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ABSTRACT

Globally, energy needs are increasing and leading to increased
energy use on agricultural land. In this regard, in the face of
growing environmental problems, it is extremely important to
apply farming methods that maximize energy efficiency and save
resources. This is the reason for the choice of the topic of the
scientific article. The purpose of this study is to analyze possible

ways of agroecological transition and develop recommendations
Email: on the organizational and economic foundations of energy
mazina_ainur@mail.ru conservation in agriculture. The article uses the methods of
economic research: monographic, abstract-logical, computational-

JEL Classification: constructive, correlation-regression analysis, deterministic factor
Q4, Q42, Q48, Q5 analysis, economic and mathematical modeling, etc. Results:
Doi: in the context of the energy transition, agriculture faces a dual

task: to reduce dependence on fossil fuels and provide society, in
addition to food, with bioenergy to replace fossil fuels. The reality
UDK: of this task depends on the ability of agriculture to achieve energy
neutrality, that is, to balance external energy consumption with
energy recovery from internal sources. This, in turn, depends
on the political will of the states and the support of society.
Conclusions: the most important principle of agricultural policy
should be the search for harmonization of state energy policy and
its consequences for the agricultural world with the goals of food
production, combating soil artificiality, carbon accumulation in
the soil, maintaining biodiversity and public health well-being.

10.61432/CPNE0201063m

631.15:[629.331:620.92

Key words: energy saving mechanisms, agriculture, agroecology,
energy generation and storage, decentralization of energy
production

1. INTRODUCTION

Agriculture was once the main source of energy for pre-industrial societies and practi-
cally the only source of mechanical energy before the Industrial Revolution. The task of
energy transition requires a new recognition of agriculture as an energy source capable
of providing society, in addition to food, with bioenergy to replace fossil fuels. Howev-
er, current agriculture is heavily dependent on fossil fuels and, therefore, it is far from
a renewable energy system.

From the late 1960s to the present day, the role of energy in agri-food systems and, in
particular, dependence on fossil fuels have been studied and evaluated with increasing
research interest. An analysis of the energy metabolism of agricultural systems can
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provide insight into the structural deficit or excess of energy, as well as the complex
relationships between energy consumption and productivity (Hryhoriv, 2019).

Agricultural transitions lead to structural changes in the energy exchange and food
capacity of agriculture and emphasize the importance of industrial ecology approaches
in promising agricultural modeling. The use of external resources makes it possible to
eliminate internal productivity constraints and, in the case of fossil fuels, ensure high
agricultural productivity due to depleted resources that disrupt the carbon cycle.

In this regard, the task of agriculture is to neutralize energy dependence on external
resources through energy recovery from internal sources, which is very little studied in
the scientific literature.

Energy neutrality in agriculture means producing the same amount of energy from
domestic sources as consumption from external sources to support food production.
Energy neutrality is a guarantee of food security in the face of volatile fossil fuel prices
and potential shortages in the future, as well as a prerequisite for agriculture to become
a clean source of energy for society. Only by achieving energy neutrality can agriculture
contribute to bioenergy in the energy transition (Michurina et al., 2024).

Based on this, the relevance of the chosen topic is due to the fact that no study has
gone beyond assessing the potential energy self-sufficiency of isolated crops or live-
stock systems.

Thus, the purpose of this study is to analyze possible ways of agroecological transition
and to develop recommendations on the organizational and economic foundations of
energy conservation in agriculture on the way to the transition to an environmentally
friendly energy transition.

2.METHODS

The general methodological basis of the study was the dialectical method of studying
economic phenomena and processes, the most important attributes of which are a sys-
tematic approach and system analysis. Within the framework of the system analysis,
various techniques, methods and methods of economic research were used: mono-
graphic, abstract-logical, computational-constructive, correlation-regression analysis,
deterministic factor analysis, economic and mathematical modeling, etc.

3.RESULTS

The renewable energy sector is the subject of numerous studies and therefore rep-
resents technological innovations in most energy sectors of the agricultural sector.

However, the key issue in the energy-saving approach in agriculture is the problem
of energy storage. Energy storage and, in particular, electricity should be developed
taking into account the necessary growth of renewable energy sources, some of which
suffer from a lack of intermittency (wind and solar energy). This issue goes beyond
the agricultural world. A single “reasonable” energy management by combining vari-
able sources of production, main sources (nuclear) and additional sources (hydraulic,
thermal power plants) will not be enough in the case of high rates of introduction of re-
newable energy sources, although it is desirable (the idea of smart grids) (Melnyk et al.,
2018). Similarly, the distribution, that is, the distribution of objects across the territory
in different climatic zones, is desirable, but not enough. In any case, the development
of these energy sources will require the adaptation of distribution networks.

Since electricity itself cannot be stored, it must be converted into chemical, electro-
chemical, or mechanical energy. According to Christophe Guth, president of the Na-
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tional Alliance for the Coordination of Energy Research (Ancre), “we will have to devel-
op breakthrough innovations in the field of electricity storage in order to support the
growth of renewable energy capacity.”

There are various storage methods, including STEP, batteries, compressed air and hy-
drogen. “Power to Gas” technologies allow storing electricity in the form of gas: this
involves obtaining water by electrolysis (a water molecule is destroyed by electrical
energy using rare metals such as platinum), dihydrogen — or H2, the smallest existing
molecule, more often called hydrogen, which can be stored (which can create safety
problems), transported, and then used for various purposes: mobility, hydrogen or
electricity generation using fuel cells (PAC).

Other energy storage technologies are still at the stage of simple ways: supercapaci-
tors, turbomachines, solid oxide fuel cells (“Solid Oxide fuel cell”), which allows you to
consume a wide variety of fuels containing a mixture of hydrogen and carbon (natural
gas, coal gas, biogas, etc.), flowing batteries (“Redox Flow”), steam reforming (Grift
et al., 2017).

Despite the fact that many projects on environmentally friendly energy-saving technol-
ogies exist and are developing, the industry faces a number of obstacles:

1. Adverse macroeconomic costs

Despite ambitious goals for the development of bioenergy, renewable energy produc-
tion in the agricultural sector remains subject to a number of uncertainties, especially
due to a lack of economic profitability. No sector of renewable energy of agricultural
origin is currently economically viable without government support. Therefore, their
future depends on improving their energy efficiency, raising prices for other types of
energy (for example, by increasing the cost of carbon dioxide emissions) or maintain-
ing sufficient incentive support policies. Moreover, if the fact of integrating their exter-
nalities, in particular their positive externalities, rather requires public support, their
development always remains the subject of demonstrating their real environmental
added value, which is still a matter of debate for some sectors, such as biofuels (Timo-
feev et al., 2017).

Similarly, their macroeconomic costs will be even more adverse if they lead to conflicts
over land use and food production. That is why we must remain vigilant about their
impact on future food security: the production of photovoltaic electricity on earth and,
above all, biofuels, for example, largely consumes agricultural land.

2, Appalling microeconomic costs

At the microeconomic level, renewable energy sources often represent large invest-
ments for farmers with uneven and uncertain economic profitability, which is confirmed
only after a few years. These microeconomic costs can paralyze and become a serious
obstacle to the development of renewable energy sources in the agricultural sector.

The required investments depend on many parameters, but the amounts can be high,
while banks are cautious and financial risks are real. The difficulty of accessing financ-
ing through bank loans for projects whose profitability is sometimes questionable is
an obstacle to the development of renewable energy, and special financing programs
implemented by banks could help eliminate this obstacle. Taxation, which is more fo-
cused on renewable energy sources, will be an important incentive signal to facilitate
farmers’ investments in their development.
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Thus, direct energy production should indeed be profitable compared to delegating
management to energy companies or buying energy on the market, but each project is
specific and strongly depends on its context: the nature of the field and energy source,
accessibility and proximity to it, the field, access to land, proximity to networks, the
nature of the project leader (individual, collective, operator(s), community, agricultur-
al cooperative, etc.), investment potential. As a result, farmers prefer to manage and
develop their resources directly in a short-circuit logic, which also allows them to ben-
efit from most of the value produced, not to mention that the longer the transportation
of waste, the higher its cost to the farmer and its negative external consequences for
society (Yasnolob et al., 2019).

If photovoltaic and wind energy have reached the level of industrial and commercial
maturity, with energy companies playing a central role, which also make profits, farm-
ers are often content to lease their land, and farm-scale methane still raises questions
in the field of research and development.

3. The volatility of some renewable energy sources, such as wind energy
and photovoltaic energy.

The use of renewable energy sources poses the problem of the volatility of some of
them, such as wind and solar energy, especially photovoltaic energy. There is also often
a time lag between the production of electricity (for example, solar panels operating
only during the day) and its consumption to meet needs (for example, the use of elec-
tricity at night for lighting) (Maskell et al., 2013).

Synchronizing supply and demand is a technological challenge that takes the form of
energy storage, especially electricity generated by wind and photovoltaic solar energy.

4. The technological problem of energy storage

As noted above, since the storage of electricity is impossible, it is necessary to convert
it into the form of potential energy of a chemical or mechanical nature. Technological
innovation will be necessary to support the growth of renewable energy sources in our
energy mix. It should also be noted that energy storage solutions have costs (which
can go up to double the cost of the technologies used, for example, in photovoltaic or
wind energy).

5. Obstacles related to social acceptability

Public opinion should fully understand the problems of climate change and agro-en-
ergy transition, transparently using the most advanced scientific knowledge. The fact
that social acceptability is uneven depending on the renewable energy sources under
consideration requires the creation of a hierarchy of the most effective solutions that
should be brought to the attention and explained to the general public.

6. Administrative complexity

For many renewable energy sources (e.g. methane, solar and photovoltaic), project
development is limited by cumbersome administrative procedures. The administrative
and legal complexity of creating and implementing projects is subject to significant
regulatory constraints. In particular, the investigation procedures were considered
excessively long: it takes several years to implement a methanizer project in France
(there are cases that lasted more than 5 years!), whereas, for example, in Germany,
several months would be enough (Timmons et al., 2014).
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The administration should provide feedback on existing files and identify difficulties
and difficult places in order to draw conclusions. Simplification of these procedures
should continue in any case. An organization that would be an intermediary and uni-
versal center for assistance to farmers and procedures related to renewable energy
sources could provide such simplification.

This is far from the main obstacle to the development of renewable energy, but reducing
administrative and legal complexity would help to rationalize their implementation.

7. Lack of professional training

Training courses that, within the framework of secondary or higher education, con-
sider agricultural operations from an energy point of view are rare. However, train-
ing is a major challenge in energy production in the agricultural sector to explore re-
lated issues, interactions, enhance and secure income and avoid usage conflicts. It is
necessary to educate farmers on these issues as early as possible. Agriculture is being
transformed to produce energy, and as Olivier Doher, president of France Gaz Renew-
ables and director of FNSEA explained, “if there are changes in agriculture, there are
‘changes in learning’. Francis Clodpierre believes that one of the reasons for the failure
of methane projects in France is the lack of training, blaming the presence of only four
agricultural universities that offer certification training (Renewables, 2018). Moreover,
it should be not just about the training of farmers, but also about all related professions
(repairmen, electromechanics, analytical laboratories, etc.). The connection of agricul-
tural secondary schools and professional secondary schools in the field of energy would
also be relevant.

Training of energy producing farmers and, in particular, methane farmers seems neces-
sary, since they are most often themselves involved in energy production in this sector.

Other sectors, such as wind power or photovoltaic (PV) energy, seem to require less
training for farmers, since the latter’s actions are not directly involved in energy pro-
duction. In this case, special attention could be paid to economic models and the place
of renewable energy in the economic balance of the enterprise.

4. DISCUSSION

Although it follows from this study that different energy sources in the agricultural
world show opposite results in terms of advantages and disadvantages, especially in
terms of social acceptability, yield or, above all, environmental impact, it is important
to develop an energy transition in light of the complementarity of energies. There will
be no single solution, and several renewable energy sources will have to be mobilized at
the same time, among the latter biogas is particularly in need of development.

Within the framework of this study, the authors of the work have made some recom-
mendations on the draft law on agricultural lands, which could become a vector for the
reform of the agricultural world in favor of agroecology.

1. This first sentence is general and highly political in nature. As the most import-
ant principle, he puts the search for harmonization of state energy policy and its
consequences for the agricultural world with the goals of food production, combating
soil artificiality, carbon accumulation in the soil, maintaining biodiversity and public
health well-being. This reconciliation should make it possible to ensure the priority
of food production over other activities in the agricultural world in order to prevent
the risks of conflicts of use.
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Integrating public health among these priorities aims to articulate the interdepen-
dent issues of health, environment, food, agriculture and energy in a transversal and
systemic vision. Our largely globalized agriculture and food affect the environment
— harm biodiversity, pollution, global warming, soil quality — and shape our gut mi-
crobiota and our entire planet’s immune system — a factor of resistance or vulner-
ability to infectious diseases. While our health policy often intervenes at the end of
the race, on the care aspect and very rarely on the prevention aspect, although these
topics are interdependent. This observation requires thinking about the contribution
of agriculture to energy supply in this broad and end-to-end framework in order to
avoid the reverse effect 188 and identify possible synergies (Owusu & Asumadu-Sar-
kodie, 2016).

2. To clarify the national energy strategy in relation to the agricultural world
and, more generally, to improve the internal coherence of the State’s energy policy
in terms of the development of renewable energy sources by strengthening the role
of Parliament.

This concern for improving the internal coherence of state energy policy in terms of
the development of renewable energy sources, thanks to strategic interministerial
management in the logic of the project, is relevant for the agricultural sector, but
the authors noted the opportunity for other work, its relevance for carbon storage,
disaster management, air pollution, the use of glyphosate or even the regulation of
phytosanitary products (IRENA, 2018).

In addition, Parliament’s role in defining and monitoring the national energy strate-
gy should be strengthened. Such a provision is going in the right direction, but it will
need to ensure that it does not limit Parliament’s role to that of a legislator setting
broad common goals: Parliament should be able to define renewable energy devel-
opment goals for each sector, not just by type of energy, namely electricity, heat, fuel
and gas. The responsibility for personal protective equipment should lie with Par-
liament, and the regulatory approach should only be used to establish a fine level of
detail, and in no case to establish general guidelines by sector.

3. Support research on energy production in the agricultural sector and encourage
the financing of innovative approaches, in particular the addition of an agricultural
component to the energy research strategy

True to their role as a bridge between the political world and the world of research,
the authors call for this third proposal to support research on energy production in
the agricultural sector and encourage the financing of innovative approaches.

Such support requires the mobilization of existing systems to enrich them with an
agricultural component. Therefore, a renewable energy research strategy should in-
clude an agricultural component.

In addition, the innovative use of ICTs and their applications, especially with the use
of artificial intelligence (AI), which allows the creation of intelligent energy networks
(smart grids), should be as broad as possible. For this purpose, basic and applied
research, as well as R&D, can be mobilized before their dissemination and commer-
cialization (Kvon et al., 2018).

4. Ensureregular and rigorous monitoring of energy production in the agricultural
sector, integrating life cycle analysis approaches as much as possible.

Although energy production is not subject to regular monitoring by public authori-

ties, it is proposed to ensure regular and strict monitoring, integrating approaches

as much as possible from the point of view of life cycle analysis, which involves the
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creation of questionnaires on energy production in the agricultural sector (Korovin
et al., 2018). This can be implemented in the form of a general agricultural census
and annual agricultural statistics, but at the expense of expanding the scope of the
study. Moreover, this data should be publicly available.

5. Promote energy production and consumption in the agricultural sector through
incentives to stimulate the attractiveness of business models for farmers, by adapting
regulated prices, holding tenders and open windows, using the lever of agricultur-
al taxation and by removing certain regulatory obstacles to energy production and
consumption in the agricultural sector. This proposal should be operational and will
require the mobilization of the Government and Parliament to stimulate energy pro-
duction and consumption in the agricultural sector.

First of all, we are talking about the continuation and purposeful expansion of the
incentive system, which allows stimulating the attractiveness of business models for
farmers by adapting regulated prices, holding tenders and open meetings. For exam-
ple, certain thresholds for open meters need to be raised, especially with regard to
methane and rooftop solar energy 194 in order to facilitate agricultural projects.

It would also be appropriate to consider using the lever of agricultural taxation by
increasing the ability of farmers to link income from energy production to the agri-
cultural profit regime.

Finally, certain regulatory barriers to energy production and consumption in the
agricultural sector or in nearby areas need to be eliminated, for example, by sim-
plifying administrative and permitting procedures for renewable energy projects in
order to encourage the agricultural world to acquire its own energy sources, energy
production facilities and facilitate its own consumption. Such development should
take place without reducing the requirements related to safety and the environment.

Any government policy should encourage the appropriation of energy production in-
frastructure by farmers and their groups, not just by energy companies or third-party
operators. The fact that the agricultural world is encouraged to purchase its own en-
ergy production plants is especially noticeable in the wind and photovoltaic sectors,
in which farmers are often content with providing land resources. A similar principle
would also make it possible to change the views on these sectors.

Similarly, the sale of energy produced by them is today the dominant economic mod-
el for farmers, but it is necessary to promote the development of their own consump-
tion. They should be able to use the energy they produce on farms, for example by us-
ing more solar heat pumps and local biogas, and by allowing agricultural machinery
to use alcohols and oils produced for the biofuel sector, the use of locally produced
biomethane fuels should be allowed.

Living off food production is a source of pride for many farmers, and the same will
happen with energy production. In this regard, small wind energy, small hydroelec-
tric power and geothermal energy are suitable solutions for self-consumption on
a farm scale.

Without being the subject of an incentive policy, own consumption on the farm re-
mains very limited. Energy production in the agricultural sector can meet the needs
of the farms themselves and/or local consumers in the logic of a territorial closed-
loop economy. Therefore, it is necessary to promote local consumption at the farm
level or in nearby areas, where possible, in “energy communities”. In many cases, es-
pecially in the case of methane, wind power or photovoltaic power, connection to gas
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and electric grids should remain the main goal, but the incentive for self-consump-
tion and the development of technological solutions adapted to the size of farms will
contribute to the production of energy by farmers. It would be possible to introduce
a system to stimulate own consumption, even if public policy should continue to give
priority to the introduction of biogas or electricity into the grid (Daioglou et al., 2016).

The growth of renewable energy sources, which are local sources of energy, will lead
to a transition from a centralized energy system to a more distributed world. This is a
transition period full of opportunities, but also risks, so it will need to be supported.

6. The deployment of territorial energy production projects in the agricultural sec-
tor within the framework of the territorial planning policy.

The authors recommend a territorial approach to energy production in the agricul-
tural sector, integrated into the policy of regional planning. Therefore, the latter
should be enriched by an energy policy of territorial agricultural origin, which does
not take into account local peculiarities in territorial projects, and which can reach
participation mechanisms, with or without “energy communities”.

There is work to be done to rationalize and improve the most effective business mod-
els adapted to territories and various agricultural systems. The dissemination of
these business models should be carried out through enhanced territorial coordina-
tion with the participation of local stakeholders, agricultural chambers and profes-
sional organizations representing the agricultural sector.

Partnerships can take many forms, here are some examples:
«a contract for the purchase and sale of thermal energy (hot air or hot water);
«a contract for the purchase and sale of biomass for a collective boiler house;

«a contract for the supply of animal husbandry waste for the mechanization in-
stallation and, conversely, waste disposal for the methanizer (in the case of
sewage sludge);

«lease of land for wind or photovoltaic installations in exchange for agricultural land
development;

e participation in a legal structure and/or a joint project;

«a contract for the sale of vegetable oils for municipal fleets, a contract for the sale of
electricity or other network.

Several local players with funding or even common equipment (for example, a cen-
tralized boiler room) should participate in the deployment of certain solutions. These
solutions increase the acceptability of renewable energy sources for society, especially
when crowdfunding provides economic benefits for territories.

These territorial projects can also help to unite the rural and urban world in common
views, the first of which is not very dense, but contains resources that allow energy
production, including land, while the second is more often a consumer.

7. Adopt an approach to certification of ongoing projects, for example, in the
form of labeling “Agroenergetics”.

It would be advisable to initiate a certification process for ongoing energy production
projects, for example, using labeling. They can exist at the industry level or be the
subject of an integrated approach under one name. In this case, the authors propose
the labeling “Agroenergy”, which will meet the challenges and risks identified in this
study. Labeling will be aimed at projects that prevent conflicts of use (agrivoltaism,
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sustainable methanization, etc. d.), respect the priority of food production, use life
cycle analysis, or even be part of a territorial approach (Springmann et al., 2018).

8. Improve training in energy production in the agricultural sector at the level of
initial training (secondary and higher), as well as continuing education, with certain
training courses designed to acquire high-level skills, including those related to the
installation and operation of power plants

Awareness-raising among farmers, as well as among agricultural technicians and
consultants, about the problems of energy production in the agricultural sector
should begin at the initial training stage, in secondary and higher education, and
then continue in continuing education.

In addition to awareness and dedication, certain training courses should ensure the
acquisition of high-level skills, including those related to the assembly and manage-
ment of power plants. If wind energy and photovoltaic energy are known and wide-
spread, this is often the result of a lack of knowledge about other technological solu-
tions, such as methane, and the mobilization of participants outside the agricultural
world (energy specialists and developers), which sometimes push for simple turnkey
solutions, but not always beneficial in terms of profits for the agricultural world. En-
ergy production takes a long time, but the workload of farmers varies depending on
the sector, and this leaves more or less room for diversification of their activities.

It is likely that training on energy production in the agricultural sector will enable
farmers to develop more independent and informed strategies.

9. To protect agricultural lands with the help of a new legislative framework

As we have already seen, agricultural land is not always available, and artificial cul-
tivation of land every year leads to a further reduction in available land resources
(Shadrina, 2020). This is one of the obstacles to the development of renewable en-
ergy sources, some of which, such as biofuels or terrestrial photovoltaic electricity,
consume a lot of land and can cause conflicts of use that harm food crops (plants
and animals).

First of all, it should be about bringing these reflections to a proposal for a new legis-
lative framework aimed at better protection of agricultural land. This future bill may
also become a vector for the reform of the agricultural world in the sense of a general
orientation in favor of agroecology in a transversal and systemic vision of the inter-
dependent issues of health, energy, environment and agriculture.

5.CONCLUSION

As for the key factors that make renewable energy sources a vector of rural develop-
ment, the authors suggest:

- Integrate energy strategies into the strategy of local economic development so that
they meet local potential and needs;

«Integrate renewable energy into broader rural economic supply chains such as ag-
riculture, forestry, traditional industry and green tourism;

« Limit subsidies in both volume and duration and use them only to support renew-
able energy projects that become economically viable;

« Avoid imposing renewable energy sources on regions that are unlikely to be able to
accept them;

« Focus on relatively mature technologies such as biomass heat generation, small
hydropower and wind energy;
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«Create a unified energy system based on small networks capable of supporting pro-
duction activities;

« Recognize that renewable energy sources compete with other sectors for resources,
especially land;

« Evaluate potential projects based on investment criteria, rather than based on
short-term subsidy levels;

+ At the local level, gain the support of the population by providing them with clear
advantages and involving them in this process.

As for the obstacles, the authors point out that bioenergy is not synonymous with sus-
tainable energy. The sustainability of bioenergy largely depends on how biomass is
produced and used. Biomass production and use are not necessarily sustainable, for
example, if they have a negative impact on people, the environment or natural resourc-
es and may jeopardize the ability of future generations to meet their needs.

Bioenergy is also associated with environmental and socio-economic risks for rural
areas. For example, land-use change, intensification of forest management, or inten-
sive cultivation of energy plants can lead to a reduction in biodiversity, soil degrada-
tion, water stress, or water pollution. Burning wood biomass can also lead to increased
emissions of some harmful air pollutants, and discussions are ongoing about whether
this type of biomass is truly carbon neutral.

Finally, the authors emphasize the problem of data scarcity: there is no comprehensive
information on the number of projects, the amount of energy produced from renew-
able sources, or installed capacity. Therefore, it is impossible to quantify the contribu-
tion to the introduction of renewable energy sources in rural areas. In the absence of
up-to-date and reliable information on renewable energy sources, it is impossible to
assess the effectiveness of these measures.

Thus, sustainable agriculture occupies a primary place in the era of intelligent farming
or smart farming. In the context of the energy transition, agriculture faces a dual task:
to reduce dependence on fossil fuels and provide society, in addition to food, with bio-
energy to replace fossil fuels. The reality of this task depends on the ability of agricul-
ture to achieve energy neutrality, that is, to balance external energy consumption with
energy recovery from internal sources.
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