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The article is devoted to the formation of marketing-mix elements for resource-saving

ecological technologies of fallen leaves utilization that basis on technological process

analysis. There is no doubt about statement that fallen leaves are beautiful. However, the

romance of autumn leaves charms everyone, except those people, which forced to clean it

up. In situation when people got a lot of trees and bushes on the garden, they need to

clean leaves as fast as possible in order not to damage the grass cover. Every year utility

workers and gardeners go to “battlefield”, several times raking tons of fallen leaves and

piles of leaves that also serves as shelter for small animals and promotes for saving and

reproduction of microorganisms. Meanwhile dissolution of the leaves emits methane gas,

which is more than 20 times more destructive that CO2. Despite the ban and big fines,

people continue to burn leaves piles, guided by habit and reluctance to spend on the

payment of removal. Considered that fallen leaves should be disposed of as organic fertilizer

and processed as organic fuel. A fundamental review of the existing waste disposal and

recycling technologies was carried out leaves. Author offering a solution about resource-

saving eco-technology of the disposal fallen leaves and gives his opinion about the prospect

of further development of existing progressing technologies, exception is obtaining biogas.

Also explained the tendency of consider them as interesting technical solution that has

been tested, for example creating a resource-saving eco-technology for the disposal of

fallen leaves. Resource-saving eco-technology and equipment that works autonomously

for bio recycling and heat recycling of leaves which fallen is proposed for consideration.

That helps you to avoid many problems such as design-technological and organizational-

logistic. Technology doesn’t require operations of grinding, washing, re-grinding and

pressing, which makes it unnecessary to involve the most difficult mechanisms and devices

which isn`t cheap. That equipment has no heating system, which makes insignificant

values of indicators of combustion, heat generation, content of harmful impurities;

thermobriquettes are transportable which excludes the ingress of moisture and oxygen.

Also, cross terrain vehicle can`t transport leaves or biomass, it doesn’t increase fuel

consumption during heavy traffic.

Keywords: fallen leaves, useful properties, properties saving, autonomous equipment.

DOI: 10.32434/2415-3974-2022-16-2-137-143

Introduction

Fallen leaves [1-6] are beautiful. However, the
romance of autumn leaves charms everyone (Fig.
1a), except those people, which forced to clean it
up. In situation when people got a lot of trees and
bushes on the garden, they need to clean leaves as

fast as possible in order not to damage the grass
cover. Every year utility workers and gardeners go to
“battlefield”, several times raking tons of fallen leaves
and piles of leaves that also serves as shelter for small
animals and promotes for saving and reproduction
of microorganisms. Meanwhile dissolution of the
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leaves emits methane gas, which is more than 20
times more destructive that CO2.

People guided by habit and reluctance to pay
for removal continue to burn leafy piles (Fig. 1b),
despite the ban and significant fines. This act is
according by “smoke show” with persistent bitter
smoke and dust emissions that also gets on clothes
and respiratory tract.

While 100 kg plant residues are burning, about
1 kg of smoke micro-parts   enter the air, which
contain: dust, nitrogen oxide, pesticides,
radionuclides, heavy metals, a number of
carcinogenic compounds and almost 0,3 kg of carbon
monoxide, which blocks the supply of oxygen to
body tissues.

Benzolyrene can cause cancer and dioxins.
There are released from smoldering leaves without
access to oxygen. And there are almost poisonous
substances too. At the same time leaves which a lot
of garden owner junk usually burns, it significantly
increases air pollution. Polymer bags and bottles add
about 70 harmful compounds to the “autumn
smoke”.

Fallen leaves can be used as organic fertilizer
and fuel [6-12]. In 3…4 years, it will completely rot
and turn into a homogeneous mass – called humus
(Fig. 1c). That it can be used to fertilize plants both
in the open ground and added to pots with indoor
plants or boxes with seedling. It is troublesome, but
in the conditions of a small homestead it can be
expedient. Air in cities, can be polluted by emissions
from, factories, cars and buses. People have to deal
with leaves in a slightly different way. Green leaves,
act role of sponge, absorb all harmful emissions, and
fallen leaves return all these harmful substances to
the soil, poisoning it. In cities, fallen leaves have to
be collected, transported to a landfill or to an enter
price for processing into fuel cells. When they are
burned, ash remains, which can be used as valuable

fertilizer that containing useful components:15-20%of
potassium, 6-0% calcium, 5% phosphorus, as well
as iron, magnesium, sulfur and zinc. Ash can be
used to fertilize not only trees, but also vegetable
gardens.

Purpose of the article

Formation of marketing-mix elements for
resource-saving ecological technologies of fallen
leaves utilization that basis on technological process
analysis is the purpose of the article.

Presentation of main material

In our country municipal workers mostly the
collecting falling leaves with rakes (Fig. 1a) like
ordinary garbage than take it to landfills which
overflowing. Meanwhile municipal workers in
developed countries more responsible and using
modern approach, starting with the involvement of
powerful and mobile vacuum cleaners for collecting
fallen leaves (Fig. 1b).

Which are effective for collecting fallen leaves
from hard coatings and lawn or gravel tracks. Thanks
for the mulching function, vacuum cleaners grinding
fallen leaves into a homogeneous mass, their density
about 5 to 15 times higher that whole leaves got.
Chopped biomass is delivered to place of processing
or disposal [1]. Of course, it is much better than
loading a dump truck, but landfills or processing
plants are usually located far from the city. Perhaps,
it will be more economical to process the fallen leaves
directly at the place of collection and further use of
the product by an autonomous disposer. That also
applies the received fertilizer.

In the EU countries, falling leaves, bushes, dry
grass and other plant biomass collected by sanitary
cleaning of parks, streets or house owners processed
into high-quality organic fertilizer. Its used to feed
the same parks, streets or householders [2]. Plant
residues are inextricably linked with a microbiological
component consisting of a wide range of bacteria,

                          a                                                          b                                                        c

Fig. 1. A typical relation to fallen leaves, where: romantic beauty (à. [1]), ecological disaster (b. [2]) and lost benefit (c. [1])
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microscopic fungi and their by-products. Every
natural process accompanies the decomposition of
matter, which causes certain difficulties in
transportation, storage and burning. Even after 4…5
months of storage, the biomass was seeded with
fungal spores, of which about 55 strains were found.
Contamination of raw materials with microscopic
fungi or their metabolites can cause respiratory,
intestinal, and nervous diseases in humans when using
products made from plant raw materials [8-11]. But
how dangerous situations, when harmful elements
and organisms accumulated during the season in
fallen leaves migrate to the soil from fertilizer during
dissolved or to the air from briquettes while them
burning. Maybe, looking for safe and quick means
of decontamination of leaves will be advisable.

Leaves that have been left in the garden, soil
or landfill gradually decompose with the release of
methane into the atmosphere, with causes a
greenhouse effect 20 times more actively than carbon
dioxide is. At the same time, burning fallen leaves in
boilers or furnaces with sufficient access to oxygen,
no more than the amount of carbon that was absorbed
by the plant during the last summer enters the
atmosphere [8, 9]. It seems only in the case is about
collection and burning. But under the mandatory
condition of supplying a sufficient amount of oxygen
to the combustion zone of thermal equipment, fallen
leaves make less damage to the surrounding
environment.

As we all know, leaves, grass and etc. aren“t
best material for burning in boilers, because of high
content of potassium and chlorine in them causes
slagging of the heat exchange surfaces of the boiler
equipment and rapid corrosion. And the ash content
exceeds all permissible indicators of DIN EN 14961-
6. Ash content reaches 30% in leafy elements. The
reason for the high ash content of the leaves lies in
high content of sand, earth and various dust, which

requires and additional operation of complex
washing, and accordingly the presence of water
communications and complex equipment. Before and
after intensive washing, the leaves are crushed,
process isn“t effective with ordinary shredders –
special shredder are required, and some moisture is
squeezed out mechanically. Sand, solid impurities,
dust up to 90% of potassium and chlorine
compounds, up to 50% of sulfur and nitrogen are
washed out of the biomass, and crushing is
eliminated. In addition to water, displaced liquid
contains a significant amount of various nutrients
(salts), which should be used as fertilizer [7-11]. The
problem of solid impurities is solved. But what to do
with organic impurities during burning leaf briquettes.

Residue of dust, small particles, hidden bacteria
and mold in briquettes is a can be sign of breathing
hazard, low mechanical strength and rapid wear. This
indicator is important during transportation, storage
and supply of briquettes to the boiler for burning, as
it can be the cause of losses loading and unloading
operations, decrease their mass. In addition, during
combustion in small boilers, the supply of oxygen
and thus can lead to decrease in boiler efficiency
and even make damage to expensive equipment.
Distribution of energy costs in the production of
leaves briquettes can be as follows: grinding up to
16%, drying up to 70%, compaction up to 17%.
Accordingly, a typical scheme for the production of
fuel elements from fallen leaves, such as “Leaf Log”
briquettes (Fig. 3, a), involves the following
operations: collection and transportation of fallen
leaves or shredded biomass, washing and additional
grinding of biomass (fractional composition – up to
1 sm), pressing and drying (optimal moisture content
of bio-raw materials is about 8…12%), mixing with
a binding material (30% wax), compaction with
shaping and packaging [7-11].

                                           a                                                                                     b

Fig. 2. Typical means of collecting fallen leaves, manual (à. [1]) or halfmechanized (b. [1])
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One of the main structural and technological
problems of fuel briquettes are next: need to preserve
the integrity and suitability of the product, which is
significantly affected by the level of moisture and
the presence of oxygen during storage (Fig. 3b).

By absence of hermetic packing, the surface is
“heated”, providing somewhat great stability, but it
doesn’t resistance to mechanical destruction – the
fragile briquette isn’t able to ensure uniform
combustion. The additional involvement of the
binding material, apart from the fact that it increases
the cost and complexity of the project, also it doesn’t
solve the problem of preserving the binding properties
when the briquettes enter the furnace. Natural or
synthetic polymers are mainly used as a binding
material, which is due to the desire to increase the
calorific value of the briquettes. As a result, briquettes
quickly lose their shape and burn rapidly in the
furnace also releasing into the air, as stated above in
the introduction to article, an additional 70 harmful
compounds [11-15].

On the basis of the above review, according to
the authors, restrained attitude towards the further
development of the existing processing technologies,
with the exception of obtaining biogas [1], is formed,
and they are inclined to consider them as interesting
tried and tested technical solutions for creation of a
resource-saving ecotechnology for the utilization of
fallen leaves according to the following list of
individual provisions of the initial requirements:

1. An experimental sample of autonomous
equipment for eco-technological disposal of fallen
leaves, which is intended for installation on the
chassis of all-terrain vehicles capable of operating in
conditions of covered roads and off road on soils
with low carrying capacity. Type of climatic
performance of UL according to DSTU 15150.

2. The goal and purpose of the development is

creating a pilot sample of resource saving autonomous
equipment for the eco technological disposal of fallen
leaves, which ensures the mechanized execution of
operations from full cycle of disposal, also packing
of production on collect place.

3. Main parts driving mechanisms of the
prototype from the power take-off shaft of the all-
terrain vehicle, which provides for the assembly/
disassembly of autonomous equipment using resource
saving eco technology into two various: bio-recycling
and thermo-recycling without fundamental changing
design and primary purpose.

4. The eco-technological scheme of biological
utilization is about mechanized collection and loading
of fallen leaves, cleaning them from organic
impurities, formation of bio briquettes and slow
cooling (seedling container containing only useful
inorganic impurities), fermentation and packaging.

5. The eco-technological scheme hear
utilization is about mechanized collection and loading
of fallen leaves, perforation to form thermobriquettes
and intensive burning forced air supply, cooling of
ash (fertilizer containing only useful inorganic
impurities), then spraying and packing if it“s
necessary.

6. The eco-technological scheme provides
possibility of alternate, as needed, involvement of
certain mechanisms of resource-saving autonomous
equipment during bio recycling and thermal
recycling, which allows expanding commercial
opportunities and more carefully coordinating the
volume of fallen leaves and additional materials needs.

7. An all-terrain vehicle provides exceptional
logistical advantages, as it allows to preform work
regardless of the day time, the vagaries of the weather
and the topography of the work area. Instead of
transporting, chopped biomass or fallen leaves are
going to landfill on high terrain tires, which have

                                             a                                                                                       b

Fig. 3. General view of typical fuel briquettes from fallen leaves, where the binding material is 30% wax (a) [10]

and 20% lignin (b) [11]
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significant rolling resistance and fuel consumptions,
transporting will stand and idle with minimal fuel
consumption.

Conclusions

By means of a comparative analysis of
technological processes of the utilization of fallen
leaves, it is proved that the most effective is resource-
saving ecotechnology and autonomous equipment
for biological and thermal utilization of fallen leaves
which allows avoiding many structural, technological,
organizational and logistical problems, as it provides
the best technical performance. The following
advantages of the technology have been highlighted:

– firstly, technology doesn’t require grinding,
washing, re-grinding and pressing operations, which
makes it unnecessary to involve the most difficult
and expensive mechanisms and devices;

– secondly, an equipment isn’t heating system,
which makes the values of combustion indicators,
heat generation, the connect of harmful impurities
not important;

– thirdly, biobricket is not sensitive to moisture
content, which makes its internal contents digested
and free of harmful impurities before planning
seedlings;

– fourthly, thermo-briquette isn’t sensitive for
transporting, that makes content of moisture and
oxygen not important;

– fifthly, an all-terrain vehicle doesn’t transport
leaves or biomass, which makes increased fuel
consumption during heavy traffic not important.
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ÌÀÐÊÅÒÈÍÃÎÂÀ ÑÊËÀÄÎÂÀ ÐÅÑÓÐÑÎÇÁÅÐ²ÃÀÞ×ÈÕ
ÅÊÎËÎÃ²×ÍÈÕ ÒÅÕÍÎËÎÃ²É ÓÒÈË²ÇÀÖ²¯ ÎÏÀËÎÃÎ
ËÈÑÒß

Íàóìåíêî Î.Ï., Êóë³í³÷ Ì.À., Ïëàõîò³í Ê.Î., Íàóìåíêî Î.Î.

Ñòàòòþ ïðèñâÿ÷åíî ôîðìóâàííþ åëåìåíò³â êîìïëåêñó
ìàðêåòèíãó äëÿ ðåñóðñîçáåð³ãàþ÷èõ åêîëîã³÷íèõ òåõíîëîã³é óòè-
ë³çàö³¿ îïàëîãî ëèñòÿ íà îñíîâ³ àíàë³çó òåõíîëîã³÷íîãî ïðîöåñó.
Îïàëå ëèñòÿ – öå, çâ³ñíî, êðàñèâî. Ïðîòå ðîìàíòèêà îñ³ííüîãî
ëèñòÿ ÷àðóº âñ³õ, êð³ì òèõ, õòî âèìóøåíèé éîãî ïðèáèðàòè.
ßêùî íà ä³ëÿíö³ áàãàòî êóù³â ³ äåðåâ ïîòð³áíî â÷àñíî, àáè íå
ïîøêîäèòè òðàâ’ÿíèé ïîêðèâ, çâ³ëüíèòè ãàçîí â³ä îïàëîãî ëè-
ñòÿ. Ùîðîêó êîìóíàëüíèêè òà ñàä³âíèêè âèõîäÿòü íà «ïîëå
áîþ», ê³ëüêà ðàç³â çãð³áàþ÷è òîííè îïàëîãî ëèñòÿ äî êó÷ –
âëàñíîðó÷ ñòâîðþþ÷è ì³ñöå çèìîâîãî çàòèøêó íå ò³ëüêè ì³ëêèõ
òâàðèí, à é çáåðåæåííÿ òà ðîçìíîæåííÿ áàãàòüîõ øê³äíèê³â.
Ïðîäîâæ ðîç÷èíåííÿ ëèñòÿí³ êó÷³ âèä³ëÿþòü ãàç ìåòàí, ÿêèé
ïîíàä 20 ðàç³â á³ëüø ðóéí³âíèé äî íàâêîëèøíüîãî ñåðåäîâèùà,
í³æ ÑÎ2. Íåçâàæàþ÷è íà çàáîðîíó òà çíà÷í³ øòðàôè, ëþäè
ïðîäîâæóþòü ïàëèòè ëèñòÿí³ êó÷³, êåðóþ÷èñü çâè÷êîþ òà íå-
áàæàííÿì âèòðà÷àòèñÿ íà îïëàòó âèâîçó. Àëå ââàæàºòüñÿ,
ùî îïàëå ëèñòÿ äîö³ëüíî óòèë³çóâàòè, ÿê îðãàí³÷íå äîáðèâî òà
ïåðåðîáèòè, ÿê îðãàí³÷íå ïàëèâî. Çä³éñíåíî ïðèíöèïîâèé îãëÿä
³ñíóþ÷èõ òåõíîëîã³é óòèë³çàö³¿ òà ïåðåðîáëåííÿ îïàëîãî ëèñ-
òÿ. Íà äóìêó àâòîð³â ðîáîòè, ñêëàäàºòüñÿ ñòðèìàíå â³äíî-
øåííÿ äî ïåðñïåêòèâè ïîäàëüøîãî ðîçâèòêó ñàìå ³ñíóþ÷èõ
òåõíîëîã³é ïåðåðîáëåííÿ, çà âèíÿòêîì îäåðæàííÿ á³îãàçó, òà
ïîÿñíþºòüñÿ ñõèëüí³ñòü ðîçãëÿäàòè ¿õ ó ÿêîñò³ ö³êàâèõ â³äïðà-
öüîâàíèõ òåõí³÷íèõ ð³øåíü ïðè ñòâîðåíí³ ðåñóðñîçáåð³ãàþ÷î¿
åêîòåõíîëîã³¿ óòèë³çàö³¿ îïàëîãî ëèñòÿ. Îñíîâíèìè ðåçóëüòà-
òàìè ñòàòò³ º ðîçãëÿíóòà ðåñóðñîçáåð³ãàþ÷à åêîòåõíîëîã³ÿ
òà àâòîíîìíå îáëàäíàííÿ á³îóòèë³çàö³¿ ³ òåðìîóòèë³çàö³¿ îïà-
ëîãî ëèñòÿ, ùî äîçâîëÿº óíèêíóòè áàãàòüîõ êîíñòðóêö³éíî-
òåõíîëîã³÷íèõ òà îðãàí³çàö³éíî-ëîã³ñòè÷íèõ ïðîáëåì, îñê³ëü-
êè: òåõíîëîã³ÿ íå ïîòðåáóº îïåðàö³é ïîäð³áíåííÿ, ìèòòÿ, ïî-
âòîðíîãî ïîäð³áíåííÿ òà ïðåñóâàííÿ, ùî ðîáèòü íåïîòð³áíèì
çàëó÷åííÿ íàéá³ëüø âàæêèõ òà çàòðàòíèõ ìåõàí³çì³â ³ ïðè-
ëàä³â; îáëàäíàííÿ íå º îïàëþâàëüíîþ ñèñòåìîþ, ùî ðîáèòü íå
âàæëèâèìè çíà÷åííÿ ïîêàçíèê³â ãîð³ííÿ, òåïëîóòâîðåííÿ,
âì³ñòó øê³äëèâèõ äîì³øîê; á³îáðèêåò íå º ÷óòêèì äî âì³ñòó
âîëîãè, ùîäî âèñàäæåííÿ ðîçñàäè ðîáèòü éîãî âíóòð³øí³é âì³ñò
ïåðåòðàâëåíèì òà áåç øê³äëèâèõ äîì³øîê…; òåðìîáðèêåò íå º
÷óòêèì äî òðàíñïîðòóâàííÿ, ùî ðîáèòü íå âàæëèâèìè âì³ñò
ó íüîìó âîëîãè òà êèñíþ; âñþäèõ³äíèé òðàíñïîðòíèé çàñ³á íå
òðàíñïîðòóº ëèñòÿ ÷è á³îìàñó, ùî ðîáèòü íå âàæëèâèì ï³äâè-
ùåí³ âèòðàòè ïàëüíîãî ïðè íàâàíòàæåíîìó ðóñ³.

Êëþ÷îâ³ ñëîâà: îïàëå ëèñòÿ, êîðèñí³ âëàñòèâîñò³,
åêîíîì³ÿ ðåñóðñ³â, àâòîíîìíå îáëàäíàííÿ.
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The article is devoted to the formation of marketing-mix
elements for resource-saving ecological technologies of fallen leaves
utilization that basis on technological process analysis. There is no
doubt about statement that fallen leaves are beautiful. However, the
romance of autumn leaves charms everyone, except those people,
which forced to clean it up. In situation when people got a lot of trees
and bushes on the garden, they need to clean leaves as fast as
possible in order not to damage the grass cover. Every year utility
workers and gardeners go to “battlefield”, several times raking tons
of fallen leaves and piles of leaves that also serves as shelter for
small animals and promotes for saving and reproduction of
microorganisms. Meanwhile dissolution of the leaves emits methane
gas, which is more than 20 times more destructive that CO2. Despite
the ban and big fines, people continue to burn leaves piles, guided
by habit and reluctance to spend on the payment of removal.
Considered that fallen leaves should be disposed of as organic fertilizer
and processed as organic fuel. A fundamental review of the existing
waste disposal and recycling technologies was carried out leaves.
Author offering a solution about resource-saving eco-technology of
the disposal fallen leaves and gives his opinion about the prospect of
further development of existing progressing technologies, exception is
obtaining biogas. Also explained the tendency of consider them as
interesting technical solution that has been tested, for example creating
a resource-saving eco-technology for the disposal of fallen leaves.
Resource-saving eco-technology and equipment that works
autonomously for bio recycling and heat recycling of leaves which
fallen is proposed for consideration. That helps you to avoid many
problems such as design-technological and organizational-logistic.
Technology doesn’t require operations of grinding, washing, re-
grinding and pressing, which makes it unnecessary to involve the
most difficult mechanisms and devices which isn`t cheap. That
equipment has no heating system, which makes insignificant values
of indicators of combustion, heat generation, content of harmful
impurities; thermobriquettes are transportable which excludes the
ingress of moisture and oxygen. Also, cross terrain vehicle can`t
transport leaves or biomass, it doesn’t increase fuel consumption
during heavy traffic.

Keywords: fallen leaves, useful properties, properties sav-
ing, autonomous equipment.
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