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ENERGY-CONSUMPTION AND ENVIRONMENTAL
ASPECTS OF DRYING PROCESSES

Introduction. Energy saving and environment protection are global problems. The energy capacity of world pro-
duction is growing faster than the industry’s output. Currently, the world has been experiencing a shortage of
energy, while environmental pollution has been increasing, as the industrial load on the environment has grown
several times in recent years. Therefore, energy resource saving and environment protection have been becoming
more and more important.

Problem Statement. Drying belongs to complex energy-intensive processes. Industries that use drying pro-
cesses consume significant energy resources. The use of outdated drying equipment and imperfect technological
processes contributes to the energy resources consumption and environment pollution with vapor that is part of
greenhouse gases. Therefore, it is urgent to find ways to reduce these adverse consequences.

Purpose. The purpose of this research is to identify and to analyze the trends in reducing energy consumption
and hazardous vapor emissions in the drying processes.

Material and Methods. Analytical and practical methods, comparative analytical and systemic approaches
have been employed. Scholarly research works and developments of Ukrainian researchers in the field of study
have been used as materials.

Results. The main methods of saving energy and reducing vapor emissions in drying processes have been sum-
marized. The developments of Ukrainian researchers of the Institute of Engineering Thermophysics of the National
Academy of Sciences of Ukraine have made it possible to obtain a significant energy saving that is estimated at
2.0—2.1million tons of conventional fuel, and to reduce environmentally hazardous vapor emissions by at least
4 million tons per year.

Conclusions. The creation and implementation of new energy-efficient and environmentally safe equipment
and technologies allows not only reducing energy consumption and emissions of dangerous vapor into the environ-
ment, but also optimizing the use of raw materials and obtaining high-quality products in drying processes.
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In advanced economies that have high-tech pro-
duction, a large share of added value in the gross
domestic product (GDP) and a high energy effi-
ciency, GDP grows with a practically steady and,
in some countries, even downward trend in the
consumption of fuel and energy resources (FER)
(Fig. 1, curves 2, 3). In Germany, in addition, there
has been reported a significant reduction in green-
house gas emissions (Fig. 1, curve 4) [1, 2].

In general, the global consumption of primary
FER has been showing a steady growth by approxi-
mately 1.3% annually [3]. According to the global
statistics, the ascending dynamics of demand for
energy resources and almost absent decarbonization
of production lead to a fatal pollution of the environ-
ment with 34.17 Gt greenhouse gases worldwide
(Table 1). As can be seen from Table 1, the “leaders”
in CO, emissions are the PRC (28.76%) and the
USA (14.53%), although they have the largest RES
consumption (22.9% in PRC, and 20.1%, USA) [4].

The greenhouse gas emissions by sector of the
EU economy in 1990 and 2018 are structured as
follows: fuel combustion and uncontrolled fuel emis-
sions 62% (53%); transport (including air trans-
port) 15% (25%); agriculture 10% (10%); indus-
trial processes and use of fuel products 9% (9%);
incineration of industrial and household waste
4% (3%) [5]. The experts have estimated that the
economic losses from climate change in the world
reach approximately USD 544 trillion. The EU
has set a goal of reducing greenhouse gas emis-
sions by 55% till 2030, as compared with the 1990
level. According to the experts, this will make it
possible to achieve climate neutrality in the EU
by 2050. Ukraine has also developed the concept
of the transition to green energy, which provides
for achieving a climate neutral country by 2060.

The final consumption of FER in the economic
sectors of different world countries is presented
in Table 2. In Ukraine, as can be seen from the
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Fig. 1. Dynamics of GDP (1), gross energy consumption (2), primary energy consumption (3), and greenhouse gas emissions (4)
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given data, the industry, households, and agricul-
ture have the largest share in the FER consump-
tion, which exceeds 83%. This is the highest value
among the leading world countries. It shows the
inefficiency of energy use. The following indus-
tries have the greatest specific energy saving po-
tential in Ukraine [6].

Table 1. World Structure of RES and CO, Emission in 2019

Drying processes are complex energy-inten-
sive technological processes. In each specific
case, it is necessary to preserve biological activi-
ty and nutritional properties of raw materials,
as well as to meet bacterial requirements for
the product, etc. The industries that use drying
processes are characterized by a high energy

Consumption of RES in the structure CO. emissi
Country, group of energy resources 2 ETISSIOn
of countries
World Geographical group CO, Gt %
1 Europe 28.2% 4.11 12.03
2 EU 26.0% Total for countries 2—4 3.33 9.75
3 | PRC 22.9% (EU +PRC + USA) =69.0 % 9.83 28.76
4 USA 20.1% 4.965 14.53
5 Germany 7.3% Total for the first 10 countries 3—12: 0.684 2.00
6 | Brazil 7.0% (PRC + USA + Germany + 0.441 1.29
7 | India 4.2% B 2480 7.26
8 Japan 3.8% + Italy + France) = 75.90% 1.123 3.29
9 Great Britain 3.7% 0.387 113
10 Spain 2.6% — —
11 Italy 2.2% 0.325 0.95
12 France 21% 0.299 0.88
13 OECD 57.9 12.01 35.15
14 Ukraine* 0.2 — —
15 Total worldwide** 100 3417 100
16 Total CO, emission in EU + PRC + USA + Brazil + India + Japan + Great Britain 23.24 68.0
Table 2. The Share of Final Consumption of FER by the Industries
Country Industry, % Transport, % an dli(gnrlisgllﬂgz, % col:ll(s)lIllr_r?;lteiI;)%]y%
Ukraine 51 13 32 4
Japan 44 27 26 3
Germany 32 26 40 2
UK 25 32 40 3
France 29 30 38 3
Italy 33 31 32 4
Canada 35 28 33 4
USA 29 36 30 5

46

ISSN 2409-9066. Sci. innov. 2023. 19 (2)



Energy-Consumption and Environmental Aspects of Drying Processes

consumption and a low energy efficiency ratio
(= 40—50%).

Using imperfect technological processes and
outdated drying equipment annually leads to the
ineffective consumption of a large amount of energy
resources and a significant pollution of the envi-
ronment with water vapors that belong to green-
house gases. The share of energy costs in the total
cost of production already reaches, in some cases,
70%, and as fuel prices rise, it grows. For a large
number of products, the prices are expected to
increase above the world ones, which reduces the
product competitiveness on the domestic and
world markets.

In Ukraine, the main industries that use drying
equipment are the agro-industrial complex, chemical,
pharmaceutical, construction, fuel, and wood process-
ing industries. It would be interesting to evaluate
their energy efficiency and environmental safety.

The agro-industrial complex (AIC) tradition-
ally plays an important role in Ukraine. It inclu-
des agriculture and food industry.

In agriculture, many drying plants are used for
drying grain. The relevance of the problem of ener-
gy saving during grain dehydration is conditio-
ned by large harvests of 60—70 million tons an-
nually. From 50 to 80% and even 100%, in the case
of unfavorable weather conditions, of the annual
grain harvest is subject to drying. The specific con-
sumption for drying 1 ton with a decrease in grain
moisture from 20 to 14% is 14—18 kg conventional
fuel and 2.5—3.2 kW electricity, i.e. the total costs
exceed 18 kg conventional fuel or more than 5000 k]
per 1 kg evaporated moisture, which indicates a
low energy efficiency of the processes. In Ukraine,
according to our calculations, the energy costs of
drying amount to about 0.5 million tons of con-
ventional fuel, with about 3 million tons of water
vapor emitted into the environment.

For grain drying, the Institute has developed a
condensation method of dehydration with the
use of a heat pump (HP). The energy consump-
tion for moisture evaporation in heat pump dry-
ers is 1.5—2 times lower than in the existing dry-
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Fig. 2. Diagram of heat pump plant based on the DvGA-630 engine for DSP-32 grain dryer: 7 — gas engine generator; 2 —
waste heat exchanger; 3 — heat pump compressor; 4 — air heaters; 5 — convective 3-zone grain dryer; 6 — circulation fan; 7 —

heat pump condenser; 8 — heat pump evaporator
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Fig. 3. Condensation grain dryer: 7 — compressor; 2 — air condenser; 3 — recuperator; 4 — evaporator
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Fig. 4. Multi-stage drying: a — staged drying modes: beet root V=1 m/s; d = 10 g/kg dry air; g = 6.3 kg/m? 1 — 120 °C; 2 —
120...100...80 °C; 3 — 120...80 °C ; 4 — 80 °C; b — specific heat consumption for evaporating 1 kg moisture

ers. All the evaporated moisture condenses to a
liquid and is stored in separate units. In this way,
the surrounding environment is not polluted by
water vapor.

For the first time in Ukraine, we have develo-
ped a drying and power-generating complex for
the production of electrical and thermal energy
based on engine generator DvGA-630. The proposed
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complex covers whole-year electrical and thermal
energy needs of agricultural firm, as well as sea-
sonal energy needs for heat-moisture processing
of plant raw materials, primarily grain. The cool-
ant preparation system based on a heat pump
with a heat engine has the highest fuel utilization
ratio, due to the use of a heat engine for driving
the HP, with the waste coolant from the dryer be-
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Fig. 5. Appearance of multi-zone dryers

ing a low potential source of energy for the HP.
The complex provides a fuel utilization ratio of
0.94—0.96 and a 1.6-time reduction in the energy
consumption for removing 1 kg moisture. The
costs of 1 kW capacity range within USD 300—
400, with a payback period of 2—4 years [6].

The diagram of the heat pump based on DvGA-
630 engine for the DSP-32 grain dryer is presen-
ted in Fig. 2 [7].

The condensation seed dryer that is designed
at the Institute, uses HP (Fig. 3) allows reducing
the cost of heat energy for the evaporation of 1 kg
moisture by 30% of the standard costs for seeds,
ensures 100% seed germination and is environ-
mentally safe, as the evaporated moisture is con-
densed in the HP evaporator [8].

The total energy saving potential for the dry-
ing of grain and leguminous crops is about 0.2 mil-
lion tons of conventional fuel, with water va-
por emission into the environment decreasing by
0.9 million tons.
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The second most important drying industry in
the agricultural sector is the production of dried
vegetables, fruits, their juices, beet pulp, pasta
and other food products.

The production of fresh vegetables, their ex-
tracts and beet pulp reaches 22—26 million tons
per year. According to our estimates, at least 10%
of agricultural raw materials are subject to dry-
ing. The energy costs for their dehydration ex-
ceed 0.7 million tons of conventional fuel, with
more than 1.7 million tons of water vapor released
into the environment.

The Institute has developed a multi-stage dry-
ing method (Fig. 4). The method is based on
keeping the maximum temperature of heat carrier
in the drying processes throughout the dehydra-
tion process; it depends on the maximum allo-
wable temperature of the material. The multi-
stage drying modes enable reducing specific heat
consumption for evaporation of 1 kg moisture by
15—25% [9].

49



Sniezhkin, Yu. F., and Petrova, Zh. O.

9300

5800

Unit for hygro-thermal treatment,
drying, and cooling

View B []

Belt dryers:

1 — VT-6, Czech Republic

2 — 4G KSK NIIKhimMash, Russia
3 — Sandvik, Sweden

4 — KS 2 IETP, Ukraine

5 — AGSO, IETP, Ukraine

Fig. 6. Multi-zone belt drying unit

For this drying method, multi-zone tunnel dry-
ers with a capacity ranging from 0.1 to 1.1 t/h have
been designed (Fig. 5). Special temperature and
humidity dehydration conditions are kept in each
zone of such a dryer. The energy consumption per
1 kg evaporated moisture is 1.5—2 times lower as
compared with the existing analogs [10].

For the dehydration of vegetable raw materials
in the conditions of a high-humidity climate, a
four-zone dryer based on heat generators has been
created with the use of a heat pump in the 4" zone of
the dryer. This has made it possible to obtain natural
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1 — spreader screw; 2 — hygro-thermal treatment zone;
3 — drying zone; 4 — drying belt;

5 — loosener; 6 — discharger; 7 — cooling zone;

8 — exhaust fan; 9 — drying zone fan

food powders from pineapples and bananas for the
first time in the world, in the highly humid climatic
conditions of Vietnam, and to reduce the energy
consumption of dryers of this type by 10—15%.

To implement the multi-stage drying method,
a multi-zone belt dryer has been designed (Fig. 6).
It has a zone for high-temperature wet processing
of the material, eight temperature zones and a
cooling zone. The dryer capacity is 1.2 tons of raw
material per hour. The heat consumption per 1 kg
evaporated moisture is 1.4—2.7 times lower as com-
pared with the existing analogs [11].
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The total energy saving potential for the dry-
ing of fruit and vegetable raw materials and beet
pulp is about 0.2 million tons of conventional
fuel, with 0.5 million tons of water vapor emitted
to the environment.

In Ukraine, there is a large fleet of evaporating
and spray dryers used in the food and chemical
and pharmaceutical industries. They produce thou-
sands tons of sugar, dry skimmed and whole milk,
whey, instant coffee, penicillin, streptomycin, etc.
In most cases, the drying processes consume 2.5
to 3.0 times more energy than is needed to con-
vert moisture into vapor. The energy consump-
tion for these processes is 0.2—0.3 million tons of
conventional fuel, with about 0.6 million tons of
water vapor emitted into the environment.
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Fig. 7. Two-zone plant for drying lamellar bricks: 7 — heat
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Fig. 9. Geothermal dryer: 7 — drying chamber; 2, 3 — carts;
4,5 — air ducts; 5 — heat generator; 6, 9 — pipe with a valve;
10, 11, 14, 15 — radiators; 72 — heat exchanger; 13 — smoke pipe

At the Institute, a staged spray drier has been
designed. The use of this equipment makes it pos-
sible to preserve biologically active substances
during dehydration of heat-labile materials; to
concentrate solutions; to increase the product
yield due to wet trapping; to solve problems of
environment protection, and to reduce heat con-
sumption by 18—25%.

The energy saving potential for the drying of
food and chemical and pharmaceutical products and
materials on the spray dryers is about 0.05 million
tons of conventional fuel, with about 0.2 million
tons of water vapor emitted into the environment.

In the construction materials industry, dryers
are used in the production of bricks and ceramic
tiles. Their production in Ukraine reaches 6 bil-
lion conditional bricks annually. For drying bricks,
as a rule, there are traditionally used tunnel dry-
ers with an average capacity of 300 conventional
bricks per hour or up to 1 t/h dry material. The
specific energy consumption per 1 kg evaporated
moisture is about 6000 k] that exceeds the stan-
dard value by 50—60%. The energy consumption
in the production of construction materials in
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Ukraine exceeds 2 million tons of conventional
fuel, with about 0.6 million tons of water vapor
emitted into the environment.

The Institute has designed a 2-zone tunnel dryer
for the dehydration of lamellar bricks (Fig. 7).
The soft conditions in the shrinkage zone and the
maximum intensification in the post-drying zone
make it possible to reduce the duration of drying by
20—40% and the specific fuel consumption by 15—
20%, with a significant decrease in dried waste.

The energy saving potential for the drying of
construction materials is about 0.7 million tons of
conventional fuel, with water vapor emissions into
the environment reduced by 0.2 million tons.

Fuels (coal, peat) needs to dry because of a
rather high moisture content in them after ex-
traction. The initial moisture content is 28—43 %
for coal; 40—50% for peat. According to the re-
quirements for railways transportation, the moisture
content should not exceed 7.5%. About 50 mil-
lion tons of such fuel is used in Ukraine. The dry-
ing equipment is represented by drum dryers, flu-
idized bed and suspended bed dryers, as well as
by pneumatic nozzle and pipe dryers.

The specific energy consumption ranges from
4000 to 6300 kJ per 1 kg evaporated moisture, de-
pending on the capacity (90—400 t/h), wear and
efficiency of the dryers. The energy consumption in
Ukraine for coal and peat drying is about 1.4 million
tons of conventional fuel, with 9.5 million tons of
water vapor emitted into the environment.

Energy-efficient configurations of pneumatic
dryers with combined motion of the heat carrier
and intermediate grinding (Fig. 8) have been de-
signed [12]. They allow reducing the specific en-
ergy consumption by up to 20%.

The energy saving potential for the drying of
fuels is up to 0.4 million tons of conventional fuel.
The water vapor emissions into the environment
are expected to decrease by about 2 million tons.

In Ukraine, there are many forests, which al-
lows for the annual production of about 2 million
m? lumber. At sawmills, drying makes up, at least,
80% of the total manufactured lumber. In the do-
mestic market, they are subject to complete de-
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Fig. 10. Energy consumption and environmental safety of drying processes in various industries:
a) energy consumption for drying in industries (million tons of conventional fuel); b) emissions
of water vapor into the environment (million tons)

hydration. The drying equipment of this industry
mainly consists of outdated periodic or continu-
ous action dryers with a capacity ranging from
10—20 m® to 200—300 m?®. The specific heat con-
sumption for evaporation of 1 kg moisture ranges
from 4000 to 8000 kJ. The total heat consumption
in this industry is about 1 million tons of conven-
tional fuel, with approximately 0.6 million tons of
water vapor released into the environment.

The Institute has designed an energy-efficient
geothermal tunnel-type dryer on water heaters,
with thermal water at a temperature of 45—70 °C
used as fuel. In this dryer, the energy is consumed
only to drive the fan and the circulation pump for
geothermal water. Therefore, the energy con-
sumption is lower than in the similar dryers ope-
rating on vapor heaters (Fig. 9).

The condensation drying method with the use
of a heat pump is the most effective in the world
today for dehydrating both lumber and other ma-
terials. It is the most heat-labile in relation to de-
hydrated materials, with its parameters fully cor-
responding to natural drying. The energy con-

ISSN 2409-9066. Sci. innov. 2023.19 (2)

sumption per 1 kg evaporated moisture in many
cases is lower than the theoretically possible one
for thermal drying and is equal to 2000—2200 kJ
due to a high energy conversion coefficient that
may reach 5. This is the only environmentally
safe method of drying, because all the moisture
evaporated from the material condenses in the
heat pump evaporator and is collected in the form
of water, without polluting the environment. This
method is the future of the drying technology.

The energy saving potential for this industry is
estimated at 0.3 million tons of conventional fuel,
with the water vapor emissions into the environ-
ment decreasing by about 0.2 million tons.

The largest estimated energy costs for drying
in various branches of industry of Ukraine have
been reported for the production of construction
materials (approximately 2.1 million tons of con-
ventional fuel), lumber, wood and agricultural bio-
mass (1.5 million tons of conventional fuel), coal
and peat (about 1.4 million tons of conventional
fuel), agro-industrial complex (about 1.2 million
tons of conventional fuel), chemical, pharmaceu-
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tical materials, paper, fabrics, etc. (0.4 million
tons of conventional fuel). Together, they total
6.6 million tons of conventional fuel (Fig. 10, ).

The largest greenhouse gas emissions have been
reported for the coal and peat industry (9.5 mil-
lion tons of water vapor); the agricultural indus-
try (4.7 million tons of water vapor); lumber,
wood, and agricultural biomass (1.7 million tons of
water vapor); the manufacture of chemical, phar-
maceutical materials, paper, fabrics, etc. (1.4 mil-
lion tons of water vapor); and construction mate-
rials (0.6 million tons of water vapor). Together,
they total 17.9 million tons of water vapor annu-
ally (Fig. 10, b).

The analysis of energy consumption and envi-
ronment indicators has shown that drying pro-
cesses are quite energy-intensive and dangerous
for environment. About 10% of energy resources
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EHEPTETWYHI TA EKOJIOITYHI OCOBJ/JIMBOCTI ITPOLECIB CYHIITHHA

Beryn. [noGanbHuME Ha CbOTOAHI € IPoGJIeME eHEPropecypco3bepekeHH st Ta eKoJIoTil. EHepreTiyHa IOTYKHICTh CBITOBOTO
BUPOGHUIITBA 3POCTAE MIBUJIIE, HIXK 00CATH TPOMECIOBOrO BUpoOHuITBa. Hapasi y csiti icHye nedinur eneprii ta 36ibIiy-
€TbCs1 3a0PY/IHEHHSI HABKOJIMIITHBOTO CEPEOBUIINA, OCKLIBKY 32 OCTAHHI POKU IIPOMUCJIOBE HABAHTAKEHHS Ha JIOBKIJLIISI 3DOC-
JI0 B IeKibKa pasiB. ToMy HUHI M ABUIYETHCSA 3HAYNMICTH EHEPrOPECYPCO30EPEKEHHSI Ta €KOJIOTII.

IIpo6GaemaTuka. CyliHHs HaJI€KUT 10 CKIAAHIX eHEPrOEMHIX TEXHOJOITYHIX IIpolieciB. BUpoOGHUIITBA, SIKi BUKOPHC-
TOBYIOTb TIPOIIECH CYIIIHHSI, € 3HAYMMUMU CEPEJL IHIITUX TPOMUCJIOBUX ITiJAINPUEMCTB 32 KiJIbKICTIO BUKOPUCTOBYBAaHUX €HEP-
ropecypciB. BukopucratHs 3acTapijioro cymuiabHOTO 00JIafHAHHS Ta HEeJOCKOHAIUX TeXHOJIOTTUHKUX TIPOIIECIB IIPU3BOAUTh
JI0 BUTPAT 3HAYHOI KiJIbKOCTI €HEPrOHOCIIB Ta 3a0pyIHEHHSI CePEIOBUIIA BOASHOIO MAPOIO, SIKA BXOAUTD JI0 CKJIa/ly NapHUKO-
BUX rasiB. ToMy aKTyaJIbHUM € MOIIYK HIJISXIB 3MEHIIEeHHS [UX HeTaTUBHUX HACJII/IKIB.

Mera. Busnaverns Ta aHasi3 TEHAEHIIH 3MEHIIEHHsT BUTPAT €HEPrOPeCypCiB Ta Hebe3MeUHNX BUKU/IIB BOASHOI TTapy B
rporecax CyIuriHms.

Marepianu it Meroau. Bukoprcrano aHaaiTHdHI Ta TPaKTUYHI METOIH, TIOPiBHSJIbHO-aHAI TUYHII 1 CHCTEMHUI T IXO/TH.
MarepiajiaMu ciryryBaii HAyKOBI [Ipaiti il po3po0OKY YKPaTHChKUX HAYKOBIIIB, IPUCBSIUEHI 3a3HAYEHIN TPoGaeMaTHIL.

PesynbraTu. Y3arajibHeHO OCHOBHI CrIOCOOM eHepro3bepesKeH sl Ta 3MEHIIEHHS] BUKUJIIB BOJISIHOI IAPH ITiJ[ Yac CYIIiHHSI.
Po3pobku HayKoBI[iB YKpaiiu, aki npamioors B IncTutyTi Texuiunoi rermodisukn HAH Ykpainu, 103B0JSAI0T OTpUMATH
3HAYHUH TOTEHIN AT eHepro3bepesKeH s, AKIi OIHIOETbCS B 2,0—2,1 MJIH T.V.IL., Ta 3MEHIIEHHS eKOJOTIYHO HeGe3meqHnX
BUKHW/IiB BOJIHOI TTapH TIIOHAIMEHTIe Ha 4 MJIH T Ha PiK.

BucnoBku. CTBOpEHHS Ta BIIPOBA/KEHHSI HOBOIO eHeproeeKTUBHOTO i eKOJIOrYHOOe31eYHOr0 00IaIHAHHST i TEXHOJI0-
il He TiJIbKU JO3BOJKMTH 3MEHIIUTH €HePro3aTpaT i BUKUAU HeGe31IeuHOl BOISHOI IIapU B HABKOJIUIIHE CEPEIOBUIILE, a I
JIaCTh 3MOT'Y OIITUMi3yBaTH BUKOPUCTAHHS CUPOBUHU Ta OTPUMAHHS SIKICHOI IIPOYKI y IIpoIiecax CyIIiHHS.

Kniouoei cnosa: enepro3bepesKeHHsl, CYIIiHHs, €KOTOTis.
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