the basic level
consumption of FER

Determination of sources and
places of concentration of
irrational use of FER

Correction of the norms
of specific fuel and energy
costs for the production
of products, works, services

Determination of the potential
of energy saving, justification
of the plan of energy
saving measures

Rationalization of energy
accounting and control systems

justification of the plan of
organizational and technical
measures of the EM program

Fig.1. Block diagram of energy surveys and audits

The results of the energy survey of
an industrial enterprise, in which the au-
thors of the article in the energy audit
group participated, are listed below.

In general, a modern sugar factory is
a large enterprise with a developed infra-
structure, which includes a technological
line of sugar production, technological
lines of additional enterprises (produc-
tion of lime and carbonation gas, CHP).
Technological lines of by-products (dry-
ing pulp, desugarization molasses), stor-
age of sugar beet, sugar, molasses, pulp,
water management (fresh water source,
recycle systems, waste water treatment
plants), automobile and railway tracks
equipped with modern technological
equipment using automation and com-
puter equipment. Most sugar factories
are being built along with a water source
(rivers, ponds, wells, etc.) due to high
consumption and water requirements.

The production of crystalline white
sugar from sugar beets is based on
successive basic technological opera-
tions and includes the following steps:
preparation of sugar beets; obtaining
diffusion juice; purification of diffusion

juice; condensation of purified juice;
juice evaporation; fillmass boiling;
crystallization of sucrose; drying and
packing of sugar. In addition, the auxil-
iary streams of lime milk and carbonate
gas, wastewater treatment are used. The
block diagram of sugar production from
sugar beets is shown in Fig.2.

Despite the similar technological
process of producing sugar, each plant
in its production has its own differences
in the production, use and consumption
of energy resources. Let’s consider the
features of the energy economy at the
investigated enterprise.

The main directions of using energy
at a sugar plant are shown in the table 1.

According to the table it can be seen
that the electric power is supplied to the
subscriber substation (35/6 kV), from
where along the outgoing 6 kV lines the
requested main divisions of the enterprise.
Electricity from the network is used main-
ly in the non-production period (10500
kWh / day) and significantly less during
the production period (3330 kWh / day).

During the production period, the
CHP plant operates in a closed loop.

14 ANIMAL SCIENCE AND
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Fig. 2. Structural block diagram of sugar production

Part of steam produced in steam boilers
is used in a steam turbine to generate
electricity using a turbine generator. In
addition to own needs, the generated
electricity can be sold to the network.

Calculations for the consumed and
generated in the network of electric en-
ergy are carried out on the testimony of
commercial accounting systems installed
at the boundary of the balance sheet.

During the energy survey of produc-
tion and analysis of energy indicators,
electricity consumption was determined
and consumers were identified. Data
on monthly electricity consumption are
shown in table 2, the balance of electrici-
ty consumption is shown in the figure. 3.

As indicated in the table. 1, prima-
ry energy is natural gas, which account
is made on the basis of commercial ac-
counting data.

The main consumers of natural gas
at the enterprise are steam boilers with
a steam output of 75t/ h and 50 t / h).
The remainder of natural gas is con-
sumed mainly for drying pulp in drying
drums. Data on natural gas consumption
are shown in Table 3, Figure 4 shows
the balance of electricity consumption.

Reversible water at the plant is used
in almost all technological processes
and divided into two categories depend-
ing on its purpose. Water of the 1st cat-
egory in the system of circulating water
supply plant uses a heat conduction,and
it is heated in the process of use (main
condensers of process equipment, cool-
ing equipment). Before re-use, it is pre-
cooled in a water-cooling tower.

Water II category in the circulating
water supply system is used mainly in a
hydrotransporter and a beet mixer. Be-
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1. The main energy resources of the enterprise

Primary energy
carrier

Secondary energy
carrier

Directions of use

Electricity

Compressed air
Circulating water

Drive of electric motors of technological
equipment.

The drive of smoke exhausters, fans and pumps.
Formation of compressed air.
Industrial lighting;

Office cabinets and office equipment.
Technological (pneumatic) and repair needs.
I category:

Beetroot
Carbonation gas washer
Dilution of filtration precipitate
The main evaporator condensers and vacuum
devices
Capacitor vacuum filters
Cooling equipment
Technological needs of CHP
[Icategory:

Hydrocracker
Beetroot

Natural gas
Saturated couples

Electricity

Steam boilers
Crush drying drums
Technological use in aggregates Household and
domestic needs (heating, GVP)
See above

3 | Reversible water

Previous evaporator condensers and vacuum
devices

4

Drinking water

Cooling equipment

fore reuse, waste water is cleaned at the
treatment facilities - radial settlers.
Drinking water extracted from
own wells is used primarily for
housekeeping needs. Consumption

per year of drinking water is 16.76
thousand m3, and technical water -
370,20 thousand cubic meters. m.
The balance of water use by the sugar
plant is shown in Fig. 5.

2. Monthly electricity consumption by the enterprise

e [vonn [ Constatin ot |, oy | Comstpion e
1 | January 91079 7 | July 143 976
2 | February 88 589 August 201 543
3 | March 65 538 9 | September 237 815
4 | April 67 806 10 | October 191 699
5 | May 106 331 11 | November 83922
6 | June 141 691 12 | December 207919
YEAR 1 627 908
16 ANIMAL SCIENCE AND FOOD TECHNOLOGY
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Fig. 3. Balance of electricity
consumption of the researched sugar
plant

Based on our research, we identified
areas of elements of an enterprise with
significant energy consumption and signif-
icant potential for energy savings. These
energy elements include: steam boilers;
evaporation stations; vacuum machines;
press for money; centrifuges; pumps of
water cycles; compressed compressed air.

According to the results of the analy-
sis of the energy survey of the sugar plant,
we determined that the two presses are
not able to optimally handle the task of
full squeeze pulp. Spent beet chips (pulp)
remaining after extraction of sugar from
her diffusion method is a cheap source of
feed for cattle.This pulp comes from beet

Drying drum
11%

Boiler GM
39%

Boiler BKZ
50%

Fig. 4. Balance of natural gas
consumption of the researched sugar
plant

Reversible

’ter (river)

Recycled
water I
category;
47%

Recycled

water 11

category;
48%

Fig. 5. Balance of water use
by sugar plant

diffuser with a content of dry substances
from 7 to 9 % and, consequently, under-
goes a drying process to reduce the water
content in it and increase the content of
solids to a level of 88...92 %.

The main disadvantage of drying
pulp is the high consumption of fuel
(natural gas) for this operation. Drying

3. Monthly consumption of natural gas by a sugar factory

No Month Consumption of natural | Ne Month Consumption of natural
gas, m3 gas, m3
1 |January 6222 July -
2 |February 5141 8 August -
3 |March 3809 September -
4 |April - 10 | October 5789912
5 |May - 11 | November 6862217
6 |June - 12 | December 262318
YEAR 12929619
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of pulp without pressing is economi-
cally disadvantageous because it con-
sumes an excessive amount of energy.
To increase the economic feasibility of
the drying process, mechanical pressing
should be used. This operation allows
most of the water contained in the pulp
to be mechanically removed before the
pulp arrives in the drying drums.

For this reason, the profitability of a
sugar plant depends on the mechanical
dehydration of pulp, whose effective-
ness depends on both the performance
of the equipment and the quality of wet
pulp. All this plays a key role in con-
trolling overall maintenance cost.

Mechanical dehydration of fresh pulp
coming from diffusion devices, allows
to reduce the consumption of natural gas
in a dryer. The purpose of further calcu-
lations is to assess the economic benefits
achieved through savings in maintenance
cost (lower fuel consumption).

So, consider two options for the prepa-
ration of pulp to the process of drying it
and determine the most economical.

By using press-old generation sta-
tion after diffusion pulp enters the dryer
with an average dry matter content of 22
% (option 1). The pulp after diffusion
passes through a new dewatering station
(Variant 2), consisting of two presses of
the new generation of Babbini and fed
into a dryer with dry matter content of
about 28 %.

It was established that the productiv-
ity of a sugar plant is 6000 tons of beet /
day, the length of the production period
is 100 days / year., natural gas is used
for drying.

According to formula Klassen, pro-
cessing 6,000 tons of beets / day corre-
sponds to a different number of pressed
pulp in two cases that we examined:

Option 1 — The amount of pressed
pulp per day is 1285 tons;

Option 2 — The amount of pressed
pulp per day is 1000 tons.

An increase in the daily amount
pulp-press waterare 285 tons of pressed
pulp per day (transition from Option A
to Option C), or 11,875 kg of pressed
pulp water per hour, provided clock op-
eration presses.

This calculation shows savings in
terms of the amount of water that will
not need to evaporate in the dryer to
achieve the same content of dry matter
after drying.

Approximately the same result is ob-
tained by analytical balance of preserv-
ing the mass and dissolved substances
in the dryer.

From the thermal balance of the dry-
er, we traditionally calculate the follow-
ing average value of the energy required
to evaporate 1 kg of water, which is
equal to Qtot = 750 kcal / kg.The tech-
nical and economic indicators of the im-
plementation of the energy saving solu-
tion for the replacement of pulp presses
are given in Table 4.

The replacement of presses allows
the use of pulp-press water in diffusion
apparatuses and preserves a large
amount of heat energy that is necessary
for drying pulp. Mechanical pressing
has such advantages:

— maximum removal of water
contained in the pulp (about 80 %);

— increase the amount of water for
extraction (reducing the need for
technical water);

— reduction of sugar losses in pulp,
which is pressed;

— reductionofheatenergy consumption
for pulp drying process (reduction of
natural gas consumption by drums);

— reducing the amount of pressed
pulp improves the energy balance of
extraction;

— 1improved storage of pressed pulp.

18 ANIMAL SCIENCE AND FOOD TECHNOLOGY
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4. Technical and economic indicators of energy saving solutions

Ne Indicator Units of Basic | Value after
measurements. | value | upgrade
1 | Reducing the need for evaporation of water | kg water / hour - 11875
2 | Thermal energy required for evaporation of 1 | kcal / kg of water | 750 750
kg of water
3 | Saving heat energy kecal /h - 8906 250
4 | Calorific contentof natural gas kcal / m3 8200 | 8200
5 | Production lead time day / year 100 100
6 | Reducing natural gas consumption m3 / season - 2 606 700
7 | Total costs for the implementation of UAH - 46 000 000
activities
Energy saving effect ** UAH / season 18 600 000
9 | SPP (Simple period of return on investment) | seasons - 2,5

Conclusion.

In order to increase the energy efficiency
of the sugar plant, an energy audit was carried
out that includes an inspection of the econ-
omy to identify areas of over consumption
and evaluate technical solutions for energy
efficiency. The main energy sources at the
enterprise under consideration are electrici-
ty, natural gas, reversible water and drinking
water. The survey results identified the largest
consumers of the listed energy resources.

On the basis of energy consumption
and the current state of the production
capacity of the sugar plant, energy bal-
ances of energy consumption of the en-
terprise were constructed.

The technical solutions for improving
energy efficiency are proposed, due to the
replacement of pressing. Economically
justified the decision to remove water from
the wet pulp by mechanical means at the
expense of pressing before drying heat. A
simple return on investment is 2.5 years.
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AHomauyis. bypskose i yykpose 8upobHUYMEo nompebye 3HAYHO20 CIOHUBAHHSA eHepaemuYHUX
pecypcis. PayioHanbHe ix 8UKopUCMAHHA Ma HeObXiOHICMb 36epereHHA HABKOMUWHbLO20 cepedosuuyd
00yMOB/IEHO He MiflbKu 8apmicmio eHepaemu4yHUX pecypcie, a € OOHUM i3 wssxie nideuujeHHs
KOHKYPeHMOCrpOMOXHOCMI. PO32715iHymMo mMexHOs102ito 8U20MOB/EHHSA UyKpy Ha «Ho8oopxULybKOMY
UYKpoBomy 3a800i», HO KOXCHOMY emari mexHos02iYHUX onepayili susHa4eHi exioHi pecypcu, 8 momy
yucni i mamepianeHi. Y cmammi Haeoo0aMbCa pesyibmamu meopemuyHo20 ma MpPaKmu4YHo20
aHanizy 30 0GHUMU eHepaemu4yHo20 aydumy UyKposoeo 3a800y. [posedeHo aHaniz pesynemamis
MOHIMOPUH2Y CIOXUBAHHSA | 8UPOBIEHHSA eHepaemUYHUX PECypcie 3a KOXHUM sudom. JiaeHocmu4He
obcmexceHHs 2ocrodapcmea 30800y 00380/1U0 8U3HAYUMU 061aCMi HAOMIPHO20 CrOMCUBAHHSA
eHepaemuYyHUX pecypcie ma eusHayumu romeHyian wo0o eHepaolbepexteHHs. 3arnpornoHo8aHo
3ax00u U mexHiyHi pilueHHs uj000 NidBUWEHHA eHepaoedekmu8HOCMI UyKposoao 3as0o0y. [IposedeHa
EKOHOMIYHA OYiHKA MexXHIYHO20 pilueHHS W,000 3aMiHU rpecie i BU3HaYeHO mepMiH (i020 OKYMHOCMI.

Knroyoei cnosa: eHepaemuyHuli aydum, supobHULUMBO UYKpY, eHepao3bepexceHHs, payioHanbHe
CrIOMUBAHHS, eHepaoegheKmusHicmb
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