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SECTION I. ROLE OF PARTNERSHIPS FOR
INNOVATIVE DEVELOPMENT OF UZBEKISTAN
I.1. Climate change and local communities
(Justification of the needs and requirements for technology)

1.1 Justification
At present, climate change is one of the main challenges which the humanity is facing.
Its consequences are global and unprecedented in scale. Experts predict a further increase
in global warming trends, entailing a set of interrelated problems of food, environmental,
water, energy, social and economic security.
Recently, this issue has become more relevant among the world community. According
to the UN data, over 1.2 million people have died as a result of natural disasters over the
past 20 years. The resultign economic damage amounted to about 3 trillion USD.The UN
predicts that global climate change will only exacerbate water problems, as well as will lead
to an increase in the frequency and severity of floods and droughts. By 2030, the global
water scarcity on the planet could reach 40%.
As UN Secretary General A. Guterres noted, no country in the world is immune to the
climate crisis. In this regard, he called for the consolidation of the efforts by the international
community to combat climate change. If no decisive action is taken today, then the subsequent
adaptation to climate change will require a lot of effort and expense.
Uzbekistan and other states of Central Asia are among the countries most prone to
environmental disasters. As the President of Uzbekistan Sh. Mirziyoyev noted, today every
country feels the destructive effects of the consequences of climate change, and these
negative consequences directly threaten the stable development of the Central Asian region.
According to World Bank experts, if by the end of the 21st century, while maintaining the
current rate, the average temperature in the world will rise by 4 degrees Celsius, then in
Central Asia the increase will be 7 degrees. At the same time, the greatest increase in air
temperature is expected in the Aral Sea region.
In these conditions, the countries of Central Asia remain vulnerable to such dangerous
phenomena as floods, breakthroughs of mountain lakes, landslides, mudflows, avalanches,
dust storms. Natural disasters in Central Asian countries annually lead to losses of up to ten
billion dollars and a deterioration in the situation of three million inhabitants of the region,
more than half of whom live in Uzbekistan.
Analyses show that climate change will further exacerbate water shortages in Uzbekistan,
may lead to an increase in the duration and frequency of droughts, as well as the formation
of serious problems in meeting the economy’s demand for water resources. If in the period
up to 2015 the total water deficit in Uzbekistan was more than 3 billion cubic meters, then
by 2030 it may reach 7 billion cubic meters, by 2050 - 15 billion cubic meters. Over the past
15 years, the provision of water per capita has decreased from 3,048 cubic meters to 1,589
cubic meters.
At the same time, the population of the republic is increasing by an average of 650 - 700
thousand people a year. By 2030, the population of Uzbekistan will be 39 million people,
and their demand for high-quality water is expected to increase from 2.3 billion cubic meters
up to 2.7-3.0 billion cubic meters (by 18-20%). This will lead to an annual increase in water
demand in the utilities sector.
According to calculations, if the current trends and volumes of consumption persist, by
2030 the deficit of energy resources may amount to 65.4 percent of the total demand.
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Rivers with intensive usage and serious
climate and and hydrological changes
Consequences of climate changes in the region
and dust storms as the result of Aral Sea shrinking
Increased risk of environmental disasters connected
with climate change, in mountainous areas and impact
on settlements

Densely populated and important agricultural regions
where environmental impacts are increasing
and unfavorable climate changes take place
Shrinking of glaciers and danger of flooding
causes by breakthroughs of mountain lakes

Illustration 1 – The consequences of climate change

In accordance with the forecast of the Ministry of Energy of Uzbekistan, in the period up to
2030, due to the annual growth of electricity consumption by 6-7%, the increase in production
will be 75%, from 69 billion kWh up to 121 billion kWh. One of the main directions in the
implementation of this task is the development of energy resources through the expansion
of the use of alternative energy sources. At the same time, the population’s demand for
electric energy may reach 21.9 billion kWh, and agriculture - 25.3 billion kWhh per year.1
The most dependent on climate change are the rural population, farmers, small and
medium-sized businesses. The loss of livelihoods due to droughts, deteriorating access to
water, energy and biodiversity is one of the growing threats to the future of many millions of
people, local communities, women and youth.
The impacts of climate change disproportionately affect the most vulnerable populations.
One third of the total population lives in areas of natural disasters (droughts, mudflows,
landslides, floods, avalanches, frosts, dust storms, heat waves), where the situation may
worsen due to increased precipitation, temperature and evaporation.

1

https://review.uz/post/malaya-vozobnovlyaemaya-energetika
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Forecast annual river flow

Shrinking of water resources. Production of irrigated
cotton and grain; external water supply;
ineffective irrigation. Loss of harvest; food insecurity

Forecast increase in river flow by 2030-2050
with further shrinking and seasonal changes

Shrinking of water resources. Densely populated
Fergana valley. Local conflicts for natural resources

Forecast shrinking by 2030-205
No changes/no information

Shrinking of water resources. Densely populated
Amu Darya river delta. Acute shortage of water;
health problems; mass migration.

Illustration 2 – Problems connected to climate change and security2

The livelihoods of rural residents mainly depend on agricultural production. Remote
rural areas, while marginalized, have factors such as physical isolation, vulnerability, low
resource productivity, etc. Gender vulnerability is more common in these areas, as local
women, who are the majority in villages, are mainly engaged in domestic work. But male
migration is increasing, more and more men are forced to work outside their villages and
even countries, and women also have to work away from home. The situation is aggravated
by the insufficient provision of these territories with energy and water.
The projected impact of climate change indicate that in the absence of additional measures,
local communities may face a shortage of water and energy resources, an increase in the
number of droughts and hazards that lead to unsustainable agricultural production and
threaten food and environmental security.
1.2 Systemic response to problems at the country level
In such conditions, the republic is taking systemic measures to adapt and mitigate the
effects of climate change. In particular, in recent years, a number of conceptual documents
have been adopted - the Strategy for Action in Five Priority Areas of Development in 20172021, the Concept of Environmental Protection until 2030, the Strategy for the Republic’s
Transition to a Green Economy for the Period 2019-2030, Strategy for the management
of solid household waste for the period 2019-2028, Concept for the development of
the water economy of Uzbekistan for 2020-2030, Concept for the development of the
hydrometeorological service of the Republic of Uzbekistan in 2020-2025, Strategy for
https://ca-climate.org/about/projects/climate-adaptation-and-mitigation-program-for-aral-sea-basincamp4asb/
2
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water resources management and development of the irrigation sector in the Republic of
Uzbekistan for 2021–2023, Law “On the protection of atmospheric air”.
In these documents, the main priorities of Uzbekistan for mitigating the consequences of
climate change are defined:
1) reduction of emissions of pollutants into the atmosphere;
2) rational use of water resources;
3) the introduction of new, environmentally friendly technologies in various sectors of the
economy;
4) increasing the share of renewable energy sources;
5) an increase in the coverage of the population with services for the collection and
removal of solid household waste.
In order to improve the system of public administration in the field of environmental
protection, institutional reforms have been carried out. On the basis of the Ministry of
Agriculture and Water Resources, two independent ministries have been formed - Ministry
of Agriculture and Ministry of Water Management. The State Committee of the Republic of
Uzbekistan on Ecology and Environmental Protection, the Center for the Hydrometeorological
Service of Uzbekistan have been fully reformed.
The work of Uzbekistan to develop a green economy began in early 2020 on the eve of
the COVID-19 pandemic, after the adoption of the «Strategy for the transition of the Republic
of Uzbekistan to a green economy for the period 2019-2030” in October 2019.3
In April 2021 Program for the Development of Renewable and Hydrogen Energy was
adopted, the National Research Institute of Renewable Energy Sources was established
under the Ministry of Energy[2].
The country is taking measures to improve the energy efficiency of the economy, reduce
the use of hydrocarbons and increase the share of renewable energy sources. Thus, by
2030 it is planned to double the energy efficiency indicator and reduce the carbon intensity
of GDP, ensure access to modern, inexpensive and reliable energy supply for 100% of the
population and sectors of the economy. In the economy of Uzbekistan in 2020-2022 it is
planned to save 3.3 billion kWh of electricity, 2.6 billion cubic meters of natural gas and 16.5
thousand tons of oil products through energy efficiency measures. Modern mechanisms
and standards in construction will be introduced, compensation for the installation of energy
efficient equipment will be provided.
The technical potential of renewable energy sources (RES) in the Republic of Uzbekistan
is 180 million tons of oil equivalent, which is more than three times higher than its annual
energy demand. To use the existing potential more efficiently, Uzbekistan plans to increase
the share of renewable energy sources to 25% by 2030. The objective is enshrined in the
Comprehensive Program for Increasing the Energy Efficiency of the Sectors of the Economy
and Social Sphere in 2019-2022.4
In particular, six solar and three wind power plants with a total capacity of 2,797 MW
are being built in various regions of the republic. It is planned that all power plants will be
commissioned by the fall of 2024.5 Interactive map of the planned energy facilities installation
in Uzbekistan.6
At the same time, measures are being intensified to combat the depletion of water resources
As part of the implementation of the Water Resources Management Strategy of
Uzbekistan for 2021–2023, it is planned to actively introduce water-saving technologies,
including drip irrigation. Thus, it is planned to bring the introduction of water-saving irrigation
https://www.dropbox.com/sh/p0iu9kmjc5ffikw/AAAQn75XsOTNuchwsEcarhDYa?dl=0
https://bigasia.ru/content/news/politics/ssha-i-strany-tsentralnoy-azii-usilyat-borbu-s-klimaticheskim-krizisom/
5
https://review.uz/post/malaya-vozobnovlyaemaya-energetika
6
https://kursiv.kz/sites/default/fiels/users/users29/energiya-vie-k-2030-godu-dolzhna-zakryt-okolo-15%25energobalansa-uzbekistana%20%20(2).jpg
3
4
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technologies from 308 thousand hectares to 1.1 million hectares, including drip irrigation
technologies - from 121 thousand hectares to 822 thousand hectares..
Uzbekistan pays special attention to measures to minimize the effects of drying The
Aral Sea. Desertification and land degradation in the Aral Sea zone occurs on an area of
about 2 million hectares. By creating protective green spaces on the drained bottom of
the Aral Sea (planted 1.5 million hectares), Uzbekistan increases the territory occupied by
forests and shrubs. Over the past 4 years, the volume of afforestation in the republic has
increased by 10-15 times. If until 2018 the annual volume of forest creation was within the
range of 47-52 thousand hectares, in 2019 this figure increased to 501 thousand hectares,
in 2020 - up to 728 thousand hectares. Similar results were achieved, among other things,
by expanding the production of planting material. So, in 2018, 55 million seedlings and
seedlings were grown, in 2019 - 72 million pieces, in 2020 - 90 million pieces.
The State Program for the Development of the Aral Sea Region for 2017-2021
was adopted, aimed at improving conditions and quality of life of the population in the
region. In addition, the Program of Comprehensive Social and Economic Development of
Karakalpakstan for 2020-2023 was approved. In 2018, the Aral Sea International Innovation
Center was established under the President of the Republic of Uzbekistan.
Uzbekistan has become an active participant in global environmental policy by joining
and ratifying a number of international conventions and relevant protocols in the field of
environmental protection. An important event was the accession of Uzbekistan (2017) to the
UN Paris Agreement on Climate. At the World Climate Conference in Glasgow, Uzbekistan
made an additional commitment to reduce specific greenhouse gas emissions per unit of
GDP by 35% until 2030 compared to 2010 (previously it was 10%) [3]. The achievement
of this goal will be ensured through the national Low-Carbon Development Strategy, which
envisages achieving carbon neutrality by 2050.
At the 76th UN General Assembly, it was announced that Uzbekistan is ready to host
the Sixth UN Environment Assembly at a high level in 2023 to discuss the priorities of global
environmental policy.
At the summit of the heads of Turkic states held in Istanbul on November 12, 2021, the
President of Uzbekistan put forward an initiative to create a specialized structure of the Aral
Sea region within the newly created Organization of Turkic States for the Protection of the
Environment, which would function in cooperation with the UN.7
1.3 Cooperation at the regional and international level
Uzbekistan actively cooperates with many countries of the world in the field of environmental policy
and climate change, especially with the European Union, which is at the forefront of international
efforts to stimulate economically, environmentally and socially sustainable development in order to
resolve the global crisis, in particular, to combat climate change (Illustration 3).
On development of environmental policy in the EU
On December 11, 2019, the European Commission presented the European Green
Deal, a roadmap for ensuring the resilience of the EU economy by transforming climate and
environmental challenges into opportunities in all strategically important areas and creating
a fair and inclusive transition environment for all participants (Illustration 4).
The Green Deal is based on green technologies and respect for nature. The main goal of
the EU climate policy, according to the European Green Deal, is carbon neutrality by 2050
and a 55% reduction in emissions by 2030 compared to 1990 - the “Fit for 55” package of
initiatives. In addition to reducing greenhouse gas emissions, the EU is also taking action to
adapt to the effects of climate change. Europe aims to be climate resilient by 2050.
https://nuz.uz/politika/1214310-sanzhar-valiev-schitaet-chto-sozdanie-v-regione-priaralyaspeczializirovannoj-struktury-organizaczii-tyurkskih-gosudarstv-privlechet-dopolnitelnoe-vnimanie-kprobleme-arala.html
7
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Date

Conceptual
documents

Target
for reducing
greenhouse
gas emissions

Target
for renewable
sources
of energy

Target
on energy
efficiency

December 2008

2020 climate &
energy package

20% by 2020

20% by 2020

20% by 2020

20/20/20
2020 climate &
energy framework

October 2014

40% by 2030

32% by 2030

32.5% by 2030

40/32/32.5
December 2019
(July 2021)

European Green
Deal (“Fit for 55”)

55% by 2030

40% by 2030

36% by 2030

55/40/36
Illustration 3 – On development of enviromental policy in the EU

Illustration 4 – European Green Deal

In March 2020, the European Commission approved a new circular economy
action plan, including revised legislation on waste. The key components of the EU’s
environmental policy are the environmentally sound management of waste and the
use of the recyclable materials it contains.
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European Climate Law
• Ensures that climate issues are taken into account in all future EU legislation
• Will oblige the European Commission to review all future proposals for compliance
with climate neutrality targets, 2030 and 2040 targets and adaptation targets (Article 5.4)
• Emphasizes the importance of public participation in the design / implementation
of climate measures
On May 12, 2021, the EU’s action plan “Towards a Zero Pollution for Air, Water and Soil”
was published. The plan is one of the key components of the European Green Deal. It
presents a comprehensive vision for achieving a world by 2050 in which pollution is reduced
to a level that does not harm human health and natural ecosystems, while respecting all
parameters of planetary boundaries.
Europe aims to become the world’s first climate-neutral continent by 2050. Currently,
the European Union has developed a long-term strategy, Energy Strategy 2050, aimed at
reducing greenhouse gas emissions by more than 80-95% compared to 1990.
The 8th Environmental Action Program (EAP) will set the direction for European
environmental policy until 2030.
The draft program aims to contribute to the achievement of the objectives of the European
Green Deal in the field of environmental protection and climate change. With this document,
the EU reaffirms its commitment to the vision of the 7th EAP until 2050: we want to ensure
well-being for all, without going beyond planetary boundaries.
The draft 8th EAP calls for the active participation of all stakeholders at all levels of
government to ensure the effective implementation of EU climate change and environmental
laws. It serves as the basis for the EU’s work to implement the United Nations 2030 Agenda
and to achieve the Sustainable Development Goals set out therein.
The goal of the project is to accelerate the transition to a climate-neutral, resourceefficient, sustainable economy, in which more resources are returned to the planet than are
consumed. It argues that human well-being and prosperity depends on the health of the
ecosystems within which they operate.
The European Commission presented a strategy for sustainable financing to combat
climate change, the European standard for green bonds. “The order book for 15-year
green bonds maturing before February 4, 2037 was oversubscribed 11 times, exceeding
EUR135 billion. A wide range of investors expressed interest in such bonds,” the EC
said in a statement. The European Commission noted that the total volume of «green”
bonds will reach EUR250 billion by the end of 2026 and will make the EU the largest
issuer of «green” bonds in the world.8
EU support to Central Asia in the area of environmental protection:
-Several long-term projects (WMBOCA CAWECOOP, WECOOP9 and others): technical
assistance, cooperation platforms,10 regular nature of the ministerial conference «EU and
CA”, investments, capacity building, budget increases for such programs as «Horizon”,
«Erasmus”, the launch of the «Green Central Asia” initiative.
https://greendeal.org.ua/es-vypustil-zelenye-bondy-na-e12-mlrd-spros-prevysil-predlozhenie-boleechem-v-11-raz/
9
The European Union - Central Asia: Cooperation on Water, Environment and Climate Change
(WECOOP) Project (third phase from October 2019 to October 2022), funded by the EU, aims to improve
environmental policy, climate change and water resources at the national level in the countries of Central
Asia through its convergence with EU standards, as well as by stimulating investments in relevant sectors
of the economy with the aim of contributing to the achievement of tangible reductions in pollution caused by
human activities, including CO2 emissions.
10
The platform for cooperation in the field of environmental protection and water resources was created
at the EU-CA High Level Conference in Rome (Italy) in 2009. The platform is a framework for cooperation for
the implementation of the EU Strategy for Central Asia, agreed with the Central Asian states.
8
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-Switch-Asia, the largest EU-funded Sustainable Consumption and Production (SCP)
program, is helping Central Asia’s transition to a low-carbon and resource-efficient circular
economy and promoting the sustainability of supply and product chains between Asia, Central
Asia and Europe. In Uzbekistan, the Program provides technical assistance in the areas of:
• SCP action plan
• SCP tools and circular economy approach in the production of textiles and garments.
-The EU contribution to the Multi-Partner Human Security Trust Fund for the Aral Sea
region in the amount of 5.2 million euros shows that the interaction of the CA countries and
the EU has reached a higher level of development.
- Central Asian countries are part of the «Environment for Europe” (EfE) process: exchange
of experience and link to global processes
- Assistance in improving legislation, building both human and technical potential: transfer
of technologies, best practices, study tours, master’s and PhD studies, etc.
- The EU’s strategies for Central Asia identify environmental problems as one of the
highest priority issues.
In 2019, the European Union published a new strategy for Central Asia “EU and Central
Asia: New Opportunities for Stronger Partnerships”.
In the new strategy, Central Asia is named as a key region in the interaction between
East and West, and the overall goal of the European Union is linked to the concept of
sustainability. EU officials justify the strengthening of their positions in Central Asia by calling
the EU a «key partner” of the countries in the region in solving problems of the environment,
the rule of law, internal reforms related to governance, control over borders.
The strategy contains 3 interrelated priorities:
Partnership for sustainability - The EU will work with Central Asian countries to
anticipate and solve problems, affecting their socio-economic goals and security and
increasing their ability to reform and modernize. This will promote democracy, human
rights and the rule of law, intensify cooperation to meet the Paris climate commitments
and address interregional environmental challenges to turn them into opportunities, and
enhance cooperation on migration.
Partnership for prosperity - The EU will work with Central Asian countries to unlock
their significant growth potential by fostering a competitive private sector and promoting
an investment environment. Collaboration is planned in skills development, research and
innovation, with a particular focus on youth.
Work better together - strengthening partnerships, building up political dialogue and
opening up space for civil society participation.
Separately in the strategy, in paragraph 1.3, enhancing Environmental, Climate and Water
Resilience is spelled out. By leveraging the region’s potential in solar, wind and hydropower,
the EU will encourage Central Asian energy sector reforms and the transition to a low-carbon
economy. Making available technologies and EU expertise in renewable energy and energy
efficiency and providing advice on regulatory reform should help strengthen the region’s
energy sustainability, helping to achieve its climate goals and create jobs and business
opportunities. At the same time, the EU will continue to adhere to a regional approach to
cooperation in the field of environment, water resources and climate change.11
As part of this Strategy and Germany’s UN Climate Change and Security Action
Strategy, in January 2020, the German Foreign Ministry launched the Green Central
Asia initiative at a conference in Berlin. Within the framework of this initiative, the
Working Group, consisting of representatives of the Islamic Republic of Afghanistan, the
Republic of Kazakhstan, the Kyrgyz Republic, the Republic of Tajikistan, Turkmenistan
11

eeas.europa.eu
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and the Republic of Uzbekistan, developed REGIONAL ACTION PLAN OF THE JOINT
POLITICAL DIALOGUE ON CLIMATE, ENVIRONMENT AND SECURITY.
At the 10th meeting of the EU-CA Working Group on Environmental Protection and
Climate Change (WGECC) held on October 4-5, 2021, the proposed work program of the
WGECC for 2022 was announced, within the framework of which the implementation of
the results of the 6th EU-CA High-level Conference of the Platform for Cooperation in the
Sphere of Environmental Protection and Water Resources (Tashkent, 2019) will continue
The planned activities will focus on environmental management, circular economy,
sustainable consumption and production, climate change adaptation and mitigation, water
use and cross-cutting issues, including biodiversity. Within the framework of the European
Green Deal, the WGECC will consider recently launched major EU initiatives that may be
of interest to Central Asian countries. These include the Zero Pollution Action Plan, the Blue
Economy, the EU Forestry Strategy 2030 and the New European Bauhaus (New Constructive
Thinking). The WGECC will study the 8th Environmental Action Program, which will define
the European environmental policy until 2030.
In addition, there is a number of new urgent tasks for Central Asia. These include the
environmental transformation of the energy sector (including the extraction of coal, oil and
gas) and transport systems, the reduction of methane emissions in the oil and gas sector,
and the formation of resilience to climate change taking into account the needs of nature. [4].
On November 5, 2021, the European Union - Central Asia Economic Forum was held. The
Forum discussed challenges and opportunities in three priority areas: sustainable recovery,
digital technology, improving the business environment, based on EU initiatives, including
the European Green Deal, the Digital Agenda, EU regional and bilateral programs under
the new program cycle for 2021 -2027, as well as initiatives and technological solutions
proposed by the EU private sector12[5].
On November 3, 2021, the 4th meeting of the Subcommittee between Uzbekistan
and the EU on Development Cooperation was held in Tashkent. The key issues on the
agenda of the meeting were the prospects and directions of further bilateral financial and
technical cooperation with the European Commission within the framework of the new
program cycle for 2021-2027. In particular, the parties discussed the implementation
of projects and activities in the areas of support for agriculture and «green growth”,
improving the efficiency of management and digitalization, including judicial, transport
and logistics systems, improving the investment climate, as well as the socio-economic
development of the Aral Sea region.
The European side announced the intention of the European Commission to allocate
targeted grants to Uzbekistan in the amount of 83 million euros for 2021-2024, as well
as expand, together with the EU member states, financial and technical cooperation
for the development of the Aral Sea region. 13
Partnership of CA countries at the regional level
The relationship between global trends, political commitment and national actions to tackle
climate change, resource mobilization, transfer of new technologies and best practices, both
at the adaptation level and in reducing greenhouse gas emissions, is seen as a priority
in the region. Regular political and expert dialogue in the Central Asian region will help
advance the decision-making process at the highest level, which is a fundamental factor in
the effectiveness of regional cooperation in the above areas.
https://www.gazeta.uz/ru/2021/11/06/eu-ca/
https://kun.uz/en/news/2021/11/04/european-commission-to-allocate-83-million-targeted-grants-touzbekistan
12
13
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Regional Central Asian organizations
■ International Fund for Saving the Aral Sea (IFAS). The Executive Committee of IFAS is
located on a rotational basis in the capitals of the member countries.
■ The Interstate Commission for Sustainable Development (ICSD) under IFAS coordinates
the planning and implementation of regional programs and projects on the environment and
sustainable development.
■ The Interstate Commission for Water Coordination (ICWC) consists of national water
management bodies, determines and coordinates the distribution of water, and manages
water resources in the Aral Sea basin.
■ The Regional Environmental Center for Central Asia implements a number of regional
programs, including the Program on Adaptation to Climate Change and Mitigation of its
Consequences in the Aral Sea Basin CAMP4ASB.
Several regional centers have been established for cooperation in the field of environmental
protection, water management and climate:
■ Mountain regional center of Central Asia in Bishkek (Kyrgyzstan),
■ Regional Center for renewable sources of energy in Tashkent (Uzbekistan),
■ Regional Center for Climate Technology in Ashgabat (Turkmenistan).
Following the conference «Green Central Asia” (January 28, 2020), a Joint Declaration on
Cooperation in the Field of Climate and Security in Central Asia and Afghanistan was signed
within the framework of the Green Central Asia Initiative between Germany, the Central
Asian states and Afghanistan.14
A study conducted by the CAREC Institute jointly with UNICEF noted that support for
Central Asian countries is needed in the creation of research centers aimed at developing,
adapting and promoting technologies, know-how and best practices for the implementation
of WASH systems (water, sanitation and hygiene).15
The region is implementing the Program on Adaptation to Climate Change and Mitigation
of its Consequences for the Aral Sea Basin (CAMP4ASB).16
The Central Asia Climate Information Platform (CACIP) is a resource that collects and
structures up-to-date data and knowledge on climate change and mitigation in Central Asia.
The platform assists stakeholders in accessing, analyzing and visualizing data for awareness
raising, assessment and decision making.17
Since August 20, 2021, a series of 11 round tables «Creating conditions for green
growth and dialogue on climate change” is being held in the Republic of Uzbekistan on
green growth and climate change policy in Uzbekistan and stakeholder consultations,
which will continue until December 2021 with the aim of accelerating Uzbekistan’s
transition to a green economy.18
The annual Central Asian conferences on Climate Change (CACCC) are important
regional activities in the field of climate change adaptation and mitigation, which strengthen
regional dialogue and exchange information to support the system for making sciencebased and climate-resilient decisions, explore the possibility of creating synergies in
the implementation of climate projects between international financial organizations and
14
https://mfa.gov.kg/ru/zhogorku-menyu/press-kyzmaty/novosti/berlinde-zhashyl-borborduk-aziyakonferenciyasy-bolup-tt
15
https://livingasia.online/2021/04/14/vodnye-sistemy-gigiena-sanitariya-selskih-rajonah-problemyresheniya/
16
https://carececo.org/main/activity/projects/programma-po-adaptatsii-k-izmeneniyu-klimata-ismyagcheniyu-ego-posledstviy-dlya-basseyna-aralskogo-/
17
https://centralasiaclimateportal.org/
18
https://centralasiaclimateportal.org/geonode/news/53722
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development agencies involved in climate projects in Central Asia.
In particular, following the results of the 2nd Conference, a Call for Action was adopted
to develop regional cooperation and joint implementation of measures to mitigate climate
change, including a call to increase the capacity of local communities, as well as to mobilize
resources and information exchange of knowledge and lessons learned with an objective
of scaling up and replication in other countries of the region with similar climatic conditions.
At the 4th CACCC, a decision was made to prepare and announce a single regional
statement at the 26th session of the Conference of the Parties (COP 26).
1.4 Innovation policy as one of the measures to adapt to the effects of climate
change. Green technologies
Innovative products, services, processes or business models can positively impact
the environment by reducing pressure on natural resources and / or reducing pollutant
emissions. On the other hand, environmentally friendly innovation can accelerate economic
development. This explains why the authorities view environmentally friendly technologies
as a powerful engine towards a green economy and one of the measures to adapt to the
effects of climate change.
General principles of environmental technologies:
• Sustainable development of society and increase in general welfare.
• Caring for future generations.
• Using nature without depleting resources.
• Responsible approach to the production of goods.
• Energy saving in various industries, agriculture, culture and urban planning.
• Reducing climate change and reducing public vulnerability to them.
The Organization for Economic Co-operation and Development proposes to divide
environmental technologies into two large groups:
1. General environmental management technologies. First, it includes recycling
technologies, ZeroWaste ideas, and work with hazardous landfills. Second, this includes
all technologies for the purification of natural resources: water, forests, soil, atmosphere.
Agricultural innovations, weather forecasting, new approaches to food and even protection
of health in the workplace.
2. Alternative energy. These are innovations in new types of fuel and renewable energy
sources. This group includes solutions that increase the energy efficiency of houses,
equipment, transport, lighting sources, heating. For example: wind farms, solar panels,
hydroelectric and geothermal power plants.
Uzbekistan is looking for new ways to enhance the use of “green” (environmentally
friendly) technologies, creating conditions favorable for their adoption and dissemination.
For this, an innovative policy is being pursued that provides a comprehensive account of
problematic issues related to environmental protection.
The Strategy for Innovative Development of the Republic of Uzbekistan for 2019-2021 was
adopted (September 21, 2018), the Law “On the Use of renewable sources of energy” (May
21, 2019). Decree of the Cabinet of Ministers of 12.10.2021 No. 639 defines measures to
support the development of alternative energy, electrical engineering and microelectronics,
increase the efficiency of research in the field of semiconductor physics.19
The Law “On Amendments and Additions to the Law of the Republic of Uzbekistan”, “ On
Water and Water Use “(21.10.2021) created the opportunity to accelerate the introduction of
water-saving irrigation technologies and rational use of water.20
19
20

https://www.norma.uz/novoe_v_zakonodatelstve/kak_budut_razvivat_alternativnuyu_energetiku
http://www.uzdaily.uz/ru/post/64595
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At the SCO summit in Bishkek (June 14, 2019) Sh. Mirziyoyev proposed to adopt the
SCO Green Belt program in order to introduce resource-saving and environmentally friendly
technologies in the countries of the organization.
On October 24-25, 2019 in Nukus under the auspices of the UN, a high-level international
conference “Aral Sea Region - a zone of environmental innovations and technologies” was held.
The strategy for transition to a green economy for the period 2019-2030 places
significant emphasis on the introduction of innovative technologies and solutions in the
construction industry, water, agriculture and forestry, as well as the creation of tools for the
commercialization of green innovative technologies and products.
At the 14th Summit of the Economic Cooperation Organization (March 4, 2021), the
President of Uzbekistan came up with an initiative to develop and approve a Medium-Term
Strategy aimed at ensuring energy sustainability and broadly attracting investments and
modern technologies in this area.
At the third Consultative Meeting of the Heads of State of Central Asia, held on August 6,
2021 in Turkmenistan, the President of Uzbekistan called for the development of a regional
program “Green Agenda” for Central Asia, which will contribute to the adaptation of the
countries of the region to climate change. The main directions of the program could be the
gradual decarbonization of the economy, the rational use of water resources, the introduction
of energy-efficient technologies into the economy, an increase in the share of the generation
of renewable energy sources.21
The countries of Central Asia presented their pavilion “Central Asia: 5 countries - 1
region - 1 vote” at the climate summit (COP-26) and for the first time made a single regional
statement. The countries of the region are unanimous in the opinion that “Central Asia can
serve as a platform for testing innovative technologies, methods and approaches to increase
resilience to climate change, achieve the goals of the Paris Agreement on decarbonization,
promote recovery from a pandemic and achieve peace and prosperity in the Region”.22
During the work of the CA pavilion, a number of agreements were signed, including the
establishment of a Regional Center for Transparency of Action in the Field of Climate in
Central Asia (ReCATH).
At the Economic Forum and the Governing Council of the United Nations Special Program
for the Economy of Central Asia (SPECA) chaired by Uzbekistan (Tashkent, November
16-19, 2021), SPECA member countries, Azerbaijan, Kazakhstan, Kyrgyzstan, Tajikistan,
Turkmenistan and Uzbekistan, reaffirmed the important role of innovation in building a
green, circular and inclusive economy, and supported the innovative solutions that UNECE
and UNESCAP are proposing to implement the SPECA Innovative Strategy for Sustainable
Development after the pandemic.23
In order to join efforts with the interested partners and in cooperation with the UN, a highlevel international forum on “green” energy will be held in the city of Nukus, in the Aral Sea
region. This event will be an important step in the implementation of the Special Resolution
of the UN General Assembly, approved on May 18, 2021, on declaring the Aral Sea region
a zone of environmental innovations and technologies.
Uzbekistan is ready to host the Sixth High-level UN Environment Assembly in 2023 on
the highest level.24
http://www.uzdaily.uz/ru/post/62837
https://eadaily.com/ru/news/2021/11/16/pravitelstva-centralnoy-azii-sdelali-zayavlenie-po-itogamklimaticheskogo-sammita
23
https://unece.org/media/press/362305
24
https://news.un.org/ru/story/2021/09/1410322?utm_source=UN+News+-+Russian&utm_
campaign=0208c89444-EMAIL_CAMPAIGN_2021_09_22_12_00&utm_medium=email&utm_
term=0_6a23d2f3b7-0208c89444-107703265
21
22
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Adaptation is becoming today a priority area of humanity’s response to global climate
change. For example, innovations that improve resource efficiency are necessary for the
economy as a whole, since they allow increasing the competitiveness of products against
the background of rising prices for natural resources, growing shortages, limited supply of
raw materials and dependence on imports.
Markets alone, however, will not produce the desired results. To improve environmental
performance, small and medium-sized businesses need some assistance in adopting new
technologies, including through partnerships with all stakeholders in the use of available
green technologies.
At the same time, local communities do not have enough information about the growing
processes of climate change, its negative consequences, as well as possible adaptation
actions, including a lack of information on successful experiences of using available
technologies for a safer and more sustainable supply of water, energy and food. [6].
The promotion of green technologies can be seen as a basis for the strategic development
of rural areas. The question is what strategy can be used to make such technologies and
best practices for adaptation to climate change available to farmers, households, local
SMEs. How to identify, assess and select best practice options for climate change adaptation
for local communities based on local needs and in the context of national climate change
adaptation priorities and climate change response strategies.
Technology transfer and capacity building can be carried out using various formats, such
as seminars, webinars, trainings, master classes, dissemination of knowledge through
demonstration of training videos among agricultural producers, farms.
Online methodologies open new possibilities for facilitating technology transfer.
Examples include interactive platforms that facilitate the exchange of experiences, work
with open source software solutions, and access to information via mobile applications.
All this was taken into account in the “Innovative Uzbekistan” project.
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I.2. Needs of local communities in Uzbekistan
for affordable green technologies
«Innovative Uzbekistan” project
Project «Innovate Uzbekistan” is being
implemented in Uzbekistan with the support
of the European Union since 2020. The main
goal of the project is to provide opportunities for
local communities and NGOs to contribute to
the development of a circular economy and the
introduction of more environmentally friendly
and cost-effective technologies and practices
in Uzbekistan, leading to an increase in the
standard of living of the population, including in
remote areas of the country.
A series of practical training seminars were
held within the framework of the Innovative
Uzbekistan project, implemented with the
support of the European Union. The workshops
aimed to increase the potential of farmers,
households, small businesses, local settlements,
women, youth, water user associations, NGOs,
institutions for the use of available green
technologies to facilitate adaptation to climate
change at the local level.
The main objectives of the trainings are to
identify needs by local communities, inform
and transfer practical experience and skills in
the manufacture, application and widespread
dissemination of available green technologies
at the local level.
The workshops helped villagers improve
access to water and water conservation, as well
as food preparation, food cultivation, hygiene,
income and living standards in the face of
reduced water resources, increased dry days
and changing weather from climate change.25
During seminars in the regions of Uzbekistan
using the methodology Participatory Community
Appraisal (PCA/PCP) environmental, economic
and social problems, as well as the needs of
local communities in each specific region,
including available green technologies were
identified. Below is a table of the problems and
needs identified by the local communities in
different regions of the country.

Innovative Uzbekistan

PLANNED
ACTIVITIES

February 2020 – January 2022

NEEDS
ASSESSMENT AND
ANALYSIS OF THE
ENVIRONMENT
FOR NGOS IN
UZBEKISTAN

DEVELOPMENT AND
IMPLEMENTATION
OF THE PROGRAM
WITH MIXED FORMS
OF LEARNINGS FOR
ENVIRONMENTAL
NGOS WITH
INTERNATIONAL AND
LOCAL EXPERTISE
CARRYING
OUT 13 SESSIONS
IN VARIOUS
REGIONS OF
UZBEKISTAN
USING PCA/PCP
METHODOLOGY

13 sessions
in various regions
of Uzbekistan
using Participatory
Community Appraisal
methodology
(PCA/PCP)

CREATION OF A
WORKING GROUP
(30 PEOPLE)
FROM
REPRESENTATIVES
OF CIVIL SOCIETY,
SCHOLARS, LOCAL
AUTHORITIES
AND STATE
INSTITUTIONS

CARRYING
OUT ANALYSIS
OF INNOVATIVE
PRACTICES IN
SUSTAINABLY
ECONOMY

PRESENTATION AND DISTRIBUTION
OF THE RESULTS OF WORKING GROUP
AMONG VARIOUS STAKEHOLDERS
IN UZBEKISTAN
Illustration. 5
Planned activities
in Innovative Uzbekistan project.

https://by.odb-office.eu/razviccio-patencyjalu-arhanizacyj_/innovative-uzbekistan/proekt-innovacionnyyuzbekistan-innovate-uzbekistan
25
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Problem 2

Problem 3
Low level
of health care
and public health

Lack of asphalted
roads
poaching

No sewage in the
district

poor sewerage
condition

air pollution from
poultry factory

reduction in the
number of birds

Kanimekh district,
Navoi region

Yazavan district,
Fergana region

Fergana district,
Fergana region

Mingbulak district,
Namangan region

Tashkent region
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Lack of water
for irrigation and
drinking

the need to cleanse
horizontal drainage
systems
pollution
of water bodies

it is necessary
to change
the attitude
of people to the
natural environment

Overconstruction

High hardness of
drinking water

Lack of water for
irrigation

Soil salinization

lack of fresh
water for irrigating
vegetable gardens
the need to drill a
new well to provide
drinking water

Insufficient water
supply to fields

Shortage
of drinking water

Problem 4

lack of water with
acceptable salinity

oxidation of
Termites
groundwater and soil

the need to sort
garbage

Kukoni,
Samarkand region

The need for
information
on effective remedies
High prices
for the control
of pesticides
of diseases
and pests
of grape crops

Low culture
Deteriorating
of water consumption condition of soil

Problem 1

Insufficient
information
about innovations,
especially in the field
of water supply
and irrigation

Nukus, Republic of
Karakalpakstan

Settlement

Issues and needs identified by local communities

Cutting down trees

Lack of fuel (gas and
coal)

plant droughtresistant decorative
and fruit trees

the need to clean
horizontal drainage
(zour)

lack of vegetation,
trees

High cost and low
quality feed

Shortage of energy

Problem 5

TABLE 1

Air polution

Kuriktom village,
Yangiarik district,
Khlrezm region

Shortage of forestry

Soil salinization

Climate change:
more frequent
drought - soil,
climatic and
hydrological. Frosts
in early spring
reduce tree yields,
lack of moisture in
pastures complicates
grazing of animals,
etc.

Vertical drains must
be drilled to provide
irrigation water

It is necessary to
replace pumps in
existing wells

Cutting down trees

Lack of drinking
water, no running
water, hourly water
is supplied to highrise buildings, in
the morning, at
lunchtime and in
the evening. Most
of the population
uses imported water,
which is discharged
into wells

Lack of water for
irrigation
and drinking
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Low water (water
Lack of land for
does not reach those
Shortage of energy
growing forage crops living at the end of
the channel)

There are no
biofertilizers for plants
Lack of irrigation
and agricultural crops
water due
to irrational
Air pollution around
Low soil fertility.
use. Innovative
industrial plants
There is no
technologies of
assessment of soil
irrigation and water
Waste storage
quality by bonitet
saving are being
Karshi city,
at landfills does
introduced a little.
Kashkadarya region not meet sanitary
There is no sewerage
requirements. The
system. Even the
The irrigation system
wind carries the
city of Karshi is not
smell and various
is in poor condition.
sufficiently provided
The efficiency of
microbes
with sewerage
main canals is 0.7,
systems. There is no
in the farms - 0.6
sewage system at all
in regional centers
Lack of water for
Low culture of water
irrigation, have to
Low gas pressure
consumption
take water from
Pakhtaobodsky
and gas shortage
Kyrgyzstan with
district, Andijan
No sewage receiver,
pumps to irrigate
region
Rural roads need to
no sewerage system,
the plots. Lack of
be paved
cesspools are used
irrigation system in
the village.

Tashkent

Unsatisfactory waste
Polluted rivers
treatment

Zaamin district,
Jizzakh region

Insufficient level of
processing
of agricultural
products
at the local level

The problem of
sorting and disposal
Termez city,
of household waste,
Surkhandarya region
lack of garbage bins
in settlements

Gulistan city,
Syrdarya region

Bukhara

Waste sorting,
special bins
Lack of special
equipment
for the disposal of
medical waste
harm and
reproduction
of the weed
«Kara Shura”
(Amarantbus
refroftexus)
growing among
agricultural crops

Lowering levels
of groundwater

Air pollution by the
Tajik aluminum plant

rising groundwaters

discharge of waste
water (e.g. textile,
tannery, car washes,
etc.) into open water
without treatment
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The need to search
for alternative
sources of water

Low level of
environmental
education
and upbringing
of the population

Rising groundwaters

Soil salinization

Reduction of losses
of water resources.
The need to restore
the trough network

Lack of access
for farmers to
international grants

shortage, uneven
distribution and poor
quality (hardness)
of drinking water

Shortage of drinking
water

Prevention of natural
disasters associated
with mudflows

Insufficient
knowledge by the
local population in
matters of ecology,
soil and vegetation
protection

lack of irrigation
water
for household plots

Shortage of forestry

Major environmental and social issues identified by local communities
Based on the analysis of the ratings of the identified problems, the most urgent and
requiring priority solutions in the regions were identified, including taking into account
climate change (more frequent droughts - soil, climatic and hydrological. Frosts in early
spring reduce tree yields. Rise of sand and dust storms. Mudflows. Lack of moisture on
pastures complicates grazing of animals, etc.).
Problems with water supply, water conservation and sanitation
Improving water availability through adaptation technologies for sustainable water use
and water resource management is a key strategy in increasing agricultural productivity and
food security in these regions.
-With drinking water (lack of drinking water; uneven distribution of water; high hardness of
drinking water; the need to drill a new well to provide drinking water; lack of running water,
the majority of the population uses imported water, which is discharged into wells; high-rise
buildings are supplied with hourly water, in the morning, at lunchtime and in the evening.
-With irrigation water (insufficient water for irrigation incl. field territories and personal
plots; irrational use of water; innovative technologies of irrigation and water saving are little
introduced; the irrigation system is in poor condition (the efficiency of the main canals is 0.7,
on-farm 0.6); the need to restore the tray network; the need to drill vertical drainages to provide
irrigation water; the need to take water from the Kyrgyz Republic for irrigation of plots; lack of
an irrigation system in the countryside; the need to replace pumps in existing wells.
-Problems with acceptable water supply (oxidation of groundwater; lack of water (water
does not reach those living at the end of the canal); the need to clean horizontal drainage
(zour); pollution of water bodies, discharge of waste water (for example, textiles, tanneries,
car washes, etc.) into open water bodies without treatment.
Absence or bad condition of sewage (the absence of a wastewater receiver in a number
of settlements, cesspools are still used).
Problems in agriculture
Agriculture is the largest employer in the Uzbek economy, and the development
of this sector can play a large role in reducing poverty and inequality, including
through job creation. Evidence shows that globally, growth in agriculture has led to a
reduction in poverty 2–3 times more than growth in any other sector, with agricultural
employment having the greatest impact.
The dynamic development of this sector in the world presents a serious challenge to
the agricultural sector of Uzbekistan, which, despite favorable natural conditions, still
does not have sufficient competitiveness in the production and sale of its products. In the
country, agriculture produces a quarter of the GDP. However, agricultural productivity
in the country is well below the average for lower-middle-income countries. And this
challenge is quite serious for the entire Uzbek economy, since in Uzbekistan half of the
republic’s population lives in rural areas, more than 1/4 of the working-age population
is employed in agriculture. 26 27
Insufficient level of processing of agricultural products at the local level
The need for equipment to ensure waste-free storage and processing of agricultural products
- resource-efficient technologies for waste-free processing of perishable agricultural products.
The introduction of technologies for the storage and processing of fruits and vegetables,
in particular, for storage - these are mini refrigerators with a volume equal to the harvest,
mini workshops - for the production of juice, powder and for drying fruits, berries, vegetables
and melons, for freeze drying vegetables and fruits and vacuum packaging. Technologies
for the production of packaging materials for the production of bio-recyclable containers, as
26
27

https://www.dropbox.com/sh/p0iu9kmjc5ffikw/AAAQn75XsOTNuchwsEcarhDYa?dl=0
https://review.uz/post/umniye-instrumentiy-selskogo-xozyaystva
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well as disposable paper containers, including those made from recycled materials.
Land degradation (deterioration of the state of the land; salinity, soil acidification; low soil
fertility; lack of assessment of soil quality by bonitet, etc.).
Technologies for increasing soil fertility are relevant.
Lack of biofertilizers for crops
The indisputable advantage of using biological products in agriculture over chemical
products is their ecological purity. Biotechnology products do not contain unnatural chemical
compounds. They do not contain excess nitrates, phosphates and other «satellites” of
chemicalization of agriculture. In addition, adherence to the technology of using agricultural
biological products leads to an increase in the yield of many agricultural crops. But the most
weighty argument for consumers of biological products may be the cheapness of their use:
per hectare of invested funds. Thus, it seems relevant to use fertilizers of high solubility,
retaining moisture and allowing to bring the chemical and biological composition of the soil
to the optimal one for the respective region.
Agricultural pests and weeds (high prices for pesticides; harm of such pesticides;
ineffective methods of controlling weeds growing among crops). The application of biological
methods of pest and weed control seems to be relevant.
Poor waste management (the need to sort garbage; the absence of garbage bins in
some settlements; the problem of household waste disposal, including the lack of special
equipment for the disposal of medical waste; the need to recycle waste; the storage of
garbage at landfills does not meet sanitary requirements, etc.)
The population of Uzbekistan annually produces about 9 million tons of waste, of which
less than 10% is recycled. The problem will be exacerbated by the expected demographic
growth. According to experts, by 2028 the volume of municipal solid waste (MSW) will reach
16-16.7 million tons.28 The use of technologies for rational waste management at the local
level is one of the solutions to this problem.
Insufficient energy supply (in the regions - lack of coal, low pressure, shortage or
absence of gas, as well as problems with energy saving).
Energy reform is one of the most important reform priorities for the government of
Uzbekistan. Its key areas include, inter alia, decarbonization of the energy value chain,
promotion of renewable energy sources with the participation of the private sector.
By introducing renewable energy sources, it is possible to solve 2 tasks at once - the
development of alternative energy, the total potential of Uzbekistan for the production of
which is 117,984 million, as well as to ensure the transition of agriculture to a «green”
trajectory of development and secure a place in world markets with green products without a
carbon footprint. The use of renewable energy sources will make it possible to compensate
for the lack of energy for local communities and reduce the negative impact on nature.
Insufficient environmental education and information
Insufficient culture of consumption of water and energy resources. Consumer attitude of
people to the natural environment. Insufficient information of the local population in matters of
ecology, soil and vegetation protection, innovations, including in the field of water supply and
water conservation, effective means for combating diseases and pests of agricultural crops.
Cutting down trees, incl. due to over-logging, poaching. The use of effective educational
technologies and mechanisms at the local level with the participation of NGOs can contribute
to environmental education of local communities.

28

https://www.gazeta.uz/ru/2019/04/09/waste/
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I.3. Analysis of opportunities abroad - European
technologies and structures in demand in Uzbekistan
Technologies for combating water and air pollution, waste management are
actively developing in European countries: in Denmark - for renewable (primarily
wind) energy, in Germany - for combating air pollution, in Spain - for solar energy, in
the Netherlands - on energy efficiency
in buildings and lighting fixtures, etc.
Technologies for sustainable water
use and water resources management
Saving water
The development of plumbing fixtures
by most European manufacturers is
aimed at ensuring that consumers can
save water. To do this, water-saving
technologies are being introduced into
faucets, shower heads, and toilet bowls.
In traditional faucets, the flow
rate is approximately 12-13 l / min
(in shower sets - up to 17 l / min),
while in faucets with Eco function it is
Illustration 6 – Aerotor29
reduced by almost 50-60%, to 4-7 l /
min (in the shower - up to 9 l / min). Almost every modern mixer is equipped with an
aerator, a device built into the mouth of the spout. Mixing at the outlet into the air
stream provides at least 10-15% water savings (more than 5 m3 of water per year).
The design of the aerator is a combination of plastic and rubber nets with a system of
quick cleaning of the aerator from calcium salt with very small cells, folded one after
the other in succession in a cylindrical
cup
(manufacturers
QuickClean
(Hansgrohe), SpeedClean (Grohe).
Water passing through the mesh
system is split into separate streams.
Air channels are formed between them,
through which, due to turbulence in the
streams, as well as through the annular
gap around the nets, air is drawn upward
and partially dissolves, while water is
aerated in proportions: 3 liters of air
per 1 liter of water. As a result, the jet
Illustration 7 – thermostatic mixer
becomes softer and more voluminous, its
detergency is improved, and the water consumption is reduced. You can limit the maximum
water flow using an elastic ring or a membrane built into the aerator.
The best way to ensure energy and water saving, as well as comfort is the thermostatic
mixer (Illustration 7). Inside the thermostat housing there is a thermoelement that regulates
the temperature of the mixed flow. A significant advantage of such a mixer is the ability to
work in an economy mode, when the user himself sets the optimal water flow.

29

https://invlab.ru/texnologii/zelyonye-tehnologii/
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Water treatment and sustainable sanitation systems
Wastewater treatment technologies using membrane bioreactors
Increasingly, in projects for
water supply and sanitation
of various objects, architects
and designers are proposing
reuse of water as a watersaving measure. One of
the technologies for the
processing of wastewater
into «gray” water, which is
actively developing at the
present time, is the treatment
of wastewater by membrane
bioreactors (MBR). This water
is considered clean enough
by European standards for
cleaning, flushing toilets and
watering lawns.
The membrane bioreactor
combines biological treatment
Illustration 8 – Module system with flat membrane
with activated sludge with
mechanical membrane filtration (Illustration 8). The membrane module is used to separate the
sludge mixture and is an alternative to the widely used method of settling activated sludge in
secondary clarifiers used in traditional biological treatment systems in aeration tanks.

Illustration 9 – Traditional water cleaning system (а) a cleaning system with MBR (b)

When treating domestic wastewater, MBR can produce “gray” water of sufficient
quality to be discharged into natural water bodies or used in an irrigation system
designed to irrigate green spaces.
Recent technical innovations and significant cost reductions in membranes have led
to an increase in the popularity of MBRs. They are used for the treatment and reuse of
both domestic and industrial wastewater. The successful application of this technology is
evidenced by the fact that new standard sizes of membrane reactors appear on the market,
and the power of these devices is increasing. [33].
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Local treatment facilities (LTF) exclude transportation of wastewater for treatment over
long distances. Most of these systems use natural principles of wastewater disinfection,
which does not cause further problems for the life of living organisms. Purification occurs
due to the settling of wastewater, their aeration with air or filtration through a sand filter, as a
result bacteria absorb 90–99% of pollutants. The advantage is the reduction of the need for
the services of sewer maintenance, the need for it will be only once a year. The technology
for treating domestic wastewater using local treatment facilities has already been used
successfuly in countries such as Germany, Sweden, Poland, where it has been used for
more than 30 years.
Immense energy and construction resources are spent on transporting wastewater to
treatment facilities, treated wastewater is then discharged into rivers, water is again taken
from rivers, re-purified in water treatment systems, and then transported to the consumer
using energy-consuming pumping units. It turns out that a lot of effort and resources is
wasted only in order to distill a significant amount of water over long distances, instead of
immediately purifying and using it on the spot. Therefore, the proliferation of these systems
is driven by the growing demand for LEED-certified buildings. Recycling water makes a
significant contribution to achieving the goal of building sustainable buildings that do not harm
the environment. This opinion is shared by the Green Building Council, which administers
the LEED program in the United States.
One of the varieties of LOCs are Soil-Vegetation Plots (SVP) used for more than
30 years in the countries of the European Union and are intended for biological wastewater
treatment using aquatic, near-water or moisture-loving vegetation. In international practice,
such systems are applicable to treat sewage from 3 to 10,000 people. The system consists
of a three-chamber septic tank, where waste water settles, and a ground area, where the
process of water purification and disinfection takes place.
The soil-vegetation plot is a
waterproofed bed filled with layers of rubble-sand-rubble (Ill. 10).

Illustration 10 - Soil-vegetation plot

The size of the septic tank should contain a three-day volume of water, and the filter is
calculated on the basis of 3 m² per inhabitant.
SVP can treat wastewater by 95–99%, which makes it suitable for widespread use. Such
a system requires a significant area, has a cost comparable to biological treatment plants
(1800 euros) and is easily scalable. [9].
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Ample opportunities are provided by the combination of the use of dirty domestic water
with landscaping of the roof in houses for one or two families. (Ill. 11). The retention of
rainwater and large evaporation through the green spaces on the roof do not allow rainwater
to drain into the sewer. Due to the use of dirty domestic water as technical, the consumption
of drinking water in the household is reduced by at least one third (when used for flushing
the toilet) of the daily consumption per capita. Wastewater treatment in future includes, in
addition to saving water, the use of the organic matter and energy it contains.
1.
filtering
first,
coarse
particles such as hair and
textile fibers are trapped. The
filter is automatically rinsed
with a jet pump - the sediment
is discharged into the sewer.
2. biological treatment
in the main and additional
chambers, dirt particles in the
water are decomposed by
bioculture. Every 4 hours, the
water is pumped further.
3. sediment Removal
Organic waste from the cleaning
process is regularly sucked off
and discharged into the sewer.
4. decontamination
On the way to the third chamber,
a working water tank, the water
passes under an ultraviolet
lamp, which disinfects it by 99%.
The quality of the treated water
complies with the EU Bathing
Water Directive.
5. additional supply
of fresh water.
If the supply in the working tank
falls below a certain level, drinking
water is automatically supplied
additionally, so that the flush in
the toilet is always functional.
Illustration 11 - Diagram of a household wastewater treatment plant30

Dirty water collected by an economical vacuum system is used together with biowaste to
produce biogas. The thermal power plant, which belongs to the village, operates on biogas.
It can produce up to 60% of the required electricity per year “along the entire length of
Flintenbright itself”. Using modern technology, CO 2 emissions can be reduced by 90%, and
operating costs compared to traditional villages reduced by about 30% [8].

30

http://www.hansgrohe.de
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Wetland «Sveti Tomaz”, built in Slovenia
The new environmental directives in line with EU requirements have posed
significant challenges for Slovenia in the field of wastewater treatment. Cleaning is
often inadequate, especially in villages with less than 2,000 inhabitants. In many
places, wastewater discharges cause environmental damage and contamination of
people with various diseases. An interesting concept was realized with the introduction
of a mechanical system for water exchange in a cascade of vertical overflow sections,
and systems combining vertical and horizontal flows within one section, as well as
cleaning absorbers. Today, thanks to their continuous development and efficiency,
these systems represent the “green” direction of environmental engineering in the
country. One of these systems was built in the village “Sveti Tomaz”.
The wastewater treatment plant (WTP) was designed for an average daily wastewater flow
rate of 38 m3/day and covers an area of 700 m2 (39x18 m). The system consists of a septic
tank (settling tank), where wastewater pre-treatment takes place, and four successive treatment
sections (filtration section, two treatment sections and a post-treatment section). (Ill.12).
Wetland «Sveti Tomaz” has many advantages, namely, relatively low construction costs
(about 50,000 Euros) and low operating costs (the operation of a constructed wetland costs
200 Euros per month), ease of construction and maintenance, reduced risks of sanitary and
environmental pollution, and creates a «natural” landscape therefore it was quickly accepted
by the local population, and also did not become a source of noise or unpleasant odors.

Illustration 12 - Scheme of the built Wetland. The system consists of a septic tank
for primary treatment and four successive treatment sections [10]

The construction of wetlands looks like a very reasonable solution for:
• Settlements with less than 2000 inhabitants.
• Sparsely populated areas where communities do not have any wastewater treatment
systems.
• Areas where water treatment includes only mechanical treatment.
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• Locations where tertiary treatment is absent or insufficient (especially in locations marked
as a source of drinking water, eg groundwater).
• Karst areas where groundwater pollution poses a serious threat to the population. At the
same time, due to the lack of water, the reuse of water resources and control of their quality
are essential.
• Places of tourism (eg campgrounds, hotels and attractions) where the high occupancy
during the high season far exceeds the self-purification potential of watercourses.
• Areas of special natural value. Since the constructed wetlands are almost invisible in
the natural environment and contribute to its greater diversity, their use is, to a large extent,
suitable for nature parks.
Further development of the wetland system should be focused on optimizing cleaning
while reducing their area, using various designs, dumped substrates and combinations of
plants and natural microbes. [10].
Rainwater use
Case study: new Haus Tobias building - kindergarten, school and home in Freiburg,
Germany (educational institution) “The orphanage uses rainwater for washing”: under
this heading, an article was published in the magazine “fbr-wasserspiegel 1/06” about
the rainwater management system at Haus Tobias, a public institution for children and
adolescents with disabilities, owned by the human rights organization Sozialwerk Freiburg
eV. The institution provides 30 places in a kindergarten, 45 premises for permanent
residence and 100 places for schoolchildren. For residents and those who work or stay
here temporarily, using rainwater to flush toilets, wash clothes and water the garden is
common. Rainwater collects from about 900 m² of densely planted green roof, and 520
m² of a conventional roof with slopes and then goes to tanks, from which through an
intermediate tank and by means of a pressure pumping station (WILO AF 150) with two
modern efficient centrifugal pumps it is supplied to users.
Another case study is Sachsen Fahnen GmbH. Dresden Sachsen Fahnen GmbH is one
of the world’s largest printing houses that produces prints on textiles and large advertising
banners. The company is located on an area of over 16,000 m² with a production staff of
over 180 people.
Under the roof of the large, wave-shaped hall, are the largest and most modern systems
for chemical color application and digital printing large images. Sachsen Fahnen GmbH is
gradually focusing on the environmentally friendly use of large quantities of rainwater, which
can cover the significant costs of this resource in the production process.
Of the two underground tanks with a volume of 500 m³, two hybrid systems are fed by two
submersible pumps operating in the operating / standby mode.
The production process requires 24 m³ of water at a pressure of 6 bar for printing machines,
and also needs to have the necessary supply for the fire extinguishing system.
A small pump module was also installed to wash the grates after printing, and of course
all the toilets are flushed with rainwater [11].
Agriculture and land administration:
According to experts, the use of digital technologies in agriculture will not only transfer
the global agro-industrial complex to a new level, but will inevitably lead to the creation of a
global agro-industrial industry. This will provide many benefits to both industry participants
and product buyers. The whole system will be built in such a way as to constantly evolve,
new materials, novelties of the Internet of things, nanotechnology will be instantly introduced
into agricultural practice.31
In recent years, the introduction of innovative technologies in agriculture has led to
adjustments in the way farmers cultivate crops and cultivate fields. You don’t need to be an
31
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expert to see how technology has changed the way agriculture is more profitable, efficient,
safer and simpler.32
Five best modern information technologies in agriculture, recognized by farmers :
• GIS technologies in agriculture and GPS agriculture
• Satellite images
• Drone and other aerial photographs
• Information technology in agriculture and online data
• Combining datasets
«Smart” technical devices
Drones are actively used in agriculture in
Europe.
Drones include both ground-based drones
and unmanned aerial vehicles (UAVs) and
multicopters (quadro-, hexa-, octocopters), as
well as winged drones. The latter are more often
used over large areas or for mapping purposes.
They also allow one to create electronic
3D maps of fields, calculate indicators for
fertilization, inspect fields and monitor the state
of the crop, monitor the operation of transport
and agricultural machinery, protect land, apply
plant protection products and fertilizers to
fields, etc. Monitoring from drones can provide
data not only on crops, but also on weeds, Photo from the site https://www.rawpixel.com
for example, their standing density and even
species composition. By filming from drones, it is possible to construct thermograms, since
the temperature of the plants signals the degree of their stress, especially from drought.
At the same time, according to experts, UAVs pay off only if they serve at least 10 thousand
hectares of land. In this regard, it is more profitable for small farmers to use the services of
outsourcing companies that specialize in providing these types of services.
Sensors, which are installed in the ground at control points, are the basis of the system
for determining the characteristics of the soil and are able to detect, for example, relief
heterogeneity, soil types, illumination, weather, the number of weeds, parasites and
promptly inform the user about this for making a decision. Thus, sensors placed in the field
at a considerable distance, which are combined into a network, make it possible to obtain
information about the state of fields and crops, in particular, about humidity, temperature,
level of weed infestation, plant growth phases, etc., without leaving the site.
The UAV, together with ground devices in the form of buried wireless sensors,
as well as an autonomous weather station, can form a system that will provide the
farmer or agronomist and modern «smart” machines with a complete set of data
necessary for making the right decisions.
Among the key innovations introduced in the industry in the EU in agriculture:
The Netherlands is a world leader in the implementation of innovative technologies in
agriculture and animal husbandry. Since 2000, Dutch farmers have managed to almost
completely abandon the use of pesticides, and since 2009 have reduced the use of antibiotics
in poultry and livestock breeding by 60%. In addition, the Netherlands is a world leader in the
development of new varieties and the export of seeds of various crops.
32
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In the Netherlands, agriculture widely uses «digital technologies”, including the use
of precision farming and robots at various stages of agricultural work, as well as
«Internet of things”, helping to manage various processes. At the same time, only 2%
of the employed population of the country works in the agriculture of the Netherlands.
Small land area is the main limiting factor. For this reason, most of the farms are small
businesses and family businesses. Despite this, they are able to compete and even
surpass large multinational corporations in the field of sales of fruits and vegetables and
seeds. Many farms have implemented high technology and management practices to
improve their productivity and be resource efficient.
The Netherlands have experience in strengthening the agricultural value chain, supporting
the export of local farmers and agribusinesses, and introducing research into the horticultural
sector. The Dutch experience in this area can be useful for Uzbekistan as well.
The Dutch company NETICS B.V. has developed a land reclamation process based on
the use of local sediments and waste to stabilize dry saline lands. The company’s patented
GEOWALL® technology was developed, among other things, to prevent the spread of toxic
soil by winds from the damaged Aral Sea basin.33 34
A team of scientists from the Leibniz Institute of Plant Genetics and Crop Research
(Germany) and Oxford University (UK) have discovered how crops can be made more
resistant to drought by changing metabolism. The essence of the new method is
the introduction of crassuloid acid metabolism (CAM photosynthesis) into plant leaves.
Scientists have determined that the main factor limiting the efficiency of water use is the
vacuum capacity of the leaves. It has also been found that alternate cycles can be useful
under certain conditions. For example, on shorter days with less extreme temperatures.
The discovery of scientists will allow humanity to adapt to the increasingly changing climatic
conditions in the world when growing food crops.
Urban / hydroponic farms made from new plastic sheeting save water and provide
healthy growing conditions. Organization of greenhouses in urban environments can
significantly reduce the cost of transporting products. There are already a number of
companies in Europe that grow tomatoes, watermelons, melons, strawberries in this way.36
kartECO - Environmental and Energy Engineering Consultancy (Greece), has developed
the Sentinels application for sustainable pasture management. This cloud-based online
system aims to conserve meadows and combat pasture destruction in Central Asia. 37 38

https://www.kvkinnovatietop100.nl/site/NETICS-GEOWALL-natuurlijke-waterkering-van-baggerspecie
https://vimeo.com/237425861
35
https://agronews.com/by/ru/news/agrosfera/2020-10-26/47756
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https://review.uz/post/umniye-instrumentiy-selskogo-xozyaystva
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https://eo4society.esa.int/projects/senspa-sentinels-for-sustainable-pasture-management/
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https://www.youtube.com/watch?v=EHwlJ6-TltU
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Renewable Sources of Energy
The EU countries are transferring
agriculture to a new energy base,
which does not imply harmful
emissions.
For
example,
in
Germany, 1/5 of all solar power
plants (SPP) capacities work for
agriculture. On the basis of new
environmental standards, developed
countries will regulate the import
and export of agricultural products,
Designed by brgfx / Freepik
while protecting local producers
and solving environmental problems. One of the solutions for greening agriculture is the
technology of dual use of land, when solar power plants are located above the field (such
technologies are already used in the EU). SPP shade keeps moisture in. Moisture evaporation
in such areas is about a quarter of the volume in an open field. Solar panels help not only
increase the volume of crops, but also accumulate electricity, which can be used both on the
farm itself and sold. Solar power plants can be an alternative to the greenhouses.
Plastic greenhouses are short-lived. Covering crops not with film, but with solar panels,
of course, is more expensive, but it makes sense from the point of view of ecology. Solar
greenhouses will last for several decades [12].
Solar panels with record efficiency
A consortium of German scientists announced the development of solar panels with
record efficiency. After analyzing tandem solar cells based on perovskite and silicon, the
scientists developed a scheme for new panels with an efficiency of 33%, suitable for mass
production. The consortium says that if the new panels confirm record levels of efficiency,
the cost of producing photovoltaic cells will be reduced to 0.04 euros per kWh .39
Hydrogen production with algae
A research team from the University of Turku, Finland, has discovered an efficient way to
convert solar energy into the chemical energy of «biohydrogen” through the photosynthesis
of green algae. During photosynthesis, green algae use solar energy to separate water,
release oxygen into the atmosphere, and produce biomass that can also be used industrially.
Green algae are also effective biocatalysts and can convert solar energy and carbon dioxide
directly into various valuable compounds such as vitamins, antioxidants, polymers and
carbohydrates.40
Polish green roof building project
The Polish company Superhelix Pracownia Projektowa has presented a house with a
huge green roof that slopes along the entire north side of the house by 180 sq.meters. There
are several solar panels on the south side of the house, and on the roof there is a series of
large skylights for natural light.
Rooftop greening is a promising trend with many benefits. In addition to the aesthetic
appearance of green roofs, landscaping reduces gas pollution. A green roof relieves from
the summer heat in the house, which eliminates the energy consumption associated with
air conditioning. In winter, such a roof prevents the house from freezing. Roofs covered with
bituminous materials absorb a lot of solar heat in summer and give a lot of evaporation of
the roofing material itself.
A green roof is devoid of these disadvantages.41
https://hightech.plus/2020/08/26/proriv-v-solnechnoi-energetike-razrabotani-paneli-s-kpd-33
https://oilprice.com/Alternative-Energy/Biofuels/Biofuel-Breakthrough-Uses-Algae-To-Create-Hydrogen.html
41
https://inhabitat.com/a-solar-powered-home-hides-behind-a-colossal-sloped-green-roof/
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Organic solar panels for insulated house facades
During the renovation of an apartment
building in Frankfurt (Germany), flexible
organic solar panels (organic photovoltaic
- OPV) were first «built in” into the plaster
coating when insulating the façade. Solar
generators, as an “active component” of the
building’s energy balance, complement the
functionality of the warm façade. According
to the authors of this project, organic
photovoltaics can be integrated into any multilayer facade thermal insulation systems with
a plaster coating («wet facades”), regardless
of the bearing capacity of the outer walls of
the building, and is thus an ideal solution
for renovating old buildings (but it can apply
without restrictions in new construction).
Therefore, this system is positioned as “a
new and simple solution for the future”, in
which a huge number of existing buildings
have to be reconstructed to improve their
energy characteristics.42
Illustration 13 - Building with green roof
Waste management
The interest of European countries in the energy use of solid waste is promoted by the EU
legislative ban on the export of waste containing organic matter
more than 5% for landfills. This means that such MSW must undergo preliminary heat
treatment, and this allows the production of electricity on free fuel. Currently, the main
technologies for the energy use of solid waste include: direct combustion; thermochemical
conversion (pyrolysis, gasification, synthesis) to produce synthesis gas.
In cities, one of the most common types of waste is also sewage sludge (hereinafter
referred to as SS) generated at urban wastewater treatment plants, where, as a rule, joint
treatment of domestic and industrial wastewater is carried out.
In most cases, these wastes belong to the class of biofuels with a fairly low energy
value. Nevertheless, some types of SS, dried to a moisture content of less than 10%, are
characterized by heat of combustion comparable to that of brown coal (about 15.5 MJ / kg),
and therefore can be burned to obtain energy. With the correct organization of this process
and the treatment of waste gases, it is possible to significantly reduce emissions and reduce
environmental risks to a minimum.
Plants for the incineration of municipal solid waste and non-hazardous industrial wastewater
sludge produce hot steam, which is used in a turbine to further generate electricity, and
the waste heat is used for district heating. The efficiency of the plant depends on the final
heating value of the waste used.43

https://gisprofi.com/gd/documents/organicheskie-solnechnye-batarei-dlya-uteplennyhshtukaturnyh-fasadov.html
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Newspaper wood
Designer Miki Meyer from the Netherlands has offered to make good use of the unsold
circulation of newspapers, for which tons of forests are being cut down to print. He invented
Newspaper Wood, a compressed material based on paper and organic glue.44
Furniture and interior decorations are cut from such wood. Products can be easily drilled,
varnished and sanded. So that the material resembles a tree with its original pattern,
newspapers are glued together with bends, placed under a press.
Children’s furniture from old toys
Eco-technologies are often based on plastic recycling, but we are usually talking about
bottles and food packaging.45 Dutch company EcoBirdy went further and decided to collect
broken toys in kindergartens. She managed to recycle 25 tons of toys from which furniture
for babies is made: tables, chairs, cabinets and lamps in the shape of animals.

Illustration from webpage https://invlab.ru/

Illustration from webpage https://invlab.ru/

Plastic roads
The Dutch company PlasticRoad makes modules from recycled plastic and
assembles roads from them.
It is easier and cheaper than asphalt. The modules weigh little and are easily
attached to each other, and all the necessary communications are laid inside
such roads. Expiration date of modules is several decades, and then they can be
disassembled and recycled again.
44
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hhttps://invlab.ru/texnologii/zelyonye-tehnologii/
https://invlab.ru/texnologii/zelyonye-tehnologii/
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Construction
Hemp house
Hempcrete is a building material
based on the stems of agricultural hemp
(cannabis). It has good heat and sound
insulation, high resistance to decay and
protection from insects and rats. Hemp is
used to make whole cottages as well as
small storage facilities for vegetables and
fruits. A few years ago, a new Hempcrete
was introduced to the market. The
material absorbs carbon dioxide from the
Illustration from webpage https://invlab.ru/
atmosphere, due to which the lime in the
hemp blocks is calcified, which means that the house becomes stronger over time.
By the Resolution of the Cabinet of Ministers of the Republic of Uzbekistan «On
measures to streamline the use and cultivation of cannabis plants for industrial purposes
not related to the production or manufacture of narcotic funds and psychotropic substances
«(December 7, 2020, No. 770) defines the requirements for control over the cultivation of a
plant and processing of its harvest. For the cultivation of cannabis for industrial purposes,
land withdrawn from agricultural production will be given. The production of hempcrete in
Uzbekistan looks promising..
Investment is one of the most important factors in strengthening and expanding supply
capacities, as well as training farmers, creating advisory services and demonstration projects
aimed at transferring green farming practices that are suitable for specific local conditions.
Having information on both foreign and local available green technologies and practices, of
course, it is necessary, first of all, to think about economic mechanisms to stimulate their use
and the dissemination of available green technologies.
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I.4. Analysis of potential donors
and other funding opportunities
for the implementation of technologies and designs
Development of green finance. Overview
Innovation and financial policies to support technology development and deployment are
potentially useful tools for fostering green growth. One of the main directions of the Strategy
for transition of the Republic of Uzbekistan to a «green” economy for the period 2019-2030
is to stimulate the introduction of innovations and effective «green” investments.
This requires development of tools and incentive mechanisms to unleash the potential
of economic entities to invest in low-carbon technologies at state-owned enterprises, and
remove barriers to green investment by private companies. This, in turn, requires creation of
a national innovation ecosystem to support the green transition.46
Transition to a green economy requires significant resources. In this regard, it is
necessary to introduce innovative financing mechanisms. Green finance is a wide range of
ways to finance technological processes, projects and companies related to environmental
protection, as well as financial products (instruments) and services (loans, bonds, stocks,
funds, etc.) with an environmental component.
The development of green finance is facilitated by stimulating the growth of innovative
products and mechanisms such as debt financing, in particular green lending for projects.
This type of lending allows one to provide low interest rates for energy efficient projects, as
well as favorable terms for the loan term. The main providers of green finance are:
• Corporations
• Banks
• MFI
• Climate Funds
• Government
• Central Bank
• Institutional investors
• Stock exchanges
Assessment of Green Finance Opportunities and Access to EU Finance
The head of the European Commission, Ursula von der Leyen, proposed to increase
financial support to third countries in their fight against climate change by EUR4 billion,
which, taking into account the current volume of support, will amount to more than EUR25
billion annually. “If every country has its own obligations, then the largest economies like us
bear a special responsibility towards the least developed and most vulnerable countries,” the
EC President said during her annual address to the European Parliament on Wednesday. In
addition, the head of the EC announced that the EU will double the external financial support
for biodiversity, especially for the most vulnerable countries.47
EU financing programs
The Twinning project “Sister cities” is a long-term project aimed at supporting partner
countries through institutional cooperation with the necessary skills and experience for
EU legislation. The main goal of this project is to increase the managerial capacity of the
administrations of the partner states by training staff and supporting the reorganization of
the structures of government institutions.
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https://www.dropbox.com/sh/p0iu9kmjc5ffikw/AAAQn75XsOTNuchwsEcarhDYa?dl=0
https://greendeal.org.ua/es-uvelichit-klimaticheskoe-finansirovanie-dlya-tretih-stran-do-e25-mlrd-v-god/
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The TAIEX program is a technical assistance and information exchange tool that is an
integral part of the European Union’s enlargement strategy. This program strengthens links
between Member States and Partner Countries by sharing best practices from EU Member
States. The program provides expertise for problem solving through workshops, expert
missions, or study tours. TAIEX projects often precede twinning projects.48 49

Twinning, TAIEX

LIFE Program

Horizon Europe Program
Other donors: EU programs, World Bank,
UN and others
Illustration 14 – EU Financing Programs

LIFE is a program of the European Commission through which environmental and
climate projects in the European Union have been financed since 1992. It is the
only direct environmental funding vehicle that aims to support the development and
implementation of environmental policies. The environment subprogramme, in turn,
is divided into three priority areas:
• environment and efficient use of resources
• nature and biological diversity
• ecological management and information
The LIFE program has four objectives:
• Facilitate transition to a resource efficient, low carbon and climate resilient economy.
• Improve the design, implementation and enforcement of environmental and climate
policies and legislation.
• Support more effective environmental and climate management at all levels, including
more active participation of civil society and local actors.
• Support implementation of the 7th Environmental Action Plan [13].
Horizon 2020 is the largest EU research and innovation program ever with nearly 80 billion
euros in funding available over 7 years (2014 to 2020) - in addition to private investment that
this money will attract 50.
Horizon Europe is a key EU research and innovation funding program with a budget
of € 95.5 billion. It fights climate change, helps achieve the UN Sustainable Development
https://xs.uz/ru/post/sostoyalas-vstrecha-s-glavoj-delegatsii-evropejskogo-soyuza
https://vm.ee/ru/twinning-i-taiex
50
https://ec.europa.eu/programmes/horizon2020/what-horizon-2020
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Goals and enhances the EU’s competitiveness and growth. The program promotes
cooperation and enhances the influence of research and innovation on the design, support
and implementation of EU policies in solving global problems. It supports creation and
better dissemination of excellent knowledge and technology. It creates jobs, fully utilizes
the EU talent pool, accelerates economic growth, enhances industrial competitiveness and
optimizes the impact of investments within the Wider European Research Area.51

100 billion

EUATOM

INNOVATIONS

SCIENCE

GLOBAL CHALLENGE

Illustration 15 – Horizon Europe

At the 4th meeting of the Subcommittee between Uzbekistan and the European Union (EU)
on development cooperation, held in Tashkent, and organized by the Ministry of Investment
and Foreign Trade, together with the EU delegation in Uzbekistan, it was announced that
the European Commission intends to allocate targeted grants to Uzbekistan in the amount
of 83 million euros for 2021-2024, as well as expand, together with the EU member states,
financial and technical cooperation for the development of the Aral Sea.52
Analysis of opportunities at regional and national levels
The 4th Central Asia Climate Change Conference the following recommendations on
climate finance were adopted [14]:
• Central Asian countries can increase their attractiveness for international investment
by increasing their transparency and adopting international evidence-based standards,
including through international support.
• Stable property rights will attract longer term investments for sustainable infrastructures.
https://ec.europa.eu/info/research-and-innovation/funding/funding-opportunities/funding-programmesand-open-calls/horizon-europe_en
52
https://kun.uz/en/news/2021/11/04/european-commission-to-allocate-83-million-targeted-grants-touzbekistan
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• Recommendations from United Nations Performance Reviews (EPRs) can provide
a basis for promoting sound and adapted climate change strategies and a framework for
specific projects.
• Collaboration between the public and private sectors is critical to increasing investment
in Central Asia.
Action Plan for Assistance to the Aral Sea Basin Countries is the main long-term action
plan in the region in the field of sustainable development, including water resources
management and environmental protection. Development of programs and monitoring of its
implementation are the primary tasks of the Executive Committee of the International Fund
for Saving the Aral Sea (IFSAS). The program includes national and regional projects aimed
at rehabilitation and sustainable development in the Aral Sea region.53
In the past, three Programs have been implemented: ASBP (1994-2002), ASBP-2 (20032010) and ASBP-3 (2011-2015). ASBP-4 was developed by the Executive Committee of
IFSAS, ICWC and ICSD with the involvement of national experts and international partners
and approved by the decision of the IFSAS Board on June 29, 2021.
The main goal of the ASBP-4 is to implement programs to overcome the Aral Sea crisis and
strengthen cooperation through targeted actions at the national, regional and international levels.
The main goals of ASBP-4 are to improve living conditions and increase the well-being
of people living in the Aral Sea basin, further expand and strengthen cooperation between
Central Asian countries in improving the water management, environmental and socioeconomic situation, rational use of water resources and adaptation to climate change.
It is expected that the approved ASBP-4 will become a fundamental document both for
the countries of the region and for donors and development partners, for the development
and implementation of projects in the region. It will also be a guiding tool for the Executive
Committee and other structural units of IFSAS to work with the donor community to attract
financial resources for its implementation.
ASBP-4 includes 34 investment projects that will contribute to the achievement
of water, environmental, food and energy security in Central Asia. Implementation
period for ASBP-4 is 2021-2030. 54
Financing the proliferation of renewable energy sources
The main conclusion of the investment bank Lazard of the 14th and 15th annual
reports «Analysis of the present value of energy” (LCOE 15.0) is solar and wind energy
are the cheapest generation technologies. 55 Over the past five years, the decline has
averaged 8% for solar energy and 4% for onshore wind. This conclusion has been
repeatedly confirmed in recent years, both by the results of competitive selections and
by the calculations of other specialists.
IRENA’s 2020 Renewable Energy Costs report concludes that renewable technology
costs continue to decline “significantly” from year to year.56
In this connection, the myth, to which the opponents of renewable energy sources refer,
about the disadvantage of renewable energy sources in relation to traditional energy sources,
has not come true.
The Law of the Republic of Uzbekistan «On the Use of Renewable Energy Sources”
and other regulatory legal acts in order to create favorable conditions for participants in the
implementation of RES provides for significant state support and other measures.
For the development of renewable energy and domestic production of equipment for
renewable energy, it is proposed to introduce such instruments common in the world as
https://aral.uz/wp/asbp/
https://aral.uz/wp/2021/07/14/asbp-4/
55
https://renen.ru/vyshli-novye-doklady-lazard-po-ekonomike-vie-nakopitelej-energii-i-vodoroda/
56
https://www.weforum.org/agenda/2021/07/renewables-cheapest-energy-source
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exemption from customs duties, investment subsidies and grants, fiscal (tax) discounts,
subsidizing the cost of borrowed capital, since without these support measures, the system
of state support to the development of renewable energy sources cannot be considered
comprehensive and attractive for investors.
It is proposed to provide for additional measures of financial incentives for the development
of small generation of renewable energy sources, in particular:
- compensation in the amount of 15% of the cost of purchasing renewable energy
sources, but not more than $ 5,000 for mini-generation and not more than $ 20,000
for small generation;
- individuals who do not have a connection to the networks, who purchase and install
renewable energy equipment from an Uzbek manufacturer with a capacity of no more than
20 kW, receive state compensation rate of 50% of the costs of an individual user.
Mandatory connection of RES facilities of small generation to the transmission or
distribution networks, while the power supply network enterprises bear all the costs of
connecting the RES facility, except for the costs associated with maintaining the line between
the RES facility and the grid. Also it provides that electricity generated at small generation
RES facilities is purchased from producers within 15 years after the start of commercial
operation at an inflated «green tariff” in accordance with the types of RES and sold to the
population by the national operator at general tariffs [15].
It is also advisable to increase funding for R&D in the field of renewable energy sources,
stimulate international scientific, technical and industrial cooperation and exchange, expand
the training of specialists in the field of renewable energy [12].
The
state
already
buys
electricity from the population
[16]. This practice is carried out in
accordance with the «Regulations
on the connection of enterprises
producing electricity, including from
renewable sources, to the unified
electric power system”, approved
by the Cabinet of Ministers [17].
The sale of electricity to the public
network is carried out through
modern electronic meters. At the
same time, electricity is purchased
by enterprises of regional power
grids at a rate established by a
presidential decree. The owners of
renewable energy installations are
allocated compensations provided
for by the decree of the Cabinet of
Ministers [18] to reimburse part of
the costs incurred.
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Experience sharing
For example, in Georgia, in June 2021, amendments were made to the “soft loan”
program of the Ministry of Agriculture. A new component has been added to the
preferential agricultural lending project, thanks to which it became possible to purchase,
install and equip renewable energy sources. With the changes made to the project, it
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also became possible to purchase renewable energy sources through agroleasing [16].
The European Bank for Reconstruction and Development (EBRD) has arranged a
US $ 4 million financing package for Tajikistan’s largest private lender, Bank Eskhata,
under the Green Economy Financing Facility (GEFF) to support green finance among
households and small private sector companies investing in environmentally friendly
clean technological solutions.
Households and local small and medium-sized enterprises (SMEs) across the country,
including small villages and remote rural areas, will benefit from Eskhat’s loans for climate
change adaptation technologies and services such as drip irrigation, rainwater harvesting
and storage, solutions on sustainable land management, the use of solar panels and energyefficient cold stores.57 58
Beneficiaries can identify climate-friendly technologies through the Green Technologies
Selector, a database maintained by the GEFF Tajikistan Technical Assistance Group .
The Green Technology Selector is a list of high performance technologies and materials
that have been evaluated and pre-approved as eligible for GEFF financial support. Preapproved equipment and materials exceed minimum performance requirements and exceed
current market practices, resulting in clear benefits and environmental improvements.
The database is regularly updated to include the latest technologies, materials and new
suppliers. Minimum technology performance criteria may be adjusted periodically to reflect
market developments and technological progress, changes in market supply, and new
technologies entering the market and changing acquisition costs.
This database can be used to search for available green technologies, including those
from Eastern Europe.
Grant Opportunities for Civil Society Organizations
The GEF Small Grants Program (GEF SGP) provides grants directly to local communities,
including indigenous peoples, organizations and other non-governmental groups for projects
in biodiversity, climate change mitigation and adaptation, land degradation and sustainable
forest management, international water resources and chemicals.59
Building on 26 years of work in 133 countries around the world, the 7th GEF SGP
Operational Cycle aims to “promote and support innovative, inclusive and broad-based
initiatives, as well as create multi-stakeholder partnerships at local levels to address global
environmental issues in priority landscapes and sea areas ”.
Strategic initiatives of the global SGP GEF for the 7th operational period [19]:
• Conservation of endangered ecosystems and species by communities
• Sustainable agriculture and fish farming and food security
• Mutual benefits of access to low carbon energy technologies
• Building local to global coalitions for chemicals and waste management
• Catalyzing (stimulating) sustainable urban management solutions
• Community-based adaptation
• Platforms for the discussion of policy and planning for the development of cooperation
between the Civil Society Sector - Government - Private Sector
• Increased social inclusion
• Knowledge management
https://techselector.com/
https://asiaplustj.info/ru/news/tajikistan/society/20210126/ebrr-i-donori-podderzhivayut-zelenieinvestitsii-v-tadzhikistane
59
www.sgp.uz
57
58
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The Public Fund for Support of Non-Governmental Non-Commercial Organizations
and Other Civil Society Institutions under the Oliy Majlis of the Republic of Uzbekistan
on a competitive basis provides grants and state social orders to NGOs and civil society
institutions for the implementation of socially significant projects based on current country
priorities and government programs.60 61
Thus, one of the challenges that continues to arise with sustainable land and water
management and climate change adaptation and mitigation projects is addressing long-term
benefits and up-front short-term costs. Very often, interventions bring long-term benefits
to both society (eg carbon retention, improved water quality, enhancing biodiversity) and
the implementer (eg improved soil fertility, improved wood availability). However, they are
associated with short-term costs that are often overwhelming for farmers and SMEs due
to lack of access to investment capital or uncertainty about investment risks. Therefore,
promising projects are evaluated including by the general public that can cover short-term
costs and provide long-term benefits.
One of solutions is to mobilize the potential of local communities to adapt to climate
change and disseminate affordable green technologies through training local communities
to make them from accessible materials.

60
61

www.fundngo.uz
http://ngo.uz/old/index.php/ru/tanlovlar
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I.5. Analysis of local opportunities and initiatives.
Local community participation
Technologies and practices exist or have already been developed in various parts of
the world to help the agricultural sector adapt to climate change. These include, among
others, the protection and sustainable use of water and resources, energy conservation,
sustainable irrigation practices, sustainable use of soil and pastures, and selective selection
of crops and plants. Some of these measures may require some investment, while others
require predominantly awareness raising and capacity building to deal with new practices.
Current challenges are compounded by climate variability, one of the many stresses that
local communities face. In a situation where developing countries have limited resources
to protect the environment and health, NGOs can help mobilize the capacity of local
communities to adapt to climate change, protect health, budget and local ecosystems, using
local opportunities, taking into account the positive impact of gender equality.
The role of NGOs in mobilizing local communities and local authorities to introduce
affordable green technologies
Even where government action is focused on sectors that are particularly important to
the poor, such as agriculture and water supply, the needs of the most vulnerable are often
not met. This is due to a variety of factors, including a lack of civil society involvement in
priority setting, the need for locally specific technologies rather than broad-based sectorwide action, and the inability of public infrastructure to deliver services to agricultural areas
(Ensor and Berger (2009c )). As a bottom-up approach, community-based adaptation (CBA)
can serve as a framework for inclusive governance by reaching a number of stakeholders
who work directly with local or district governments and national coordinating councils to
facilitate joint planning, monitoring and adaptation activities [20].
NGOs can play a large role in supporting government efforts on climate change issues.
In particular, it is difficult to find a replacement for NGOs to solve the problems of mobilizing
local communities to address the issues of adaptation and mitigation of the consequences
of climate change at the local level, including participation in decision-making processes,
implementation at the level of farms, dekhkans and household plots, in small business. green
technologies and practices for saving water, energy, rational management of agriculture, etc.
Projects implemented by NGOs in CA countries have shown the effectiveness of this
approach. So, within the framework of the NGOs projects implemented in 2018-2020 in
five CA countries, trainings, master classes were held, an exhibition of accessible green
technologies and practices was organized at the Central Asian Conference on Climate
Change-2019 held in Tashkent, and reference manuals were developed. The purpose of
the manuals is to raise awareness and skills of local communities, farmers, households
, small businesses in the application and manufacture of affordable green technologies
for sustainable water and energy supply, as well as achieving an understanding that the
introduction of green technologies does not have to be associated with high financial costs
and many months of hard work and that ensuring an acceptable water supply, conserving
water , land and energy resources, quite possibly on their own, contributing to improving
climate resilience as well as reducing the carbon footprint.
Based on the analysis of projects carried out by NGOs at the local level, it is possible to
gain an understanding of the problems and possible approaches to adaptation to climate
change at the country and regional levels.
NGOs in Uzbekistan are actively involved in initiatives and campaigns to raise awareness
and improve education and awareness of citizens on issues related to climate change.
In particular, the Ecoforum of Uzbekistan is implementing a program on education for
sustainable development and environmental education. EcoForum experts are the authors
43

of a low-cost and affordable mechanism for educating local communities and families on
sustainable development and environmental safety at secondary schools.
The Ecoforum of Uzbekistan supports the training of teachers in environmental education.
Ecoforum specialists conduct trainings for teachers, including on sustainable development
and sustainable lifestyles, have developed and published teaching aids and guidelines
on environmental education. In particular, the teaching aids on ecology for teachers and
teaching aids on ecology for students in grades 1-4 were approved by the Republican Center
for Public Education.62
The EcoForum expert has prepared two practical guidelines for self-production and use
of simple RES constructions and rational water use.
Below, we will talk about the developments available in everyday life. They allow us to
organize our work and life in such a way as to contribute to the purification of the planet. New
environmental technologies allow everyone to participate in conserving resources.
The proposed inexpensive green technologies make it possible to move from expensive
centralized water supply systems, especially in rural and remote areas, to more inexpensive
methods, that is, significantly simplify and reduce the cost of government programs for the
sustainable use of water resources, reduce the pressure on natural ecosystems, reduce
population costs and improve quality. life of local communities, especially women.
NGOs, SMEs, rural communities and practitioners can consider appropriate alternatives
and include them in their portfolio of technologies and potential modifications.

62

https://unce.org/environment-policy/publications/3rd-environmental-perfomance-review-uzbekistan
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SECTION II. A PRACTICAL GUIDE
FOR THE PRODUCTION AND APPLICATION
OF AFFORDABLE ACCESSIBLE
GREEN TECHNOLOGIES AND PRACTICES
II.1 Microirrigation with
a low pressure dripping system

Majidov T., Ikramov N.
We only know the value of water when the well dries up.
Benjamin Franklin

The Republic of Uzbekistan is located in the arid zone, i.e. moisture evaporating from
the surface of the soil, water and flora is 15 ÷ 25 times less than the amount of annual
precipitation. And, to obtain high crop yields, natural moisture is maintained through artificial
irrigation. With an increase in the population, the use of water-saving technologies for
irrigation is very relevant.
Today, the following types of water-saving technologies are used in agriculture [4]:
1. Irrigation with short furrows.
2. Drip irrigation.
3. Sprinkler irrigation:
- with remote water-repellent nozzles;
- using microsprinklers.
4. Irrigation along the furrows using a perforated film coating.
5. Subsoil irrigation.
6. Irrigation using hydrogel granules.
7. Watering with portable flexible plastic pipes.
8. Leveling of agricultural lands with the help of laser devices and others.
The most water-saving irrigation method in irrigated agriculture is drip irrigation.
The principle of drip irrigation is the regular supply of a certain small amount of water
directly to the zone of development of the root system of plants. The irrigation system consists
of pipes, valves and small drippers for supply from water sources under a certain pressure.
The system provides the plant with the moisture it needs and promotes its sustainable use.
Drip irrigation technology has gained particular importance for farmers, as due to pollution of
water bodies, wastewater, the demand for irrigation water has increased, and the available
sources of such water have become smaller. Drip irrigation is very effective and relevant
in dry climates and areas of unstable runoff (or areas where groundwater resources are
affected by seasonal fluctuations such as river runoff or rainfall).
Benefits of drip irrigation
• Moisture enters pointwise under the roots, without clogging the soil, without creating a crust.
• The soil is not waterlogged, soil erosion is prevented, and the root system maintains
optimal ventilation throughout the entire growth period.
• Plants are not injured, unlike when they are exposed to a significant stream of water
from above when sprinkled.
• Significant savings in water consumption. Compared to surface irrigation with 60%
water use efficiency and sprinkler systems with 75% efficiency, drip irrigation can achieve
90% water use efficiency (Tanji and Kielen, 2002).
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• Reduced crop losses from pests and diseases. Fungicides, insecticides, and other
means of protection applied to the leaves during processing are not washed off with running
water during irrigation.
• On difficult plots of land with a slope, this method of watering also wins against all others.
• Weeds grow less because they don't get water. In places where they grow, the soil
remains dry. Irrigation in this way makes it possible to keep the leaves dry, and they are less
susceptible to various diseases.
• Plants mature earlier because soil temperatures are higher than with other irrigation
methods.
• You can harvest at any convenient time, the areas between the beds are not moistened,
and the watering period does not interfere with the collection.
• Such irrigation systems save a lot of manpower and energy. No need to carry buckets
of water or build complex structures.
Drip irrigation technology ensures efficient use of water and thus helps farmers adapt to
climate change. Particularly in areas affected by climate change, such as seasonal drought,
drip irrigation reduces water demand and evaporative water loss (evaporation increases as
temperatures rise).
Crop Yields, tons
In the last twenty years, the areas Types
of plants
furrow irrigation
drip irrigation
occupied by drip irrigation have expanded
by more than 6 times and currently
amount to about 6.1 million hectares in Cotton
the world [19, 20]. In addition to saving
water and other resources, with drip
irrigation, crop yields increase by 1.5- Onion
2.0 times or more (Fig. 1). Field studies
have shown that with drip irrigation,
45-60% of water resources are saved Tomato
when irrigating row crops and 60-70%
of orchards and vineyards. In addition,
water-soluble mineral fertilizers and Cucumber
other chemicals are saved by fertigation*
directly into plant roots.1
*- Fertigation is a method of Pepper
applying liquid fertilizers or pesticides,
Fig. 1 - Increasing crop yields with drip irrigation
simultaneously with irrigation (irrigation).
The main growth factors in the use
of drip irrigation systems are: lack of moisture in many regions of the world; the rapid
development of vegetable growing; widespread use of microfertilizers in systems with precise
dosing; agricultural subsidies in many countries.2 Drip irrigation systems contribute to the
adaptation of water users to the decrease in water resources caused by climate change and
the reduction of greenhouse gas emissions.
The designs of drip irrigation systems produced abroad are quite complex and require
highly qualified specialists for the installation and operation of machinery and equipment [2].
In similar systems used in our country, a large amount of sludge and debris are captured
by coarse filters, and very small particles - fine filters. A certain amount of colloidal particles
and dead microorganisms lingers in droppers, forming a mucous substance that blocks
their openings [16]. In waters with high salinity (up to 3 g/l) used for irrigation when there is
a shortage of water, this process is accelerated, as a result of which the droppers and the
1
2

https://www.instructables.com/howto/drip+irrigation/
http://www.propoliv.com
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entire drip system quickly fail. For effective operation, it is necessary to clean them daily with
special detergents.
The limiting factor for the massive use of drip irrigation systems is still the consumption of
electrical energy and high initial capital costs for implementation.
Taking into account the above, a group of scientists from the Tashkent Institute of Irrigation
and Agricultural Mechanization developed a low-pressure drip irrigation system [2, 3]. The
design of this drip irrigation system is radically different from foreign drip irrigation systems in
that it is simple, inexpensive, made from local raw materials, and can be installed, operated
and maintained by any water user.
The use of low pressure drip irrigation systems in small areas (up to 1.0 hectares)
and in greenhouses is very effective. Due to the lack of water in dry years, the yield of
crops in household plots decreases or they are not planted at all. Drip irrigation method
with low pressure and less water can meet the physiological needs of crops for water.
For example, crops on an area of 200-600 m2 (2-6 acres) can be easily watered using
underground tubular wells ("Kachalka"), which are in every house in the village. If you
plant tomato seedlings every 40 cm on 2 acres of a personal plot, then the number of
all seedlings will be 715 pcs. If we take the water consumption per seedling equal to 1.5
liters, then the water consumption for all seedlings will be equal to 1000 liters or 1 m3.
From manual tubular wells, 20 liters can be lifted in 1 minute, and 100 liters of water
equipped with micropumps. A water tank with a volume of 1.2 m3 filled with water is
quite enough for one irrigation of tomato seedlings on these 2 acres of land. Vegetables,
melons and various fruits are grown mainly in household plots of the population. And for
irrigation of such areas, it is proposed to use low-pressure drip irrigation.
Limitations
Unexpected precipitation may affect the drip irrigation system: flooding of droppers,
shifting pipes or changing the salt content in the soil. Such a system can be damaged
by rodents or other animals. It may be difficult to combine a drip irrigation system and
mechanized production, as tractors and other agricultural equipment can damage pipes,
tapes, or drippers.
Technology description
Water supply to the dropper is the main object of drip irrigation and can be carried out in
2 ways:
1. The classic way is to supply water to the dropper, having previously passed it through
coarse and fine filters under a certain pressure using pumps
2. Water supply through a coarse filter into a dropper without pumps at low pressure
The classic way is to supply water with pumps and clean it with coarse and fine
filters (Fig. 2).
In the country, many rivers are quite muddy. Turbid water contains a lot of organic
substances that can be used as organic fertilizers. The turbidity of water with a particle size
of less than 0.1 mm is very useful for agricultural land as an organic fertilizer. At the same
time, almost all turbidity particles are trapped in the twice purified water, as a result of which
the fields are left without additional organic fertilizers, making it impossible to increase crop
yields. (This situation was observed during the commissioning of the Tuyamuyun reservoir).
With complete water purification, the fields are left without additional fertilizers. If droppers are
not cleaned with special solutions almost every day, dropper clogging will be observed. For the
operation and maintenance of such systems, highly qualified specialists are required. Many system
components are imported from abroad. Due to the use of pumps and other fittings, the import of
many parts of the systems, the cost is 6-8 times more expensive than low pressure systems.
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Fig. 2 - General scheme of pressurized drip irrigation systems

Low pressure water supply (Fig. 3, 4).
The system is called a low pressure drip irrigation system because it operates at natural
pressure (from a height of 1.0÷2.0 m). In other designs, it is necessary to install separate pumping
devices that create a pressure of 1–3 atmospheres (equal to 10–30 m of water column) [12].
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Fig. 3 - Scheme of a low pressure drip irrigation system
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ribbon

Main source

Fig. 4. — Scheme of a low-pressure drip irrigation system with fertigation:
1-stabilizing capacity; 2-supplying plastic pipe; 3-distribution pipeline; 4-polyethylene
irrigation hoses with droppers; 5-capacity for mineral and organic fertilizers;
6 taps; droppers; 8-stubs; 9 clamps.
The low pressure drip irrigation system has the following advantages [2, 3]:
1. Not only colloidal particles and microorganisms contained in irrigation water, but also
sand with a diameter of 0.5 mm and turbidity containing various fine particles moving in
suspension also flow freely from the drippers and promote fertigation.
2. Works at a low natural pressure of 1.0÷2.0 m (without a continuously operating pumping
unit, which creates a pressure of 20÷30 m).
3. Cheapness, simplicity of design, the possibility of its installation and operation, repair
and dismantling by any water user.
4. Availability of raw materials and equipment required for the system in our republic and
any other country.
5. Any water user can be trained to install, dismantle, operate and repair the system.
Technical and Economic Performance of Micro-Irrigation with a Flexible Low
Pressure Drip System
The main part of a low-pressure drip irrigation system is a curved polyethylene pipe with
a dropper, which has the following technical characteristics (Table 1) [1, 13].
An irrigation hose with new type droppers differs from existing ones in low material
consumption (more than 10 times) and low cost (6-9 times), as well as stable operation of
droppers (Table 2) [6, 7, 8, 9, 10]. Stable operation of droppers is achieved by raising the
water source (tank, pool, reinforced concrete tray, etc.) from the marks of the beginning of
the irrigated field by 1.5÷2.0 m.
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Table 1
Specifications of low pressure drip irrigation system
№
1
2
3
4
5
6
7
8

Specifications

Unit

Measure-ment
labyrinth-hole
mm
25
l/hour
1÷3
cm
20 and by or-der

Type of dropper
Diameter
Consumption of each dropper (depending on pressure)
Distance between drippers
Irregularity of drip rates:
- with a length of irrigation hoses of 250 meters;
%
- with a length of irrigation hoses of 500 meters.
Optimal row length
m
Optimal field slope
promil
Estimated cost of the system per 1 ha of crops:
- in cotton cotton field with a row spacing 60 cm;
- in vineyards with a row spacing of 3 m;
USD/hectar
- in gardens with a row spacing of 5 m;
- in gardens with a row spacing of 8 m.

10
15
250
3÷6
995÷1093
597÷862
531÷796
465÷730

Table 2
Economic characteristics of a low drip irrigation system
pressure in comparison with foreign systems on the example of cotton
№

Indicators

Unit

Systems of drip irrigation
TIMI
(Uzbekistan)

Queen Gil
(Israel)

Sun stream
(Turkey)

m of water
column

1,0÷2,0

25,0

20,0

1

Required pressure for system
operation

2

The need for a pumping unit for the
operation of the system

-

no

yes

yes

3

The need for fine purification of
irrigation water

-

no

yes

yes

113,0

113,0

113,0

4

Performance indicators:
-saving mineral
fertilizers and chemicals;
-reduced processing
spacing;
-saving water and sprinklerevents;
-increase in productivity
cotton.
TOTAL:

USD/year

225,0

225,0

225,0

225,0

225,0

225,0

564,0
1127,0

564,0
1127,0

564,0
1127,0

5

Capital expenditures for
implementation of the system on a
cotton field

USD/year

995÷1093

8292,0

9287,0

6

Average payback period

Year

1

More than 7

More than 8

7

Life time:
- polyethylene pipes;
- plastic highway pipelines

Year

3-8

3-8

1-2
5÷8

Note: The cost of capital costs does not include the cost of supply channels, wells, power
lines, etc. which are constructed outside the flooded area.
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Main Components of Micro Irrigation System by Flexible Low Pressure Drip System
The low-pressure drip irrigation system complex includes the following components
[1, 11, 14]:
1. The main sources of water (channel, reinforced concrete trays and various volumetric
containers made of concrete, reinforced concrete, metal, brick and other materials), which
are installed above the field level (Fig. 5).
a)

b)

c)

Fig. 5 Main sources of water:
a - channel; b - reinforced concrete tray; c - metal container

2. Tank for solutions of mineral and organic fertilizers (Fig. 6)
a)

b)

Fig. 6. Metal (a) and plastic (b) containers for mineral and organic fertilizers
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3. Irrigation water pressure stabilizer is a tank with a volume of 20÷50 liters (Fig. 7),
which provides the necessary constant hydraulic pressure of irrigation water in the hoses.
a)
b)

Fig. 7. A container that maintains a stable water level

4. Supply and distribution plastic pipes with a diameter of 50 -100 mm (Fig. 8)
a)

b)

Fig. 8. Supply (a) and distribution (b) plastic pipes.

5. Flexible polyethylene pipe with drippers
The main part of the new drip irrigation system is irrigation hoses made of opaque
elastic plastic, which consists of the main pipeline and micro-water outlets (drippers) rigidly
connected to it and located along its central axis.
Droppers are made in the form of oblong cavities of small cross section with water outlets,
as well as elements of hydraulic resistance. The main pipeline and elongated cavities are
made of one integral extruded pipe. The line of their connection is formed by connecting the
walls of the pipe by flattening.
Elements of hydraulic resistance are placed inside the elongated cavities of the microoutlets and are formed by protrusions equidistant from each other placed in alternating
order on opposite walls of the elongated cavities of the micro-outlets. Irrigation hoses are
connected to the distribution pipeline by means of a plastic pipe [2, 3].
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Drip irrigation pipes consist of a main pipe and a small pipe made from it as a whole
(Fig. 9). With a polyethylene drip pipe diameter of 25 mm, the height of the oval-shaped
tube receiving water from the main pipe is 3 ÷ 5 mm, and the width is 6 ÷ 8 mm. The ovalshaped pipe receives water every 20 cm through a slot that opens in the main pipe. The
resulting water, passing through the resistance in the pipe, through holes located every
20 cm **, is supplied in the form of drops under the root of the plant.

drop

drop

Fig. 9. Flexible polyethylene pipe with droppers

Drip irrigation pipes with droppers are made of flexible polyethylene material with
a thickness of 100 microns, they are light enough, do not take up much space, they are
convenient to transport. With a drip irrigation pipe width of 6.0 cm, its total length in rolls can
range from several hundred meters to several kilometers.
On fig. 10 shows rolls of different sizes, and in table 3 their diameters, lengths and weights.
a)
b)

Fig 10. — Flexible polyethylene pipe with droppers: a-in a roll; b-on the beds

Table 3

Dimensions of polyethylene pipes in rolls
№
1
2
3

Diameter, cm
23
35
48

Rolls:
Length, m
243
622
1220

Weight, kg
2,4
6,2
12,2

6. Valves that regulate the amount of water supplied through drip flexible polyethylene
pipes, as well as the amount of a solution of mineral and organic fertilizers.
7. Devices for installation on bends, network separators, transmission and
distribution pipes.
8. Low-flow pumping unit - if the water source is located below a height of 1.5÷2.0 m.
**- In this system, the distance between the droppers can be 20, 40 and 50 cm.
Depending on the needs, the distance between the droppers can vary.
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The process of installing a low pressure drip irrigation system
The choice of material for mounting a low pressure drip irrigation system:
1. Depending on the type of culture, the type of polyethylene pipe with a dropper is
determined. For example, for cotton, soybean, sunflower, vegetable and other crops planted
in beds, a polyethylene pipe is selected with holes between droppers of 20, 40 and 50 cm.
2. The length of the polyethylene pipe with drippers for a certain area is determined
depending on the number of rows of crops and their length. The total length is taken 20%
more than the length determined for this crop.
3. As a source of water supply, depending on the type of crop and the volume of the
irrigated area, reinforced concrete trays or containers of various sizes (made of metal and
other materials) are installed.
4. From the main tank, water is supplied to the tanks of the irrigation water pressure
stabilizer with a volume of 0.05 ÷ 0.10 m3.
5. Depending on the location of the sown area, prepare the main and distribution plastic
pipes with a diameter of 50 ÷ 100 mm.
6. Rubber plugs are selected to seal the ends of temporary irrigation plastic pipes, to
connect them to each other - couplings, for water distribution - tees, angle couplings and
other necessary fittings.
7. To connect polyethylene pipes with droppers to the main plastic pipelines, connecting
plastic pipes with a diameter of 20 mm and a length of 10 ÷ 50 cm are prepared.
8. Soft sealing gaskets-hoses 2.0 ÷ 2.5 cm long are put on and pulled onto the ends of
the connecting pipes.
9. To regulate the water supply from the main tank to the tank, the irrigation water pressure
stabilizer, a valve is installed that regulates the amount of water.
10. Round holes with diameters of 20.5 and 51.0 mm are drilled in the main plastic pipeline
and in the tank of the irrigation water pressure stabilizer.
a)

b)

c)

Fig. 11. The main parts and auxiliary tools of the system:
a-hand drill; b-special drill; с-drilled holes on the main pipeline
and connecting pipes with a diameter of 20 mm with sealing gaskets

11. Fastening of 20 mm connecting pipes to polyethylene pipes with droppers and
connection of the irrigation water pressure stabilizer tank with a tap for regulating the amount
of water is carried out using fastening clips-clamps.
12. A saw, a knife, a hammer, pliers are being prepared, and for attaching a container
that maintains a stable water level at a certain height - a chain, rope, adhesive thread and
adhesive tape.
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Installation work
We start by installing the main tanks of different volumes. To do this, a natural height of
2.0 ÷ 5.0 m is selected in the indicated place. If there is no natural height, then an artificial
height is prepared with the help of mechanisms and the main tank is installed.
Couplings are used to connect the main tank to the irrigation water pressure stabilizer
tank. In the lower and upper parts of the irrigation water pressure stabilizer tank, a
hole is made for connecting a pipe with a diameter of 20 mm (Fig. 12a), which controls
the minimum and maximum water levels, and in its lower part and on the cover with a
special drill (Fig. 12b) a hole with a diameter of 51 mm, receiving water from the main
tank and supplying it to the network.
The main tank and the capacity of the irrigation water pressure stabilizer are connected
to each other by means of couplings and taps (Fig. 12c).
a)

b)

c)

Fig. 12. cover and container of the irrigation water pressure stabilizer with a hole of 51 mm.
to control the water level of the main tank (a), a special drill (b), a special tap (c)

The main and distribution pipelines in this drip irrigation system can be installed above
and below ground.
Both ends of the main and the end of the distribution pipelines are plugged with rubber
plugs (Fig. 13a). Rubber plugs are inserted into couplings (Fig. 13b), which are attached to
the end of the pipe (Fig. 13c). If the length of the plastic main pipeline is less than the size of
the irrigation area, an additional pipe is connected using couplings (Fig. 13d).
a)

b)

c)

d)

Fig. 13. Installation of main and distribution pipelines:
a-plug (rubber plugs); b-main pipeline, both sides of which are plugged with rubber plugs; at the end of the
main and distribution pipelines, closed with a plug; d-connection of two main pipelines with a coupling
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Operation of a low pressure drip system
Upon completion of the installation of the system, it is put into operation [15]:
1. If the water source is not located at a height of 1.5 ÷ 2.0 m, then a low-flow pumping unit
is provided to fill the main tank. The pumping unit is put into operation and supplies water
from the water source to the main reservoir, installed at a height of 1.5÷2.0 m.
2. Slowly open the valve supplying water to the main tank and irrigation water stabilizer
tank, and then the water is gradually supplied to the main plastic pipelines.
3. Water begins to flow from the main main plastic pipelines into pipes with droppers,
which are laid along each bed.
4. From droppers mounted after 20 (40 and 50) cm on a polyethylene pipe filled with
water, water begins to drip. If the system is installed in gardens (no drips installed in the oval
tube), then enough holes are opened near the bottom of each tree to allow enough water to
pass through to meet the needs of the trees.
5. During operation, the following are controlled:
- the amount of water in the source and the capacity of the irrigation water stabilizer.
Knowing the water pressure H, you can determine the flow rate of droppers for 1 hour
using the formula
H = f (Q) = 1,02 Q0,61, l/hour.
For example: at a pressure of H = 1.0 m, flow rate of droppers Q = 1.0 l/h; at a pressure of
H = 1.5 m, flow rate of droppers Q = 1.9 l/h; at a pressure H = 1.8 m, the flow rate of droppers
is Q = 2.5 l/h.
- places where main plastic pipelines and main plastic pipelines are connected with
polyethylene pipes with droppers,
- work of polyethylene pipes with droppers along the length, etc.
In some cases, when exposed to the external environment, polyethylene pipes with droppers
can tear or crack and fail. For example, a perforated or torn off part of a polyethylene pipe with
droppers is damaged. In such cases, the malfunction in them is eliminated as follows.
A piece 5–7 cm long is cut off from a plastic connecting pipe with a diameter of 20 mm.
Two of its worn sides are cleaned of debris and put on with soft sealing gaskets-hoses 5.0
cm long (Fig. 14a).
Clamps with ring clamps are put on workpieces with soft sealing gaskets-hoses on both
sides, fastened (Fig. 14b), then their performance is checked.
a)

b)

Fig. 14. Troubleshooting a low pressure drip irrigation system:
1-soft sealing gaskets-hoses; 2-connecting pipe;
3- polyethylene pipe with droppers; 4-metal clamps with clips

58

Disadvantages of low pressure drip irrigation system
As a result of the field tests (in the Surkhandarya region), the following shortcomings of
this irrigation method were identified and eliminated:
1. Upon reaching the water column of 2.5-3.0 m, a rupture of a polyethylene tube with
droppers was recorded.
2. Due to a malfunction or a planned shutdown of the water supply, the temperature of the
water in the polyethylene pipe was heated to 75-800C, as a result of which deformation of the
polyethylene pipe with droppers was observed (elongation in width and height, expansion
of the dropper slots).
3. Since the polyethylene pipe with drippers was very light, they were torn off from the
installation sites in strong winds.
After the first irrigation of crops, polyethylene pipes with droppers (before the second
irrigation), due to their lightness in strong winds, can move from their installation sites
(Fig. 15 a). To eliminate this drawback, the ends of polyethylene pipes with droppers are
fastened with pegs (Fig. 15b), and along its length every 20-30 m they are fastened with
brackets (Fig. 15c). When the height of the plants reaches 5 cm, no wind can move the
polyethylene pipes with droppers from the installation sites. To eliminate pipe deformation,
it is recommended to use pipes resistant to high temperature and pressure.
a)

b)

c)

dimensions
in millimeters

Fig. 15. Displacement of a polyethylene pipe with droppers from the installation site:
a-displacement of a polyethylene pipe from the installation site; b-fastening the end of polyethylene pipes
with pegs; c- brackets for fastening polyethylene pipes along the length
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ANNEX
Irrigation of cotton with a low pressure drip irrigation system
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II.2. Available soil moisture retention technologies.
Water-retaining gel
Abdullayev A., Nazarova H.

Earth is a treasure, water is gold.
Uzbek proverb
One way to keep the soil moist is to use
a water-retaining gel. Water-absorbing
hydrogels are natural or synthetic polymers,
as well as their compositions, which are
highly hydrophilic and capable of retaining
large amounts of water in a swollen state.
Most people have encountered silica gel in
their lives when buying shoes or electronics.
Opening the package, you can see a small
bag with transparent balls. This is silica gel,
whose purpose is to absorb moisture, which
can adversely affect products. Hydrogel
also absorbs moisture from the soil, but
unlike silica gel, it has the ability to retain
Photo from the site https://teplica-exp.ru/
and release moisture.
The substance is a colorless crystals or powder, which, upon contact with water, is
absorbed by it, swells and becomes a kind of reservoir, while transforming into gels
insoluble in water. When the soil dries, the gel beads provide moisture to the plant’s
root system. In addition to water, the polymer compound is capable of absorbing diluted
nutrients, thereby providing additional nutrition.
The hydrogel is injected into the soil
or subsoil, absorbs the volume of water
(according to various sources, 200 - 500
times its weight), and easily releases liquid in
a dry environment. In this case, the roots of
the plant do not rot from waterlogging, since
excess water is absorbed by the polymer.
This cycle of absorption and release of
moisture increases the availability of water
for plant roots, and the frequency of watering
decreases, according to various sources, by 3060%. At the same time, the granules are able to
absorb moisture during watering, from rain and
even morning dew.
The hydrogel works even after freezing and
complete drying without losing its properties.
Hydrogel consumption is determined by
crop type, soil composition and local climatic
conditions. The hydrogel is mixed with a
Photo from the site https://leto.ua
mineral fertilizer and applied to the plant using
the same fertilizing technique.
The hydrogel can be used on all types of lands in Uzbekistan, in areas with low water
content and different levels of salinity, which is very important, for example, in the Aral Sea
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region. It can find wide application in the cultivation of crops, in arid lands, when planting
seedlings (saxaul, various trees) in forestry, when planting lawns, flowers and similar
ornamental crops in landscape design.1
Types of hydrogels
There are two main types
of hydrogels, which differ in
their
composition,
density,
appearance and have different
applications.
Picture https://attuale.ru/
Agricultural hydrogel. They
are colorless soft balls, granules
or powder. It is economical and
versatile. Agricultural hydrogel
is used for growing cultivated
and ornamental plants both in
gardens and vegetable gardens,
and at home for growing indoor
plants. Soft, colorless polymer
serves to moisturize the root
system of plants and acts as a
Photo from the site https://сvety-komnatnye.ru/
loosening agent of the soil. The
hydrogel has a jelly-like structure, so the roots, penetrating into the granules, easily absorb
water and microelements dissolved in it.
Aqua primer is a hydrogel
with a denser composition; it is
produced in the form of colored
granules of various shapes (balls,
cubes, pyramids) of a larger
diameter. Since the structure of
such polymer is more dense,
then the absorption of moisture
is more difficult. These crystals
are mainly used as temporary
soil or for decorative purposes
as a filler for indoor flowers.
Aqua soil does not decompose
and is cheaper than agricultural
hydrogel. Cut flowers look
Photo from the site https://attuale.ru/
spectacular in a vase filled not
with water, but with colored aqua soil. Let the colored gel beads saturate with water, place
them in a vase, and then place the bouquet.
Aqua soil can also be used as mulch when growing indoor plants. This solution will protect
the plant from drying out the soil.
The multi-colored gel beads can also be used to scent a room. You just need to fill the
dry balls with water mixed with aromatic oils and, after filling them, put them in beautiful
flowerpots and place them in different parts of the room.
Thus, despite the fact that these two species have a similar polymeric nature, their tasks
1

https://mininnovation.uz/ru/news/2133

63

are different. The hydrogel capsules serve as a reservoir for the accumulation of water, and
the task of the aqua soil is to give an aesthetic appearance to a flowerpot with a plant. These
balls have nothing to do with moisturizing.2
You can also find a liquid hydrogel on the market. In terms of its presentation, it is no
different from an agricultural hydrogel. However, after adding liquid, the granules do not swell,
but dissolve in water. Typically, such a substance is used to wet the seeds before planting
them in the ground. This method makes it possible to accelerate seed germination. Seeds
cannot be germinated directly in the liquid hydrogel. The substance envelops them, blocking
the access of air. Therefore, the seedlings may either die or take a long time to germinate.
Despite its effectiveness, the agricultural hydrogel has not yet found mass distribution in
the country. First of all, this is due to their recent appearance on the domestic market and
the lack of knowledge by the population about the advantages of the material.
Benefits of agrarian hydrogel
•maintains an optimal balance of moisture required by the plant. The plant does not
receive stress from changes in soil moisture;
•keeps fertilizers in the soil longer and allows plants to absorb them more efficiently
(having saturated the granules with liquid fertilizer, the plant will be provided with useful
minerals for a long time);
•Improves the properties of the soil, the structure and looseness of the soil, the root
system of the plant receives enough oxygen;
•Prevents erosion, cracking and crusting of the soil and significantly reduces the risk of
groundwater pollution;
•protects against rot and fungus;
•Allows you to quickly germinate seeds without much care. Using a hydrogel when planting
seeds, you can get seedlings 7-14 days earlier;
•reduces the evaporation of water from the soil;
•facilitates the care of garden crops, reducing the number of irrigations (the frequency of
irrigation can be reduced by 30-60%);
•not toxic to plants and soil organisms, and also safe for humans;
•reduces the period of flowering and fruit formation, increases the yield by 40 - 60%, as
well as the commercial quality of the product.
•reserves properties in freezing soils after thawing;
•the nesting rate of seedlings in such soil is provided up to 95-98%;
•1 kg of soil consumes only 0.8-1.6 g of dry matter;
•according to the manufacturers, the hydrogel retains its qualities for about 5 years at
various temperatures. It then breaks down into harmless components (water, ammonium
and carbon dioxide).
Disadvantages
- with prolonged exposure to sunlight, mold may appear on the surface of the granules,
bacteria may form that infect the plant;
- not suitable for all seeds and plants. If the root system of the flower is too massive, it will
be difficult for it to penetrate the hydrogel. The same applies to seeds with a leathery coat
(eg sweet peas, beans, beans);
-the life of the granules declared by the manufacturer is 5 years. But, according to some
reports, in practice, this period is up to 1.5 years. After that, the granules retain moisture much
worse, they can darken, wrinkle. For the same reason, the granules should not be reused.
In any case, you can draw final conclusions for yourself about the advantages and
disadvantages of a hydrogel from a particular manufacturer by applying it in your practice.
2

https://attuale.ru/gidrogel-kak-ispolzovat-dlya-rastenij-instruktsiya-po-primeneniyu/
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Usage
The hydrogel has found its application both in open beds and in greenhouses, and in
indoor growing of plants. Hydrogel is introduced into the soil when planting shrubs, flower
beds, trees, when laying alpine hills and lawns. A tangible effect of water conservation is
observed when the drug is added to balcony and street containers. The hydrogel is used on
an industrial scale for growing seedlings. In large containers, the soil dries out quickly, and
the introduced substance slows down this process. A hydrogel is also used for germinating
seeds: the swollen granules perfectly moisturize the earth and promote sprouting.
If we talk about a mixture of substrate and hydrogel, then moisture-loving crops are more
suitable for this, as well as those plants that are suitable for hydroponic cultivation. Crops
such as cucumbers, tomatoes, cabbage, and potatoes are very responsive to the presence
of a hydrogel in the soil. It is not recommended, according to reviews, to add hydrogel to the
soil to eggplants and peppers. Their yield is declining.3
Indoor plants Chlorophytum, euphorbia, ivy, Kalanchoe, bamboo, dracaena and others feel
great in soil with polymer. And beautiful petunias or saintpaulias after planting in such a substrate
will develop faster and bloom better. For plants belonging to succulents (aloe, cactus, etc.) and
epiphytes (orchid, some types of ficuses, shefflers, etc.), the hydrogel is not suitable.
As for the care of crops planted in soil with a hydrogel, it is almost the same as in conventional
cultivation. The only exception is watering - in this case, it should not be too frequent.
Table 1 Key parameters for selecting the correct granule size4
Agriculture. Field cultivation. Gardening.
Fruits, berries, vegetables, nuts, grapes.
Forestry. Forestry and reforestation.
Gardening and landscaping. Garden
landscape plants and lawns. Drought
management.
Manual application
Mechanical application
sand, loam, clay.

Application area

Available equipment for application
Soil texture

https://www.ogorod.ru/ru/now/soil/13277/CHto-takoe-gidrogel-i-kak-ego-ispolzovat-v-sadu-ogorodecvetnike.htm
4
https://www.gidrogeli.ru/gidrogely-_instrukcia.htm
3
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To put the hydrogel into operation, it should be placed under the plant where the root system
is located. Usually, the substance is first soaked in water and then injected into the soil.
If it was sprinkled dry, then the area must be immediately watered abundantly.
Within 15-20 days, the roots will germinate through the capsules with the substance and
begin to feed on moisture from there. Even if the site has not been watered for a long time,
and the earth is completely dry, then the root system will not suffer in this case. The plant will
not die thanks to the liquid reserves provided by the hydrogel.
Table 2 Selection of the granule size5
Fraction, Particle size

Recommended for use
Root immersion before planting and
storage. Watering plantings and lawns in
drought conditions to prevent yellowing of
leaves
Root immersion before planting and
storage. Application to prepared garden
soil, peat mixtures, light and sandy soil
Application under growing plants.
Composting and soil mixtures. Application
in heavy, compacted and clay soils.
Application to soil using mechanical
equipment
Mixing with dry mineral fertilizer before
applying to the soil. Application under
growing trees and bushes using the
piercing method

Powder (flour) <0.2 mm

Micro (fine) 0.2 - 1.0 mm

Medium (medium) 1.0-2.5 mm

XL (large) 2.0-4.0 mm

About Consumption Rates - Appendix 1.
An important point when pre-soaking. Manufacturers indicate on the packaging the approximate
amount of water required for soaking. These are approximate indicators: the volume that the
granules can hold depends on the presence of certain salts in the liquid. Consider this, and when
soaking it is better to take less than the recommended amount of water.
Application of hydrogel to open ground
Planting
• When preparing planting sites outdoors, use a dry hydrogel and then water. At the same
time, for 1 sq. M. take 25-100 g of granules. First, the soil is well dug up, and then dry matter
is added and mixed well. For plants whose root system is located close to the surface, dry
granules are applied to a depth of no more than 10 cm. If the plant roots go deep, then the
hydrogel is buried into the ground up to 20-25 cm.
• Then the area is well watered. After the granules are filled with water, the soil in this
place rises.
• You can add hydrogel directly to the well prepared plot for planting. In this case, the gel
and soil are taken in a ratio of 1: 5. First, the dry matter is poured with water. After swelling,
it is laid on the bottom of the hole and mixed with the ground. You can also apply the method
of layer-by-layer distribution of gel and soil. The roots of the seedling are set in the hole and
covered with soil mixed with gel on top.
5

https://www.gidrogeli.ru/gidrogely-_instrukcia.htm
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Under the planted plants
• The area in the middle of the projection of the crown of a tree or bush is pierced with
a suitable tool (stakes, bayonets) to a depth of 15-20 cm. A dry hydrogel is placed on the
bottom of the funnels and sprinkled with earth. Now the area needs to be well watered. After
40-50 minutes, it is advisable to water the plant again.
• Another method can be used. First, fill the granules with water. When the hydrogel has
swollen, it must be injected evenly into the topsoil to a depth that reaches the roots. This
procedure is best done with your hands, since the tool can damage the root system of the plant.
Growing plants in hydrogel
Some types of flowers can only be grown in hydrogel. In this case, the granules are
soaked in a solution with mineral fertilizers.
The procedure for growing flowers in hydrogel does not differ much from growing in
ordinary soil, but you need to moisten the soil, as a rule, 6 times less often. The substance
will indicate the watering time: the granules will begin to settle a little.
A suitable container is filled with a polymer material, into which the plant is placed, and
sprinkled with helium balls on top. It is important to position the plant vertically. This is not
easy to do because the hydrogel capsules are slippery.
When using hydrogel for flowers without adding soil, the following should be considered:6
1. Watering is best done with settled water. This will eliminate the formation of plaque and
moss on the surface of the granules, as well as the appearance of bacteria and pests.
2. If a plant has a too developed root system, it will «creep” over the pot and it will not look
very nice.
3. Some flowers do not have enough oxygen, therefore, in some cases, you cannot do
without adding soil.
Sowing seeds in hydrogel
The hydrogel is soaked in water before use. The remaining moisture is drained, and the
resulting mixture is ground to a fine state. This homogeneous mass is spread in a layer of 1-2
cm along the bottom of a wide transparent container. Seeds are laid on top, easily pressing
them into the gel. After that, the tray is covered with plastic wrap or glass. Until the seeds
germinate, periodically ventilate the contents of the container and remove condensation.
When the first leaves appear on the sprouts, it is necessary to dive to a permanent place
along with the gel. The hydrogel does not need to be thrown away after use. Put it in pots
prepared for seedlings.7
How to sprout greens with hydrogel
Pour the hydrogel balls into a large bowl, cover with water and incubate at room
temperature for 8 hours. When the material has swollen, place it in the planting containers.
Remove excess liquid by discarding the balls in a colander. Spread the seeds over the
surface of the hydrogel, but do not cover.
Do not wet them in advance - the granules will provide the seed with the amount of
moisture necessary for germination. When the seedlings reach about 4-5 centimeters in
size, you can start harvesting. And the containers that have become empty can be used for
a new sowing.8 9

https://sovets.net/17358-kak-polivat-cvety.html
https://www.ogorod.ru/ru/now/soil/13277/CHto-takoe-gidrogel-i-kak-ego-ispolzovat-v-sadu-ogorodecvetnike.htm
8
https://teplica-exp.ru/gidrogel-dlya-rasteniy-primenenie/
9
https://seattlehelpers.org/other/gidrogel-sostav.html
6
7
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Room plants
The substance should be laid in the soil during its preparation, which must be done
before planting the plant in trays, on a flower bed, etc. In this case, it is necessary to
comply with the application rates of the substance. For garden and indoor plants growing in
containers, 1 g of dry hydrogel (about ¼ tsp) should be added to 1 liter of soil. Or, granules
saturated with water are added in the following ratio: 1 part gel for 5 part soil. The same
set is used for growing seedlings. Some gardeners use a different method: 1 glass of the
swollen substance is added to 1 liter of soil.
Powdered hydrogel is poured with water and infused for an hour or more. When the
granules collect water, the remaining liquid is drained. The gel is mixed evenly with earth to
fill all areas with capsules.
After the soil has been prepared, you can plant seedlings in it. After 10-14 days, the roots
have already penetrated into the capsules, and the plant will be able to receive enough
liquid. Now the plot can be watered 2-6 times less, taking into account the temperature and
the place of growing the plant.
If you have already planted a flower in the soil and want to add hydrogel to it, you need
to proceed as follows:10
- On the surface of the soil, make holes that will reach the root system of the flower. Do
this carefully, not with a sharp object, so as not to damage the plant.
- Pour hydrogel into the formed holes. It is important that the capsules are dry, not
saturated with moisture.
- Pour water into the wells.
- The capsules should then increase in size. If there are too many of them, and they are
visible on the surface of the soil, be sure to remove the excess and sprinkle them with soil.
Additional information on the use of hydrogel
Storage
The finished product (swollen granules) can be stored for 1-2 months. For this, it is placed
in a jar with a tightly closed lid and stored in a dark place. If you do not close it, the moisture
will evaporate and the granules will dry out. There is nothing to worry about, since the
substance is poured with water to swell before use.
If mold appears, you can soak the hydrogel granules in a fungicide solution overnight.11
If the hydrogel balls that are on top dry out faster than others and decrease in size, they
can be watered by immersion, or the top layer granules can be soaked separately in water.
And the most effective and easiest way is to choose dishes with a narrowed neck. Then
evaporation becomes minimal and the problem disappears.
The need to water a plant with hydrogel in a pot
When the topsoil has dried out and even a few centimeters deep, there may still be
moisture in the hydrogel. The best way to know when it’s time to water is to monitor the
condition of the flower. With a lack of water, the leaves become lethargic. You can roughly
calculate the interval between waterings. In order to prevent the plant from wilting, it is
recommended to cut it down a little. You can still apply this option. If you water once 3 days,
then after adding capsules to the soil, the watering time can be extended almost 2 times.
If you put the hydrogel on the surface of the soil in a flower pot
The hydrogel is unable to retain moisture in the open air as it evaporates quickly. In this
case, the substance cannot perform the function of humidifying the air. For these purposes,
there is moss - sphagnum, which perfectly copes with this task.

10
11

https://dacha365.net/udobreniya/gidrogel-dlya-rastenij.html
https://bookflowers.ru/vashi-stati/755-gidrogel-dlja-cvetov.html
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Picking and planting seedlings in the ground
When picking or before «moving” the seedling to the street, dip the roots of the seedling
in the hydrogel mass. This will improve the survival rate of the plant in the new location.
Also, the hydrogel is introduced into the soil when planting seedlings or sowing seeds in a
greenhouse and in the open field.
The main mistake in using hydrogel is frequent watering.
You cannot focus on the visible soil layer, even if the surface is dry, inside it can
remain wet for a long time. To check, you can stick a thin twig deep into the ground, twist
it several times and remove it: if there are traces of contamination on the wood, then
watering is not required yet.
Hydrogel consumption rates (for more details see Appendix 1):12
• For small flowers, dill, parsley, take 20-30 g of the substance in dry form per 1 sq. m.
The granules are introduced into the soil when sowing seeds, after which they should be
well watered.
• For radish seeds on 1 running meter of land, you need to use 5-10 g of dry hydrogel.
One plant will need 0.2-0.5 g.
• Peas, carrots - 3-5 g of granules are applied per 1 running meter of the strip at. For 1
plant - up to 0.3 g.
• For 1 beet bush you need 0.3 g of dry matter.
• For potatoes - up to 2-3 g of hydrogel per area with a radius of 15-20 cm. After that, be
sure to water.
• For seeds of cucumbers, watermelon, squash and pumpkin, you need 0.5-1 g of dry
matter per 1 sq. M. When planting seedlings, 100-150 g of swollen granules are introduced.
To prepare the finished gel, you need 10 g of dry matter per 2 liters of liquid.
• For growing tomatoes in a greenhouse, take 0.5-1 g of dry hydrogel or ready-made gel
in an amount of 100-150 ml. (10 g of granules per 2 l of water. The hydrogel is applied in
dry form to the bottom of the hole. The roots of the plant are dipped into the finished gel and
placed in the hole along with the rest of the granules.
• For sowing lawn grass, you need 50 g of dry matter per 1 sq. m.

https://www.ogorod.ru/ru/now/soil/13277/CHto-takoe-gidrogel-i-kak-ego-ispolzovat-v-sadu-ogorodecvetnike.htm
12
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ANNEX 1
Recommended varieties and consumption rates for planting various plants12[4]
Dosage and application technology.
Granule sizes
20 - 30 g for 1 sq.m. apply dry together with
Dill, parsley, small garden flowers
seeds to a depth of 2 - 3 cm micro, medium
5 - 8 gr. by 1 rm the furrows of the beds
Radish
with continuous application or 0.2 - 0.5 gr.
apply dry for 1 plant. micro, medium
3 - 5 gr. by 1 rm the furrows of the beds
Carrots, peas, beans
with continuous application or 0.2 - 0.3 gr.
apply dry for 1 plant. micro, medium
Beet
0.3 g apply dry for 1 plant. micro, medium
2 - 3 gr. for 1 bush, apply dry to a planting
Potato
depth with a radius of 10 - 15 cm.medium,
micro
0.5 - 1 gr. dry or 100 - 150 ml of pre-soaked
Cucumbers, watermelons, zucchini,
hydrogel (10 g per 2 liters of water) during
pumpkin
planting in the ground. For watermelons,
double the rate. medium, micro
0.5 - 1 gr. dry to the bottom of the hole.
micro, medium. Dip the root and stem in a
Tomatoes
concentrated solution (10 g per 1 - 2 liters
of water). flour, micro, medium
0.2 g granules into the well before planting.
medium, micro. Dipping the sprouts before
planting or when digging for transportation
Garden strawberry
and storage in a concentrated solution
(10 g per 1 - 2 liters of water). flour, micro,
medium
Transportation and storage of seedlings:
dipping in a concentrated solution (10 g per
1 - 2 liters of water).flour, micro, medium.
Currants, raspberries and other garden and
5 - 10 gr. granules to the bottom. XL,
park shrubs for landscaping.
medium, micro. 2 - 3 gr. in 5 - 10 punctures
in the root zone for growing bushes. XL,
medium, micro
Transportation and storage: dipping in a
concentrated solution (10 g per 1 - 2 liters
of water). flour, micro, medium50 - 100 gr.
Apple trees, pears and other deciduous
granules to the root zone. XL, medium,
and coniferous trees (for conifers, reduce
micro Under growing trees, make 15 - 20
the consumption rate by 2 times)
punctures in the root zone, add 5 - 10
grams each. dry into each puncture. XL,
medium, micro
Types of plants

12

https://www.gidrogeli.ru/gidrogely-_instrukcia.htm
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Laying lawns, rolling lawns, flowering
landscapes

Agro-industrial complex
Preparing fertile soil and compost for
planting holes

Preparation of seedlings for forest
plantations and landscaping works

Rehabilitation of trees

Indoor flowers
Preservation of lawns and plantations
during drought

In the surface layer and root zone 50 - 100
gr. for 1 sq.m. to a depth of 11 - 15 cm or 1
g. for 1 cubic dm. soil for the preparation of
a fertile layer. micro, medium
Container planting: 3.5 liters. - 15 gr. and
planting in pots: 8.0 liters. - 30 gr. 20 l. - 60
gr. 40 l. - 120 gr. micro, medium
20 - 50 kg per 1 ha, depending on the crop,
soil and climatic conditions. medium, micro
2 - 3 kg per 1 cubic meter soil removed
when digging planting holes. micro,
medium
100 g for 12 - 20 liters of water. The
amount of water is determined by the best
adhesion of the suspension to the roots.1
kg of hydrogel is enough for 800 shrubs
or 1000 forest tree seedlings. flour, micro,
medium
Suspension: 50 gr. of granules per 11 liters
of water, put into the root zone with highpressure pumps into the punctures. micro,
medium
0.2 - 0.5 gr. during transplantation or in
punctures, add to the root zone. micro,
medium
flour, micro

BIBLIOGRAPHY
1. Технология получения новых гидрогелей комплексного действия для сельского
хозяйства // Universum: технические науки : электрон. научн. журн. Шеркузиев Д.Ш. [и
др.]. 2020. № 4 (73). URL: https://7universum.com/ru/tech/archive/item/9244 (дата обращения: 13.11.2021).
2. Synthesis and Characterization of Cellulose-Based Hydrogels to Be Used as Gel
Electrolytes / M.A. Navarra, B. Dal, Chiara, Moreno, S. Judith [et al.] // Membranes. –
2005. – Vol. 5. Issue 4. – P. 810–823.

71

II.3. Energy independent water lifting unit.
Hydraulic ram.
Majidov T., Sanginov S.

You will do good to the river - the desert will reward.
Uzbek proverb
Irrigation of crops on lands located away from the main energy networks and above
water sources plays an important role in growing agricultural products and ensuring the
country’s food security. Under these conditions, it is possible, for example, to raise water
upward from sources located below the irrigated land using mechanical wind power or
hydraulic power of water.
Fig. 1 shows pumping units driven by mechanical wind energy, and Fig. 2, water-lifting
devices using the hydraulic energy of the water flow.

Fig. 1 - Wind device driving the piston pump:
a) - from underground sources; b) - from surface sources.

Fig. 2 - Water-lifting devices using the hydraulic energy of water:
a - water wheel: B - buckets; P -tray; AB - rim. b-gidrotaran [10, 11]:
1 - water source1; 2 - pipe; 3-baffle valve; 4-pressure valve; 5 – pressure cap; 6-pipe; 7-top tank.

1

http://azbukametalla.ru/entsiklopediya/v/vodopod-emnye-mekhanizmy.html
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Hydraulic ram (Hydroram)
Among the above devices, a hydro-ram is
becoming more and more popular, which can raise
water by several tens of meters. A hydraulic ram
works by hydraulic shock of a moving column of
water, without an engine. It is used in agriculture, in
the supply of drinking water to small villages, in the
energy sector, at pumping stations, etc.
The first hydraulic ram was built in the city of
Saint-Cloud near Paris by the brothers Joseph
and Etienne Montgolfier in 1796. The theory of
the hydraulic ram was created in 1908 by Nikolai
Zhukovsky. His work made it possible to improve Photos from http://www.cigmaproducts.com
its design and increase efficiency.
In European countries, there are still companies specializing in the production of hydraulic
rams [1,2,3]. They are gaining more and more popularity in developing countries: Thailand,
Laos, Vietnam and others, where, due to the climate and terrain, there are problems with
the delivery of water to the consumer, and there are also problems with energy supply. [5].
In 1940-1950, in the USSR, hydraulic rams TG-1, TG-2, UIZhK-100 and ErPI-100, ErPI-150,
ErPI-250 were developed and mass-produced, which were successfully operated in agriculture [4].
Due to the development of water-lifting machines and their productivity, the low cost of
energy (electricity, oil products) resources, the increase in the size of the irrigated areas, as
well as the low productivity of hydraulic rams (maximum flow rate - Q = 25 l / s, mainly - Q
= 1-5 l / s ), their production and use gradually ceased. At the same time, in the context of a
constant rise in the cost of electricity, today there is a demand for hydraulic rams from farms
and peasant farms, livestock complexes, construction projects, fish farms, household farms
and other water consumers.
Construction and principle of operation of the hydraulic ram
The hydraulic ram consists of a water source 1, a valve 2, a hydraulic shock pipeline 3, a
shock valve 4; discharge valve 5, water-air cap 6; air 7, water 8, pumping pool 9, discharge
pipeline 10, water intake structure 11 (fig. 3).

Fig. 3 General construction of the hydraulic ram:
Water source-1; gate valve-2; pipeline water hammer-3; shock valve-4; discharge valve – 5;
water-air cap-6; air-7; water-8; pumping pool-9; delivery pipeline-10; water intake-consumer-11.
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Hydroram works as follows (Fig. 3). With the opening of the valve 2, from the water
source 1, water enters the hydraulic shock pipeline 3 under the pressure H1.
Under the influence of the increasing dynamic pressure of water flowing out through the open
shock valve 4 located in the lower part of the pipe, it closes and, due to the inertia of the moving
water and its compressibility, the pressure in the water hammer pipeline 3 rises sharply.
The increased pressure opens the discharge valve 5, through which water enters the
water-air cap 6, compressing the air contained in it. Then the positive wave of water hammer
changes to negative, the pressure in the water hammer pipeline 3 drops, the discharge
valve 5 closes, the air in the water-air cap expands and pumps water through the discharge
pipeline 10 upward, to the consumer 11, and the shock valve 4 opens, and the cycle repeats.
The described phenomenon, when the accelerated massive column of water in the long pipe
of water hammer 3 hits the suddenly closed shock valve 4, is called water hammer. With a
water hammer, the pressure in the water hammer pipeline 3 rises 30–40 times compared to
the working head H1 and water is pumped into the water-air cap 6.
The water hammer line 3 is relatively long.
The pipeline should be 6-8 times the height of the water drop, the angle between the
pipeline and the ground level should be 7-90. The water drop at the point of its intake and at
the place of installation of the shock valve must be at least 0.5 m (the performance and head
of the hydraulic ram directly depends on the drop).
Advantages of a hydraulic ram
- simplicity of design and a minimum of parts ensure the reliability and durability of the
device - continuous operation without repair for 10 years;
- for the operation of a hydraulic ram, a minimum level difference, starting from a dozen
or two centimeters, and a relatively small water consumption is sufficient;
- the ability to independently manufacture a hydraulic ram from scrap materials;
- the device operates in an autonomous mode and does not require the involvement of
third-party energy sources;
- the device works at any time of the day and does not need constant supervision;
- once installed and started, it can work until the supply stream dries out or until the parts
are mechanically worn out;
Disadvantages
- it is not possible to regulate the operating mode of the hydraulic ram, you can only turn
it on or off, but you cannot change the intensity of the water supply;
- a significant part of the water is lost through the discharge of the discharge pipe, the
volume of which is many times greater than the volume being lifted;
- when using the «classic” water-air cap 6 with air, the air can gradually dissolve in the
pumped water, so the air must be periodically replenished;
- the hydraulic ram has considerable dimensions, it is usually considered that the optimal
length of the injection pipe lies in the range from 10 to 14 meters or more;
- the duration of the water hammer must also be sufficient for the discharge valve to open
and allow a noticeable volume of water to pass through;
- in winter, the hydraulic ram will not be able to work - it will freeze and be torn apart by
expanding ice, therefore, the operation of the device is either seasonal or requires placement
in a warm room;
- not commercially available;
- ready-made factory models of hydraulic ram units are too expensive.

74

Characteristics and options for installation locations of hydraulic rams
In the operation of the hydraulic ram, the atmospheric air inside the water-air cap plays an
important role. When inoperative, there is atmospheric pressure (BP) * inside the water-air
cap, which is equal to the pressure corresponding to the height of the ramming installation
above sea level. With the opening of the discharge valve, pressurized water enters the waterair cap, compressing the atmospheric pressure inside the water-air cap. The compressed
air inside the water-air cap will force the water into the discharge line and rise to a height
corresponding to the barometric pressure.
Therefore, when installing any device working with liquids, it is necessary to take into
account the height of the point at which it will be installed (table 1, 1-column). Because
with a change in altitude, atmospheric pressure also changes (Table 1, 2 - columns). With
a decrease in atmospheric pressure, the height of water rise also decreases in accordance
with the local barometric pressure (tables 1, 3 and 4-columns).
If this is not taken into account, then devices and machines will not be able to lift the liquid
to the design height. For example, if water-lifting devices located at a normal level above sea
level (table 1, 2-row) raise water up to 10.30 meters, the same device installed at an altitude
of 2000 meters can raise water up to 8.20 meters (Table 1, 14-row), while at 7000 meters it
rises only up to 4.10 meters (Table 1, 17-row).
At normal atmospheric pressure (the height of the ram installation above sea level is 0,
Table 1, 2-column, 2-row), the hydraulic ram raises water to a height: theoretical - 10.3 m
(Table 1, 5-column, 2 row ), practical - 6-8 meters, depending on the type of installation.
Table 1

The relationship between atmospheric
and barometric pressures at a temperature of t=200С
Barometric pressure:

№

Hydraulic ram installation
height (above sea level), m

Atmospheric
pressure, Pa

mercury column, mm

water column, m

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

-600
0
100
200
300
400
500
600
700
800
900
1000
1500
2000
3000
5000
7000
9000

1,10
1,03
1,01
0,99
0,98
0,97
0,96
0,94
0,93
0,92
0,91
0,90
0,84
0,80
0,70
0,54
0,41
0,31

834
760
751
740
730
724
710
706
698
690
682
680
634
600
526
405
305
230

11,3
10,3
10,2
10,1
10,0
9,80
9,70
9,60
9,50
9,40
9,30
9,20
8,60
8,20
7,20
5,70
4,10
3,20

*- The unit of measurement for blood pressure in the International System of Units (SI) is the pascal. In addition, bar, millimeter of mercury, meter of
water column, etc. are used. For normal blood pressure, the pressure of a mercury column with a height of 760 mm and a height of a water column
of 10.3 meters is taken, at a temperature of 0 ° C (101325 Pa, but 100,000 Pa is actually taken) - this is 1 atmosphere (1 atm). Barometric pressure
is the absolute atmospheric pressure at a specific point in time, at a specific temperature and at a specific altitude.
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Hydraulic ram installation diagrams
Appendix 3 - additional visual information on the installation of hydraulic rams.2
Option 1 - Installation of a hydraulic ram on canals, says, lakes, ponds and springs.
The scheme for this option is used when the water rises to a low height (3-5 m). Under
natural conditions, in order to raise the water by 3-5 m, the pressure should be Н1≥1
m.If at a source, for example, on a canal, the water depth is less than 0.4 m, then it is
necessary to raise the water to a height of 1.0 m.
Option 1 Upstream channels, sais,
lakes, ponds and springs
Water source

gate valve

water height

intake structure

discharge pipeline

pumping pool

water hammer pipeline

Option 2 - Hydroram installed on a retaining structure.
Backwater, the primary head Н1, is created in 2 ways. The first method is used when the
water depth on water sources is less than 10-20 cm.Then, in front of the section where the
hydraulic ram will be installed, a (permanent or temporary) retaining structure is erected,
the height of which must be at least 1.5 m. The second method is used when permanent
retaining structure at the water distribution unit. The height of the rise of water with this
option can reach up to 10-15 m.
Depth of the water

retaining structure

On retaining structure

Option 3 – Hydroram installed on a waterfall
Raising water to very high (100 m and more) elevations can be carried out on hydraulic
rams installed on waterfalls. The height of the falls can range from 1.0 m to 1000 m
(Venezuela, Angel Falls, 979 m).
Depth of the water

Option 3 with a waterfall

Option 4 - Hydroram installed on a canal with a steep slope.
This option is the easiest way to install a hydraulic ram. Installation does not require
additional structures and devices. The intake pipeline, on which the hydraulic ram is installed,
is located horizontally. The receiving part of the pipeline is located at the bottom of the high
2

http://www.rollformingmachine.ru/11-18-hydraulic-ram-pump.html
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current, and the outlet part, where the hydraulic ram is attached, is on the water surface.
The difference between the marks at a certain length will be equal to the primary head H1.
Hydraulic rams installed on canals with large slopes can lift water from 2.0 m to 50 m
Option 4 - Hydroram installed on a canal with a steep slope
Depth of the water
canal edge

Depth of
the water

Option 5 – Hydroram installed on rivers with a floodplain bed
The width of rivers with floodplain channels reaches 2 km or more. Installation and
operation of hydraulic rams on such rivers is impossible. Therefore, water from the main
channel is diverted by a diversion channel to the place where the hydraulic ram is planned
to be installed. The diversion canal should be horizontal. Further, the receiving part of the
pipeline is installed at the end of the diversion channel and with a slope greater than the
slope of the river is lowered to the level of the bottom of the main channel of the river. After,
part of the water is raised by the hydraulic ram to the design height and is supplied to the
consumer, and part of the water from the hydraulic ram is dumped back into the river. The
height of the rise of water with a hydraulic ram can be from 5 to 80 meters.
Option 5 – Hydroram installed on rivers with a floodplain bed
Diversion canal

Depth of the water

canal

bottom
of the river

Option 6 - Hydrotaran installed at the outlet from the reservoir
Water outlets are installed in the reservoirs to supply water to the ground located at different
heights. Hydraulic rams can be installed on these outlets and the water can be raised to a
height of 100-200 m and more, because the height of dams of some reservoirs may exceed
300 m (for example, the height of the dam of the Rogun reservoir is 348 m). In this case, it is
necessary to calculate the design of the hydraulic ram, which takes high loads at high heads.
Depth of
the water

Option 6 - Hydrotaran installed at the outlet from the reservoir

Fig.4 Options for installing a hydraulic ram 3

3

https://pandia.ru/text/77/329/69167.php
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Hydroram production
Serial production of the hydraulic ram at factories continued until the 60s of the last
century in the countries of the world and the former USSR.4 5 6 Currently, their production is
established only in some countries.
Today, there are very few countries that serially produce hydrorams. In European countries,
America and China7 (табл. 2), where agriculture is developed, very few companies are
engaged in the production of hydraulic ramming [2, 3, 5]. Only some CIS firms in Russia,
Ukraine and Belarus8 9 carry out research work in the field of hydraulic ram installations and
produce them (Table 2), but not in large quantities.
In the countries of Central Asia, hydraulic rams are not commercially produced. Some firms
can manufacture a hydraulic ram to order, or provide delivery from other firms outside of
Central Asia. Since hydraulic rams are not commercially available, their cost is high (Table 2).
Table 2

Produced hydraulic rams and their price

1

2

hydrorams

Countries and organizations
producing hydraulic rams

№

make

Russia, Samara - CJSC «Real Trade-S”
Kyrgyz-Kazakh company
«Aquasilver”

Russia, Chelyabinsk State Agroengineering Academy
Russia, Production artel «Ural”

Price in USD
installation
125

ГТ -100

unit
250

ГТ -150

350

175

ГТ -180

450

215

ГТ -200

550

250

ГТ -300

800

350

ГТ -400

1300

425

ГТ – 500

1750

475

ГТ – 600

2200

570

ГТ – 700

2700

675

ГТ – 1000

3100

775

ТГ -1
“Kachalych”
ГТ-01-40/½″
“Kachalych”
ГТ-03-32/½”

1200
190
110

3

New Zealand – Williamson Ram Pumps

500

4

US–Rife River Pumps

500-800

5

US – B&L Ram Pumps

500-800

6

China, Nantong Zhenhuan Trade Co., Ltd.

Z315
Z315T,
Z315L

7

500-1500
(4000) euro

Vulcan 21/2

1800/295**

Blake Hydram 31/2

1500/250**

Sano No. 5/656 mm

1500/216**

Rife 20 HDU

1650/306**
Manufactures and installs hydraulic rams on request,
price USD 500-1200

Uzbekistan, Intellect Dialogue LLC

**- Vulcan 21/2 - to raise 1 liter of water to a certain height, you need $ 295. 800: 295 = 6 liters (raises water per second). Accordingly:
Rife 20 HDU - 5.4 l / s; Sano No. 5 / 656mm - 7 l / s.

http://xn--80adxqwa5e.xn--p1ai/free_energy/gidroenergetik/d180/
https://method-estate.com/archives/5530
6
http://www.rollformingmachine.ru/11-18-hydraulic-ram-pump.html
7
http://www.rollformingmachine.ru/11-18-hydraulic-ram-pump.html
8
http://xn--80adxqwa5e.xn--p1ai/free_energy/gidroenergetik/d180/
9
https://method-estate.com/archives/5530
4
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In this connection, the independent manufacture of hydraulic rams is relevant.
Hydraulic rams can be independently made from metal and synthetic material, polyvinyl
chloride (PVC).
The main components and the principle of operation of hydraulic rams made of different
materials are the same. However, they differ in terms of fluid flow and discharge head.
Metal hydraulic ram installation. It is used when it is necessary to raise a large volume
of water to a high level. Parts of a metal hydraulic ram are manufactured on industrial
machines. And for those who have access and skills to work on machines, it is not difficult
to make a hydraulic ram in accordance with engineering drawings (Appendix 1 contains
drawings for the manufacture of a hydraulic ram ОГТ65 / 5-150).
Hydraulic ram unit made of PVC. Self-fabrication of the structure is much cheaper
(Table 5) and much easier. The structure can be made from available materials. The main
parts and assembly of the PVC hydraulic ram are given in Appendix 2.
Table 3
Technical and economic indicators of hydraulic rams made of various materials

Material
Metal
PVC

Price,
USD

Payback
period,
months

375-3875
≤ 100

6
1

Service Time for
usage,
term, production, м3/hour
years
days
20-30
5-8
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10
3

65,0
0,42

Height of
water rise, m
Up to 150
Up to 50

ANNEX 1
TECHNICAL DRAWINGS OF THE METAL HYDRAULIC RAY: ОГТ65 / 5-150
Hydrotaran is intended for water supply of agricultural crops with an area from 1 hectare
to 20 hectares.
Symbol structure:
• O - irrigation;
• GT - hydrotaran;
• 65 - volume of water per hour, m3;
• 5-150 - minimum and maximum height of water rise.
Hydrotaran consists of the following main parts.
1. Working box (pump base).
2. Water-air cap.
3. Shock valve kit.
4. Discharge valve kit.
5. Legs of the working box.

water-air cap

THE MAIN CHARACTERISTICS
OF THE HYDRAULIC RAM
1. accepted water pressure 1:15 m
2. water lifting height - 6: 150 m
3. water consumption - 3: 18 HP

discharge
pipeline

impact valve plate

flange
discharge
valve plate

impact valve

discharge valve
stuffing box
flange

stuffing box
flange
pipe

pipe

source pipeline

working box knives

Fig.5 — General view of the hydraulic ram OGT65/5-150 [7]
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water-air cap

4 bolts D=44 mm

valve nuts
cover (valve) body
2 bolts
D=80 mm
washers
barrier bar

6 bolts D=50 mm
impact valve cover
rubber seal
1 bolt D=40 mm
steel washer
discharge valve
cover rubber
inner
outer
side
side
discharge valve
1 bolt D=30 mm

rubber
disc

discharge
valve plate

impact valve plate
screw
steel washer
rubber washer
disk
impact valve
cover rubber

disk
steel washer
nuts
rubber oil seals

rubber washer
steel washer
valve nuts

operating box (pump base)
work box legs

Fig. 6 - Schematic disassembly drawing of hydraulic ram OGT65/5-150 [7]
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square

flanges

place
of welding

place
of welding
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Note
1. all dimensions are given
in millimeters (mm)
2. construction - metal
3. Thickness of steel plate 10:12mm
4. steel pipeline:
- outer diameter-115 mm
- inner diameter - 105 mm

View from the end of the supply pipeline

Fig.7 - Location of hydraulic ram valves OGT65/5-150 [7]

Welding

Hydraulic ram base Section В-В

Plate reducing pipe
diameter from 115 to 50 mm

Discharge valve location Section A-A

Pipe D=20 mm, threaded at the end.
On the opposite side, a hole in the
water-air cap is welded

Section B-B

Note
1. all dimensions are given in millimeters (mm)
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Fig. 8 - Water-air cap of hydraulic ram OGT65/5-150 [7]

Place of welding

Place of welding

Place of welding

Flange plate

Section A-A
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Fig. 9 Plate of the hydraulic ram discharge valve ОГТ65 / 5-150

Note
1. all dimensions are given in millimeters (mm)
2. diameter of the plate of the discharge valve - D=165
vv, thickness t=10-12 mm.
3. in the center of the plate there is a hole D = 11 mm
4. central holes D= 4.5 mm are located with a diameter
of D= 28 (14 pieces), D= 40 mm (19 pieces), D= 52 mm
(25 pieces)
5. The diameter of the pressure valve rubber D= 64
mm, thickness t=3 mm.
6. around the circumference D= 145 mm there are 6
holes D= 11 mm

bolts and nuts with
a diameter of D=30 mm
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Fig 10 - Discharge and shock valves of the hydraulic ram ОГТ65 / 5-150 [7]

bolts and nuts with a diameter of D=40 mm

the bolt and washer must
be bent depending on the shape
of the pipe coming out
of the base of the hydraulic ram

section A-A

the diameter of the rubber disc is determined
according to which water transfer valve plate
you choose, but its thickness must be at least 3mm

shock valve cross section

IMPACT VALVE

rubber disc
diameter D=60 mm
thickness t=1.5-2.0 mm

recessed place

hydroram body

hydroram body
D=1:2
- mm

Discharge valve cross section upper flange
place of welding hole diameter

DISCHARGE VALVE
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Fig. 11 - Device and details of the shock valve of the hydraulic ram OGT65 / 5-150 [7]

Note
1. rubber disc diameter D=76, thickness mm t=6 mm
2.rubber and steel washers should be in the same
diameter, thickness t=1.5-3.0 mm
3. Thickness of rubber seals should be t=6 mm. the hole
on the rubber seals opens in accordance with the holes
on the flanges

3. valve discs
4. rubber disc
5. rubber washers
6. valve plate
7. hydraulic ram body
8. fixing washers
9. rubber seal
10. steel washers
11. bolts, nuts and washers

The main parts of the impact valve hydraulic
OGT65 5-150
1. fence board
2. fastening stud threaded at both ends
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Fig 12 Plate of the shock valve of the hydraulic ram OGT65 / 5-150 [7]

all dimensions are given in millimeters (mm)

Section A-A

Plan (A-A)

PART B

PART А

Note.
1. all dimensions are given
in millimeters (mm)
2. The distance between
parts A and B should
be 20-25mm

welding seams

Section С-С
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Fig,13 Protective strip of the cover of the shock valve of the hydraulic ram OGT65 / 5-150 [7]

PART B

Section В-В

Plan (A-A)

PART B

PART А

1. all dimensions
are given in millimeters (mm)

Note.
1. all dimensions are given
in millimeters (mm)
2. the distances of the upper
and lower parts, as well as between
them, are 20-25 mm

welding
seams

Section С-С
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Fig. 14 Method of using two protective strip of the shock valve cover of the hydraulic ram OGT65 / 5-150 [7]

PART B

Bottom part

Top part

Section В-В

Section А-А

Note.
1. all dimensions are given in millimeters (mm)
2. for each cover you need 2 plates
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Fig. 15. Appearance and body of the cover plate of the impact valve of the hydraulic ram OGT65/5-150 [7]

impact valve cover plate body

Section В-В

Appearance of the shock valve cover plate
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Fig. 16 - Plate of the cover of the discharge valve of the hydraulic ram OGT65 / 5-150 [7]

Note.
1. all dimensions are given in millimeters (mm)
2. Discharge valve cover has 56 water holes
3. when the height of the water rise is less than
20 m, the size of the holes should be 5 mm, when
the height of the lift is more than 20 m - 4.5 mm
4. the dimensions of the holes (2 pieces) located
on the vertical axis are equal to 5 mm.

Section A-A
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Fig. 17 Rubber of the water supply cover of the hydraulic ramming valve ОГТ65 / 5-150 [7]

Notes: dimensions are given in mm

Rubber plan

Rubber of the water-conducting cover of the discharge valve of the hydraulic ram OGT 65 5-150

ANNEX 2
ASSEMBLING A HYDRORAM FROM POLYVINYL CHLORIDE (PVC)
Due to the speed of manufacture, the availability of materials and parts, as well as simple
tools for manufacturing, summer residents and other water consumers who need a small
amount of water prefer a PVC hydraulic ram. Below is a description of the manufacture of
PVC hydraulic rams with a raised water volume of 8-10 m3 per day and a maximum height
of up to 50 m.10[8].
Materials and tools: primer for PVC; PVC cement; Teflon-threaded tape; hacksaw;
measuring tape; clamps; pocket knife; laboratory gloves, long PVC section; garden hose.
For the manufacture of a hydraulic ram, it is necessary to prepare: polypropylene tee2 pcs .; branch - 1 pc .; adapters - 4 pcs.; cranes - 2 pcs.; coupling - 1 pc .; adapter - 1 pc .;
check valve - 2 pcs.; hose - 3 m; plastic bottle - 1 pc .; clips - 3 pcs.; wooden stand - 1 pc .;
fitting 1 - piece; polypropylene pipe - 1.5 m (fig. 18а).
All parts are cut to size. The assembly begins with the assembly of the main line of the
hydraulic ram (Fig. 18b). The main element of the device is a tee, in our case it is made of
polypropylene.
Materials:
a)
b)

Fig 18 - Details (a) and the main line (b) of the hydraulic ram

The assembly of the left side of the ram begins with attaching the adapter and check
valve to the outlet. (fig. 19а). Further, a tube is also attached to the branch, which connects
the branch to the lower tee. Then you can continue to collect the lower part of the ram - by
attaching the connecting tube to the lower tap (fig. 19b).
a)
b)

Fig. 19 - Connection of the adapter and the non-return valve (a),
as well as the connection of the connecting tube to the lower tap (b)

10

https://drive.eooeIe. com/fiIe/d/1Si7VAAVfOmxHQKrbTKU9YVtBCUwQUiiE/view
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Fig. 20 - Mounting the connecting tube and other parts of the ram

Next, a connecting pipe is mounted, which will provide water supply from any reservoir (pond,
ditch, canal, etc., Fig. 20а). To complete the assembly of the structure, it is now necessary to
assemble the vertical part coming from the lower tee. It is assembled as follows: a tube with
an adapter is connected to the lower tee, which is then connected to another tee. A tube is
attached to it and a water-air cap is mounted (in our case, a plastic bottle). The next step in the
assembly is to attach to the upper tee part of the ram, consisting of a connecting tube, a tap
and the next tube that leads to the consumer (Fig. 20). The whole structure is mounted on a
wooden base with a clip. Fig. 21 shows a diagram of a hydraulic ram installation.

SCHEME OF THE HYDRAULIC INSTALLATION
Baklashka

to the consumer

check valve

tee
tap

tubes

adapter
from the reservoir

withdrawal
Fig. 21 - Diagram of the assembled PVC hydraulic ram

The assembled system («suction - discharge”) is installed at the water source.
Commissioning works are in progress. The performance is regulated by means of taps for
pumping the required amount of water.
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II.4. Collection of rain water

Mukhtarulin S., Ergasheva K.

The water was given the magical power to become a juice of life on Earth
Leonardo da Vinci
An average person uses 400 liters water
a day in everyday life. In addition to drinking
and cooking, drinking water is also used
for washing, hygiene, bathing, cleaning,
toilet, car washing, etc. If we add spray
irrigation to the garden (per 100 square
meters, about 24 mm), about 2400 liters
of water are consumed. In the presence
of a livestock farm, water consumption
increases significantly (Appendix 1).1
We see a real opportunity to significantly
reduce the costs of both individual users
and society as a whole, once the real
needs for drinking water are separated
from the needs for water of lower quality
or non-drinking water. Obviously, drinking
water is not needed to wash the car, water
Photo from the site https://www.rawpixel.com
the plants, or flush the toilet.
The use of rainwater is one of the sources of water conservation in an office and residential
building, a country house or even a large industrial enterprise. If we take into account that
more than 50% of the average daily water requirement - and this is 132 liters per person - is
the non-drinking part, it can be replaced with rainwater. It can be imagined that rainwater
collection systems, implemented individually or even for a narrow collective use , provide
significant savings, and the initial investment, taking into account the proposals available on
the market, seem to be very moderate [1, 2].
Rainwater harvesting is especially useful in those areas where there is no surface water,
or where groundwater is deep, or inaccessible due to the hardness of the soil or have
high salinity or acidity. The introduction of this technology, of course, would be especially
useful in our country, where the volumes of surface and underground unpolluted waters are
constantly decreasing and the ecological imbalance caused by such management of natural
resources, which has little in common with the principles of environmental protection, is
becoming more and more distinct.
Rainwater was previously considered more like «pollution”, which had to be removed
as quickly as possible, directly or after more or less intensive cleaning into a water intake.
It has now become apparent that rainwaters represent a valuable resource. Up to 60% of
drinking water can be saved by using rainwater. This becomes especially important given
the shortage of water resources in the country, and also taking into account that the tariffs
for centrally supplied tap water and electricity are constantly increasing. It’s good for the
environment and family budget: using rainwater can save up to 71 liters drinking water
per person per day. Given the deterioration of water supply networks in a number of cities,
the instability of water supply, a decrease in the degree of water supply due to accidents,
pipeline breaks, it becomes necessary to search for new alternative sources of water and
ways to save water resources. Rainwater can be used not only for garden or external water
1

https://www.grundfos.com/ww/learn/research-and-insights
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supply, but also for such technical purposes.
In European countries, where water is quite expensive for the population and entrepreneurs,
the extraction and use of atmospheric precipitation has long become a daily practice.
Studies carried out in Europe show that this water does not contain biological contaminants.
In the countries of the European Union, its use finds application even in childcare facilities,
for example: children’s camp Ev. The Waldheim Lindental in Stuttgart (Germany) is equipped
with a rainwater system for flushing toilets. In addition, in the Haus Tobias residential complex
with a garden and a school for children and adolescents with special needs in Freiburg, this
water is used for washing machines used by the residents of the institution. An example
of the practical application of rainwater systems in industry is the large printing house of
Sachsen Fahnen GmbH in Dresden. Here, rainwater is used in textile printing and banner
advertising. The Sony headquarters in Berlin is equipped with a water supply system for
toilets and a fire extinguishing system connected to rainwater cisterns. It also irrigates the
green spaces surrounding the building. In case of overfilling of the tank during a heavy rain
or prolonged rain, the drainage system can take up to 34 m3/h of water. In the event of a lack
of precipitation, the reservoir is automatically filled with water from the drinking water supply
system. All this is integrated into the overall building management system [3].
The successful use of rainwater is taking place in ten public institutions in Hamburg,
Frankfurt Airport and Hesse radio station, at the UFA film and TV company in Berlin, at the
Weil horticultural sector and at a car wash in Uberlingen. Typical framework conditions are
large roof areas and regular water consumption, if possible, throughout the year, which
opens up the potential for economic applications especially in the industrial sector (e.g.
shopping centers, sports facilities, car parks) [4].
Benefits of using rainwater
Rainwater harvesting technologies are easy to implement and operate. A simple and
reliable water collector can be installed on a regular roof using accumulators and a pipe
system. Local communities are easily trained in the use of such technologies, and the
necessary building materials are generally readily available.
Harvesting rainwater is convenient because it provides water at the point of use and
people have complete control over their systems.
With rainwater systems, you do your part to help the environment. If we use rainwater we
can cut our tap water consumption in half.
There is not only a quantitative benefit, but also a qualitative one. The quality of rainwater
is higher than that of natural bathing waters. Due to the lack of chlorine, rainwater is good
for watering plants, as well as for washing and cleaning, because it is much softer and this
factor will reduce the consumption of detergents.
Rainwater will help improve water supply, food production, and food quality and thus
profit. This is important for SMEs, as well as individuals in villages.
To organize home collection of rainwater from the roof with your own hands, you do not
need permits or compliance with established standards.
Other benefits include raising soil moisture levels and raising the groundwater table by
artificial recharge.
Climate change is disrupting the global distribution of precipitation, causing glaciers to
melt, leading to a drop in water levels in many reservoirs and rivers. The issue of improving
water management in agriculture is especially acute in low-water zones of Central Asia.
Rainwater harvesting - both for domestic water supply and for the development of agriculture,
livestock and other types of agriculture - is a way of adapting to climate change for people
living in conditions of high variability of precipitation (UNEP and SEI, 2009), [5].
97

Collecting water has particular advantages under the following circumstances:
• In arid regions, where low and uneven rainfall makes agricultural production impossible.
Provided that other factors such as soil and crops are favorable, water harvesting can make
agriculture possible despite the absence of other water resources.
• On rainfed land where crops can be grown, but with low yields and a high risk of crop
failure. Here, water collection systems can provide sufficient water in addition to rainfall and
thereby increase and stabilize production. In areas where water supplies for domestic needs
and for raising livestock are insufficient. These needs can be met by collecting water.
• In arid zones suffering from desertification, where the potential for agricultural
production is diminishing due to lack of good governance. Providing water to these lands by
collecting water can improve vegetation cover and stop environmental degradation.
The advantages listed above, in turn, will lead to many other non-material and indirect
socio-economic benefits. For example, the stabilization of rural communities; reducing rural
migration to cities; using and improving local skills; improving the livelihoods of millions of poor
people living in drought-stricken areas. Harvesting rainwater and applying this technology
to increase crop yields encourages farmers to diversify their businesses, such as increasing
production, renewing crops, purchasing larger livestock, and investing in inputs to improve
crops such as irrigation infrastructure, fertilizers and pesticides (UNEP and SEI, 2009), [6].
Disadvantages
The main disadvantages of rainwater harvesting technology are the limited supply and
uncertainty of precipitation. Rainwater is not a reliable source of water during dry periods
and during prolonged droughts. Small storage capacity limits the potential for rainwater
harvesting, while increasing storage capacity increases construction and operating costs,
making this technology not economically viable for local communities.
Water storage efficiency is limited by evaporation that occurs between rains (UNEP and
SEI, 2009).
Usage
The rainwater collected in the container can be used for the following purposes:
-In agricultural needs. The water is collected and stored in barrels and can be used to
irrigate crops and irrigate fields. Collection of rainwater for irrigation provides creation of the
necessary reserve of liquid in dry periods. Special capacities are used as storage devices.
No increased requirements are imposed on the liquid, therefore, no additional filtration and
purification is required.
-For technical purposes. Water after rain is also suitable for cleaning premises, washing
cars, household equipment, paths, facades, for organizing flushing in the bathroom. Higher
requirements are imposed on the quality of the liquid - cleaning from foreign impurities,
pollutants and metal salts.
-For food purposes. Without preliminary deep cleaning, rainwater is not used for drinking
and cooking. To make the water safe, it is recommended to carry out multi-stage filtration,
including biological treatment. High demands are placed on the collection, preparation and
storage of liquids.
-For domestic purposes. To use water for domestic purposes - for washing, washing dishes
and kitchen utensils, taking a summer shower, as well as carrying out bath procedures, it is
necessary to additionally purify the liquid with filtering devices.
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Note
Rainwater can be used as a source of distilled water for domestic purposes. In this case,
distilled water can be replaced with rain, provided that the condition is met that the raindrops
are collected in a container that excludes the ingress of iron ions into the water. The purity
of precipitation is influenced by the ecological situation in a particular settlement and region.
It is better to let it stand for several days. During this time, the impurities will settle, and their
minimum amount will remain in the upper layers.
Rain from roof drains must not be used as a distillate. Water collected in this way
has a completely different quality composition and is not suitable for use, for example,
in a battery. During the operation of the battery, the distillate evaporates, leaving
no residue or deposits on the electrodes. Rainwater is not a complete substitute for
distillate, therefore, even if all conditions are met, it is impossible to guarantee the
normal performance of the battery after adding it.
In the car cooling system, distilled water in a 50/50 ratio is used to dilute the concentrated
antifreeze. You can replace it with clean rainwater.2 3
Main components of water collection systems.
Regardless of the size, the rainwater collection and use
system, as a rule, has the following scheme (Figure 1).
Catchment area (water collection area): the surface
where rain will be collected (the area of land, some or
all of the rainwater from which is given to the target
Catchment area
area outside of it).
The catchment area can be from a few square
Runoff
meters to several square kilometers. Land can be part
of the farm, but rocky or unproductive land and even
roofs and paved roads can also be used.
Storage (storage tank): The place where the runoff of
water is stored from collection to use. The storage can
Storage
be in the form of surface, underground water bodies,
for example wells, in the soil profile as soil moisture, as
well as in underground aquifers.
Target site (treated water distribution network):
the location where the collected water is used. For
Target area
example, in agricultural production, the target is
plants or animals, in domestic use, it is a person
and his needs, etc.
The design also has a water transportation Figure 1 – Water collection scheme
system (a system for transferring water from the collection site to the storage) and a
water treatment (purification) unit.

https://akak7.ru/sbor-dozhdevoj-vody-vidy-emkostej-dlya-sbora-dozhdevoj-vody-s-kryshi-na-dache-i-vzagorodnom-dome-sistema-sliva.html
3
https://sadda.ru/landshaft/sposoby-sbora-dozhdevoj-vody.html
2
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In fig. 2 is a schematic diagram of a typical rainwater collection system. Source:
UNEP ICTT, 1998. From the roof, rainwater is collected in containers at the edge of the
roof or is directed through trays and pipes to a storage system.
Diagram of a typical rainwater collection
Catchment area

Closed storage tank

Outlet tap

Water collection area
Here micro-catchment systems are presented as the most accessible to local communities.
In micro-catchment systems, surface runoff is collected from a small area, with predominantly
slope runoff over a short distance. The water usually drains into the adjacent cropland, where it
is stored in the root zone and used directly by the plants, or stored for later use in a small pond.
The target plot can be covered with trees, shrubs, or annual crops. The catchment area ranges
from a few square meters to about 1000 square meters. Land drainage surfaces can be natural,
with intact vegetation, or cleaned and treated as necessary to ensure runoff. Non-earth drainage
surfaces include roofs of buildings, courtyards and other watertight structures. [6].
Roofing systems
The best in terms of quality and containing less pollutants is the roofing system. Roofing
systems collect and store rainwater from the roofs of houses or large buildings, greenhouses,
courtyards, and other waterproof surfaces. Most of the sediment can be collected and
stored. How the collected water will be used depends on the type of surface used and its
cleanliness, as well as the needs of the users. Modern roofing materials and gutters, for
example, make it possible to collect clean water suitable for domestic purposes, especially
in rural areas where there is no mains water supply. Such systems provide a low-cost water
supply for human and animal needs in remote areas. Although this technology is used more
for domestic purposes, it can also be used in agriculture.
Rainwater collected from the greenhouse roof can be used in the greenhouse itself.
The quality of such water depends not only on the weather conditions in your place of
residence, but also on the structure of the roof itself. The roof should have a steep slope,
so the water in the gutters will not stagnate and microorganisms will not develop in it, as
in puddles on flat roofs. This collection method can be used with many types of coatings
such as tiles, plastic, metal. Covering leaves, grasses, and straw should be excluded. It is
not recommended to collect water from roofs where the roof contains asbestos or lead. It is
recommended to be careful with copper. Slate roofs with metallic paints or other coatings
that can contaminate water can pose a health hazard (Gould, 1992). The bituminous coating
will color the liquid, saturate it with unnecessary impurities, so you should not use such
water for washing. The metal roof adds oxidizing impurities, the sediments collected from it
are not recommended to be used for watering edible plants.
Clay shingles, slate or glass coverings, galvanized corrugated iron, aluminum-cement
sheets, tiles and natural stone (slate) are acceptable options.
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The water transportation system is a spillway
complex through which the water collected from the
roof is transported to the treatment unit and then to
the storage tank. Here, too, attention should be paid
to the materials from which the plums are made.
Weirs of the old type, made of lead or containing
lead in one proportion or another, are considered
completely unsuitable.
Modern materials for weirs (PVC, galvanized
steel, etc.) do not pose any problems, except,
perhaps, only copper. The transport of rainwater
from the chute is possible with a chain (Fig. 3).
Purification system. Obviously, water will be
polluted by anything that accumulates on the roof.
Therefore, before draining the water into the storage
tank, it must be properly cleaned. The degree of
purification is mainly determined by the purpose
of the water. If its use is limited to supplementing
the resources of non-drinking water, the simplest
purification is carried out by installing coarse-mesh
filter nets in the weirs, retaining the largest solid
particles (foliage, etc.).

Figure 3 – photo from
thttps://www.instructables.com

The storage tank can be installed outdoors and in the ground. In the first case, the cost
of excavation is saved and the maintenance of the tank is significantly facilitated. On the
other hand, the reservoir dug into the ground is naturally cooled, which significantly slows
down the growth of algae and bacteria, which, on the contrary, is facilitated by heating the
water under the open sun.
For these purposes, tanks made of concrete, galvanized steel, polyethylene, fiberglass,
etc. are well suited, that is, from materials that do not change properties over time and
are compatible with water quality. The most durable and reliable material is stainless steel.
Stainless steel products can be used for storage of both drinking and rain water. The devices
can have different shapes, be it a tank or a rectangle. In the manufacture of water collectors,
durable plastic is often used, which will last a long time and is resistant to external influences
and temperature extremes.
The neck of the container and its lid must tightly close the container and prevent
mosquitoes from breeding, insects, rodents and other small animals from entering.
Polymer accumulators are the most demanded type of high performance tanks, which
are successfully used to create a drainage system in private households.
The volume of the reservoir is determined by several factors, such as the frequency of
rainfall in the region, the size of the water collection area, and the water supply needs.
If the water collector is located above the ground level, then you just need to
connect the hose to the tank and then lay it closer to the beds, greenhouse, etc. Also,
experienced gardeners sometimes lay pipes that lead to the drain tank of an outdoor
toilet. Under pressure, liquid will flow from the sump. If the reservoir for storing water
is installed in the basement or buried in the soil, then you will need to use a pump to
irrigate the site. All parts must be of high quality and reliable. The collected liquid can
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be used for a variety of needs, but it is desirable to filter it out. The cleaning filter is
installed in the corresponding openings of the water collector. 4 5
The most accessible are ground tanks. For example, a plastic or metal barrel installed
in a summer cottage under a drain. In this case, it is possible to increase the volume of
reserves simply by connecting the barrels into one communicating vessel.
It is important here that the connecting pipes are of sufficient diameter (more than 2.5
cm), otherwise the water simply does not just have time to flow from barrel to barrel. It is
better to connect the barrels along the bottom, so that the secondthe barrel had time to fill
up on a par with the first.
If the water is relatively clean, then the pipe can be lowered to the bottom of the storage
barrel. Then the water will constantly mix and not stagnate, and it can be drained using a
hose or a small chute (Fig. 4).

Photo from https://www.instructables.com
Figure 4

4
5

https://kanalizaciyadoma.com/drenazh/sistema-sbora-dozhdevoy-vody-varianty-ustroystva.html
https://www.instructables.com/Rain-Barrel-1/
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Distribution
An important point is the
correct intake of treated
rainwater from the tank. It is
better that it is carried out from
above, so as not to disturb the
sediment at the bottom. Also,
take care of the presence
of a special siphon that will
drain excess liquid, excluding
overflow in the tank.
For irrigation, the reservoir
must be located above the
irrigated area and the water
can be supplied naturally.
Otherwise, you have to resort
to the help of appropriate
pumping units (Fig. 5). When
installing drainage systems,
do not forget about the excess
amount of liquid and prepare
water disposal.

Figure 5 - Stand for barrels.
Photo from https://www.instructables.com

Rain water purification
When a raindrop (essentially distilled water) hits the
ground, it attaches various chemical components in the air.
The benefits and harms of precipitation depend on their
number and type. The main danger is concealed by nitrogen
and sulfur oxides, they form acid rain. The level of rainwater
pollution is influenced by the general ecological situation of
the territory.
Another problem with rainwater build-up is debris
clogging drains, gutters and pumps. Garbage is dust,
branches, volatile parts of plants such as seeds. Maple
seeds (lionfish), which can easily clog the widest weir, are
especially “dangerous”.
Is human consumption allowed?
If a person lives in normal conditions, there are no
emergencies, the use of rainwater is not recommended.
This is due to the following reasons:
-the presence of a large number of bacteria (staphylococci,
Photo from
https://www.rawpixel.com
streptococci, pneumococci);
-the possibility of the presence of eggs, worms, parasites through the feces of birds and
animals that cause disease;
- high content of dirt, dust;
- the presence of chemical compounds that get into rainwater after evaporation from
contaminated objects (car exhaust, evaporation from factories and plants, oil and gas
products). Today, polluted natural precipitation in the form of «acid” rains has a detrimental
effect on the national economy, causing colossal damage, since:
• cause destruction of marble, limestone, sandstone;
• activate the corrosion processes of metal structures and mechanisms;
103

• significantly worsen the quality of water bodies;
• cause the death of fish, due to the «acidification” of water bodies (lakes, rivers);
• cause the death of forests and their inhabitants.
Throughout the entire system, to prevent leaves and large debris from getting into plastic
and concrete rain trays for collecting and transporting wastewater, coarse filters - grates
and mesh baskets are installed. To effectively remove foreign impurities and contaminants,
multistage systems are used - after coarse filters, fine filters are installed, as well as carbonbased devices. The water in the container is stored for quite a long time, and sometimes it
has time to «play” a little - bacteria appear in it, giving a certain smell and taste. Activated
carbon is designed to protect against these odors and tastes.
If precipitation enters the storage tank, it helps to further purify the rainwater by settling
dirt particles to the bottom. The installation of several communicating tanks for collecting
and storing storm water will help to partially solve the problem of cleaning. Dust and other
impurities will settle to the bottom in the first tank. In the second, there will be much less
mud sediment. The third will get a minimum amount of dirt. It is from the third tank that it is
necessary to draw water. Thanks to this preliminary method, it is possible to reduce the load
on technical filters, and thereby extend the service life.
100 year old method of filtering rainwater in a barrel
If a small amount of industrial water is required (a variable source), you can use
a simple filter that is suitable for installation in a summer cottage and meets all
environmental requirements.
For gardening, rainwater is naturally best unfiltered. But for home use, an old book says
[7] that the following instructions are a cheap and easy way to make a filter that rivals a
patent filter that costs 10 times the price:
To create a summer cottage filter, you will need a new wooden barrel or an opaque plastic
container (Fig. 6). It is installed low above the ground on bricks or stable stones. A crane
is installed in the lower third of the barrel. We mount a solid partition in the barrel (wood is
also preferable as a material) at a height of about 10 cm from the bottom. We make a large
number of small holes in the partition, and then cover it with a thick cloth (which must be
water-permeable). Next, you need to make the core according to the principle of natural
filtration: first, carefully pour a layer of clean pebbles about 10 cm thick, on top of it we
make a layer of clean river sand and gravel of about the same thickness. Next comes a
layer of coarse (about the size of peas) granular coal (one and a half to two times thicker taking into account that another 10-centimeter layer of pebbles would fit into it). Hard maple
charcoal is ideal. Lightly tamp the contents. Pour pebbles on top of the coal layer, cover
with another piece of canvas. This cloth can be replaced as it gets dirty, and the filter itself is
recommended to be renewed every spring and autumn.
As you can see, this instruction is intended for a sufficiently large container, but if you
wish, you can make a compact filter even from a flower pot, following the same technique
for creating filter layers.
The original article states that the water obtained as a result of such filtration is suitable
for drinking, but in this situation it is not recommended to risk your health without
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Photo Credit: Ken_Mayer via Compfight cc
Figure 6 - Diagram of a homemade rainwater treatment system6[7]

Maintenance of the catchment system
The catchment system will have to be looked after
from time to time by cleaning the gutters (Fig. 7),
drains and the storage tank itself. Moreover, to protect
the container, it is enough to simply block the vertical
channel by dropping the first water that washed the dirty
roof into the ground.
Cleaning of weirs and gutters involves simple
measures. To do this, it is enough to equip the mouth of
the vertical drain with a system of mesh filters that retain
large debris.
Remember to clean the filter itself from time to time.
Otherwise, it will do more harm than good. Figure 7
That is why filters, most often, are not placed on the
neck, but in the outlet, at the transition from the vertical
drain to the inclined channel of rainwater discharge into
the storage.
To prevent debris from entering the tank, mesh
Figure 7
filters are installed at the drain necks, which trap dust
and organic debris. During operation, the filters are regularly cleaned from blockages. It is
recommended to install them on drains.
6
7

https://theprepperjournal.com/2013/07/11/100-year-old-way-to-filter-rainwater-in-a-barrel/
https://econet.ru/articles/92350-kak-obustroit-sistemu-sbora-dozhdevoy-vody-dlya-vodosnabzheniya-doma
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When installed on a filler neck, maintenance can be difficult, especially if the filler cap is
covered with insulating material.
An example of the manufacture of the simplest rainwater collection structure
with a ground storage
The easiest way is to place storage barrels under the house gutters. Even at the design
stage of the house, it is planned where to place the barrel (Fig. 8), make a drain from the roof.
The simplest solution for collecting rainwater involves the presence of gutters (Fig. 9) for water
drainage, a hose, a drain valve and the barrel itself (the volume of the barrels can be whatever
you can afford). The gutter is fixed around the perimeter of the roof with reliable brackets.
In the corner of the building, a drain is made and a pipe is lowered from the drain - through
it, rain will flow directly into the barrel, which should be located under the pipe. At the bottom
of the barrel, install a tap (Fig. 10), onto which we put a hose (Fig. 11) for watering.
The site on which the barrel is installed is covered with fine gravel, and a brick stand is
arranged on top. It is undesirable to place the container where direct sunlight will not shine
on it, since microorganisms can begin to multiply in it, mold can form.
The cost of purchasing materials for the manufacture of the structure (excluding the
cost of roofing) amounted to 546,500 soums or 44.13 euros, including: Crane 1 piece 19,000 soms (1.53 euros); Hose 8 meters - 160,000 soms (12.92 euros); Barrel for 65 liters
- 35,000 soms (2.83 euros); Chute 10 meters - 280,000 soms (22.61 euros); Downpipe 3
meters - 52,500 soms (4.24 euros)

Figure 8

Figure 9
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Figure 10

Figure 11

Making the simplest water filter
Need: tea strainer, empty plastic bottle, sealant, knife.
You need to remove the handles of the tea strainer (Fig. 12, 13).

Figure 12

Figure 13
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Cut the plastic bottle across with a knife (Fig. 14).

Figure 15

Figure 14

Use a sealant (if there is a material that is more
water-resistant than sealant, use one) to connect the
tea strainer to the plastic bottle. We do this from the
side of the cut (Fig. 15). Fold the strainer into the inside
of the bottle. The filter is ready (Fig. 16).
We will get another version of the simplest filter
by slightly changing this design (Fig. 17). Additionally
you will need: 1 funnel, water purification tablets, a
towel. Bend the strainer outward.
Cut on the other side. Cut a circle out of a towel,
insert it into a strainer. Place water purification
tablets on a towel.

Figure 16

Funnel

Plastic bottle

Tablets

Towel
Strainer
Figure 17
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ANNEX
Approximate daily water consumption8

House

Lawn and gardening

Agricultural farm

8

Usage
when using in the kitchen
for laundry, hygene or taking
baths, cleaning and other
use in the house
watering the lawn by
spraying 100 m2
watering the garden by
spraying 100 m2
Milking cows
Calves
1 y.o. calves
Нerd of cows for offspring
and meat
Sheep and goats
Horses and mules
Chicken
Baby chicks
Turkey (15-19 weeks)
Sanitary hygienic cleaning
Washing floors

https://www.grundfos.com/ww/learn/research-and-insights
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Water consumption, day
400 l per person
2400 (approxim.24 mm)
2400 (approxim.24 mm)
80 l per head
30 l per head
80 l per head
50 l per head
10 l per head
50 l per head
40 l per 100 birds
25 l per 100 birds
80 l per 100 birds
2000 l per day
50 l per 10 m3
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II.5. INCREASING SOIL FERTILITY.
ORGANIC FERTILIZERS. COMPOST

Talipov J., Norboboev M.

It is so by nature itself.
								
Titus Livy
Soils help produce food, store and filter water, provide medicines, and help fight and
adapt to climate change. Soils contain a quarter of our planet's biodiversity. There are more
living organisms in a teaspoon of soil than there are people on Earth.
Soil is a non-renewable resource (it takes more than 1000 years to form 1 cm of soil1).
Soil fertility
An important factor in soil fertility is the content of nutrients in forms available to plants. Soil
fertility rests on three main substances: nitrogen, phosphorus, potassium. Nitrogen ensures
the growth of the plant, with a lack of phosphorus, the leaves become smaller, fall prematurely,
and with a lack of potassium, the leaves of the plant develop poorly, the ovaries fall off.
The irrigated land fund of Uzbekistan consists of sierozems, sierozem-meadow, takyrmeadow, gray-brown and desert sandy soils. The soil resources of the desert zone are 29.2
million hectares, including gray-brown soils - 11.2 million hectares, gray soils - 5.2 million
hectares, intrazonal takyr soils - 1.6 million hectares, sands and desert sandy soils. soils 11.9 million hectares. Azonal bog meadow-takyr soils (0.9 million hectares), as a rule, are
confined to river valleys. Solonchaks occupy 1 million hectares, irrigated lands - 3.5 million
hectares.2 All these soils, from the point of view of classical agro-soil science, are potentially
low-fertile in comparison with chernozems, chestnut and other high-humus soils, since the
humus content in them is relatively low; in the arable horizon, its amount ranges from 1.2-08
(in gray, takyr and meadow soils), to 0.8-0.55 (in gray-brown and desert sandy soils), while
in the same horizon of chernozems, chestnut soils, there is 4-2% humus.3
The content of humus in the soils of Uzbekistan (%)4
Desert Zone:
1 - gray-brown on eluvium and proluvium - 0.3-0.6,
2 - takyr and takyrs on alluvium and proluvia - 0.4-1.0,
3 - desert sandy on eolian deposits, proluvium and alluvium - 0.2-0.5,
4 - meadow and marsh floodplain-alluvial - 2-3,
5 - solonchaks on alluvium, proluvia and eluvium -1.0
6 - sands - 0.2-0.5,
7 - takyr-oasis on alluvium -1.0
8 - meadow-oasis on alluvium -0.8-1.4.
Altitude belts. Serozems of foothills and low mountains:
9 - light on loess-like deposits - 0.8-1.2,
10 - typical on loess, eluvium and proluvium - 1.5-2.5,
11 - dark on loess, eluvium, deluvium and proluvium - 2-3,
12 - meadow serozem belt on the proluvium - 1-1.5,
13 - gray earth-oasis on alluvium, proluvium and loess - 1-2,
14 - meadow-oasis on alluvium and proluvia - 3-4. Brown mid-altitude mountains:
15 - brown and brown mountain-forest on eluvium and deluvium-3.5-7.
Alpine meadow steppes: 16-light brown in eluvium and deluvium - 3-6.
1
2
3
4

https://www.fao.org/fao-stories/article/ru/c/1070071/
http://mapexpert.com.ua/index_ru.php?idif=m_p_9&table=new_post
https://cyberleninka.ru/article/n/plodorodiya-pochvy-uzbekistana
https://catalogmineralov.ru/news4294.htm
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Despite this, the high productivity (effective fertility) of irrigated soils in Central Asia,
including Uzbekistan, is well known.
As the results of soil and agrochemical studies over the past decades have shown, firstly,
the content of nitrogen (the main element of plant nutrition) in the composition of the humus
of the soils of Central Asia is much higher than in the humus of chernozems and other highly
humus soils. This is due to the fact that the total number of microorganisms in soils is several
orders of magnitude higher than in high-humus soils. So, 1 mg of nitrogen in cultivated soil
contains microorganisms: in woody podzolic soils - 200 million, in chernozem - 750, in gray
earth - 2400. Secondly, the irrigated soils of the region are characterized by high biological
activity, i.e., the biogenicity of soils is very high . In addition, the research results showed that
the high effective fertility of these soils is associated with their microaggregation (fraction
size ranges from 0.01 to 0.25 mm). In their composition, the dusty fraction (0.05-0.01 mm) is
50-70%. It has been established that with this soil aggregation, microflora and water mobility
actively develop, and plant nutrients reach the optimal level.5
At the same time, more and more soil resources are now moderately or severely
affected by degradation due to erosion, loss of soil organic matter, nutrient depletion,
acidification, salinization, compaction and chemical pollution, and, as a result, tend
to decrease in quality scores.*

average bonitet
score by regions

ratio of soils with
different bonitet
for irrigated lands
in Uzbekistan

Quality
score
worse
below the average
medium
good
the best

km

Fig. 1 -State of irrigated areas [1]

Sustainable management and sound agricultural practices can reverse this trend of soil
degradation and ensure food security now and in the future.
One of the effective ways to prevent soil depletion and maintain its fertility is fertilizer.
*- Bonitet is a quantitative indicator that reflects the actual or potential quality of natural
objects (animals, plants, soils), which determines their economic value. The higher the
bonitet score, the greater the yield potential of the soil.
Fertilizers are inorganic and organic substances used in agriculture and fisheries to
increase the yield of cultivated plants and fish ponds. They are: mineral (or chemical), organic
5

https://cyberleninka.ru/article/n/plodorodiya-pochvy-uzbekistana

112

and bacterial (artificial introduction of microorganisms in order to increase soil fertility). In
organic farming, the use of mineral fertilizers is limited.
Organic fertilizers are humus, peat, manure, bird droppings (guano), various composts,
biohumus, organic municipal waste (sewage, sewage sludge, urban garbage), sapropel,
green manure. They contain the most important nutrients, mostly in organic form, and a
large number of microorganisms.
Manure. This is the main organic fertilizer. It is a mixture of solid and liquid excretions of farm
animals with and without bedding. Manure contains all the nutrients and a large number of
microorganisms necessary for plants, and therefore it is called a complete fertilizer. The quality
of manure depends on the type of animal, the composition of feed, the quantity and quality of
bedding, the method of accumulation and storage conditions. Manure has a multifaceted effect
on both the soil and the plant. It increases the concentration of carbon dioxide in the soil and
above ground air, reduces the acidity of the soil. With its systematic introduction, the content
of humus and total nitrogen in the soil increases, its structure improves, moisture is better
absorbed and retained. Depending on the methods of keeping livestock, there are litter (solid)
manure obtained by keeping livestock on the litter, and non-litter (semi-liquid, liquid). Bedless
manure is a mobile mixture of feces, urine, feed residues, water and gaseous substances
formed during storage. According to the moisture content, it is divided into semi-liquid (up
to 90%), liquid (90-93%). Most of the nutrients in this fertilizer are in a form readily available
to plants (up to 70% nitrogen in the ammonia form), which makes it stronger than bedding
manure in the year of application and weaker in subsequent years.
Bird droppings. It is a fast acting organic fertilizer. Nutrients in it are well absorbed by
plants. Bird droppings are used as top dressing for cereals and industrial crops, dissolved in
8-10 parts of water and applied to the soil.
Peat. This fertilizer is a mixture of semi-decomposed under conditions of excessive
moisture, the remains of plants, mainly marsh. Peat can be of low degree of decomposition
(up to 20%), medium (20-40%) and high (more than 40%).
There are three types of peat: high, lowland and transitional.
High-moor peat is formed on elevations that are poor in nutrients (sphagnum mosses,
cotton grass, marsh Scheuchzeria, podbel, wild rosemary, swamp sedge, etc.). High-moor
peat is characterized by an increased amount of organic matter, high acidity, high absorption
capacity and low nutrient content. This peat is mainly used as bedding and for composting.
Low-lying peat is formed on low-lying parts of the relief rich in nutrients (sedges, hypnum
mosses, reeds, horsetails, meadowsweet, cinquefoils, etc.). Lowland peat contains more
nutrients and less organic matter than highland peat. It is most expedient to use it for the
preparation of various composts.
Transitional peat occupies an intermediate position between upland and lowland peat.
Sewage sludge. They are obtained during the treatment of wastewater from cities at
wastewater treatment plants. Precipitation from silt pads can be used for all crops, but it
is most expedient to use them for vegetable and silage crops, sugar beets. Precipitates
after thermal drying, containing more lime and iron, are more desirable to be applied under
cultures that are responsive to lime.
Sapropel (freshwater silt). It is a mixture of earth deposited in freshwater reservoirs with
semi-decomposed plant and animal remains.
The greatest amount of nutrients is observed in the silt of reservoirs located near
settlements. Sapropels are used both in pure form and in the form of composts with manure,
feces and slurry.
Green manure. It is a green mass of green manure plants plowed into the soil in order to
enrich it with nutrients, mainly nitrogen, improve water, air and thermal conditions. Green
manure is most important on infertile soddy-podzolic, sandy, loamy and sandy soils, as well
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as on irrigated lands. The most important condition for increasing the efficiency of green
manure is its correct combination with other organic and mineral fertilizers. This method
of fertilization is widely used because it is cheap (often does not require vehicles), and the
chemical composition of green manure is close to that of manure.
The simplest, long-known and reliable way to get a high yield without the use of mineral
fertilizers is the use of compost.
Compost
Composting is the natural process of converting decomposed organic materials into fertile
soil known as compost. Everything that was once alive will decay. Essentially, composting is
an acceleration of the same process that nature uses.
Like any other waste, organic matter collected separately from the whole is a resource.
This is a natural way of recycling, controlled by man. By composting organic waste, humans
return nutrients back to the soil to keep the life cycle going.6 By harvesting peels, leftover
food, and expired produce as starter for compost, we are ultimately helping to restore the
soil. Thus, what we do not eat for lunch today may become lunch in the future. It is so by
nature itself. Because organic waste makes up a significant portion of urban waste, on-site
composting reduces the cost of garbage collection and landfill operation.
The benefits of compost can hardly be overestimated. It contains all the necessary trace
elements, like a sponge absorbs water and passes air well. Compost has a high content of
humus and nutrients that determine soil fertility and plant health. No need to buy expensive
garden soil or potting mixes. Composting allows you to quite cheaply and effectively turn
kitchen and yard waste into valuable material that enriches the soil with nutrients.
Compost is made up of ingredients that are either rich in carbon or nitrogen. Carbon
ingredients are often associated with brown, and include straw, dry grass, and leaves.
Nitrogen-rich components include plant waste, fresh foliage and grass, which is why this
compost is called green. And the success of composting depends on the correct ratio of the
amount of green and brown layer, which is often achieved by practice.
If you put bark, tree branches, mowed grass, leaves, annual weeds (not during the
flowering period!) And other garden waste in one pile (pit), and leave it all for some time in a
secluded corner of the garden, then in the end all this someday it will rot and turn into quality
compost. This process will only take a few years. This is the so-called slow (cold) method of
composting. In contrast, the fast (hot) method of making compost takes about 4-6 months.
To make compost quickly, you will have to provide the following conditions in the compost
pit or compost bin:
• availability of fresh 'green' materials containing nitrogen;
• presence of dry carbonaceous 'brown' materials;
• availability of compost accelerators;
• access of oxygen in the compost tank;
• constant humidity of the compost mixture;
• heat.

6

https://moftarchive.org/2017/03/16/composting/
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Compost production
Set up a composting device in a designated spot in the garden. Lay down about 20 cm
of 'brown' material for drainage and ventilation. Microbes and bacteria that work to form
compost are aerobic and require air to survive. There are known recommendations that,
before starting laying organics, lay a film or a layer of peat 10 cm thick on the bottom of the
future heap deep into the ground (by 20 cm). This will save nutrients and moisture.
Add to compost, alternating evenly:
- shredded dry 'brown' materials (branches of trees and bushes, paper, cardboard,
sawdust, bark, straw, hay, shavings, wood ash, dry leaves);
- moisture-containing 'green' materials (kitchen waste, cut grass, weeds, algae, haulm,
green manure);
- compost accelerators (EM effective microorganisms, special preparations for accelerating
compost, rotted manure of herbivorous animals and bird droppings, urine, ready-made
compost, earthworms, garden soil, etc.).
Plants rich in useful substances significantly improve the quality of compost: nettle,
comfrey and other green manure crops, yarrow, dandelion grass, etc.
When forming a compost heap, you need to remember two rules. First, the smaller the
waste, the faster it rots. Secondly, the ratio of green (rich in nitrogen) and brown (poor
fiber) masses should correspond to 1:5. This ratio will allow bacteria to fully develop and
significantly speed up the process of compost maturation. The alternation of 'green' and
'brown' layers ensures the penetration of air into the compost heap, uniform and balanced
maturation of the compost in the tank, and later - structural, fertile, correct compost.
There are 1-straw
principles that
you can follow 2-leaves, straw chopped
to understand
what needs to 3 - mowed lawn grass
be added: if
the compost 4- garden and kuzon waste
heap has an
u n p l e a s a n t 5 - straw chopped
smell, then it
lacks a brown 6 - half-ripe compost
component, if
it is cool and 7- last year's compost
has no visible
fumes,
you 8 - branches and branches
need to add
Fig. 2 — Layers of compost heap 7
green mass.
If the balance is maintained, the compost heap should smell like earth, give off warmth,
be damp, and float a little.
Never push or compact the contents, this will disrupt the air circulation in the compost bin. Over
time, the mixture will go down and you can add waste to the container. When the compost bin has
already been filled to the top several times, you can stop filling it and move on to the next one.
Stir and shovel the compost from time to time with a pitchfork for better air access
and uniform compost moisture. Keep the maturing compost in the box moist by watering.
However, avoid standing water in the compost bin.
After a few months, the contents of the compost heap should be brown and have a fresh,
sweet earthy smell. The compost is ready for use in the garden.
7
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What to put in compost
• Fruits, vegetables, (raw, cooked,
frozen, moldy), watermelon, pumpkin,
cereals, beet skins, potato trimmings
and skins. It is necessary to check
potato peelings for late blight. It is a
fungus that can damage crops.8
• Crushed eggshell.
Fig.3 – potatoe and banana peels
• Crushed peanut shells.
• Coffee grounds. In addition to containing nitrogen, it gives texture to the soil, improving
aeration and quality, it prevents slugs and snails from attacking plants.
• Used tea leaves and tea bags.
• Leftovers from cooked food (in closed compost bins!).
• Unpainted and untreated wood. Wood sawdust has a high amount of carbon, so you
need to add some nitrogen to the pile at the same time. The bark can be acidic, so it needs
to be added along with alkaline ingredients. Wood ash is added to the compost in small
amounts and then mixed thoroughly.
• Fresh herbivore manure and
bird droppings (slow compost
heaps only). Cow dung must
be mixed with high carbon
compostable
material.
The
manure heats up naturally, and
the extra heat kills germs and
seeds.
• Bird feathers and down,
pet hair (classified as "green"
compost material).
• Paper: napkins, shredded
newspaper*, printer paper*,
packaging, cardboard.
• Shredded natural fabrics*:
cotton, silk, linen, wool, etc.
Fig. 49- Separate garbage collection in the kitchen
• Hay, straw, weeds.

*- In Europe and the US, newspapers and other printed materials have been free
of heavy metals and other harmful ink additives for decades. Recycling newspapers
in compost is recommended here by leading environmental organizations (HDRA
Garden Organic and others). The same applies to fabrics. If you are in doubt about the
composition of paints, do not add these materials to the compost. 10

https://moftarchive.org/2017/05/31/7590/
https://moftarchive.org/2017/02/17/when-is-composting-better-than-recycling/
10
https://www.countrysideliving.net/GRD_PRJ_Org-Compost_Aug05.html
8
9
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• Mowed grass. It is advisable to let it pre-dry for 1-2 days. It should be added in a 2:1 ratio
to "brown" material such as dried leaves. And if there is a lot of grass clipping in the compost
heap, you need to turn the compost heap every week to make sure it decomposes quickly.
• Leaves. Avoid diseased leaves as they will infect the compost. Keep in mind that the
leaves are classified as "brown" organics.
• Cotton plants and their waste (guzapay, bolls).
• Corn on the cob, even whole (they can create an air pocket in the compost heap and
the soil will be better aerated).
• Alfalfa acts as a stimulant. It decomposes quickly and releases heat, which accelerates
the decomposition of other compost materials, retains moisture well.
• Evergreens (only in slow compost heaps).
What not to compost:
• Large and hard meaty bones.
• Human and carnivore (including domestic) feces. For the safe composting of human
feces, a special composting toilet is needed. Dog feces can be recycled in compost systems
with worms. Cat feces are generally not recommended for composting.
• Ash from burning coal in a stove or fireplace.
• Flowering, seeded and perennial rhizomatous weeds.
• Sick plants. Garden waste affected by diseases and pests.
• Insect pests, their eggs and larvae.
• Garden waste from the use of herbicides (unless otherwise specified by the manufacturer).
• Glass. Plastic.

What TO PUT
and NOT TO PUT
in compost

polluted
water with
detergents

meat
leftovers

lime
fruite
and vegetables

foleage and
bushery

coffee
grinds

bark

paper

teabags

eggshells

sawdust

grass,
moss

hay,
straw

mulched
branches

cardboard

Fig. 5 – What to put and not to put into compost 11
11
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GREEN MATERIALS

BROWN MATERIALS

human and
pet's feces

Compost heap, box or compost bin
The first thing to decide is what the compost will be stored in. A lot depends on the
characteristics of the site and what you think is best suited in terms of size, as well as from
an aesthetic point of view.
You can make your own:
1. the pit itself, the “working” part of which is below ground level;
2. a completely outdoor structure, generally a box or enclosed space;
3. a rare “universal” type that combines the two previous ones in its design.
A large garden will most likely need at least one large pile, while a smaller one can use
more compact composting solutions.
Need to consider how much "garbage" you will be composting? If you have a large
garden and yard that produce a huge amount of organic waste (grass clippings, leaves,
tree branches, and so on), then you need a large enough container to process them.
If your yard predominantly produces only withered flowers and weeds, and you have a
relatively small lawn, a more compact box, bucket, or tumbler might be a better choice.
Materials for creating a box are also used at the discretion of a person, these can be:
boards; plastic; metal; slate, concrete.
The advantages of an open wooden compost bin are that it allows air and moisture to
pass through and maintains good ventilation. You can make a compost bin yourself from
boards and a metal mesh. The volume of the compost bin must be at least 1 cubic meter. In
fact, such a device is a compost heap placed in a wooden frame.
The plastic container (container) for compost retains heat well and is more mobile, it can be
used anywhere in the garden. Another advantage of closed plastic or metal compost bins is
that you can add meat scraps from the table to them, which significantly increase the content
of nutrients in the finished compost, because. they are closed to parasites (mice, rats, foxes).
Compost box design
This option can be considered the oldest,
which gave the name to all other designs.
This is a pure pit, 0.5-1 meter deep, 3 meters
long and about 1.5 meters wide (Fig. 6). Such
calculations are due to practical expediency:
it will be more difficult to fill a larger volume,
it will be harder to mix the mass, the compost
will be very hot, which will interfere with the
complete decomposition of the substrate.
The resulting compost is quite enough for a
garden of 8-10 acres.
Remove the top layer of soil and fertile soil
(it is useful for vegetable beds).
The process of compost formation
requires free access of air to the entire
mass, which dense soil is not able to
provide. Therefore, the walls of the pit
should be sheathed from the inside with
wooden boards at a certain distance (about
20 cm) from the earthen walls. To do this,
columns are dug in at the corners of the pit,
to which the boards are nailed. The boards
12

Fig. 6 – Compost pit 12
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themselves do not fit tightly to each other, they leave a distance of 4-5 cm between
them. Such measures are necessary for better ventilation of the compost mass, as well
as for earthworms to access it. Some site owners fix the walls of the pit with slate, bricks,
metal sheets, make formwork and pour concrete.
You can build a wooden shield and block the hole in the middle, dividing it into two equal
parts. Waste will be placed in one, and the other is needed for periodic shifting (several
times per season) of the mass in order to better saturate it with oxygen.
At the bottom of the pit, a drainage layer of 5-7 centimeters is thrown from pieces of wood
and branches or sand for better ventilation.
Considering the peculiarities of the waste composting process, the pit should be located
at a distance from sources of drinking water - springs, wells, wells. The optimal distance is
25 meters: further is possible (if the territory allows), closer is not desirable. This is done so
that during rains (snow melting) decomposition products do not enter the source along with
water flows. At the same time, it is necessary to provide that rainwater does not accumulate
at the location of the pit.
The above-ground structure is considered more popular - the so-called compost box.
For its construction, special skills and calculations are not needed: the main thing is to
provide a certain volume for the mass of waste in which they can be and gradually overheat
into a nutrient substrate, as well as supplying a sufficient amount of air.
A compost bin can be made both portable and stationary by digging columns of the
desired height (1 m above the ground) into the ground at the corners from a thick wooden
beam or metal pipe. These posts are then sheathed with narrow (10-12 cm) wooden planks,
maintaining an interval of 1-2 cm, sufficient to ensure drainage functions.
If you have enough space, you can make three tanks. This gives you enough space to
store additional compost materials and also allows you to have multiple piles. Especially
handy if you have a lot of kitchen waste and garden clippings.
The three-section design according to the
so-called "Finnish" technology looks compact
manholes for loading organic matter
and functional.
It looks like a cube with equal sides (1x1x1x1
meter). This is the most optimal size for uniform
overheating of the substrate. If you do less, the
mass will dry out, more - the contents will “burn
out” from excessively high temperatures.
The top is made in the form of a gable roof,
one side serves as a hinged lid. It is better
to attach it to the door hinges and screw a
convenient handle.
compost doors
Fig. 7 – Scheme of the "Finnish" composter
ter
me
meter
One side of the box, in the lower part, must
meter
be provided with a door - 40x40. Through it it is
good to take out the finished fertilizer. Mature Fig. 713 – Scheme of the "Finnish" composter
compost is located in the lower layers of the pit, in the middle there is still an active work of
microorganism, and fresh waste lies on top.
The designs of three-section composters made of boards and slate are shown in Fig. 8.

13
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Fig. 814 – Three-section composters

Slate structures are popular with many owners of private courtyards. Roofing material
differs from wood in a long service life. For the arrangement of the pit, wave and smooth
slate, of arbitrary length, is suitable. Each sheet goes deep into the ground, forming an
impromptu box. If a more capital structure is needed, then the material is screwed onto a
prepared frame made of wooden beams. From time to time, wood jumpers will need to be
changed. You can close the composter with a wooden shield, cellophane, press down the
edges with heavy objects.
You can make a composter out of pallets. Dismantle pallets, remove nails from
them. It will turn out even, edged boards - shalyovki. On a circular machine, it is
necessary to fit all the workpieces in size - 1 meter. Next, using a jigsaw, saw through
the grooves of a rectangular shape. The structure is fastened with mounting glue.
The boards are placed vertically, except for the front blanks. The front first board is
attached obliquely, glue is not used here.
In the manufacture of multi-section composters, you need to take into account that the
support bars or pipes must be driven or dug into the ground by at least 0.5 meters, the
weight of the weight is large and your home-made composter should not disperse.
In the case of a wooden version, it is recommended to load the wood with an antiseptic
and paint it.
Doors and other moving elements are recommended to be installed last, when the main
frame is already strong and will not move so that they do not jam.
The construction of the composter can be made composite - from boxes made of various
materials, for example, from mesh and boards (Fig. 9).

Fig. 9 – Pixabay
14
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Whichever you choose, the compost area should be placed so that you can easily access
it. It is desirable that it be located in a place with periodic natural light, but away from the
direct rays of the scorching sun and from places where rainwater collects and there are
strong winds.
The best period for the formation of a compost heap is autumn, rich in plant residues,
as well as spring and summer. The winter period is not suitable for laying compost due to
unfavorable temperature conditions.
Compost heap care
1. Once a month, the compost heap must be turned. In this case, it is good to achieve
the most complete mixing of the residues. This will make the organic loose, enrich it with
oxygen, allow it to burn out, and not rot. If shoveling a pile is difficult for you, at least pierce
it from all sides with a pitchfork.
2. It is very important to monitor the moisture content of the compost heap. If it dries
out, moisten it regularly. But don't overdo it! Excess moisture displaces air, which means it
worsens the work of bacteria necessary for composting. Therefore, carefully water your pile
with a watering can, and not with a hose, preferring not to top up than to overflow. In the time
of prolonged rains and after watering - cover it with a film.
3. If you want to speed up the maturation process of the compost - make sure that enough
nitrogen gets into the pile - it is found in the green parts of plants and slurry.
TIPS from experienced land owners
How to start composter
The first way - the reaction will start by itself, if there is enough soil moisture among the
waste, and there is manure. Even if there is no manure, the reaction will go. It just takes a
little longer to start.
The second way is to prepare a liquid reagent rich in the desired microorganisms. In
a bucket of water, you need to add old compost (if not, then just soil), add a little chicken
manure or cattle manure - you don’t need much. Dilute, let stand for a few hours and spill
the compost heap.
Before making a compost heap, you can add some previously made compost or fertile
soil as a seed.
Always add nitrogen sources (manure, kitchen waste) in thin layers. Each time you add
nitrogen-rich ingredients, add about four times the amount of carbon ingredients.
The extra leaves, straw, and grass added on the outside of the compost pile will reduce
odor and improve aesthetics. Each time you make a new layer of compost, lay down at
least 7-10 centimeters of carbon cover. This outer layer of carbon will not decompose, so
once the inside of the pile has turned into dark, crumbly compost, it can be used right away.
And we take the top brown layer as an ingredient for the next fertilizer. A thick outer layer of
carbon-rich material must be maintained to help protect against rain and excess moisture
evaporation. In this case, there will be favorable conditions for ripening.
Wherever you make your compost, remember before you lay down your compost heap
that millions of different organisms will live in it, and they need water and air in equal measure.
This means that the compost should not be too dense and waterlogged, nor too loose and
dry.15 And in order to keep pets out of it, just put a wire mesh on top.
It is not advised to resort to the method of collecting residues in a pit, since
excess moisture often accumulates in compost pits, which worsens and lengthens
the composting process.
If ants appeared in a heap, it means that it is very dry inside, and decomposition is
inhibited. It is necessary to loosen the compost and water well.
15
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If mushroom mosquitoes appear, you need to estimate their number. If there are few of
them, then you don’t have to worry, midges are always present in such places. Otherwise,
this indicates that the humidity of the compost heap is increased. It is necessary to wait for
a hot and dry day and ventilate it by removing the covering material for two days. You can
use sand or sawdust.
If an extremely unpleasant odor appeared, and the mass became as if it was covered
with mucus, then this indicates that the component of plant origin is highly prevalent. It is
necessary to add solid elements - small twigs, straw, shredded cardboard or paper.
If no changes are noticed with the compost, then it has dried up. It is necessary to add
fresh vegetation or potato peelings and the obligatory moistening of the mass.
If it smells like ammonia, there are too many nitrogen components in the pit (you can add
some torn paper).
If you smell rotten eggs, then there is not enough oxygen in the pit or box, and the
contents must be well stirred up, spilling the layers with straw or shavings.
Indicators of ripe compost
How long the compost heap will take
to mature depends on the conditions
provided for this. Usually, complete
overheating of organic residues occurs
in 1–1.5 years.
Mature compost is easy to
recognize. It becomes dark and
uniform: the color of the fertilizer is
uniform - from dark brown to black;
the mass is homogeneous, it does
not contain single elements - stems,
leaves, shells, etc .; the texture is
loose and well flowing.
But the main thing is the smell.
All unpleasant odors are eliminated.
Mature compost smells strongly
of fresh earth or forest floor. More
precisely, this earth smells like
compost if it contains organic matter.
If it doesn't smell, it's dead soil.

Fig. 10 – Ready compost

Use of compost
It is better to choose compost from the lower layers, so that the upper ones fall evenly,
pressing against the top with new organic residues.
Fertilizer can be applied throughout the year for most crops. Annually, 1.5-2.0 cubic
meters of compost can be applied per 100 m² of cultivated area. Evenly distributed, it will
form a layer of 1.5-2 cm. This amount is enough to significantly improve soil structure and
provide plants with nutrients for the season.
Can be added when the site is dug up. It is worth bringing it to the garden in the fall, during
digging. Even if the plant residues did not have time to completely rot, they will have half a year
to do this, and in the spring the land will already be completely ready for the start of the season.
When fertilizing trees, the application depends on the method of keeping the soil in the
tree trunks. If you have removed the sod around fruit trees and are clearing the soil, simply
compost into the soil around the perimeter of the crown, stepping back 50-60 cm from
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the trunk. For an adult tree, 4-6 shovels of compost dug to a depth of about 10 cm will be
enough. If your trees are surrounded by dense turf, then 5 holes need to be drilled along the
perimeter of the crown projection. Lay compost in them (maybe not rotted) to a depth of 10
cm and sprinkle with earth on top.
To fertilize shrubs, apply compost in late autumn, but do not close it up, but simply scatter
it on the surface of the earth and sprinkle with peat.
When sowing seeds in compost, sprinkle the matured compost into the seed furrows with
a layer of 2-3 cm and lightly embed into the soil. Seeds of vegetables, herbs and flowers will
sprout faster and develop more actively.
A good component will be compost (any, including fresh, not rotted) when building warm
beds. Compost is laid penultimate (under a layer of earth). It will be useful for almost all
vegetables, especially for cucumbers, tomatoes, peppers, gourds.
Fruit trees and shrubs, perennial ornamental plants during the growing season can be fed
with fresh compost. Before using it, it is sieved to separate large non-rotten parts (pieces
of wood, stems, etc.). The non-rotten parts are then sent back to the compost heap. Fresh
compost is not added dropwise, but only scattered over the surface. You can sprinkle it with
a thin layer of grass, hay, sawdust so that it does not dry out.
On soils rich in clay content, the use of unripe compost will help. It is injected directly
into the upper layers of the soil. During the winter period, the mass will overheat, and in
the spring there will be a lot of earthworms in it, and they will become baking powder for
the beds. At the end of summer - the beginning of autumn, liquid fertilizer can be prepared
from immature compost, which has rotted for 2-3 months. To do this, any container is
filled 2/3 with inripe, but already blackened compost, 1/3 is added with water, tightly
closed with a lid and left in a warm place for three days. Fertilizer is watered with adult
tomatoes, cucumbers, legumes.
When digging the soil, immature compost can only be used in autumn.
In the summer, you can use an infusion of overripe compost for moderate plant nutrition.
Mulching with compost. After loosening the beds of vegetables, pour a layer of mature
compost 5-7 cm thick on them.
In flowerbeds, add compost to the soil when planting perennials, and then spread in a
thick layer on the flower bed.
For autumn soil mulching under fruit trees and berry bushes older than 5 years of age and
without damage to the bark, immature compost is also suitable.
Compost heap in the garden (lazy compost)
If we first collect organic matter from the garden bed, compost it, and then bring it back,
already in the form of compost, why not make a compost heap directly under the garden bed?
The idea of composting organic matter directly in the garden closely intersects with the
idea of mulching. Earthworms breed well in the compost under the beds (Fig. 11).
After harvesting, a lot of tops, mulch, and leaves remain on the garden beds.
Experienced gardeners advise not to throw away or burn plant residues, but to
compost them right on the beds.
To obtain high-quality fertilizer, it is necessary to correctly use organic decomposition
accelerators and be attentive to the choice of components put into compost.
Before laying plant residues for composting, vegetables that have already finished fruiting
should be pulled out of the soil. Mulch can not be removed. The soil must be well loosened.
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On the prepared bed you can lay:
• tops (possible from the same
garden);
• cabbage leaves;
• damaged fruits, root crops (Fig. 12);
• tree leaves, hay, cut grass.
It is best to lay the components in
layers (the height of each is not more
than 5 cm), sprinkling each layer with
humus or fertile soil. The height of the
compost heap in the garden should
not exceed 30–40 cm.
To accelerate the maturation of the
compost, the components must be
crushed before laying.
And a layer of a compost heap
in the garden should be shed with a
Fig. 11
preparation prepared from ordinary
pressed yeast. Dissolve 100 g of yeast in 10 liters of water and add 0.5 cups of sugar.

Fig. 12 – Covering with spoiled apples
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Put the bucket in a warm room for a day. The resulting composition must be diluted with
water in a ratio of 1: 316 before use. .
In order for the plant residues to rot, and the bacteria contained in the preparations to
work, it is necessary to create favorable conditions for composting. The bed must be covered
with a dense covering material or film. At least 2 times a month, the film must be lifted, and
the compost must be turned.
Do not put in compost:
• tops or root crops with clear signs of damage; nightshade tops;
• branches, tree bark;
• plastic, glass and other materials that do not decompose under the influence of bacteria.
It is not advised to put any rubbish in the compost - glossy paper, newspapers,
food waste.
Composting options in the garden:17
1. We dig a trench under the bed itself, and we introduce crushed biomass prepared
for composting into it. We cover each layer of 5-10 cm with a thin layer of earth or rotted
compost, and spill it with water at the rate of 10 liters per 100 kg of biomass. It makes sense
to raise such a bed slightly above the soil level, as the bed will settle a lot. At the end, the
bed is covered with a layer of soil, and left until spring.
2. We put the beveled and chopped tops directly on the bed (this method is especially
good when using beveled green manure), layering it with earth and mature compost. A layer
of laid materials of 5-10 cm will be quite sufficient. The bed is covered with a film or a layer
of leaf litter.
We water the beds with a solution prepared in advance.
Prepared beds practically do not require digging, the looseness and structure of the soil
is provided in the process of composting by earthworms, and its fertility will be sufficient
for the entire crop rotation period. In addition, the thickness of the fertile layer increases
significantly, weeds and pathogens of root rot die.
Peat composts
Peat is widely used for making composts. When composted with manure, peat
decomposes faster and is more fully used by plants. Peat (moor or transitional) with lime
is well composted. Good results are obtained by adding 20 kg of phosphate rock per 1 ton
to peat. Peat-phosphorite composts are especially effective on sandy soils, and peat-lime
composts are especially effective on acidic ones.
In addition, peat is used in irrigation fields, where it is composted with sewage sludge.
Peat-fecal composts are also widely used.
Aerated compost tea
Compost tea is saturated with beneficial microorganisms that stimulate active growth and
serve as plant protection against pathogens. The bioactive and mineral substances included
in the ACC are vigorously absorbed by both the root system and the leaves. Moreover, the
plant itself chooses the components it requires, that is, this drug is applicable to any soil.
When aerated compost tea is used to spray vegetation, it is covered with beneficial aerobic
microorganisms that increase disease resistance by killing pathogens and reducing infection.
All dead organic matter is processed in a short time and is part of the soil. In addition, the
application of ACS makes the near-surface soil cloddy and porous, which increases its ability
to retain moisture. The useful microfauna included in compost tea helps to cleanse the soil
of harmful chemicals and heavy metals accumulated in it, and reduces the level of toxicity of
herbicides and pesticides. In addition, the need for the use of chemicals that harm all living
16
17
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things is significantly reduced, since ACh is able to replace not only chemical fertilizers and
top dressings, but a wide range of fungicides and herbicides.
Concentrated compost tea is used for root dressing. At the same time, it is poured into the
soil directly near the plants. Rains have practically no effect on such top dressing. Such a
concentrate restores well the fertility of depleted soils. To do this, the site should be dug up,
covered with a layer of plant residues about 10 centimeters thick and watered abundantly
with AKCh several times during the summer. In two years, on such soil, it will be possible to
get a good harvest of even very capricious vegetable crops.
To get high-quality aerated compost tea, only ready-made compost should be used. Too
old compost, as well as unseasoned, contain an insufficient amount of useful substances.
Liquid fertilizer can also be obtained from manure in a similar way, however, the composition
of such a preparation will not be sufficiently balanced and it is not recommended to use it
other than for root dressing. From high-quality compost, AKCh can be prepared within an
hour, and when insisted for a week, a superconcentrate is obtained.
It is optimal to prepare a universal preparation for use within 24-48 hours. Such a solution is
optimally saturated with nutrients, bacteria, fungi and other microorganisms useful for plants.
Production
To prepare ACC at home, you will need a
three-liter container into which two liters of clean,
non-chlorinated water are poured. It is not worth
pouring more water, because the foam formed
during the preparation of the drug will begin to
expire outside the container. Next, a glass (about
70 grams) of mature compost and 10-20 ml of beet
molasses or molasses are added. You can also
use fructose in the form of jam that has begun to
ferment. Having received additional nutrition with
a source of sugars, microorganisms in conditions
of active oxygen access begin to multiply rapidly.
For aeration, a compressor designed for
aquariums with two nozzles is used. After a day,
the finished compost tea should smell like fresh
forest soil. If it has an unpleasant putrefactive
odor, then it should not be used to fertilize plants.
The preparation prepared in this way is suitable
Fig. 13 – Preparing compost tea18
for use within four hours.
For foliar feeding of plants, it is recommended to use a pre-filtered preparation. To this
end, it is filtered through a fabric filter (for example, burlap) and diluted with clean, chlorinefree water in a ratio of 1 to 10. The color of the resulting liquid should resemble weakly
brewed tea. Then vegetable oil is added at the rate of 1/8 teaspoon for every 4 liters of the
drug. This is done so that after spraying the liquid is retained longer on plant leaves. After
the rain, the mixture is needed spray again. Not to use under pressure.

https://ru.wikihow.com/%D1%81%D0%B4%D0%B5%D0%BB%D0%B0%D1%82%D1%8C%D0%BA%D0%BE%D0%BC%D0%BF%D0%BE%D1%81%D1%82%D0%BD%D1%8B%D0%B9%D1%87%D0%B0%D0%B9
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II.6. Sun cooking technologies.
Box-shaped solar cookers

Sin L., Khidoyatov M.

Know that the biggest diamond is the sun.
Fortunately, it shines for everyone.
Charlie Chaplin
For cooking, equipment fueled by coal, wood, gas or liquid fuels can be replaced by
ovens that use solar energy.
The primary goal of solar ovens is to reduce the need for wood, which is still the most
important fuel for cooking. The problem is that wood is inexpensive compared to kerosene,
bottled gas and electricity. The increasing uncontrolled logging for own use and for sale is the
main reason for the disappearance of forests, expansion of deserts, soil erosion, a decrease
in groundwater levels, and has a long-term adverse impact on the ecological balance.
In general, solar ovens are unlikely to make a big contribution to the state's energy sector.
However, they can dramatically improve the living conditions of the poor, helping them
overcome the lack of fuel for cooking.
Solar cookers and ovens absorb solar energy, converting it into heat, which accumulates
inside the enclosed space and is redirected to cooking containers.
The successful use of solar ovens (cookers) was noted in Europe as early as the 18th century.1
How solar cookers work
To collect solar energy, reflectors are usually added to the structure. These reflectors
can be from mirrored plastic film, aluminum foil, etc. These reflectors focus sunlight on the
surface of dark pots, allowing them to heat up faster as they receive a lot of sunlight in a
short period of time.
Darker colors absorb more light waves than brighter colors. Likewise, the dark outer
surface of the pot absorbs a large amount of light (including infrared) from the sun. It heats
up and transfers the resulting heat to the food in it. This is where food is cooked.
Various catching mechanisms provide enough heat in the pot for cooking. Such trapping
and isolation methods include clear glasses and clear plastic bags. Glasses and plastic
bags allow sunlight to pass through. At the same time, they trap the heat of the rays so that
it does not go away. And since the heat does not go away, it builds up and enables food to
be cooked in the solar oven.
There must be good thermal insulation of the walls of the box so that heat does not go
out, both through the walls and into the gap between the top glass and the walls. As thermal
insulation, cardboard, paper or other natural materials are usually used that would not emit
harmful substances when heated.
One of the varieties of solar cooker designs are solar box ovens.
Due to their advantages, they are the most common type of solar oven. Box-type solar ovens
come in many varieties: industrial, artisanal, and homemade; shape can resemble a flat suitcase
or a wide low box. There are also stationary kilns made of clay, with a horizontally or inclined lid.2
Box ovens are a heat-insulated box, most often made of ordinary cardboard. They have
an inner part lined with reflective material and a transparent cover (for example glass),
which, when folded back, is a reflector and enhances the incident radiation, and when closed
it improves the thermal insulation of the furnace.
1
2

https://zelenyugol.ru/house/solnechnaya-pech-sovremennyi-i-bezopasnyi-sposob-prigotovleniya/
https://www.diagram.com.ua/list/alter-energy/alter-energy162.shtml
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The oven lid can be a two-layer "window" that lets solar radiation into the box and keeps the
heat inside. The distance between two layers of glass is usually 10-20 mm. The inner glass is
thermally affected, so tempered glass is often used; or both layers can be made of ordinary
glass with a thickness of about 3 mm. The cover can also be with a mirror on the inside.
One or more reflective mirrors are often added to such a box to increase heat collection.
The reflective surface can be a regular glass mirror, a reflective coated plastic sheet, or an
unbreakable metal mirror. As a last resort, you can use foil from cigarette packs.3
The sides and bottom should be insulated to keep warm. The insulating material can be
glass, synthetic wool, or some natural material (peanut husks, coconuts, rice, corn, etc.).
Whatever material is used, it must remain dry.
A box cooker usually offers more space than other solar cooker designs. In fact, you can
place several pots in it at once.
The durability of such cardboard structures can be very high - up to 10 years.
The temperature in such a furnace can reach 150 ... 170 ° C. You should not be afraid of
the cardboard fire, because the temperature is not enough for this.
Boxed solar cookers are commonly used for cooking foods that require long cooking
times. They can also be used for baking.
A solar oven will work in winter if it gets enough sunlight. However, it will not be able to reach
the same high temperatures as in spring or summer. This is due to the fact that the ambient
temperature is very low, and the intensity of sunlight in winter is less than in the warm season.
Advantages
• They are relatively inexpensive (compared to other types of solar ovens).
• Cheapness of use (does not require fuel).
• Safety of food preparation. No fire hazard and no need to reheat your meal! Food stays
warm all day long.
• They are easy to manufacture and repair using local materials. Easy to operate and
maintain.
• Mobility.
• Uses both direct and diffused solar radiation. They do not need to follow the Sun.
• They can heat several pots at the same time.
• Environmental friendliness. Does not harm the environment.
• Possibility of cooking, smoking, baking.
• Uniform cooking without the risk of scorching, no stirring required.
• Products retain all the nutrients. There is no air movement in the solar oven, which
allows food to remain juicy, tender and flavorful. Fried dishes cooked in a solar oven are
much tastier and juicier, and bread baked in such an oven has an incomparable taste.
• Solar ovens are ideal for daily use, at a picnic, at the cottage, in the courtyard of a
country house, on vacation or in case of a power outage. They will also keep your home
cool, as all the cooking heat stays outside.
Disadvantages
• Due to the moderate temperature, cooking takes a long time.
• They can only be used for daytime cooking. The amount of solar radiation drops sharply
when it is cloudy and during rains. In conditions of lack of direct radiation, the solar oven is
only suitable for keeping prepared food warm.
• Such ovens cannot fry.
Cooking utensils
The best solar-powered pans are usually thin, made of dark metal with a lid. Avoid pots
with polished surfaces that reflect light from the pot rather than absorb it. Transparent pots
are also fine, especially with dark food ingredients, and pot lids can be dark or transparent.
3

https://zelenyugol.ru/house/solnechnaya-pech-sovremennyi-i-bezopasnyi-sposob-prigotovleniya/
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The material a saucepan is made of also affects how quickly it heats up and how well it
retains heat:
• Pots made from thinner materials heat up faster than thicker ones.
• Metal pots heat up faster than ceramic or earthenware pots.
• Cast iron heats up slowly at first, but retains heat better than thinner metals. Cast iron
should be preheated in a stove.
The use of ceramic pans and thin-walled aluminum pans will significantly reduce cooking
times compared to stainless steel pans.
You can DIY pot lids by turning the pot over on a flat piece of metal and drawing an
outline.4 Cut the metal about 6mm from the line. File or sand the sharp edges around the
cover. This can be done by simply rubbing the incisions with a stone. Use pliers to fold the
edges down the line. If necessary, make cuts from edge to line so that the pieces of edge
overlap. Darken the outside of the lid and heat it for several hours before using with food.
Temporary covers are made in the same way, using a brown paper bag and folding the
paper over the line. They also need to be heated for several hours before using with food.
Usage
There are two ways to cook food in this oven.
If you rotate the solar oven to follow the movement of the sun every 25-30 minutes, the
cooking time and method will be the same as when cooking in a microwave oven or on a
conventional stove.
At the same time, the solar oven can be used for slow cooking. For example, in the
morning you can prepare all the ingredients, load them into the solar oven, position the oven
where the sun is supposed to be. Back at lunchtime, your delicious and healthy lunch will be
ready. Even if you are late, there is nothing to worry about as the solar oven will keep your
lunch warm and fresh for a long time.
The temperature in the solar oven drops dramatically when food is placed in it. And
the temperature can be below 100°C most of the cooking time. However, the boiling
point is 100°C and is not needed for cooking most vegetables and cereals.5
Various factors determine how long it will take to cook food in a solar oven: the design of
the solar oven, the materials used in the cooking utensils, the weather, the type of food, the
ambient temperature, and more.
In many cases, your oven is only suitable for slow cooking. However, you can use the
times below as a guide when cooking with solar panels:6
• Processed cheese, butter, scrambled eggs and baked egg are usually cooked in less
than an hour.
• Cereals, vegetables, and pastries (such as cakes, cookies, breads and pastries) should
take 2 to 3 hours to cook.
• Soup and whole vegetables should be ready in 3-4 hours.
• Dried beans, pumpkin and large meals usually take 4-7 hours to cook.
You can find out more in Appendix 1.

https://solarcooking-fandom-com.translate.goog/wiki/Solar_cooking_pots?_x_tr_sl=en&_x_tr_tl=ru&_x_
tr_hl=ru&_x_tr_pto=nui
5
https://www.diagram.com.ua/list/alter-energy/alter-energy162.shtml
6
https://tablematters.com/ru/%D0%BA%D0%B0%D0%BA-%D1%80%D0%B0%D0%B1%D0%BE%D1%
82%D0%B0%D0%B5%D1%82-%D1%81%D0%BE%D0%BB%D0%BD%D0%B5%D1%87%D0%BD%D0%B
0%D1%8F-%D0%BF%D0%B5%D1%87%D1%8C/
4
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Advice
When cooking on such stoves, avoid opening the lid. Only open it when it is necessary to
release accumulated steam. Opening the lid will cause the stove to lose stored heat. This
can lead to longer cooking times.
You can even place a dark stone in the box to increase the overall heat collection.
You can put a black dish filled with water and, for example, rice in a glass bowl. A glass
bowl retains heat better. When there is a lot of wind, the dishes will not cool down as quickly.
To avoid heat loss, the dishes are sometimes wrapped in a baking bag or plastic foil.
However, it is generally not advisable to wrap food in foil for solar cooking because the shiny
foil insulates by reflecting sunlight and heat from the food.
Cooking times are shortened in high light conditions and vice versa.
High ambient temperatures will shorten the cooking time and vice versa.
A small amount of food in one cooking will reduce the cooking time - and vice versa.
Do not attach metal parts to the outside of the box that could create thermal bridges.
Making the simplest box oven design
What you need:
Two cardboard boxes. Use an inner box at least 40x40 cm, but the bigger the better. The
outer box must be larger than the inner box (there must be more than 1.5 cm of air space
between the two boxes). The distance between the two boxes does not need to be the same
over the entire length. The size of the cardboard box can be easily adjusted by cutting and
gluing it.
• One sheet of cardboard for making the cover. This piece should be about 4–8 cm larger
around the entire perimeter than the top of the finished slab (outer drawer).
• One small roll of aluminum foil.
• One can of flat black spray paint (look for "non-toxic when dry") or one small can of black
tempera paint. You can make paint from soot mixed with paste.
• Not less than 250 g of PVA or paste.
• One turkey-sized roasting bag rated at 200°C.
Keep in mind that these bags are not UV resistant and will become more fragile and
opaque over time and may need to be replaced periodically. A sheet of glass can be used
instead of bags, but it is more expensive and fragile and does not provide better food
preparation except on windy days. Plexiglas is also suitable.
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Fold down the top cover of the outer box, place the inner box on top, and draw a line
around it on the top of the outer box. Remove the inner box and cut along this line to create
a hole at the top of the outer box (fig. 1).
Decide how deep your oven should be. It should be about 2.5 cm deeper than your largest
saucepan and about 2.5 cm shorter than the outer drawer so that there is space between the
bottom of the drawers after the stove is assembled.

Inside

outside

outside

Figure 1

Cut the corners of the inner box to this
height. Fold each side down to form extended
flaps (fig. 2). The fold will be easier if you first
draw a line from the end of one cut to the other
where the folds should go.
Glue aluminum foil to the inside of both boxes,
as well as to the inside of the lid of the outer box.
Glue the closed top flaps onto the outer box.
Place a few wads of crumpled newspaper
in the outer box so that when you place the
inner box inside the hole in the outer box, the
flaps of the inner box just touch the top of the
outer box (Figure 3).
Glue these flaps to the top of the outer
box. Trim any excess length to align with the
perimeter of the outer box.
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Figure 2

For the pallet, cut a piece of cardboard to the same size as the bottom of the oven
and glue the foil on one side (Fig. 4). Paint the foil side black and let dry. Place the
leaf in the oven so that it rests on the bottom of the inner box (black side up) and
place the pots on it while cooking.

Figure 3

Figure 4

For the removable lid, take a large sheet of corrugated cardboard and place it over the
assembled structure. Trace its outline and then cut to create a protrusion of approximately
7.5 cm. Fold over the corner flaps (Fig. 5) and glue to the sides of the cover. Position the
corrugations so that they run from left to right as you look at the oven so that the support can
then be inserted into the corrugations (Figure 6). To make the lid fit, you can place a pencil
or pen against the edge of the box as you mark (Figure 7).

Figure 5

перевод!

Figure 6

Figure 7
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To make the reflector damper, draw a line on
the lid, forming a rectangle the same size as
the oven opening. Cut on three sides and lift
the resulting flap up to form a reflector (Fig. 6).
Wrap in foil from the inside.
Bend a 30 cm piece of wire to support it (Fig.
6). Then it can be inserted into the corrugations.
With the flap raised, glue the baking bag to
the lid around the perimeter. Alternatively, you
can cut any size oven bag to create a flat sheet
large enough to cover the oven opening.
To improve efficiency, do7:
• pieces of cardboard with foil of the same size
as the oven walls and place them on the walls.
• a new reflector the size of the entire cover
(Fig. 8).
• pallet made of sheet metal, eg aluminum.
Paint it black and lift it slightly off the bottom of
the oven with small cardboard strips.
Figure 8 – general view of the furnace
The manufacturing process of the Hot-Box
solar oven and pictures of some more designs of box solar ovens in Appendices 2 and 3.
A wood stove made by experts of the EcoForum for the exhibition in Fig. 10.
8

Specific heat of products
Specific heat of a substance is a physical quantity that is numerically equal to the amount
of heat that must be transferred to a substance weighing 1 kg in order for its temperature to
change by 1°C.
Knowing the heat capacity of foods, you can determine how long they need to be
cooled or heated in order to reach a temperature at which they will not deteriorate, and
at which bacteria harmful to the body die. For example, foods with a higher heat capacity
take longer to cool or heat to reach a certain temperature than foods with a lower heat
capacity. That is, the duration of cooking a dish depends on what products it contains,
as well as how quickly the water evaporates from it. Evaporation is important as it is
energy intensive. Often, a food thermometer is used to check to what temperature a
dish or food has been heated. It is especially convenient to use it when cooking fish,
meat and poultry. food, such as baking bread and flour pastries, baking food in the
oven, and frying. To increase the temperature of food to the temperature at which this
reaction takes place, foods that are high in fat are used in cooking. 9
Table of specific heat capacity of food products in Appendix 4.

https://solarcooking.fandom.com/wiki/Minimum_Solar_Box_Cooker
https://www.knau.org/earth-notes/2011-12-28/earth-notes-honoring-the-sun-iv-using-solar-ovens
9
https://shr32.ru/extractions/9500-dzh-udelnaya-teploemkost-konverter-udelnoi-teplo-mkosti/
7
8
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APPENDIX 1
Below are recommendations and tips for cooking on solar cookers as an example:10
• With a little experience, you will see how easily you can adapt your traditional cooking
and baking to solar cooking. Using a solar cooker can actually reduce your overall cooking
effort. Also, cooking outside in the summer helps to eliminate the extra heat in the house.
• Most food, other than biscuits and open cheese sandwiches, is prepared in containers
with lids. Cookware should be black or very dark in color with tight-fitting lids.
• If this is your first attempt at solar-powered cooking, start with something simple like
chicken, rice, zucchini, bread. Baking potatoes is also easy, but don't wrap them in aluminum
foil; just put in a dark dish without adding water.
• Foods like roasts, stews, casseroles, poultry, potatoes, carrots, pot roasts and rice are
nearly impossible to digest; therefore, the timing of the meal is not critical.
• The chicken will still be juicy and fall out of the bones when it’s cooked in the sun for
four hours instead of the required two hours. The main benefit of solar cooking is flexibility
during cooking.
• When cooking fresh fish, you can judge when the fish is cooked completely, when the
juice starts dripping. Then make sure the fish is cooked in the thickest part.
• For best results, do not overcook the following foods: green vegetables, cookies, cakes
and bread.
• You don't need to stir the food while cooking. However, you can test your food if you
quickly close the lid afterwards. The only exception to this rule is if you are cooking an
exceptionally large mass of something very thick.
• Place more difficult or larger items at the back of the stove, where they will receive more
direct sunlight. When using multiple pots, place easy-to-cook food in front of the stove.
• To keep food hot after sunset, add some bricks or heavy stones as you start cooking.
To keep warm as much as possible, lower the reflective cover and cover the stove with a
blanket.
• If you cannot cook early in the morning or in the evening, cook at noon to save firewood
/ cooking fuel. Then use the small portion of your saved fuel to reheat your food right before
breakfast or dinner.
• Many dishes can be prepared without reorientation, and you will learn from your own
experience. Just face the stove so that halfway through cooking the sun is directly in front
of the stove and the support stick casts a shadow onto the corresponding chopstick holder.
Reorient the oven once or twice when you eat a lot or on days when the sun is not full.
• To bake cakes or bread in the solar box, preheat the stove for at least ½ hour before
adding food.
• If you cook large amounts of food, it will cook faster if you divide it between two or three
small pots instead of one large one.
• Leftover food can be easily reheated in the solar cooker.
• Most recipes require less liquid when cooked in the solar oven.
• The cooking time depends on the temperature of the food you place in the oven and the
brightness of the day.
• Food can be stored well in the solar oven without burning or drying out.
• Check food about once an hour when you first start. As you gain experience, you will
take care of your cooking every two to three hours.
• Most recipes calling for a higher temperature will work if you give them more time.

10

https://solarcooking.fandom.com/wiki/Guidelines_and_cooking_tips
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In the solar stove you can prepare the following dishes and porridge:
BARLEY, CORN, PROSO, OATS, RICE, WHEAT: 2 hours. Start with your usual amount
of water. Tune it to your liking next time. If the sun is dim, you may be better off if you reheat
the water and grain separately, as recommended for pasta. This is especially useful if the
grain either softens very slowly (brown rice) or softens easily (millet).
FRESH GREEN VEGETABLES: 1-1 1/2 hours. If cooked for longer, they will taste great,
but will lose their beautiful green color.
DRIED BEANS: 3-5 hours. The usual amount of water can be soaked in advance.
BEETS, CARROTS, POTATOES AND OTHER ROOTS: 3 HOURS.
CABBAGE, EGGPLANTS: 1 1/2 HOURS If chopped. The eggplant turns brownish like a
sliced apple, but tastes good.
CORN ON THE COB: 1 - 1 1/2 hours. Corn kernels will fade slightly if left in direct sunlight.
The husk will retain moisture and protect the kernels naturally. A clean black sock can be
worn over an ear of corn to help absorb heat and shorten cooking time.
EGGS - Do not add water. Two hours for heavy yolks. If cooked longer, yolks turn brownish,
but the taste is the same.
MEAT - do not add water. If you cook for longer, it just becomes more tender. Fish: 1-2
hours; Chicken: 2 hours chop, 3 hours total Beef, pork, etc.: 2 hours, chop, 3 - 5 hours large; turkey large, whole: all day.
PASTA, MACARONI - Heat the water in one saucepan and put the dry paste with a little
vegetable oil in another saucepan and heat until the water is almost boiling. Add hot pasta
to hot water, stir and cook for another 10 minutes.
ROASTING NUTS - Bake uncoated. Almonds: 1 hour, peanuts: 2 hours.
BAKERY - Best done in the middle of the day (10 am to 2 pm). Bread: whole grain - 3
hours; Cakes: 1 1/2 hours; Cookies: 1 - 1 1/2 hours and do not need to be covered. Avoid
bottom crusts - they get soggy.
When baking, the pan should be moved a quarter turn every 15–20 minutes so that the
dough is evenly browned on all sides.
For bread and cake (26 cm diameter), the baking time is about an hour in bright sunlight.
Cookies can be baked in half an hour. Croissants are baked in less than half an hour.
Highland cooking
The boiling water temperature decreases with increasing altitude. For example, the
boiling point of water is only 95 ° C at 2000m and this slows down cooking. Because
of this effect, for example, dried beans are difficult to cook at high altitudes. You can
try cooking in darkened canning jars with regular canning lids and tightened rings. The
rubber seal allows the overpressure to be relieved, but the slight increase in pressure
remains and speeds up the cooking process. Only standard canning jars and lids are
recommended as they are pressure rated.
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Approximate cooking time for 2 kg of food on a sunny day
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APPENDIX 2
Hot-Box Solar Box Oven Making
The Hot-Box oven is a plywood box sheathed with insulation and plasterboard11 12.
Reflectors are cut from rigid foam and covered with aluminum foil. Fig. 9 gives a fairly
complete idea of how to make a similar design.

Glue

Styrofoam

Foil
Plate

Drywall
Styrofoam

Outside temperature: 4-50C
Furnace temperature 1550С
Buns in the oven: 6 pieces
Time: 39 minutes

Plywood

1.Need: plywood sheets, flat wooden plank, square cornice, rigid foam, drywall, 2 ceramic
handles, fastening plates, construction adhesive, high temperature black spray paint, durable
aluminum foil, bolts, washers and nuts, sheet glass.
2. Make an open top box using plywood as the base. From plywood, make four sides
high. Use a vise and pliers to bend the mounting plates 135 degrees. Attach two plates to
each side of the box with bolts, washers, and nuts. Cut off pieces of stiff foam to line the
https://solarcooking.fandom.com/wiki/Hot-Box_Solar_Oven
https://www.popularmechanics.com/home/how-to-plans/how-to/a6818/who-needs-a-grill-build-a-hotbox-solar-oven/#ixzz1XiHqcTYm
11

12
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inside of the box. Glue the styrofoam to the plywood with construction glue. Cut and glue the
drywall panels to fit over the styrofoam. Paint the inside with black.
3.Prepare the top. Nail the wood trim around the edges of the styrofoam and drywall. Cut
it into four pieces. Center the glass panel over the opening. Spread out the moldings around
the perimeter of the glass. Nail them down to secure the glass. Glue the handles to the glass.
4. Make reflectors. Cut the rigid foam panel four inches. Wrap the styrofoam with aluminum
foil. Screw the panels to the plates.
5.Cook food in a black enamel bowl with a lid; install the pot in the box. Support the
oven at an angle so the sun and reflectors shine directly on it. Use an oven thermometer to
measure the temperature. Use oven mitts to work with ceramic handles - they get very hot!
The efficiency of the stove can be increased by widening the corner sections on the sides
of the reflectors to increase solar radiation.
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APPENDIX 3
Box solar oven designs

Photos from
https://sunshineonmyshoulder.com/

Photos from
https://zelenyugol.ru/

Photos from
https://www.motherearthnews.com/

Photos from
https://www.scienceprojectideas.org/

a)

b)

Fig. 10 – Wooden solar oven: a) option without reflector;
b) selection of a reflector; c) oven with a reflector
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c)

APPENDIX 4
Specific heat of food

13

Food

13

Specific heat kcal / (kg o C)
Nonfrozen food

Frozen food

Apples

0,87

0,42

Apricots. fresh

0,88

0,43

Artichokes

0,87

0,42

Asparagus

0,94

0,45

Asparagus beans

0,88

0,43

Bananas

0,8

0,4

Beef, carcass

0,68

0,48

Beef, loin

0,66

0,35

Beef, rib

0,67

0,36

Beef, round

0,74

0,38

Beef, drumstick

0,76

0,39

Beet

0,9

0,43

blackberry

0,87

0,42

Blueberry

0,87

0,42

Brain

0,84

0,41

Broccoli

0,92

0,44

Brussels sprouts

0,88

0,43

Butter

0,65

0,34

Oily fish

0,77

0,39

Cabbage

0,94

0,45

Candy

0,93

0,93

Carp

0,82

0,41

Carrot

0,91

0,44

Cauliflower

0,93

0,44

Celery

0,94

0,45

Sour cherry

0,88

0,41

Cherry sweet

0,84

0,4

Chicken, broilers

0,77

0,38

Chicken, chickens

0,65

0,44

Coconut

0,68

0,45

Coconut, only milk

0,95

0,42

Cod

0,86

0,39

Cod roe

0,76

0,39

Fresh peas

0,73

0,22

Cucumber

0,98

0,45

Currant

0,97

0,45

Eggs

0,76

0,4

Eggplant

0,94

0,45

Fresh figs

0,82

0,41

Dried figs

0,39

0,26

Candied figs

0,37

0,26

https://www.engineeringtoolbox.com/specific-heat-capacity-food-d_295.html

141

Flour

0,38

0,28

Garlic

0,79

0,4

goose

0,61

0,34

Grape

0,86

0,42

Grape juice

0,82

0,41

Halibut

0,8

0,4

Smoked herring

0,71

0,37

Horseradish fresh

0,79

0,4

Horseradish cooked

0,88

0,43

Ice cream

0,74

0,4

Cabbage

0,89

0,43

Kidney

0,81

0,4

Dried beans

0,28

0,23

Kohlrabi

0,92

0,44

Lamb, carcass

0,73

0,38

Lamb, leg

0,71

0,37

Lamb, ribs

0,61

0,34

Lamb, shoulder blade

0,67

0,35

Salo

0,54

0,31

Leek

0,91

0,44

Lemons

0,91

0,44

Lemon juice

0,92

0,44

Lettuce

0,96

0,45

Cow's milk - whole pasteurized.

0,9

0,47

Fresh mushrooms

0,93

0,44

Dried mushrooms

0,3

0,23

Nuts, almonds

0,53

0,53

Nuts, Raw peanuts

0,53

0,53

Nuts, Roasted salted peanuts

0,5

0,5

Nuts, walnuts

0,5

0,5

Olives, green

0,8

0,4

Onion

0,9

0,43

Fresh oranges

0,9

0,43

Orange juice

0,89

0,43

Young peas

0,85

0,41

Medium peas

0,81

0,4

Old polka dots

0,88

0,43

Split peas

0,28

0,23

Persimmon

0,72

0,37

Pickles are sweet

0,82

0,41

Pickles, sour dill

0,96

0,45

Sweet mixed pickles

0,78

0,29

Sour-mixed pickles

0,95

0,45

Fresh pineapple

0,88

0,43

Pineapple, sliced

0,82

0,41

Pineapple juice

0,9

0,43

Plums

0,89

0,43
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Salted pork

0,31

0,24

Potato

0,82

0,41

Prunes

0,81

0,4

Pumpkin

0,92

0,44

Quince

0,88

0,43

Rabbit

0,76

0,39

Radish

0,95

0,45

Raisin

0,39

0,26

Raspberry red

0,89

0,43

Raspberry juice, red

0,93

0,44

Rice, moisture 10%

0,37

Sauerkraut

0,93

0,44

Sausage, beef and pork

0,56

0,32

Sausage, Sausages

0,69

0,36

Sausage, salami

0,45

0,28

Sardines

0,77

0,39

Shrimp

0,83

0,41

Strawberry

0,95

0,45

Strawberry juice

0,79

0,39

Beans

0,91

0,44

Turtle

0,8

0,4

Red tomatoes

0,95

0,45

Tomatoes, green

0,96

0,45

Tomato juice

0,95

0,45

Tongue, beef

0,74

0,38

Tongue, calf

0,79

0,4

Tongue, lamb

0,76

0,38

Tripe, beef

0,83

0,41

Turkey

0,67

0,35

Turnip

0,93

0,44

Veal, carcass

0,74

0,38

Veal, loin

0,75

0,38

Veal, rib

0,73

0,37

Veal, drumstick

0,77

0,39

Watermelon

0,94

0,45
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II.7. "Microecology" housing

Buziev S., Djabbarov Z.

If twenty million people say:
"I am only one person, what can I do?"
and every day does nothing, twenty million people become part
of the problem, instead of becoming part of the solution.
Ralph Nader
According to the World Health Organization (WHO), the state of health of any person
depends on the state of the environment by 20-25%. 75-90% of cases of oncological
diseases are associated with the impact of various environmental factors.
We never tire of discussing - and condemning! - an unfavorable environmental situation in
the city, district, village: smoky chimneys of factories, spilled oil, exhaust gases from cars ... All
this is so - "macroecology" leaves much to be desired. But, probably, many will be surprised to
learn how seriously violated "microecology" - the climate in our own houses and apartments.
In the house, too, the maximum permissible concentrations of harmful substances are
often exceeded, which, of course, does not affect our health for the better. But the "small
ecology", in contrast to the "big" one, is easier to control and correct, including at the individual
level. You just need to think about where to live, what to drink, what to eat. People die not
from unfavorable ecology, but from diseases. For example, some sources claim that the vast
majority of all diseases are caused by the use of water for domestic purposes that does not
meet the standards of purity. But they do not write in medical records - water disease or air
syndrome, they write - gastritis, ulcers, colitis, bronchitis, lung cancer, etc. Although the root
cause of the disease was indeed the harmful substances entering the body daily with water
and air and provoking this or that ailment. Sometimes, the consequences of the negative
impact of a bad environment appear after several, or even after decades.
A person spends a significant part of his life in a house, therefore, its sanitary condition
and livability are very important. The quality of the living environment is of the greatest
importance for the health of children, pregnant women, the elderly, and chronic patients.
These populations are particularly susceptible to adverse external factors. Pollution of water,
air, household waste, radiation, electromagnetic radiation, chemicals brought in from the
outside, etc. - all this can negatively affect human health.
This chapter is devoted to what a person can do at the household level in order to preserve
their health and reduce the negative impact on the environment.
The home and its surroundings can emit hazardous substances
We can achieve ecological cleanliness at home in only one way: to use products that do
not harm our health.
More than 100 chemical compounds can be simultaneously present in the air of living
quarters in concentrations that often exceed the maximum permissible levels by several
times. Typically, our approaches to home furnishing are designed to serve only short-term
economic goals, and we think little about how to maintain our health.
Modern building materials are the cause of various ailments: fibers that cause allergies,
static electricity, harmful gases, possible radioactivity, unusual hygrometry, chemical
pollution, glass wool, polyurethane, polystyrene converting into transmitting capacitors.
Polymeric materials for flooring, interior wall decoration, decorative plastic and plywood,
furniture, carpets, some types of chipboard, adhesives, ceiling partitions, posters, bookcases,
upholstery fabrics, support for carpets, etc.) are often emitted into the air phenol and
formaldehyde. At the same time, the release of volatile substances from polymeric materials
can occur for a long time - from one to two months to several years. Formaldehydes or other
substances are often easy to detect by their foul odor.
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Effects of formaldehyde on human health1- fatigue, insomnia, headaches, irritations of
the skin, eyes, mouth, allergies, cancer. With prolonged exposure to the human body, it
negatively affects the reproductive organs, causing hereditary genetic and chromosomal
mutations. It has a strong effect on the central nervous system.
Chronic phenol poisoning manifests itself in a violation of the central nervous system, and
then in the cardiovascular system, with further intoxication, the activity of the gastrointestinal
tract is affected, and vitamin metabolism changes.
Pay attention to the look and smell: The pungent, burning nose smell of a new sofa or
table is a signal that cannot be ignored.
Plastic products - windows, skirting boards and various coatings made of PVC (polyvinyl
chloride) - wall panels, siding, profiles are extremely heterogeneous. PVC tends to emit vinyl
chloride into the surrounding space (a carcinogenic gas, with chronic exposure affects the
nervous system), and this process intensifies even with slight heating (for example, when
linoleum is heated from a battery, it gasses more). True, here the quality depends on the price.
Cheaper plastic window frames and new film often ooze foul-smelling (and this is a plus for
their detection) decomposition products, expensive ones also give off, but not so frankly.
Phtolates have been found to be released in floor coverings such as linoleum. They are released
by ingestion of liquids and negatively affect the reproductive function of the human body.
It should be noted and the harm of PVC ceilings. Scientists in Europe were among the
first to notice the harm from PVC stretch ceilings, who noticed a tendency for diseases
caused by substances contained in PVC.2 First of all, the workers who installed them felt
the harmful effects of PVC film ceilings. The hot installation method, in which the PVC film is
stretched on the ceiling under the pressure of air with a temperature of + 50 ° C - + 60 ° C,
releases about 20 harmful substances into the air. Usually, their content in the air, regardless
of the country and the manufacturer's plant, exceeds the norm by 5-10 times. In order to
reduce the concentration of harmful substances, the room must in any case be ventilated
for two weeks. The dangers of PVC film ceilings are not limited to workers. So, in a heated
room, the PVC film will continue to release substances harmful to human health for a long
time after its installation. Their level, of course, will be much lower, but the fact that they are
in the air is also harmful.
Plastic dishes. Plastic containers can contain phthalates (see below for details) and
biphenol A. Hazardous substances can enter the body along with the products stored in
such containers. Manufacturers are getting rid of bisphenol A in plastic and replacing it with
other components, but scientists are concerned,3 that they are also harmful.
The American Academy of Pediatrics recommends avoiding plastic utensils or packaging
labeled 03, 06, and 07.4

1
https://www.cancer.gov/about-cancer/causes-prevention/risk/substances/formaldehyde/formaldehydefact-sheet
2
http://www.bz-potolki.ru/%D0%B1%D1%8F%D0%B7%D0%B5%D0%B2%D1%8B%D0%B5-%D0%BF%
D0%BE%D1%82%D0%BE%D0%BB%D0%BA%D0%B8/%D1%8D%D1%82%D0%BE-%D0%B8%D0%BD
%D1%82%D0%B5%D1%80%D0%B5%D1%81%D0%BD%D0%BE-%D0%BF%D0%BE%D0%BB%D0%B5
%D0%B7%D0%BD%D0%BE%D0%B5-%D0%BE-%D0%BF%D0%BE%D1%82%D0%BE%D0%BB%D0%B
A%D0%B0%D1%85/id/53/%D0%B2%D1%80%D0%B5%D0%B4-%D0%BF%D0%B2%D1%85
3
https://ehp.niehs.nih.gov/doi/10.1289/ehp.1408989
4
https://publications.aap.org/pediatrics/article/142/2/e20181408/37584/Food-Additives-and-ChildHealth?autologincheck=redirected
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Polyvinyl chloride (PVC )

Polystyrene

A mixture of different plastics
or a range of polymers

Sources of asbestos pollution are damaged or deteriorated insulation of the asbestoscontaining container, tiles. Effects of asbestos on health - lung cancer, allergies.
Paints and varnishes emit aromatic hydrocarbons. The content of these substances in
premises is often due to the fact that the materials used in the repair of premises are the
cheapest and of poor quality.
Toluene irritates the eyes, with regular exposure, functional disorders of the nervous
system are noted, and xylene, which is also an additive to pesticides, causes irreversible
skin diseases.
When buying things for an apartment, you need to think about their environmental
friendliness: tulle curtains and curtains, from which acetamide with a mouse smell is
released from a warm battery; melamine kitchen utensils not to be eaten with hot filling;
purely synthetic carpets and tracks, foam pillows and mattresses and the like.
Beware of things (pretty boxes, wrappers, toys) painted with cadmium dyes. Cadmium is
recognized as a carcinogen.5 The colors of dyes containing cadmium salts are from yellow to
burgundy, including bright red. And synthetic PVC trees in a warm apartment emit poisonous
vinyl chloride.
It is wiser to choose frames - wooden. Wallpaper - paper. For the bathroom and kitchen tiles (or waterproof water emulsion - this type of paint is quite environmentally friendly). And
of course, wooden floors are more environmentally friendly than linoleum.
If we cannot refuse either modern lacquered furniture, or floor and wall coverings with
polymeric materials, or synthetic curtains and paths, then at least when purchasing goods
made of synthetics, we must demand a certificate of their quality. Buy products from wellknown, reputable companies. Do not hesitate to smell (cheap goods smell like "chemistry"),
rub on a damp surface (this applies to luridly colored products). And if you bought this,
ventilate, perhaps longer, new paths, rugs, rinse them well (some of the 'chemistry' will be
washed off, which, however, will not improve the environment).
When purchasing furniture made of chipboard, pay attention to the safety of the protective
layer of the entire product, so that there are no open, unprotected or scratched areas on
it. To minimize fumes, all headsets, tables and other chipboard items are covered with a
protective film or veneer, and all drilled holes are sealed. It is desirable that the wooden
surface of the furniture be coated not with varnish, but treated with linseed oil or wax.
Be careful not to damage asbestos-containing materials. If such materials are flaking or
crumbling, they must be replaced immediately.
5

https://pubmed.ncbi.nlm.nih.gov/23430782/
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Of the linoleums, the most environmentally friendly is alkyd linoleum, produced on the
basis of food raw materials.
Store solvents, paints, varnishes in non-residential areas.
A number of contaminants can be removed with air filters. However, not all air pollution
can be removed with their help, for example, such simple volatile compounds as carbon
dioxide and carbon monoxide. Therefore, the apartment must be regularly ventilated.
Other pollution
Other contaminants include dust, pollen, tobacco smoke, as well as from sources such as
deodorants, air fresheners, fluorescent lamps, stoves, fireplaces, pets, etc.
Their possible effect on human health is irritation of the eyes, nose, larynx, bronchitis,
pulmonary diseases, allergies, lung cancer.
Dust is one of the main sources of infections, the strongest household allergen. It
collects pieces of clothing, bed linen, upholstery, curtains, carpet fibers, dead skin
scales of people and pets.
Causes danger and dust from outside. A dust and sandstorm that took place in November
2021 (the concentration of PM2.5 particles in Tashkent was 23.1 μg / m3, while the WHO
norm was 10 μg/m3,6 in the evening of November 4 (between 21:00 and 23:00) the maximum
permissible concentration of dust in the air in Tashkent was exceeded 30 times7), over the
cities and regions of Uzbekistan served as a good reminder that air purity is a very important
component of a quality life.
Experimental research 8 by a group of scientists, based on data from China, concludes
that air pollution is the cause of high mortality. The difference of 5.5 years, which was
revealed as a result of the experiment in China, is comparable to the difference in the
average life expectancy of the population of Uzbekistan (74.6 years) and Denmark (81
years) 9. According to a report by the University of Chicago Energy Policy Institute, 10 in
many countries, air pollution is an even greater public health threat than tuberculosis,
HIV / AIDS and cigarette smoking.
The World Meteorological Organization defines11 sand and dust storms as a hazardous
atmospheric phenomenon that usually occurs in arid and semi-arid regions where vegetation
cover is limited. In the Global Assessment Report on the Impacts of Sand and Dust Storms
published by the United Nations Environment Program (UNEP) in 201612 vegetation is noted
to create a mechanical barrier, controlling wind flow and reducing the shear stress it exerts
on the earth's surface. Reducing the density of trees and hedges increases wind speed and
reduces airborne particle capture.
The more trees there are in the city, the higher the quality of the city air and, accordingly, the
longer people live. Therefore, tree felling directly affects human health. However, according
to the study13 by a group of Uzbek scientists, over the past 29 years, the green area inside
Tashkent has decreased from 12 thousand hectares to 2661 hectares, this is a decrease of
more than 4.5 times.
The conclusion suggests itself that it is necessary to stop cutting down trees and intensify
https://www.gazeta.uz/ru/2021/11/13/lessons/
https://www.gazeta.uz/ru/2021/11/05/details/
8
https://www.pnas.org/content/114/39/10384
9
https://www.gazeta.uz/ru/2021/11/13/lessons/
10
https://aqli.epic.uchicago.edu/wp-content/uploads/2021/08/AQLI_2021-Report.EnglishGlobal.pdf
11
https://public.wmo.int/ru/%D0%BF%D0%B5%D1%81%D1%87%D0%B0%D0%BD%D1%
8B%D0%B5-%D0%B8-%D0%BF%D1%8B%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5%D0%B1%D1%83%D1%80%D0%B8-0
12
https://uneplive.unep.org/redesign/media/docs/assessments/global_assessment_of_sand_and_dust_
storms.pdf
13
https://www.researchgate.net/publication/351740406_Applying_remote_sensing_techniques_to_
monitor_green_areas_in_Tashkent_Uzbekistan
6
7
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their planting. During a dust storm, stay at home as long as possible, close windows, doors
and vents. To purify the air in the apartment, purchase modern household appliances - a
vacuum cleaner (Fig. 1) and an air cleaner (Fig. 2). Experts advise choosing those designs
where water is used as filters - then the air is not only cleaned of dust, but also acquires an
optimal level of humidity. And no need to buy replacement filters.

Fig. 1 – vacuum cleaner,
view of the container with water

Fig. 2 – air purifier,
water container with drum

The disease is also caused by microscopic creatures - saprophyte mites that live in the
dust. Ticks are not dangerous in themselves: the strongest allergen is their excrement. Each
tiny individual emits about 20 particles of "waste" per day, so that in one gram of house dust
there are up to 70 million of them ... Old pillows are 25% composed of dust, saprophytes
and their waste products.
To combat ticks:
- At least once every 5 years, without pity, replace feather pillows with new ones. No
matter how they are ventilated, no matter how they are knocked out, the ticks by this time
firmly settle in the soft, cozy depth.
- Once a month, wash the floor with a 20% sodium chloride solution - ordinary wet cleaning
only removes some of the microscopic creatures, but does not kill them.
- Sanitize your home shoes every month. The usual vinegar essence will help: pour a few
drops into a plastic bag, put slippers there, tie tightly and leave overnight. After all, it is on
them that ticks travel from room to room and from apartment to apartment.
- Hold the beaten carpets in the sun.
Lead.14 Sources of pollution are sand, gravel, overheating painted surfaces, dust.
Impact on human health - nervous disorders, exhaustion of the body, (especially in
children) anemia, kidney, liver diseases.
Keep painted surfaces away from heating objects (stoves, radiators, etc.). Do not keep
undiscovered sand, gravel (in flower pots) at home, take off your outdoor shoes. Do not
store lead-based paints in your home.
Lead and cadmium (see above) are also found in a battery or accumulator. Good quality
new batteries and accumulators, if used correctly, will not harm you. It's about the long term.
14

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4427717/
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A battery lying around somewhere can corrode. Her body will collapse, and toxic substances
will be released.
Dispose of used batteries and accumulators as soon as they fail. Do not store them
in gadgets that you haven't used for years. Conduct an audit and take the non-working
batteries to the nearest collection point.
Mold. Molds actively thrive at room temperature, high humidity and poor ventilation on
many indoor materials and coatings, including concrete, plaster, wood, plastics, rubber,
painted surfaces, etc.
The adverse effect of mold on the human body is manifested in dizziness, headaches,
and difficult to diagnose and treatable allergic diseases of the skin and respiratory tract.
Primarily children, the elderly and people with weakened immunity are at risk of diseases.
To avoid allergies in the bathroom, try to wash the curtains in hot water at least once
a month, and the rug once a week; ventilate the bathroom regularly. Or just keep the
bathroom door open; Use a dry cloth to wipe off condensation on the back of the toilet
and the walls closest to it.
Contamination in the kitchen
50% of all pollution in an apartment is in the kitchen and only 28% of harmful substances
are concentrated in rooms. According to the totality of the effects of harmful factors,
the kitchen can be equated with harmful production. To a greater extent, hostesses
who spend part of the time at the stove are susceptible to these factors. The greatest
influence in the kitchen is radiation, humidity, temperature, harmful substances released
during cooking, and gas combustion products.
Due to the gas stove and the water tap, the radon content in the kitchen is 10-15 times
higher than in other areas of the apartment (except for the bath). Radon is believed to be the
second leading cause of lung cancer, after smoking.
The next most dangerous kitchen factor is the release of various chemicals during
the heat treatment of food. Frying can produce a wide variety of toxic chemicals. Many
of them do not have good volatility and are deposited in the immediate vicinity of the
stove, and the lion's share of their negative impact falls on a person standing near
smoking and boiling pots and pans.
It is no secret to anyone that the kitchen is almost always humid. Humid air promotes the
development of molds, which can trigger asthma.
In addition, there is a large temperature difference in the kitchen from floor to ceiling. If
a person's head is in warmer conditions, and the legs are cool, then the balance of heat
transfer is disturbed, and this leads to metabolic dysfunctions.
In the event of a malfunction of gas appliances (not only stoves), nitrogen dioxide is
released, which causes irritation of the eyes, nose, larynx, a predisposition to lung infections,
and carbon monoxide (in the case of using a stove), which causes headache, nausea,
deterioration of vision and mental activity, and even fatal outcome with high concentration.
A remedy for the influence of harmful factors can be a good technical equipment of the
kitchen with a hood and filters.
Theoretically, it is possible to reduce the emission of radon in the kitchen to a low level by
replacing the gas stove with an electric one and equipping the water tap with good carbon
filters, but it is difficult to completely absorb this gas from the water due to its inertness.
Monitor the external and "internal" condition of the refrigerator. The place for spoiled food
is in the trash bin (which should be with a lid).
Deep clean the cooker from time to time.
Garbage should be taken out every day, preferably before 8 pm.
Remove and wash dishes immediately after eating.
Do not use the gas stove with a closed aperture or without a hood. After 2 hours of
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continuous burning, the stove must be turned off, the kitchen windows must be opened for
ventilation for at least 15 minutes in winter and 25 minutes in summer.
Combustion of the gas produces a lot of water vapor. It is nonsense to dry your laundry
over a gas stove. It is not recommended to place the stove next to a refrigerator or sink.
The optimal kitchen area should be at least 15 sq.m.15
Air fresheners
Many people use air fresheners to remove unpleasant odors. However, modern devices
do not eliminate unpleasant odors at all, but simply replace them with others, as if covering
the bad smell with a synthetic fragrance. Meanwhile, the molecules of the substance that
causes the unpleasant odor do not disappear anywhere, but simply mix with the more
pungent-smelling substance of the freshener.
We often spray in bathrooms and toilets - rooms that are not ventilated. This is not very
correct. Artificial flavors used in devices are actually volatile organic chemicals that can be
carcinogenic in particularly high concentrations. When you spray the air freshener in an
enclosed space, particles of the product deposit on the skin or get inside with the inhaled air.
And together with them, harmful substances penetrate into the body.
Phthalates are a part of air fresheners - a chemical additive for aroma stability and
plasticity of the material.16 Often they are not openly indicated, but are hidden behind the
word "flavoring". Phthalates affect the level of hormones in the body: in men, they cause a
decrease in testosterone and are the cause of a malfunction of the reproductive system.
Of course, modern air fresheners contain a moderate amount of chemicals; but why
freshen the air with chemicals?
Lovers of pleasant smells should switch to natural oils and essences (lemon, eucalyptus,
spruce, orange, lavender). Try making your own natural air freshener.
Homemade air fresheners
For 100 ml of air freshener you need:
• 15–20 drops of essential oil, the smell of which you like (you can mix several);
• 1 teaspoon of alcohol;
• bottle with a spray bottle;
• distilled water.
Add oils and rubbing alcohol to the bottle and mix gently in a circular motion. Fill with
water, screw on the spray nozzle tightly and shake gently.
In winter, pouring essential oils into a container, we get a quiet, simple, convenient
and reliable air freshener. It will also help humidify the air in the apartment (due
to dry air, headache, skin problems, irritation of the mucous membrane and other
inconveniences may occur).
You will need:
• Adhesive tape
• Scissors or knife
• A strip of fabric, or lace
• 2 liter bottle
• gauze cloth
Manufacturing (Fig. 3)
1. In the side of the bottle we make a slot 5 × 10 centimeters, errors are permissible.
2. With strips or a string we hang the resulting bottle on the straight upper pipe that goes
into the battery with the hole upwards and fasten it tightly with tape so that the bottle does
15
16

https://www.rosbalt.ru/main/2004/02/25/146096.html
https://www.nrdc.org/sites/default/files/fairfresheners.pdf
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not jump out and spin. Avoid contact of the bottle with the pipe.
3. We smooth the gauze several times to get a rectangle 10 centimeters wide and a meter long.
4. Place the middle of the folded fabric in the hole, and wind the ends around the tube of
the battery.
5. Pour water into the resulting container and moisten the wound gauze, this is the
maintenance of the device.

Fig. 3- Self made air freshner 17

To absorb substances that carry unpleasant odors, it is convenient to use adsorbents solid absorbers. They are poured into gauze bags or perforated boxes that can be placed in
a toilet, bathroom or closet. Activated carbon (in the form of tablets or granules) or crushed
charcoal are most often used as adsorbents. Their validity period is 2-3 weeks, after which
they must be replaced or regenerated (to restore the absorption capacity). Spent their
adsorbents are poured onto a clean dry baking sheet, placed on the middle shelf of a gas
or electric stove oven and heated for 3-4 hours at 250-300 С; at the same time, one must
open a window or use a hood. The absorbed substances are released into the atmosphere
during regeneration.
You can also get rid of the unpleasant odor in your home refrigerator using activated
charcoal or a bag of chopped stale brown bread, which is also a good adsorbent. Pieces
of bread should be changed at least once a week, and activated charcoal after 2-3 weeks.
To eliminate an unpleasant odor in a drawer or a sideboard, put several pieces of charcoal
in a box with holes for 2-3 days.
You can turn sawdust, pieces of charcoal or ordinary cotton wool into a combined
deodorant if you soak them well with a solution containing 1.5 ml of fir oil in 100 ml of ethyl
alcohol, 4 ml of eucalyptus oil and 1 ml of lavender oil (sold in pharmacies). Sawdust, coal
or cotton wool soaked in such a solution is wrapped in a piece of flannel and placed in a
cardboard box with holes.
If the furniture has an unpleasant smell, it is necessary to rinse the drawers, shelves and
walls with a pink solution of potassium permanganate and dry in the open air.

17

https://heatylab.com/kakoe-primenenie-mozhno-naiti-plastikovym-butylkam-primenenie/
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Aromatic paper, which does not burn, but only
smolders, is prepared as follows: a strip of not glued
paper is first immersed in a hot aqueous solution of
potassium alum (10 g per 100 ml of water), and then
soaked with a mixture of 60 ml of ethyl alcohol with
20 ml of clove oil and 20 ml lavender oil.
Powdered dry mint leaves, lavender flowers,
rose or carnation petals, vanilla, sawdust or juniper
needles, issiric, bay leaves - in a word, what is at
hand - will help you to quickly get rid of the unpleasant
odor. The resulting powder should be poured onto a
slightly heated metal or ceramic plate, and it will emit
a pleasant aroma that spreads through the rooms.
Finally, you can purchase a natural air freshener
- chlorophytum (Fig. 4). Chlorophytum is a powerful
air purifier from formaldehyde, carbon monoxide and
nitrogenous compounds, it also has a bactericidal
effect - a natural defense against colds and flu.18
Fig. 4- Chlorophytum
Poisonous fumes and particles from
detergents and cleaning agents used in everyday life
The use of certain chemicals in modern everyday life is often a tribute to fashion
and aggressive advertising. In the vast majority of cases, most of the detergents and
cleaning products that advertisements offer us pollute nature and we do not need it at
all. And already in villages, in summer cottages, where there are often no treatment
facilities and everything gets into the soil and groundwater, it is simply unacceptable to
use cleaning chemicals if you don’t want these toxic substances to end up on your table
later in the form of greens, fruits, vegetables.
Of course, only a few can decisively abandon household chemicals in modern
conditions. To reduce the use of chemicals and reduce the risk of disease, you can return
to the good old "old-fashioned methods": they will be more environmentally friendly, and
therefore safer. This approach is currently fashionable in some countries - the use of
homemade powders and liquids from the simplest harmless substances - as part of a
modern - sustainable lifestyle. Many alternatives to toxic chemicals keep old calendars,
home economics books, and magazines.
Washing
Small particles of washing powders cause catarrhal changes in the upper respiratory tract,
skin irritation, and allergic reactions. The sodium salts of weak acids dissolved in water have
an alkaline reaction. Therefore, their aqueous solutions irritate mucous membranes and
skin. If you accidentally swallow the powder, you should urgently seek qualified help from
a doctor. Activated carbon can be used as first aid. When washing the stomach, care must
be taken to ensure that the foam does not enter the respiratory tract. If a boiling solution of
detergent comes into contact with the skin, treat the damaged area as if it were a burn.
Easier to wash in soft water. You can soften hard water by adding soda or ammonia.
Effective soaking procedure (ensuring minimum liquid and maximum foam). Put the thing
soaked in hot water and soap in a plastic bag, practically without water.
Eco-friendly powder recipe. This powder can be used not only for hand washing, but also
in the most expensive and modern washing machine. Mix 250 ml of grated soap, 125 ml of
washing soda, 125 ml of borax. Store everything in a special box. Add 125 ml of this mixture
18

http://ecologico.ru/2010/05/naturalnyj-osvezhitel-vozduha/
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to the water in your washing machine before washing. By adding wine vinegar (125-250 ml)
while rinsing, you can get rid of all soap residues and soften the fabric.
Recipe for a universal detergent (lye). In a container, put the ash halfway and, stirring,
fill with water almost to the top. Remove floating embers with a slotted spoon. Place the
container with the solution in a warm place, stir periodically for a day. Or you can boil for 3
hours over low heat. After that, let the solution settle, then carefully drain it. The main thing
is that it is completely transparent.
Lye is used to wash the head and body as shampoo or liquid soap (50-100 ml), for
washing (200-500 ml per basin of laundry, depending on the level of dirt, 6-8 hours of soaking
is required). Feed the plants with the sediment, which is rich in trace elements, remaining in
the bucket, while observing the measure.
Plain baking soda is an excellent, harmless detergent powder. If you add baking soda
to the remains of soap, filled with hot water, we get a universal washing liquid - not only for
washing dishes. A small amount of vinegar can be added to enhance the effect. It is used in
all cases as a "regular detergent". Baking soda is also a versatile cleaning agent. It has mild
abrasive properties. Safe if swallowed.
Table salt is also very good at washing things, especially chintz, linen (both colored and
white). At the same time, after washing, colored items absolutely do not lose their brightness
even after a large number of washes. For such a wash, things need to be folded into a
basin and filled with water using a measuring cup (you need to accurately measure how
many liters of water you pour in). Then carefully squeeze things out and set aside, and
dilute so much in the water that remains in the basin (1 tbsp. Spoon with a slide for 1 liter).
After dissolving the salt, put the things back and leave them soaked for an hour. After this
time, we wring out the things, rinse them. Of course, this option is suitable for lightly soiled
clothing and will not help remove stains, even simple ones. But as you know, most summer
linen and chintz items very quickly lose their attractive appearance from frequent washings.
Washing with salt will help preserve the color and texture of the fabric. Not to mention saving
on detergent and being environmentally friendly.
It is good to wash silk and woolen items in a solution of soap root (soapwort, etmak).
For 1 kg of dry things, you need to take 50 g of soap root, split it into small pieces, pour 0.5
liters of boiling water and leave for a day. During these days, the solution must be mixed
several times. After 24 hours, the mixture must be boiled for an hour over low heat, removed,
wait to settle, and strain through cheesecloth. Pour boiling water over the root remaining
on the gauze and leave for several hours. So we get another soap solution, although less
concentrated, but still quite suitable for washing. Pour the resulting soap into a bowl of warm
water, beat a fluffy foam, divide into 2 portions and wash things 2 times (if the things are
slightly dirty, just once is enough). Then rinse with clean water at room temperature (add 2
teaspoons of ammonia to the last rinse to rinse a white woolen cloth). The soap root solution
must be used immediately.
You cannot store it - it quickly deteriorates.19
You can also bleach without chlorine. For 10 liters of hot water, you can add 2 tablespoons
of hydrogen peroxide and 1 tablespoon of ammonia. Or with effective chlorine-free bleaches.
White clay - kaolin - bleaches well, it is often mixed with starch and washed white linen. Blue
clay bleaches cotton well!
If you nevertheless decide to use laundry detergent from a store, give preference to
powders based on zeolites, but not phosphates.
Soap. Wash clothes with soap. The soap does not contain hazardous additives. If you
pour the remaining pieces of soap with boiled water and add a little ammonia to the soap
solution, you can use it to wash the laundry.
19
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Remnants of soap. Put pieces of unused soap in a container (saucepan, ladle, etc.) and
pour water so that it barely covers the contents, after 8-10 hours bring to a boil over low heat,
cool. Then fill plastic molds with it (you can use sour cream jars, etc.). Free the hardened
lumps from the molds and the soap is ready to use.
Harmful cosmetics
Phthalates are found in makeup, nail varnishes,
deodorants, shampoos, perfumes, and other beauty
products. Phthalates provide long-lasting color and
fragrance. As noted above, these substances cause
great damage to many organs and can cause cancer.
Also, exposure to phthalates negatively affects the
course of pregnancy.
Don't buy cosmetics that contain ingredients such
as dibutyl phthalate, dimethyl phthalate, diethyl
phthalate, and so on.
Parabens (a general term for substances such as
methyl, propyl, ethyl and butyl) are used to extend the
shelf life of cosmetics. A high concentration of parabens
can cause allergic reactions, skin irritation, premature
aging, cancer, and also lead to impaired development of
the fetus in the womb.20
Use natural cosmetics that do not contain parabens and
are very popular today. The substitutes for the synthetic
preservative are vitamin C (ascorbic acid) and vitamin E
(tocopherol acetate).
Sulfates are added to shampoos, toothpastes, and
detergents to create lather. Also found in some skin
care products. Once in our body, sulfates cause the formation of dioxins. And they, in turn,
motivate the occurrence of different types of irritations and microinflammation.
Toothpaste. Any toothpaste purchased in a store contains toxic substances (mainly
three of them) that are harmful to human health - these are parabens, sodium larium sulfate
and triclosan. In addition, the well-known fluoride contained in toothpaste is not so safe for
humans. Thus, every day a person "eats" chemistry with washing his teeth. Alternatively,
you can use DIY toothpaste recipes.21
Mouthwash: 70 ml of water + 30 ml of 70% ethanol + 10 drops of eucalyptus tincture +
half a teaspoon of salt in a glass of water, mix.
Waste incineration pollution
Autumn and spring khashars - the period of activities for the improvement and landscaping
of the territory, the time of garbage collection. At the same time, what makes subbotniks an
ecological disaster is regularly performed: setting fire to heaps of garbage, consisting of last
year's plant residues and disposable packaging. Trash is often set on fire in rural areas,
considering that this type of waste disposal is the most acceptable.
The unbearable smell of burnt garbage spreads through houses, apartments, yards and
poisons the lives of their residents.
If plastic debris gets into the fire, the smoke is especially toxic. The temperature of the
fire is not enough for the complete combustion of even purely hydrocarbon plastics such
as polyethylene, polypropylene and polystyrene (disposable dishes, packaging, bags).
20
21

https://lifehacker.ru/dangerous-beauty-product/
https://lublusebya.ru/raznoe/lublu-10188-luchshie-recepty-naturalnoj-zubnoj-pasty-i-otbelivanija-zubov
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The dense black smoke from their smoldering contains carcinogenic substances - PAHs
(polyaromatic hydrocarbons). You've probably heard of the most potent carcinogen among
PAHs, benzo (a) pyrene.
In addition to PAHs, rubber, burning in a fire, forms carcinogenic soot and sulfur oxides,
which cause respiratory diseases.
When burning nylon, foam rubber, many synthetic fabrics and coatings, and polyurethane
furniture upholstery, cyanides (hydrocyanic acid salts) are released.
And PVC plastic (linoleum scraps, plastic bottle caps, leatherette, oilcloth, cable insulation,
toys, old felt-tip pens, sometimes buckets), when burned, forms at least 75 potentially toxic
substances. Among them are super-toxicants - dioxins, which can not only cause cancer,
but also affect offspring.
Fragments of old wooden buildings could have been impregnated with the preservative
pentachlorophenol or painted with lead-containing oil paints.
When plastic and rubber burns in orchards and gardens, poisonous ash and smoke poison
the lungs and settle on the ground on which vegetables, berries, fruits grow - including for
your children. Used PVC greenhouse film bonfires are sources of dioxins.
Barely smelled of leaf fall, as in the city immediately begin to collect leaves. In nature,
everything is interconnected. If you rake the foliage, the roots of the bushes and trees freeze
out, the acidic soil is deprived of nutrition and food. A huge number of useful and rare insects
simply disappear from the cities. Songbirds that feed on insects fly away and die, they are
deprived of their food base. Uncontrolled reproduction of pests occurs, among other things,
due to the absence of birds.
Burning leaves in fires, people return to the air all those harmful substances that plants
assimilated throughout the vegetative period, including compounds of lead, mercury and
other heavy metals.
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APPENDIX 1
Contamination of modern living quarters and its consequences
Substance / agent
Carbon monoxide
Methane
Nitrogen oxides
Smoke
Benzopyrene
Methylene chloride
Trichlorethane
Tetrachlorethylene
Formaldehyde
Chloroform
Styrene
Asbestos
Bacteria, viruses, fungi
Radon
Noise
Electromagnetic waves

Source of Disease
Stoves, heaters, incomplete
oxidation of organic residues
in cellars, etc.
Gas appliances

Other effects
Death at concentrations over
0.2%. For the smaller ones headache, respiratory failure
Explosions, fires, poisoning
Lung damage, headache.
Stoves, cookers, open flames
Childhood diseases
Lung cancer, lung and brain
Smoking tobacco
damage
Cigarettes, ovens
Lungs' cancer
Paints
Nervous diseases, diabetes
Aerosol cans
Respiration and brain damage
Cancer. Damage to the
Clothes after dry cleaning
nervous system, kidneys, liver
Damage to the eyes, brain
Furniture and other items
and respiratory system
Hot shower with chlorinated
Cancer
water
Artificial rugs
Kidney and liver damage
Slate, pipe insulation, vinyl
Cancer. Lung damage
coverings
Influenza, "legionnaires'
People, animals
disease", etc.
Soil, concrete walls, granite
Lungs' cancer
Hearing degradation,
All loudspeakers
neuroses
Defective microwave ovens
Eye damage
and devices
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II.8. Available soil moisture retention
technologies Mulching

Nazarova H., Fatullaev Yu.

Water is the beauty of all nature.
The water is alive, it runs or it flutters in the wind,
she moves and gives life and movement to everything around her.
Sergey Aksakov
By absorbing water, plants
store it and are able to regulate
their temperature. They also
receive nutrition in the form of
dissolved minerals.
Getting a good crop yield
depends on the accumulation and
retention of moisture in the soil.
This is especially important for lowwater areas of the country.
In a day 50 tons of water per
hectare evaporate from the soil.
The deficit leads to a decrease in
harvest yield by 20%.1 As a result
Photo from https://www.melinvest.ru/
of soil leaching or evaporation,
about 40–70% of nitrogen, 80–
90% of phosphorus, and 50–70%
of potassium are released into
the environment without their
absorption by plants [1, 2].
Mulching is one of the most effective
ways to maintain plant health.
Mulching is the surface covering of
the soil with mulches for its protection
and improvement. The role of mulch
can be played by a wide variety, both
natural organic and artificial inorganic,
crushed to a certain size, materials. A
layer of mulch maintains the optimum
temperature and humidity for the plant.
Fig 1 – Mulching Photo from the webpage2
This procedure is performed in
open areas of the soil using organic fertilizer (material). Subsequently, these materials
rot under the influence of various microorganisms, and humus is formed in the soil.
Organics must be processed slowly, gradually releasing nutrients. Then the plants, in
order to preserve their appearance, will bear fruit abundantly.
After driving through the agrarian regions of Europe, it is easy to see the fields covered
with film. Cultivation of crops under the film began several decades ago. Straw mulching
1
2

https://www.melinvest.ru/press_office/articles/kak-sokhranit-vlagu-na-svoikh-polyakh/
https://asenhoradomonte.wordpress.com/2014/06/16/mulching/
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techniques have been known for a long time, but they are not yet widely used, for
example, when growing grain crops in dry farming. The reason for this attitude,
apparently, is not only the shortage of straw, the lack of the required number of
combiner machines with choppers of organic matter, but also the underestimation of
this important and at the same time simple event. 3
Advantages of mulching
- Mulch prevents the evaporation of moisture from the soil at the roots of the plant
- Mulching protects plant roots from extreme temperatures: overheating in summer and
freezing
- With the correct use of organic mulch in the soil, the optimal level of acidity is achieved
for each plant
- Organic mulching materials enrich the soil with useful substances and improve its
structure, i.e. work as a soil conditioner
- Mulching "locks" nutrients in the soil, preventing them from leaching and weathering
- Mulch suppresses the growth of weeds
- Organic mulch promotes the multiplication and efficient work of microorganisms in the soil
- Mulching protects plants from garden pests
- Mulching material prevents the soil from splashing on plant leaves when watering
- Mulching protects crops from rotting on the soil surface
- Mulch restrains soil washout on the slope of the site
This agronomic technique creates a breeding ground for earthworms. This method allows
you to significantly save the gardener's time and get rid of weeding.
As a result, it helps to increase yields. The use of straw mulch, for example, gives an
increase in grain yield of 2-3 c/ha.
Disadvantages of mulching
Mulch is a favorable environment for insects and worms, therefore it also attracts birds
from all over the area. They also like to settle under it mice and moles, which spoil the
plants, so in parallel it is necessary to fight rodents.\Some weed seeds can be stored under
a barrier in a so-called plant diaspora bank (soil seed stock).
Attracting ants (termites). While they are a natural part of the ecosystem that transforms
the weed barrier into humus, they can pose a threat to nearby forest-forming structures.
The number of slugs may increase in the early stages of decomposition. However, they
can be removed or collected.
Diseased leaves may have disease spores or pests.
Wandering animals can interrupt the full mulching process
Mulch classification
Mulch can be divided into two broad classes - organic and inorganic.
The organic class includes:
Garden compost. It can be composed of various materials, including: manure, bird
droppings, fallen leaves, weeds and tops, peat. This type is perfect for almost all
garden plants, it can be used for mulching and cucumbers in the greenhouse, and
roses or lilies in the flower bed.
The inorganic class includes - cut rubber, plastic, stone, gravel, pebbles, sand. Inorganic
mulch does not attract pests and does not degrade.
Synthetic mulch - black agrofibre, spunbond, geotextile, geotextile. They are used as a
substrate for decorative types of mulch, bark, pebbles, etc., as well as a covering material
for perennial berry crops, strawberries, etc.
3

https://works.doklad.ru/view/m7XNY3SwJNg.html
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Agrofibre is a UV and frost resistant material. Has a homogeneous structure. It allows water
and air to pass well, which allows watering and applying liquid fertilizers. Fruits and berries are
kept clean. Rot and mold are not formed under the material. Weeds and their seeds, being
under the black mulching material, do not receive the required amount of light - they die.
Spunbond is a lightweight, durable, environmentally friendly material that absorbs more
heat, which allows the soil to warm up quickly.
The disadvantage of such mulch is the difficulty of ensuring its complete collection, without
residues. The need to recycle used film. The long-term effect of covering the soil with a film
on soil fertility has not been studied due to insufficient gas exchange with the atmosphere.
An excellent method is plant communities. Communities are organized by creating
relationships between different plant species. Such an organization is aimed at ensuring
the normal vital activity of plants or protecting them from the destructive manifestations of
the external environment. This method is very good for both landscaping and garden crops.
For example, fruit trees, ornamental trees can be planted with hosts, periwinkle, euonymus,
etc. One plant does not interfere with the roots of another plant to extract nutrients from the
surface of the soil, but serves as an excellent mulch and food for worms, after the dying off
of the aboveground part of the plants. In summer, plants covering the soil protect the surface
of the earth from overheating, in winter from hypothermia; condensation forms under the
leaves of plants; leaves do not allow weeds to germinate, forming a shade. For agriculture,
you can plant, for example, pumpkins, strawberries, mint ....
Usage
The most optimal time for mulching in the spring is when the soil is already well warmed
up after the winter period. If done earlier, when the soil is cold, the layer of mulch will prevent
thawing by keeping the cold close to the roots. This can lead to the death of plants. The land
must first be cleared of weeds, debris and foliage. Be sure to water the soil before mulching - if
you apply mulch on dry ground, it will be difficult for the water to flow to the roots of the plants.
When distributing mulch, consider the soil composition. It is not recommended to cover
loamy soils with a thick layer of mulch. The recommended soil layer is no more than 2
cm. The thickness of the application depends on the material used: if it is dense (bark or
sawdust), the optimal layer is no more than 5 cm, if the lighter layer (leaves, needles) is 7-8
cm. The coverage radius depends on type of plant, for example, shrubs mulch in a radius
of 40-50 cm, trees - 70-90 cm. Please note that the mulch should not reach the trunk or
stem, otherwise the plant will start to rot. Over time, 2-3 years, the bottom layer of mulch
from organic materials partially decomposes and becomes fertile soil, which additionally
nourishes the plant. And it becomes necessary to add a top layer of mulch. Mulch needs to
be added because it attracts arthropods and tears, which use it for food.
In the fall, they also cover the soil for the winter so that the mulch retains moisture and the
plants do not need to be watered. In winter, it protects from frost, and in spring - from sudden
changes in temperature during the day and at night. Mulch, laid in the fall, begins to rot in
the spring. The rotting process generates heat, which warms the roots and speeds up seed
germination. Overripe material enriches the soil with microelements, the vital processes
of soil organisms will continue longer than in the environment, which will lead to additional
production of organic matter, which is very useful: there is no need to fertilize the plant in
spring. A thick layer of mulch retains the moisture obtained by melting snow for a long time.
This helps in late spring. The shelter prevents the surface of the earth from drying out.
In autumn, it is possible to plant various cultivated plants under mulch, for example, garlic.
It is necessary to cover the beds and tree-trunk circles of plants with mulch in late autumn,
when the top layer of the soil has already begun to freeze. This is necessary so that rodents
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do not settle in the mulch, looking for a warm place for wintering.4
If in spring and summer the thickness of the layer should be small so that air can flow to
the roots, rot does not appear in the roots and at the base of the plants. Then, before winter,
the mulch layer should be solid. The desired effect of mulch can only be achieved if the
thickness of the mulch layer is at least 5-10 cm.
Lightness, friability and dryness are the key requirements for such mulch. You can mulch
the soil in the fall with the bark of coniferous trees. The bark protects the soil from sudden
temperature changes. You can use compost, but you need to prepare it in advance. If there
is no compost, then peat can be purchased. This covering material warms up the soil and
improves the structure of the soil. Humus, sawdust, wood shavings and straw are also
suitable for mulching.5
In general, each culture has its own recommendations. For example, for winter mulching
of roses, a material is selected that meets the following requirements:6
•Low moisture content. Winter mulch should not absorb too much moisture. Otherwise,
the onset of frost will turn it into an icy mass, which will destroy the roses.
•Low caking. Excessive compaction of mulch dramatically reduces its heat-shielding
properties. The material should remain loose and light in all conditions.
•High breathability. Mulch should insulate, but not impede air circulation in the trunk circle.
Otherwise, there is a high risk of damping out of the root collar of roses.
It is imperative that the material is free of microbial spores, which can be potentially
harmful to roses. Therefore, for mulching, you cannot use leaf litter from roses and other
plants of the pink family - apple trees, pears, rose hips, plums, cherries, peaches, etc. ...7
The requirement for materials for winter mulching also applies to summer mulch - they
should not be prone to rotting and mold.
Features of the use of some types of organic mulch
Mown grass. As a rule, annual plants are covered with this material (note that the layer
should be very thin), the cut grass is also used for mulching the lawn. When using grass,
several rules must be followed: the layer must be periodically agitated so that it does not
become dense and airtight; you can not use grass that has been treated with a herbicide
as mulch; it is undesirable to leave the mulch for a period of prolonged rains - the grass
will begin to rot, this can cause fungal diseases of plants; at least three times per season,
mulch should be removed from the lawn, then "combed" with a rake. It is advisable to cover
the lawn not just with cut grass, but with crushed grass (new lawn mowers have a mulching
function - a special mechanism processes the cut grass and throws it to the surface.

https://www.agroxxi.ru/zhurnal-agromir-xxi/stati-rastenievodstvo/mulchirovanie-pravilnoe-i-nepravilnoe5-sovetov.html
5
https://www.belnovosti.by/sad-i-ogorod/chem-mulchirovat-pochvu-osenyu-i-pochemu-eto-nuzhno-delat
6
https://rosegardening.org/7-luchshix-ukryvnyx-materialov-dlya-roz/
7
https://antonovsad.ru/kakie-rasteniya-kak-i-chem-mulchirovat-na-zimu-podrobnyy-razbor-kazhdogosposoba-3616/#Zachem%20nuzhno
4
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Straw.
Decomposes
much
more slowly than other types.
Straw is not recommended for
seedlings, as it contains inhibitors
that negatively affect plants in the
stage of active growth. It is mainly
used for mulching strawberries,
tomatoes, carrots and other
vegetable crops. Straw has some
drawbacks: it can contain weed
seeds, and in the fall, mice can
covet on it. It is more expedient to
use straw mulch primarily in fallow
fields. Here, it will contribute
not only to the preservation of
moisture, the accumulation of
organic matter, the improvement
of the physical properties of the
soil, but also the protection of
the soil from wind erosion. Straw
mulch should be used in other crop
rotation fields, in particular after
the first and second crop. In fallow
fields, straw can also be scattered
not chopped up. Spreading straw
when harvesting ear crops saves
money, since the costs of cleaning
and transporting it are eliminated.
Fallen leaves. They decompose
very quickly, which is undoubtedly
a big plus. It is worth noting here
that the leaves can only be used for
trees or shrubs (for example, they
are perfect for mulching currants,
gooseberries or apple trees), but not
for vegetable crops. Also follows
note that leaves can play a
negative role in mild or wet winters
- such a climate contributes to the
development of fungal diseases.
Wood chips. The choice of wood
chips must be approached more
carefully than with other materials.
It is desirable ... to smell it! If the
substrate emits an acidic vinegar
smell, then most likely the wet chips

Fig. 2 – Straw. Photo from https://pixabay.com/

Fig. 3 – Leaves. Photo from https://pixabay.com/

Fig. 4 – Wood chips. Photo from https://pixabay.com/

were stored without oxygen, and decay products
harmful to plants began to be produced in it. Chips
need to be dried well. Once the sour smell is gone,
you can use it to mulch the soil.
162

Bark. The bark used for mulching
has many advantages over other
types of mulch: natural colors,
good protective properties, high
decorative properties, pleasant
smell of coniferous bark, especially
after rain. As a rule, the bark of
conifers is used mainly for mulching
plantings that prefer acidic soils.
Hardwood bark is used wherever soil
acidification is not required. The bark
of fruit trees is not recommended for
mulching conifers.
Fig. 5 – Bark. Photo from https://rawpixel.com/

Using different types of bark for mulching
• unsorted - for dumping soil around buildings,
• fraction up to 1 cm - used in the garden and in the beds,
• fraction 1-3 cm - can be used everywhere, in flower beds, in the garden, in the neartrunk circles of trees and shrubs,
• fraction 2-5 cm - used in flower beds,
• fraction 4-10 cm - universal, more often used in large flower beds and near-stem circles,
for decorative dumping of paths.
Mulch consumption is approximately as follows: 1 bag per 1-1.5 sq.m. soil surface. The
height of the mulch layer is 6-8 cm. Around the shrubs, the diameter of the dump is about 50
cm, near the trees - 70-80 cm and the ground is not covered close to the trunk. For winter,
the mulch layer can be increased for better heat retention.8
Sawdust is one of the cheapest
ground cover materials. By the type
of tree, sawdust is divided into two
categories - coniferous and deciduous.
Shavings from sawing coniferous trees
strongly acidify the land on the site.
This is characteristic not only of fresh,
but also of semi-rotten substrate. So
coniferous sawdust is used only for
crops that feel good on acidic soil (with
a pH of 5.5-6), for example, potatoes,
carrots, cucumbers, radishes, turnips,
tomatoes, pumpkin, sorrel, spinach,
barberry, quince, dogwood. The
best mulching substrate is semirotted or fully composted mediumsized hardwood sawdust suitable for
mulching all crops. 9
Fig. 6 – Mulching with sawdust
8
9

https://olgasobachkina.ru/vidy-kory-dlya-mulchirovaniya-posadok/
https://ogorodbezzabot.ru/potchva/kak-mulchirovat-opilkami.html
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Mulching with paper and cardboard
If the seedlings have already been
planted or seedlings have appeared
after sowing the seeds, you can also
use mulching the soil with cardboard.
For this:
• Measure the distance between
rows and bushes of plants;
• Strips of the appropriate width are
cut from cardboard;
First, the cardboard is laid between
the bushes, leaving 15-20 cm near the
stem on each side for watering;
• Then the strips of cardboard are
laid out in the aisles;
• For greater strength, the paper
should overlap.
If done correctly, there will be
rectangular holes around each
seedling, which are necessary for
watering and loosening. You can
also measure the planting distance
and immediately make holes for the
bushes in the sheets of cardboard,
and then just cover the bed with
cardboard, use your hand to thread
the seedlings through the paper.
This method will require more time at
the preparatory stage, but the mulching
process itself is faster. Thus, you can
effectively protect against weeds and
retain moisture in beds with peppers,
tomatoes, eggplants.10
Manure. Quite often used for
mulching beds, as a rule, it is mixed
with other materials. It is undesirable
to mulch in winter.

Fig. 7 – Mulching with paper and cardboard

Notes
For the production of mulch from bark, needles, fallen leaves or straw, it is recommended
to use a garden shredder - it will allow you to quickly and efficiently process waste of
various hardness. A lawn mower is perfect as a mulch preparation machine.

10

https://agro-market.net/news/tips_and_advice/mulchirovanie_kartonom/
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ANNEX 1
Film mulching
Advantages
-Black mulch film attracts the sun's
rays, so even in early spring and late
autumn, you can easily warm up the soil.
-The material does not transmit
light and air, so weeds do not grow
under the film.
- The beds do not need weeding.
-Water simply flows down the film, so
the soil is protected from waterlogging
during prolonged rains.
-The soil is also protected from drying
out, since moisture from under the film
evaporates 2-3 times slower than from
an open area.
-Berries lie on the film, which greatly
Fig. 8 – Mulching with film11
facilitates harvesting.
-Berries are 80% less sick with gray rot.
-Fertilizers are not washed out by rains.
-After rain or watering, no soil crust forms, enough air enters the roots.
-In winter, the roots are protected from freezing due to a layer of frost on the inner side of the film.
Experience confirms the
successful use of black films
for growing strawberries;
strawberries;
vegetable
and green crops; flowers
(roses, chrysanthemums,
etc.); fruit, berry and other
agricultural crops.
Most often, mulching
film is used for growing
strawberries. For this reason,
it is also called "strawberry
wrap" or "strawberry wrap".
Usage
Cover the black or colored
film on the beds and make
small holes in it. Then pour
it well with water and plant
Fig. 9 – Mulching of strawberries
seedlings in the prepared
slots. It is not recommended to use white film or other transparent materials for mulching.
They are not able to contain the growth of weeds. Many gardeners use colored sheeting:
tomatoes develop better under a red cover, and cabbage under a white cover.

11

https://www.ogorod.ru/ru/ogorod/bed/10932/Mulchirujushaja-plenka-i-ispolzovanie-na-uchastke.htm
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Disadvantages
The film does not have the ability to restrain overheating in extreme heat, the film may
decompose with frequent heating. To avoid this, the film can be covered with straw or hay
on top.
When planting seedlings, you have to step on the film. Where even the smallest pebble
was under the foot, a hole appears. In the future, these holes under the influence of sunlight
turn into holes.
Where the film has not broken, the weed really does not grow, but its sprouts appear and
grow even in the smallest crack. Pulling them out by the roots without damaging the film is
difficult.12
Mulching with newspapers
Many
experienced
summer residents switch
to newspaper mulching.
Of course, ink can contain
lead compounds, but the
pros of using newspapers
generally outweigh the
cons. The main thing is not
to use color and especially
glossy editions.
Pros:
Moisture
retention, and newspapers
decompose on their own
within months. Do not
create any problems when
digging soil. Mulching with
Fig. 10 – Mulching with newspapers13
newspapers takes much
less time than loosening and weed control.
Cons: Does not contribute to soil enrichment.
Usage:14
1. Put 3-4 sheets together and moisten them a little with water so that they stick together.
2. The glued sheets are laid over the surface of the bed with an overlap, lightly watered
again and pressed against the edges with something heavy.
3. Cross-shaped holes are cut in newspapers at a distance suitable for the culture.
4. Seeds of squash, squash, beans, peas, beets are sown in shallow holes and sprinkled
with a mixture of garden soil and compost.
5. On top of the newspaper mulch, you need to throw a little soil, sawdust or any other
available organic matter.
Alternatively, newspapers can be passed through a shredder and the resulting strips can
be used to mulch the plantings.
Newspapers can be used to mulch not only vegetables in the beds, but also young trees
and shrubs in the garden. Warm beds made in the fall can be covered with old newspapers in
order to minimize the loss of valuable nitrogen due to leaching in autumn rains and freezing
in winter. Warm beds filled with manure and plant waste are mulched with several layers of
https://habinfo.ru/plyonka-dlya-mulchirovaniya-moj-otritsatelnyj-opyt
https://ogorod.ua/
14
https://rosegardening.org/7-luchshix-ukryvnyx-materialov-dlya-roz/
12
13
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newspaper, and grass is placed on top with a layer of at least 30 centimeters. In the spring,
the insulation can not be removed (it will settle strongly), but plant seedlings of zucchini,
squash and pumpkins directly into the holes punched in newspaper sheets. Strawberries
are mulched only with wet newspapers or cardboard, without putting anything on top, but
under the raspberries and blackberries, I first put the newspapers, and then I put all the
grass from the garden on top, there is a layer of 10-12 cm. Watered over mulch.
It is advisable to cover newspapers with mulch from leaves mixed with compost, or freshly
cut grass. The paper should be no more than two to three layers and have holes punched in
it so that water can penetrate through them.
The best time to mulch is right after rain.
On a windy day, when placing newspapers on the ground, keep a bucket of water handy
in which you will dip the newspaper before spreading it on the ground.
Wet newspaper will lie in place while you stack straw, wood chips, and anything else that
mulch the soil. [18].
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II.9. Available methods
For purification of drinking water

Vakhitova N.V., Deusheva G.G.
When you drink water, remember the spring source.
Chinese proverb

According to WHO statistics, 80% of infectious diseases arise from water, or rather, its
poor quality (the consequences of water pollution in Appendices 3 and 4).
The degree and structure of water pollution depends on many factors. Even seemingly
safe water can contain such a set of dissolved and undissolved impurities that it is unsafe
to use it.
Types of water pollution
Physical pollution is accompanied by an increase in the amount of suspended solids in
the water. It can be sand, clay, silt and other insoluble impurities. They get into the water as
a result of heavy showers, winds, and the discharge of waste from the mining industry. At
the same time, the water becomes less transparent, the conditions for the development of
aquatic plants deteriorate. In addition, such water has an unpleasant aftertaste and should
not be consumed. To eliminate physical contamination, a mechanical method of water
purification is used: it is filtered, defended, impurities are separated by centrifugation, etc.
Such methods can remove up to 95% of insoluble particles.
Chemical pollution is a consequence of the discharge of wastewater from various
enterprises into water bodies. The presence of various chemical substances of organic and
inorganic origin in water is unacceptable, therefore, water purification by a chemical method
is necessary. It consists of adding the right reagents that interact with contaminants, resulting
in the formation of safe compounds that are easy to remove.
Sources of biological pollution can be: bacteria; fungal spores; eggs of worms, etc.
The source of infection is municipal wastewater, wastewater from meat processing and other
enterprises. Such water can cause the development of various diseases in living beings.
The biological method of water purification consists in the introduction of microorganisms
into the reservoir, which perform the functions of "orderlies", since with their participation the
decomposition of biological pollutants into substances safe for living beings occurs.
Thermal pollution is also possible (in the case of waste water discharge from thermal
power plants). It is dangerous for all living things, as the water becomes less saturated with
oxygen and begins to bloom. This can kill the fish. The change in the temperature of their
habitat also negatively affects the aquatic world of animals and plants.
Pollution also concerns tap water in settlements where the used water for household
and drinking purposes is preliminarily purified and disinfected at treatment facilities. At the
moment of purification, reaching the reservoirs of clean water, as a rule, it meets the highest
standards of sanitary control.
But, as always, life makes its own adjustments: when driving along many kilometers of
highways made of cast iron and steel pipes prone to corrosion, the water quality deteriorates
markedly, a specific smell appears, transparency decreases, the concentration of iron,
copper, zinc and other heavy metals increases into water toxic components and bacteria
from construction materials enter. And in spring, during floods, fertilizers, pesticides, and
manure get into the water.
In rural conditions, in remote settlements, the provision of clean drinking water leaves
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much to be desired. Suspension of sand, fine clay particles, organic matter, waste products
of animals and microorganisms make water from open reservoirs unsuitable for drinking.
The situation is exactly the same with wells.
Due to the consumption of water from unverified sources, diseases often occur.
It is obvious that water needs additional treatment directly at the place of consumption a house, a farm, a private and small enterprise, etc. This is especially true for drinking water,
the purity of which is important for human health.
The World Health Organization (WHO) and other international organizations recognize
the feasibility of special temporary approaches to provide water to people who do not have
access to safe drinking water [1].
Purification of drinking water and its safe storage at home or other place of its use
provide an opportunity to improve the quality of consumed water by purifying it at home.
Popular water treatment technologies include chemical disinfectants, coagulants, ceramic
filters, biological sand filters, solar disinfection (SCD) or ultraviolet disinfection processes,
and combination products using both a coagulant and disinfectant (such as a Procter &
Gamble PUR product). These technologies improve the microbiological and, in some cases,
the chemical quality of drinking water and reduce the number of gastrointestinal diseases.
New technologies for household cleaning and safe storage of water continue to
emerge. The Program for Appropriate Technology for Health (PATH) prepared an overview
of related devices in 2010. It includes qualitative assessments of treatment efficiency, health
effects, safety, cost, acceptability, durability and other factors for 19 popular technologies
and a number of other promising devices.1
The purpose of this chapter is to inform local communities about the simplest ways
available to purify and desalinate water at home or elsewhere.
Household water treatment technologies encompass a wide range of devices or techniques
used to treat water in a household or elsewhere. These technologies are also referred to
as point-of-use or point-of-entry water treatment technologies (Cotruvo and Sobsey, 2006;
Nath, Bloomfield and Jones, 2006; [4]).
Household water treatment technologies provide a range of measures that enable
individuals and local communities to treat, remove or inactivate pathogens. Many of these
techniques are used in conjunction with the safe storage of treated water to prevent or
minimize contamination after home treatment (Wright, Gundry and Conroy, 2003).
Household water treatment practices can have a quick and significant positive impact on
health where plumbing is not feasible, where people use water from sources that may be
contaminated, or where storage water becomes contaminated due to poor hygiene, when
transporting it or at home. Similar technologies can be applied when traveling to areas where
there is no confidence in the proper quality of drinking water (pastures, tourism, etc.) [2].
At the same time, it should be borne in mind that not all technologies are highly effective
in removing all types of pathogens transmitted through water (bacteria, viruses, protozoan
organisms and helminths).

1

http://www.path.org/files/TS_swp_hwts_gl.pdf
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Water treatment technologies
Home water analysis
Often, exact numbers are not needed, but it is enough to know only the qualitative
characteristics of water - is it contaminated or not? Knowledge about the methods of express
analysis of water at home will definitely come in handy. All sources should be checked, from
wells to the faucet in the kitchen.
The check should start with the physical indicators of water quality: temperature, color,
etc. The easiest (but most effective) way is to take a full three-liter can of water and let it
settle for two to three days. Then we assess the condition of the water and the container: if
a film has appeared on the surface, the walls of the can are covered with a coating, a finger
thick sediment has fallen at the bottom - the water, to put it mildly, hardly meets the standard.
If, in addition, there is an unpleasant smell and taste, you can stop the experiments and
contact the laboratory.
It is recommended to use another simple method to make sure that there are no harmful
organic substances2 in the drinking water. Test water (more than half a bottle) is poured
into a clean white glass bottle with a capacity of 0.5 liters, a teaspoon of granulated sugar is
dissolved in it, carefully corked and placed in a warm place for 48 hours. After the specified
time, the contents of the bottle are examined and if the water turns out to be cloudy or contains
flakes, then it is not suitable for drinking. The water, which does not contain contaminants,
remains perfectly clean for the specified time.
We estimate the smell of water at a temperature of 20 ° C, then heat the liquid to 60 ° C
and analyze our sensations again. A putrid, hydrogen sulfide, marsh or earthy odor indicates
chemical or bacteriological contamination of the source. This is relevant for spring and well
water, as well as water from open sources, but in the water tap you will most likely find only
the smell of chlorine.
Similarly, we analyze the taste of water, which can be bitter, salty, astringent, and so on. A
salty taste indicates a high mineralization of water, and an unpleasant astringent sensation
is caused by an increased content of iron ions.
It is slightly more difficult to determine the color and transparency of water. The only
condition is to use a sufficient height of the water column (in other words, the thickness of
the layer). To determine transparency, you need a 20 cm pillar: if, looking through it, you can
clearly distinguish a standard font on a sheet of paper, then the water is transparent.
Similarly, we determine the chromaticity, evaluating the color of a column of water against
a background of white paper (office paper will do).
It is believed that it is unrealistic to determine the content of chemical elements in water
at home. This is not entirely true. You really cannot determine the exact concentration, but
you can give a qualitative assessment to water.
Below are some of the simplest guidelines that will help you determine the basic
characteristics of water from a well, faucet, open pond or well.
Acidity
This test is one of the simplest.
How to determine the pH of a solution: take an indicator, place it in the solution and watch
the color change. Litmus test, methyl orange indicator or phenolphthalein can act as an
indicator. Of course, the method is inaccurate, but it will tell you if the water in the water is
acidic or alkaline. Only neutral water can be used for drinking.
Oxidizability
A complex sanitary indicator that characterizes the ability of substances present in water
to interact with strong oxidants. From a practical point of view, oxidizability reflects the
2

http://patlah.ru/etm/etm-20/med-metodiki/ziva_voda/ozdorovlenie_vodi/ozdorovlenie_vodi.htm
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degree of pollution of the object of water use with organic compounds and is expressed in
milligrams of oxygen per liter (mgO2 / dm3).
It is absolutely possible to give water a quality characteristic for this indicator. The usual
"potassium permanganate" or potassium permanganate will help in this. First, you have
to make a "reagent" - a saturated solution of permanganate, in which unsolved crystals of
potassium permanganate remain at the bottom.
Next, we collect about 50 ml of test water (column height about 2 cm) into a plastic
cup and add 1 drop of a previously prepared "reagent" to the test sample. After 40 - 60
minutes, we evaluate the color change of the solution, which will tell about the degree of
water oxidation. If the solution remains bright pink, oxidizability is low and water pollution
is minimal. Lightening to red indicates moderate oxidation, orange indicates severe water
pollution, and yellow is equivalent to the sign "unsanitary condition of the reservoir" [3].
Hardness
The main enemies of household appliances are hardness salts. It is possible to indirectly
determine their concentration in water by the scale in the kettle or by the collapsed parts of
the washing machine, so it is advisable to measure the hardness even before the breakdown
of household appliances. If hard water is heated, then a plaque forms on the surface of hot
water pipes and on the surface of water-heating elements (tenes, spirals). The same scale
clogs the nets, faucet aerators and shower heads. For example, if your faucet aerators are
clogged in a month, then your hardness is most likely more than 10 meq / l.
Hardness salts suppress foaming. They bind the soap into insoluble salts and the soap
(and washing powder) does not foam. And, therefore, it does not erase. And it doesn't wash.
Therefore, one of the basic ways to test water hardness is whether soap foams. If the soap
foams, then the water is not very hard. If it does not foam, then the water is very hard. And
if the soap is difficult to wash off your hands, and it foams very well, then the water is soft.
Another way to determine the hardness of a house is to taste the water. Hardness salts
change the taste of water. It is difficult to describe the difference between soft and hard water
in words. However, soft and hard water tastes differently, and much more. The method for
determining the taste of water hardness is quite accurate. A little training is needed. Buy soft
water, hard water and take a sample of your own water. Comparison of tastes is made. You
can create an approximate scale, where between the known values of water hardness is its
own water - closer to hard or to soft.
Thermal energy (heat) technologies. The main mechanism for killing microorganisms
in water in thermal energy technologies is the heat produced by burning fuel.
Such technologies include boiling and heating to pasteurization temperature (usually for
milk, this is> 63 ° C for 30 minutes). The recommended procedure for water is to heat the
water to a boiling boil (or it is recommended to boil for 5 minutes), remove the container
of water from the heat, allow the water to cool naturally in a dust-free container, and then
protect it from subsequent contamination during storage.
Boiling water is very effective in eliminating all classes of pathogens. At the same time,
during boiling, the structure of water changes, i.e. it becomes "dead" as oxygen evaporates.
That is, the more we boil water, the more pathogens die in it, but the more useless it becomes
for the human body.3
Since water evaporates during boiling, the concentration of salts in it increases - they
are deposited on the walls of the kettle in the form of scale and lime and can enter the
human body upon subsequent consumption of water from the kettle. To remove scale from
household dishes, it is recommended to use a solution of vinegar essence at the rate of
three tablespoons per liter of water.4
3
4

http://ocmoc.com/index2.php?option=com_content&task=view&id=5&pop=1&page=0&Itemid=4
https://habr.com/ru/post/533476/
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This process requires additional financial costs (payment for consumed electricity or gas).
It must be remembered that before reaching the consumer, the water is chlorinated.
Despite the advantages of chlorination, when water is chlorinated, toxins are formed that have
a devastating effect on human health. These are mutagenic substances, immunotoxic and
carcinogenic substances. Chlorine-treated water can cause not only malignant formations,
but also affect the general condition of the skin, hair structure, heart, and mucous membranes
of the eyes.
Therefore, before boiling water, it is necessary to get rid of chlorine in it.
You can dechlorinate drinking water at home in quite simple ways: by boiling drinking
water for 20 minutes or filtering through activated carbon. Or add 1 teaspoon of ascorbic
acid (vitamin C) to 3.8 liters of water and stir.5
Ascorbic acid powder neutralizes chlorine. Ascorbic acid will not significantly affect
the taste of the water.
Before boiling or watering plants, tap water can be sedimented for several hours, for
example, in 3-liter jars. In this case, chlorine and radioactive radon partially evaporate, and
impurities are precipitated. It is better to collect water for future use in the amount of 5-10
liters in the evening, during the period of maximum water intake, when the water does not
stagnate in the pipes.
These sedimentation tanks are also an additional reserve in case of a problem with the
plumbing.
Thermal water treatment also includes technologies for using solar energy for heating or
combined exposure to heat and ultraviolet solar radiation.
Solar disinfection. There are a number of technologies for using solar radiation to
disinfect water.
For example, the solar water disinfection system, or SODIS, uses transparent plastic
containers to allow the ultraviolet component of sunlight to pass through and exploits the
combined effects of ultraviolet radiation, oxidation from oxygen dissolution, and heat.
There are also other solar irradiation systems where combinations of solar irradiation are
used in other types of containers, such as UV-permeable plastic bags (eg "sunbaths") and
panels.
To pasteurize water on sunny days, you can use homemade box and panel solar cookers
at a rate of about one liter per hour.6
The SODIS method solves the problem of neutralizing pathogens in water by simply
placing contaminated water in clean plastic PET bottles and exposing them to sunlight
(polyethylene terephthalate (PET) is used as a material for food packaging).
Sunlight affects polluted water through three mechanisms of radioactive radiation, the
combined effect of which exceeds the effect of each separately taken component:
-Rays in the near ultraviolet range react with oxygen dissolved in water to produce a
highly reactive form of oxygen (oxygen free radicals and hydrogen peroxide). These reactive
oxygen species kill microorganisms.
-Ultraviolet also interferes with the reproduction cycle of bacteria by damaging their DNA.
-Heating of water by infrared radiation. If the water temperature rises above 50°C, then
the disinfection process is accelerated 3 times.

https://ru.wikihow.com/%D0%B4%D0%B5%D1%85%D0%BB%D0%BE%D1%80%D0%B8%D1%80%D
0%BE%D0%B2%D0%B0%D1%82%D1%8C-%D0%B2%D0%BE%D0%B4%D1%83
6
https://solarcooking.fandom.com/wiki/Water_pasteurization
5
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The use of SODIS is
limited only in case of lack
of containers or excessive
turbidity of the water. However,
if the water is contaminated
with mechanical impurities,
then before processing with
SODIS it is sufficient to filter it,
for example, through sand.
Procedure for obtaining clean
drinking water using the sun [6]:
1. Transparent plastic PET
bottle with a volume of 1-2
liters. fill 3/4 full with water to
be disinfected. The turbidity of
the water should be as low as
possible and free of solids.
2. Shake the bottle vigorously
for about 20 seconds to
dissolve the maximum amount
of oxygen in the water.
3. Refill the remainder of the
bottle to avoid bubbles and
replace the cap.
4. Place the bottle in direct
sunlight for 6-8 hours, horizontally.
At a water temperature of 50 °
C, 1 hour in the sun is sufficient.
A light colored stone, foil, or
reflective metal will help speed
up the process.
5. In the event of cloudy
weather, short daylight hours,
or cloudy water with particulate
matter, leave the bottle outside
for two full days.
6. The water is now disinfected
and safe to drink.
The conductivity of UV
rays is very important for
the effectiveness of SODIS
and depends on the physical
condition of the plastic bottles.
Mechanical scratches and
abrasions will reduce cleaning
performance.
If water bottles have not
been exposed to the sun for
the correct period of time,
the water can be unsafe and
can lead to illness

Wash well the bottle
before the first use.

Fill the bottle ¾.

Shake the bottle
for 20 sec.

Fill and cork the bottle

Put the bottle
on corrugated iron

Now water
is ready for use

Or roof

Water is ready for use.

Leave the water
out from morning till evening,
not less than 6 hours
Fig 1 [6] – Solar disinfection
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Glass bottles can also be used for solar water disinfection, but they are not as effective as
PET bottles because glass does not transmit enough ultraviolet radiation.
Polycarbonate blocks all types of UVA and UVB ultraviolet rays and is therefore not
suitable for these purposes.
SODIS does not change the chemical composition of the water. Therefore, water
contaminated with chemicals is not used for.
Studies show that the release of harmful substances (phthalates, antimony, etc.) when
heated plastic bottles do not exceed WHO7 standards. In addition, after SODIS treatment,
the water is not stored for a long time.
At home, filters for water purification are of great importance. The most common method
for post-purification of tap water is the use of home filter cartridges, which are connected to the
tap. They have good consumer qualities. But it is still impossible to hope that this water will be
perfect. Their main advantages include low cost, ease of use and a wide range of uses.
The cartridges need to be replaced, which is a serious disadvantage of this type of filter.
If they are not replaced in time, then after filtration it is possible to obtain water additionally
infected with pathogenic bacteria, since the cartridges, when inorganic impurities accumulate
on them, serve as a favorable environment for the reproduction of microbes. Therefore, after
each break in using the filter, for example, at night, there is a risk of getting water many
times worse. And the cost of cleaning with cartridge filters, taking into account their regular
purchase, increases over time.
Mesh and membrane water purifiers include a wide range of devices. From coarse mesh
filters with large mesh sizes - capturing only large insoluble elements, to filters capable
of filtering at the molecular size level. Membrane water purifiers have all the advantages
of bulk and cartridge systems, but they are completely devoid of all their disadvantages.
They are easily washed out. As contamination increases, the productivity of the installation
decreases, i.e. the amount of purified water becomes less, but the filtration quality only
increases. The method removes more than 95% of all known impurities. Membrane water
purification systems "track" seasonal changes in the composition of water, have a very
simple and effective indicator of the exhausted resource - if the pores of the membrane are
clogged, it simply stops passing water.
The disadvantages of membrane water purifiers include the mandatory presence of a
flushing drainage flow passing over the membrane surface. However, it is easily eliminated
due to some features of connecting these devices to the water supply system. It is also
worth noting the high cost of this kind of filters, which comparatively limits their use.
Filters with free-flowing filter material. Filters with free-flowing filtering material include
filters with sandy fillers and other fillers consisting of individual particles, on top of or through
which water passes. River sand 0.5-3 mm in size, charcoal, cloth, sawdust, cotton (cotton
wool) are used as filtering materials.
These filters trap microorganisms through a combination of physical and chemical
processes, including straining, sedimentation and absorption. Some of these filters may
also use reactive antimicrobial or antiseptic coatings or other modified chemical structures.
Other filters with loose filtering material belong to the category of biologically active ones,
which trap microorganisms and often ensure their deactivation and destruction [2].
Filters clarify water well if the water is treated with coagulants before filtration and has been
allowed to settle for 1-2 hours. Sand and fabric filters are used to clarify turbid but colorless
water, and sand-coal and fabric-coal filters are used to clarify turbid and colored water.
https://ru.wikipedia.org/w/index.php?title=%D0%94%D0%B5%D0%B7%D0%B8%D0%BD%D1%84%D0
%B5%D0%BA%D1%86%D0%B8%D1%8F_%D1%81_%D0%BF%D0%BE%D0%BC%D0%BE%D1%89%D
1%8C%D1%8E_%D1%81%D0%BE%D0%BB%D0%BD%D0%B5%D1%87%D0%BD%D0%BE%D0%B3%D
0%BE_%D1%81%D0%B2%D0%B5%D1%82%D0%B0&veaction=edit&section=3
7
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Filtration of water through coal is effective for
any kind of water pollution, relieves it of smell,
taste, many toxic substances and poisons, including
if there are dissolved gases in the water. Coal
adsorbs these gases and retains small particles of
impurities. This method is applicable even in the
field (for cleaning swamp water).
When choosing coal, you need to pay attention to
the structure of the mineral. Too small, powdery - will
penetrate into the water, and large, on the contrary, - will
not provide the proper level of cleaning. Water, which
has an unpleasant odor, is passed through charcoal,
which is crushed into pieces the size of a pea.
Water is filtered through a glass or plastic tube,
closed with a cotton swab and filled with pieces of
coal, into which a stopper with a pipette is inserted
Fig. 2 – Activated carbon
at the bottom. To ensure a sufficiently long contact
of the purified water with coal, which serves as an adsorbent (absorber) of harmful
impurities, the tube should have a diameter of 15-20 mm and a length of 40-60 cm.
Water is poured into the tube in a thin stream or in small portions from above, and
purified water flows out from below.
It is better to take activated charcoal for the filter, which can be bought at the pharmacy, or
made at home from hardwood (good absorbing properties). Acceptable charcoal is obtained
from wood species that do not contain a lot of resin, as well as from nutshells.
To obtain coal, you need to load a tree into any metal container and heat it over a fire.
After the wood is red-hot, take out the container and let it cool down - the charcoal is ready
for use in the filtration system. An important factor is the degree of the so-called "roasting"
of coal. If you overdo it with this procedure, the absorbent will quickly lose all its valuable
qualities. Store activated carbon in a glass jar with a lid.
Quartz sand does an excellent job of retaining small particles, as well as filtering out
heavy chemical compounds. Whereas gravel, on the other hand, is better at weeding out
large inclusions of unwanted materials.
River sand before loading into the filter is washed with water (preferably clean) to remove
clay substances and silt, changing the water several times and stirring the sand with each
new portion of water; the gravel is also washed.
The mineral zeolite has a strong cleansing effect, which perfectly copes with water pollution
with metal and salt suspensions, and also neutralizes pesticides and other processed
products of the agricultural industry.8
If there is no sand or coal, then sawdust and cotton (cotton wool) are used.

8

https://kamni.guru/kamni/ceolity-mineraly-s-unikalnymi-svoystvami.html
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Fresh sawdust or cotton is boiled for 30
minutes before being loaded into filters, first in a
0.5% solution of bleach (5 grams of bleach per
1 liter of water), and then in clean water for 30
minutes (otherwise they will stain the water and
give it an unpleasant aftertaste ).
When filtering large volumes of water, it is
best to load sawdust and charcoal into the filter
in a bag made of any unpainted cloth that is thick
enough to prevent the sawdust and charcoal
from washing out. You can use coarse calico,
twill, thick sackcloth or cheesecloth in several
layers. The fabric is preliminarily boiled or
Fig. 3 - Zeolite
washed in hot water (the dyed fabric is discolored
by soaking in a 10% bleach solution that has settled and drained from the sediment, followed
by rinsing in clean water).
The bag with the filter material should be slightly larger than the filter body (the bag should
fit snugly against the filter walls). The use of the bag greatly simplifies the operation of filters,
flushing of filter materials. A filter bag is made 1.5-2 meters long and placed in a barrel (box)
folded in the form of an accordion. One square meter of the bag provides 100-200 liters of
filtered water per hour. Without a cloth bag, a layer of cloth is placed on the gravel or grate,
sawdust or coal is poured onto the cloth, a new layer of cloth is placed on top, and a layer of
sand 3-5 cm thick is placed on the cloth.
Filtering materials, retaining turbidity and partially bacteria, gradually become
contaminated, and they must be periodically washed or replaced. The need to flush or
change filter materials is determined by the deterioration of the quality of the filtered water
or by a sharp decrease in the performance of the filter.
Contaminated quartz sand is removed from the filter and washed, changing water 3-4
times, and then reloaded into the filter.
Contaminated sawdust and cotton are washed with clean water at the rate of 3-4 buckets of
water for 1 bucket of sawdust; in addition, sawdust and cotton after 3-4 washes should be boiled
for 10-15 minutes. The cotton is tousled before washing and after washing or boiling. The soiled
fabric is washed in hot water with a brush. Contaminated charcoal is replaced with new one.
When working with filters made from scrap materials, you need to keep in mind that if
water is filtered that has not been previously treated with coagulants or processed, but has
not settled well, then it will be dark for 15-20 minutes, and only after that the quality of the
filtrate (water transparency) will noticeably improve.
A simple water filter can be made from a plastic bottle. Cut off the bottom, place the
components in the bottle in this order: cotton wool (cloth), coal, sand, fine and then coarse
gravel, then make a hole in the lid and lower it into a clean container (jar, bottle, saucepan).
Filtered clean water will gradually drain into the crockery.
For greater efficiency, it is recommended to alternate several layers of pebbles, however,
do not forget that excess material can impede the flow of water.
It is better to cover the filler hole with some kind of cloth or lid to avoid unwanted objects
getting inside.
The principle of operation of such a filter is the passive flow of water through all layers.
Under the action of the granules, the contaminated liquid is purified and flows out of the
perforated hole. Initially, it is necessary to pass several liters of water through the filter. The
first filtering procedure will rinse the layers and remove contaminants if present.
The
disadvantages of the system include a rather slow cleaning speed and the need to constantly
fill in new fluid after the filtration procedure is completed.
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Coagulation, sedimentation
of suspended solids and settling.
Coagulation or sedimentation of suspended
solids is a device or method in which a natural
or chemical coagulant is used to coagulate
or precipitate suspended particles, including
microorganisms, to accelerate their precipitation.
Sedimentation is a water treatment method in
which sediment containing suspended particles,
including microorganisms, is used to remove the
latter from the water.
These methods can be used in addition to
passing water through fabric or fiber filters to
remove flocculated sediment (large coagulated
or precipitated particles that form in the water).
Mechanical settling belongs to the same category
(that is, settling without the use of chemical
coagulants).
To remove heavy metals, the water
collected in the evening should be allowed
to stand overnight - best of all in a closed
glass, ceramic or enamel container (but not
in aluminum or steel). Then the flexible tube
is carefully (so as not to shake up the liquid)
lowered into the vessel with water - so that
its end is located at the very bottom. The first
Fig. 4 - Multilayer filter
portion of water is sucked in, after which it
begins to pour from the tube into the sink. It is necessary that the lower third merges,
into which impurities of heavy metals could sink during the settling period. They cannot
be completely removed in this way, but the concentration in the remaining water can
be reduced. Having drained a third of the water, you need to check if there is any
sediment at the bottom. If there is, you need a container of water and pour the water
(carefully so as not to shake it) into another container, passing it through a cheesecloth
folded in half or four. The rest of the water with sediment must be poured into the sink.
Deposition is also possible with the use of a system of three vessels for water by daily
careful pouring of the settled (precipitated) water from one to another. Water enters the third
vessel after it has been settled and stored for at least two days in the first two vessels, which
makes it possible to reduce the number of microorganisms contained in it.
As you can see, the sedimentation procedure is long-term; in order to get rid of the
sediment, it is necessary to drain it together with at least 1/3 of the water. After settling, the
water must be boiled.
You can remove bacteria and suspended organic matter from water by adding potassium
alum (sold in pharmacies) at the rate of 1 g of this salt per 4 liters of water. After the precipitate
has formed, the water is filtered through filter paper or four times folded cloth (gauze). The
indicated dose of alum is harmless to humans and practically does not change the taste of water.
You can dissolve several tablets of activated carbon in water (in a ratio of 1 tablet to 1 liter of
liquid), and then strain the water through cheesecloth, or put the required number of tablets in a
gauze knot and immerse it in water. Leave it overnight and remove the charcoal in the morning.
This method of water clarification is used mainly for household needs. Turbid water is
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settled in buckets and barrels for 10-12 hours. In this case, the clarification is incomplete, i.e.
fine substances of clay and plant origin do not settle even with longer standing. Clarification
occurs faster and its quality is higher if coagulants are added to the water: aluminum sulfate
(alumina) or aluminum-potassium alum (1-2 grams of coagulant per 10 liters of water). The
coagulant flakes, settling to the bottom, will carry away particles of turbidity and substances
that caused the color, and thereby brighten the water.
Disinfection with chemicals
The correct dosage of disinfectants is intended to ensure their residual concentration in the
water in order to prevent subsequent contamination of the water during storage after treatment.
It is safer to use special tablets produced by the industry for water disinfection
- pantocid, cholazone, etc. One pantocid tablet disinfects 0.5-0.75 liters of water 15–30
minutes after dissolution. If the water is heavily contaminated, the dose of pantocid should
be doubled. At the same time, the mud settles to the bottom, the water brightens.
To some extent, they can be replaced by tablets of hydroperite (perhydrol) - one tablet for
1.5 - 2 liters of water;
There are special iodine-containing tablets that are used to disinfect water on hikes,
expeditions, etc. For example, they can be used to disinfect water from an old well or spring.
Iodine - at the rate of 2-4 drops of a five percent alcoholic tincture per 1 liter of water; mix well
and let stand for an hour. Disinfecting drinking water for a long time with iodine, which is also
a strong oxidizing agent, is generally not recommended unless its residues are controlled,
as excessive iodine intake negatively affects the thyroid gland. At the same time, this issue
continues to be studied, since the lack of iodine in food is a serious health problem in many
regions of the world [2]. More than 40% of the population of Uzbekistan suffers from iodine
deficiency and, as a consequence, thyroid disease.9
In extreme cases, even ordinary table salt will help - one tablespoon for 1.5 - 2 liters of
water. After dissolving the salt, let the water stand for 15-20 minutes, as a result of which
some types of microbes will partially die and the salts of heavy metals will settle.
To make the water harmless, it is recommended to add a few drops of citric acid to it at the
rate of 1 g of crystalline citric acid per 2 liters of water. The action of this solution will affect in
a few minutes: the water will become clean, and a sediment will appear at the bottom (dead
microorganisms). The lemon solution must be prepared just before use.
Silicon has bactericidal properties. Before using silicon, you should rinse it in running
water. Place a piece of flint in a glass or enamel container of water. The amount of silicon is
taken at the rate of 30-50 g per 3 liters of water. Cover the container with a gauze pad to protect
it from dust. Leave the dishes with flint in a room with natural light at room temperature. Try
to keep it out of direct sunlight.10 In two or three days, and the activated water is ready. After
use, the silicon should be rinsed with water and left to ventilate in the fresh air for 2 hours.
Silver has bactericidal properties and is often used in medicine. Also, this metal perfectly
purifies water. It is necessary to collect water in a container and put a silver object (cutlery,
and coins, and jewelry) on the bottom. During this time, microbes and viruses die in the
water, and its general properties are significantly improved.

9

https://uztag.info/ru/news/bolee-40-naseleniya-uzbekistana-stradayut-ot-defitsita-yoda-minzdrav
http://maxima-library.org/mob/b/421887?format=read
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Combined methods of water purification. These include any of the aforementioned
technologies used to treat water together - simultaneously or sequentially.
Desalination systems
Desalination is used to remove salts from hard or salty surface water and groundwater
in order to make it acceptable for human consumption or for other purposes. This method
is increasingly being used to obtain drinking water due to the increasing scarcity of fresh
water caused by population growth, overexploitation of water resources and climate change.
Especially relevant for the Aral Sea region.
The total content of organic carbon in desalinated water is very low; therefore, desalinated
water practically does not need disinfection [2].
For liquid purification, chemical and biological methods of desalination are used.
This chapter describes the simplest methods for distillation (evaporation) and freezing.
Distillation
Multi-stage (conventional) distillation is a thermal water purification method based
on heating and further evaporation of salt water. This distillation produces pure vapor,
which, after condensation, is converted into distillate and brine. Distillation is a simple
and quick method that is widely used to obtain high quality fresh water. But it has
significant drawbacks. Distillation plants of large capacity are very bulky and energyconsuming. The method is not used if a large volume of fresh water is required. Below
are simple desalination devices that use solar radiation as a thermal energy source.
Solar desalination plants are used in areas where there is a shortage of fresh water with
sufficient reserves of saline (for example, sea water).
Hot Box Solar Distiller
Simple construction, requires
relatively small capital investments
and does not require qualified
maintenance. 11
The distiller is made in the form of
a thermally insulated and blackened
vessel from the inside, the bottom
of which is filled with salt water to be
desalinated.
The upper part of the distiller is
covered with a translucent material
(glass, polymer film, plexiglass).
The sun's rays, passing through the Fig. 5 - Diagram of a solar desalination plant of the "hot
transparent material, heat the water, box" type [7]: 1 - a vessel with salt water; 2 - steam-air
mixture; 3 - transparent cover; 4 - condensate; 5 - heatcausing it to evaporate.
insulating wall of the box; arrows indicate the sun's rays
Water vapor, in contact with a
transparent coating, which has a temperature close to the temperature of the ambient
air, condenses on its inner surface, and fresh water flows into the collector.
The solar desalination plant is usually oriented towards the South. The angle of inclination
of the light-transmitting surface of the distiller is chosen optimal taking into account the
height of the Sun above the horizon and ensuring the outflow of condensate.
The capacity of the distiler is mainly determined by the intensity of solar radiation and the
degree of sealing of the installation and is 3-5 l/m2 day.

11

http://bse.sci-lib.com/article104319.html
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Solar Powered Distiller Watercone
One such device allows you to receive up to 1.5 liters of water per day. The device is quite
simple. It consists of a black plate and a plastic lid (cone), in the center of which there is a
hole like in an ordinary plastic bottle, and the edges at the bottom are curved around a circle,
forming an annular container. Salt water is poured into a saucer, it is covered with a cone on
top and exposed to the sun. Water evaporates from the tray and condenses on the walls of
the cone and flows into an annular container. Then the cone is removed, turned over, and
the water is poured into the container.

Fig. 612 — Diagram Watercone distiller

Solar distiller
With the help of such a distiller, you can get, according to various sources, from 550 ml to
1.5 liters of water per day. To make it, you need a piece of polyethylene and a container for
collecting water. It is necessary to dig a hole along the diameter of the existing film and up
to half a meter deep. A container for collecting water should be placed in the center of the pit
(preferably as wide as possible). Further
We cover the hole with a film, fixing the edges of the film with pieces of dug soil or other
objects, in the center of the film it is necessary to put a weighting agent - a small stone or a
handful of soil, so that the film gets a bend in the center, such as a cone. The pit itself will
give off water in the form of vapors, but for a greater effect, branches with foliage must be
placed in it, the more, the better. The water will evaporate, settle on the film and drain along
its surface to the center, from
sand or mud
drinking tube
Solar distiller
where it will already drip into
counterweight
polyethylene
a rock
the container. It is advisable
or
other
film
to periodically change the
branches to fresh ones.
Make sure that the pit is
tightly covered with a foil and
that air does not enter there,
condensation should not
go out through the slots to
green vegetation
waste. In order to drink from
creates moisture
this greenhouse without
disassembling it, you can put
the straw in a container and
take it out behind the film.13
Fig. 7 — Diagram of the solar distiller
12
13

https://commons.wikimedia.org/wiki/File:Kondensierung_von_Watercone.png
https://poselenie.ucoz.ru/publ/generator_vody_iz_vozdukha/3-1-0-139
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Note.
Drinking 100% distilled water is not recommended! Back in 1982, WHO conducted a
study of the effect of demineralized water on the body and found that such water (as well
as deionized and distilled water) increases urine output and removes (flushes) electrolytes
from the body, and, which is especially dangerous, critically lowers the concentration of
potassium in serum blood.
Indoors, this distilled water can be poured into room humidifiers.
Freezing
The reverse of distillation. When freezing water, ice initially forms from pure water, and
impurities remain in the concentrated liquid residue. This method is suitable for desalination of
small volumes of liquid, which does not require the use of large-scale expensive equipment.
It may take several freeze-thaw cycles to get truly demineralized water.
It is believed that melt water is very beneficial for health. It is easy to make at home any
time of the year.
Place the boiled and tap water in the refrigerator. When the first ice has formed (it is
thrown away), the container is removed and the water is poured into another, which is put
back into the refrigerator. Wait until the water freezes to 1/2 - 2/3 of the volume (this is frozen
pure water). It is most convenient when the duration of the freeze transition is 10-12 hours.
In this case, freezing the water twice a day will be sufficient for daily supply.
The remaining brine must be drained. It is not suitable for consumption, since various
impurities and salts are in a dissolved state in it. Ice must be thawed at room temperature
and the resulting water used for cooking and drinking.14
As a container, they use bags of milk, kefir and juices (of course, cleanly washed
beforehand), plastic (PET) bottles (there is no reliable evidence that such bottles emit
harmful substances when frozen).
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II.10. Solar cooking technologies
Parabolic Solar Oven

Narbekova N., Kurbanbaeva A.

Renewable energy sources are not an alternative to existing energy, but its future, and
the only question is when this future will come and what we can do to bring it closer.
The total amount of energy from the sun that reaches the Earth's surface in just a week
exceeds that of the world's oil, uranium, coal and gas reserves. There are many ways to
conserve heat from the sun. One such solution is solar concentrators. This is a special
device for collecting solar energy, which performs the function of heat transfer material. They
are usually used for space heating and hot water supply. It is by this property that it differs
from solar panels, which directly produce electricity.1
Among such solar concentrators, the largest is the Odeilia solar oven, located in Font
Romeu Odeillo Via, in the Pyrenees-Orientales, in the south of France. The furnace was
built in 1962-1968, started
operating in 1970, and has a
capacity of one megawatt. It
serves as a research center
for the study of materials at
very high temperatures.
Almost not inferior to it
is the Large Solar Furnace
located forty-five kilometers
from Tashkent (Uzbekistan),
in the Parkent region, in the
foothills of the Tien Shan at
an altitude of 1050 meters
above sea level with a
capacity of almost a thousand
kilowatts. The concentrator
is 54 m high, 47 m wide, and
Fig. 1 — Big solar oven 2
includes 62 heliostats.
Using solar heat
for food preparation is the ideal solution to prevent climate change. Solar Cookers
International is calling on governments, NGOs, investors and scientists to expand and use
thermal solar cookers - small, easy-to-use devices that directly use sunlight as a heat source
for cooking. The capabilities of solar ovens were demonstrated by Solar Cookers International
at the COP24 climate summit in Katowice. To date, according to the organization, 3.2 million
solar ovens are used in the world. Their use reduces the release of carbon dioxide into the
atmosphere - over 26 tons per year, which is equivalent to the "work" of 604 million trees.
The technology can be scaled up for use in schools, hospitals, and other facilities.3 4

https://electrosam.ru/glavnaja/jelektroobustrojstvo/jelektroobogrev/solnechnye-kontsentratory/
Автор: German Stimban - собственная работа, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=75594002
3
https://tass.ru/plus-one/6055241
4
https://www.solarcookers.org/
1
2
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Benefits of solar ovens
Improving the economic situation of households and women:
• Solar cooking increases energy independence. Uzbekistan has an average of 320 sunny
days a year. Free solar energy is delivered directly to every home every sunny day. The money
that is saved on buying fuel is used for many basic necessities such as complementary meals,
school supplies, and medical care. Represents a new opportunity for women to make money
in an underserved market and better meet their own energy needs for cooking.
• Cooking with solar energy saves time as there is less need to start a fire or collect wood.
A person can cook while at work, in the market, or while growing crops. Young girls can go
to school instead of looking for firewood.
• Solar power is free and common in many parts of the country, providing a safe, clean
and healthy addition to traditional fuels.
• Cleaning is easy as food never burns or sticks to the pot.
• Designs can be produced locally, so it is easy to create from objects that may already
be in the house.
Conservation of natural resources:
• Reduces the load on forests by saving firewood and charcoal. Decrease in fuel wood
consumption (2 tons in 2 years).
• With the help of solar ovens, it will be possible to reduce the felling of saxaul and
conserve natural resources.
Improving health; Rationale for solar kitchen use during a pandemic
• Food cooked with solar energy preserves vitamins, nutrients and natural taste. There is
no smoky taste; food is cooked slowly in its own juice.
• Solar powered cooking is easy and safe for people with AIDS and other illnesses,
seniors, people with disabilities and young orphans.
• Solar cooking reduces exposure to smoke from wood and coal used for cooking, and
therefore reduces respiratory distress and risk of respiratory illness. People with respiratory
illness have a high risk of contracting COVID-19.
• Solar powered cooking reduces the risk of exposure and spread of disease in rural
areas by reducing the need to leave homes to collect or exchange cooking fuel.
• Using solar energy for cooking and pasteurizing water reduces air pollution when
cooking with wood or charcoal. Research has linked air pollution to higher death rates from
the coronavirus.
Solar cooking can pasteurize water and kill bacteria. Solar cookers can be used in
emergencies when other resources such as fresh water and energy sources may not be
available. It also reduces comorbidities by reducing the number of diseases (both waterborne
and airborne) that the human immune system may need to fight immediately.
Direct use of solar heat for cooking is an environmentally friendly and simple solution
for regions without access to electricity. This is especially true of the level of an ordinary
consumer in the Navoi region - the largest in terms of territory in the Republic of Uzbekistan
and located in the Kizilkum desert, where farm settlement prevails and the supply of natural
gas is difficult. Half of the region's residents live in areas of natural disasters - droughts,
mudflows, severe frosts, dust storms, heat waves, where the situation may worsen due to
an increase in precipitation intensity, an increase in temperature and evaporation.
Gender-based vulnerability is also most often observed here, as local women, who today
constitute the majority in villages, are mainly engaged in domestic work with no additional
income. One of the most labor-intensive problems in rural areas, especially for women, is
the procurement of firewood. On the territory of Navoi region, saxaul is cut down in large
quantities or cooking and heating.
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Therefore, in the Karmaninsky district of the Navoi region on August 26, 2021, the country's
first solar photovoltaic power plant was put into operation.

Solar power plant in the Navoi region. © Press service of the President of Uzbekistan

300 thousand solar panels with a
capacity of 100 MW were installed.
252 million kWh of electricity will be
produced annually. This will save
80 million cubic meters of gas and
prevent the release of 160 thousand
tons of greenhouse gas5 into the
atmosphere. In the future, it is planned
to expand investment projects for the
introduction of renewable energy
sources in the Navoi region. This will
also be facilitated by the dissemination
of affordable RES designs at the
local community level, which can be
manufactured by ordinary consumers

Figure 1 - Oven with a parabolic concentrator:
1 - cart; 2 - table; 3 - a saucepan; 4 - parabolic concentrator
https://www.uzreport.news/economy/v-uzbekistane-vvedena-v-stroy-pervaya-v-strane-solnechnayafotoelektrostantsiya
5
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One of them is the Parabolic Solar Oven (Fig. 1, 2), which you can make yourself and is
convenient to use when you need to quickly cook a relatively small amount of food.
The task of the parabolic solar oven is to store heat for cooking.
At its core, it is a household solar plant designed for cooking. Its main element is a solar
concentrator (most often in the form of a paraboloid reflector) that focuses the sun's rays on
the surface of the radiation receiver (pots, boilers, etc.). That is, the structure is an ordinary
concave mirror that collects rays in its focus.6
Thanks to its shape and reflective surface,
the solar oven concentrates the reflection
from its surface on one point - in the focus of
the parabola. The design with a diameter of
1.2 meters allows to get 1.8 kW of energy on
a sunny day. The same power is generated by
a household electric stove. The temperature
in such solar ovens is sufficient for the
preparation of many dishes. Its principle of
operation is based on the absorption of the
thermal energy of the sun's rays, thanks to
which it is possible to provide cooking without
the use of gas and electricity.
Such ovens are varied in size, from a small
box to a unit.
Figure 2 Parabolic oven
Appendix 1 provides a description of the
manufacture of the simplest parabolic concentrator.
In Fig. Figures 3 and 4 show the appearance of parabolic ovens with different coatings.
A parabolic solar oven can be made from scrap materials using an old satellite dish.

Figure 3 – Mirror plates

6
7

Figure 47CDs.

http://ecology.md/page/solnechnye-kuhonnye-pechi
https://www.instructables.com/
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Manufacturing
Necessary materials:
- Parabolic antenna
- Pan
- PVA glue
- Black heat resistant paint
- Aluminum foil tape
- Sandpaper
The method for making
a solar oven is simple and
economical. Take the old
satellite dish (Fig. 5).
It is advisable to sand the
front of the plate to neargloss. This is a very timeconsuming part of the work,
because then you need to
stick a thin mirror film, which
repeats all the irregularities
of the surface. You can stick
Figure 5
on small pieces of mirror or
even CDs or DVDs. When using certain materials for pasting the antenna, you need to
understand that the better the materials for reflecting the sun's rays are selected, the
higher the temperature at the focal point will be.
If you glue it with foil, then you don't have to grind it (for a test, we try to glue it first). The
reflection coefficient of infrared rays carrying heat in aluminum foil reaches 95%. So we used
regular household foil (for baking). It is necessary to thoroughly wash the antenna and dry it.
We completely disassemble the antenna in order to glue over each wing. There are six
wings in total (Fig. 6).
Stick the foil on the receiving side of the plate (Fig. 7, 8 and 9). The foil should fit snugly
and evenly to the antenna, that is, it should be smooth

Figure 6

Figure 7
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In order for the foil to lay flat, without wrinkles and folds, it should be cut into strips (if the
plate is small in diameter, it is also recommended to cut the strips into pieces about 10 cm
long). Stick each piece separately, carefully adjusting the joints.

Figure 8

Figure 9

Now you need to put the antenna back together.
It is necessary to make a stand-tripod in order to put a cauldron on it for cooking. To do
this, it is recommended to cut a hole with a diameter of about 5 - 7 centimeters in the center
of the plate. Pass the bracket with the dish support through this hole (Fig. 10). This will keep
the food container stationary when the reflector is turned in the sun. In our design, we weld
a sprocket from a bicycle to the holders of the satellite heads, as a support for dishes (Fig.
11, 12) and bolt the holders to the plate. For the preparation of sausages, small sausages,
such an attachment is possible (Fig. 13).

Figure 10

Figure 11
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Figure 12

Figure 138

To properly attach the dish support to the plate, you need to determine the focal point
where the temperature is maximum. To do this, you need to arm yourself with dark glasses,
a wooden board (or other flammable material) and thick gloves. Then you need to direct the
mirror directly to the sun, bring a piece of wooden board to the center, catch a sunbeam on
the board and, bringing the board closer or away from the mirror, find the point where this
bunny will have the minimum size - a small point that is the focal point. At this point, the
object you place may smoke and catch fire (Fig. 14, 15).
In this case, it is imperative to observe safety precautions, since high energy is concentrated
in this place, and the tree can ignite. Therefore it is necessary to use personal protective
equipment (sunglasses or welding mask and leather or canvas gloves).

Figure 14
8

Figure 15

https://www.solarcookers.org/
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The cost of manufacturing such a furnace was 80 thousand soms (about 7 euros),
including 10 rolls of foil - 50,000 soms, PVA glue - 10,000 soms, welding for a cauldron stand
30,000 soms) + old satellite dish.
Disadvantage of a parabolic oven
A parabolic mirror has not just a focus, where all reflected rays are directed, but a socalled focal plane. If the rays fall on the parabolic mirror not perpendicularly, then they
will be reflected not in the center of the parabola. Therefore, in devices with parabolic
mirrors, heliotrackers are made, which always turn the parabolic mirror strictly towards the
sun or move the collector along the focal plane. In gardening and dacha conditions, this,
unfortunately, seriously complicates the design of a concentrating solar collector. Either you
have to put some kind of automation, or periodically, manually, unfold the parabolic mirror
strictly in the sun.
Usage
When cooking with solar panels, you use
green energy: the sun's rays are collected
together and directed to the pan using a
reflector. The reflector is shaped like a
parabola for efficient concentration of solar
energy. The rays are converted to heat on
the dark surface of the saucepan and they
can heat the saucepan to over 200 ° C.
This makes the solar cooker also
suitable for baking in the oven, as well as
for frying and boiling. You can also bake in
it read and other pastries.
he oven can be used in combination with a
Figure 16
conventional stove to cook foods that require
longer cooking times at lower temperatures, such as rice, beans and many other foods.
When preparing food, the installation must be controlled and the reflector must be turned
towards the sun. The large satellite dish has a special stand with which you can rotate it
when needed. The rotation of the parabolic furnace following the apparent movement of the
Sun is carried out manually or with the help of special rotary mechanisms.
Cooking on such an oven has its own specifics in comparison with conventional stoves.
A solar cooker needs a sunny, level place, sheltered from the wind. You can improve the
stability of the rig by attaching weights to it.
To increase the efficiency of the solar oven, use only dark dishes (Fig. 16). Large black
enamel cookware (paintable) works best. A frying pan with a high side is useful for fried
foods. You can also use a cauldron.
It is not advisable to use ceramic pots - due to the poor thermal conductivity of ceramics,
they tend to crack.
Do not use pots with parts that are not resistant to heat (for example, plastic or wooden
handles). If you can not replace these parts, you should wrap them with aluminum foil.
Large pans are best for heating small amounts of food in a water bath (eg milk, honey)
in a protected way. The dishes can be placed in a transparent bag (baking sleeve that can
withstand high temperatures).
Thus, inside the bag, a greenhouse effect is created and the heating temperature of the
dishes becomes even higher.
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Procedure for boiling water9
We turn the stove so that it stands at right angles to the direction of the sun.
To do this, we observe the shadow cast by its frame. We stand behind the stove, so
that it is between you and the sun. Then we lift the reflector up so that you are in the shadow
of the reflector next to the dish holder. We tighten the clamps. We put the dishes filled with
water on the stand. Only then do we turn the reflector towards the sun. In this case, we look
at the reflection in the dish. The concentrated light evokes a white "solar flame" on black
dishes. It should cover the bottom.
Vegetable soups, stews and broths
Cooking vegetable soups and stews in a solar stove is easy, they don't burn and need
little supervision.
Place the pot in the pressure cooker (in the shade of the reflector). Pour oil / fat into the
bottom of a saucepan. Add vegetables. Face the reflector towards the sun. Simmer peeled
vegetables and then pour in the required amount of water. Add the seasoning for the soup
to the mixture. Let it simmer until the vegetables are tender.
The broth should not be boiled for too long as it will become cloudy. You can reduce heat
build-up by moving the reflector away from sunlight.
We recommend using a large pot for the chips to avoid glare and to avoid splashing oil
on the reflector.
You can also cook unpeeled potatoes without water in a baking tray on a rack. First, the
potatoes must be thoroughly washed and seasoned with olive oil. salt and pepper. The
cooking time can be from 1 to 2 hours.
Frying meat, fish, sausages ...
Pour vegetable oil / fat into a pot (or skillet with a high rim) and place it on a pot holder
in the shade of a reflector. Then adjust the reflector for the sun. Fish, thin cuts of meat,
scrambled eggs, test eggs or tofu can be cooked in just a few minutes. In such cases,
cooking is done without a lid, but splash protection is recommended.
Fried chicken legs
Wash, dry and season the chicken legs. Place the crockery on a shade rack, pour olive
oil into the pot, adjust the reflector in the sun. Heat the oil briefly. Then put in the chicken
legs. Close the cover. Check in 10-15 minutes. When one side is well browned, turn over
and fry until crisp. In good sunlight, you will need 30 to 40 minutes.
Lepeshki (Uzbek tortillas)
You can use your own recipes to make lepeshki on the solar stove.
Lepehska can be baked on both sides in a black pan or in a casserole dish (baking dish
with base). The baking time is very short.
Preserving fruits and vegetables is easy with the solar stove and large pot. The pot will
hold several canning jars. Preservation preparation is the same as on a gas or electric stove.
See Appendix 3 for information on baking in a parabolic solar cooker.
Advice
When frying meat, sausages or eggs, proceed in the same way as on an electric or gas
stove; but it is best to fry in a large saucepan to prevent splattering of fat.
Do not toast bread or anything else in an enamel pan, as the high temperature reached
at the bottom of the pan will cause the enamel surface to chip off.
Every 15-20 minutes you should adjust the stove towards the sun by turning the stove
and adjusting the reflector until the “sun flame” again surrounds the bottom of the pot.

https://static.wikia.nocookie.net/solarcooking/images/7/74/Parabolic_solar_cookbook_-_Imma_Seifert.
pdf/revision/latest?cb=20151107204010
9
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Cooking may take too long for the following reasons:
- no clear sunlight (the sun does not cast harsh shadows).
- the stove is not placed in a place protected from the wind.
- the reflector is incorrectly adjusted to the sun (the "solar flame" does not surround the
bottom of the pot).
- the lid of the pot is missing or the pot is not black.
- a shadow falls on the reflector.
- the dishes are too small and some of the concentrated radiation does not fall on them.
- reflectors are dull or damaged.
Recipes for cooking on solar ovens can be found here.10[8].
Cleaning the stove
Cleaning the stove is not difficult. Use only soft, non-abrasive cloths. Do not use steel
wool or abrasive cleaners to clean the reflector; they will scratch the reflective surface.
Scratching will reduce the performance of the board.
The reflector is first washed with a damp cloth or sponge soaked in water and a little
detergent. After that, rinse it with water and make sure that there are no stains on the reflector.
Stubborn stains such as oil splashes should be removed as soon as possible.
There are some safety rules to follow:
1. Do not leave children unattended near the stove.
2. Do not stand in front of the stove. To walk safely to the pot, you should rotate the
reflector so that you are standing in its shadow next to the pot holder. If you are sensitive to
the sun, you should use sunscreen and a sun hat.
3. The pot, lid, and pot holder get very hot due to concentrated sunlight. For this reason,
use rags / gloves when handling them. But don't leave the cloth on the lid or pot holder; they
can catch fire. Only use pans that fit and are securely held.
4. When the stove is not in use, it must be securely fixed in its original / safe position (back
to the Sun). If it is not in this position, there is a concern that the reflector may concentrate
sunlight on some objects near the stove and may damage them.
5. Avoid Blinding:
- always turn the reflector away from the sun when placing the pan in the stove or removing
it. This prevents sunlight from reaching the reflector, and you can place and remove the pan
in the shade at a convenient distance from the pan.
- When adjusting the position of the solar cooker towards the sun, do not look at the
reflector.
- in the area of concentrated radiation, there should be only areas of dark color, since light
or reflective parts will reflect radiation. Shiny areas in the pot area should be blackened.
- do not put small cooking containers in the solar cooker because they allow some of
the reflected radiation to escape from the reflector. Large containers prevent glare because
they absorb all reflected radiation. You can cook in a small pot by placing it in a large pot in
a water bath.
You can use sunglasses as a safety precaution.

10

https://solarcooking.fandom.com/wiki/Recipes
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ANNEX1
Making a parabolic concentrator

Figure 17

In Fig. 17 shows a scan of one half of the parabola and the calculated dimensions of its
construction. We advise you to work on a sheet of plywood 1600x400 mm in size and 6-8
mm thick. First, draw the X and Y axes and mark points on them that have numbers and
letters. The space between letters is 100 mm, and between numbers is 50 mm. With straight
lines very accurately connect points B and 1, C and 2, D and 3, D and 4, etc. Crossing each
other, they form a broken line. With the help of a template, write a parabola into this line.
Saw off the workpiece with a hacksaw - you get one sidewall of the concentrator. To make
the second one, you no longer need to perform complex constructions. Put the resulting
blank on a sheet of plywood and, using it as a template, outlining the contours, cut out the
second blank. We think that it will not be difficult to make other blanks as well. All edges,
especially those that form a parabola, must be carefully cleaned with sandpaper.
You can fasten the parts together in a thorn and with glue.
The focus of the concentrator is formed by two racks (Fig. 18) - the easiest way to make
them is from a steel sheet 1.5-2 mm thick. There is a cut at the end of the upper post, and
a hole at the bottom to make it easier to attach the skewer (Fig. 18). Attach the uprights in
the places shown in the figure with screws with a diameter of 4 mm. Notches at the bottom
of the legs allow you to adjust the position of the focal length.
The last operation is the execution of a surface reflecting the sun's rays. It can be
assembled from mirror strips 400 mm long and no more than 20 mm wide. If you cannot get
the required number of them, use aluminum foil, which is used for cooking meat and fish
dishes in the oven. Carefully glue the tapes made of this material (with BF-2 glue or epoxy)
onto the parabolic concentrator surface. When the glue dries, carefully polish the entire
surface with a cloth and polishing paste.
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Figure 18

Figure 19 – Parabolic concentrator: look and dimensions 11[9]

11

http://patlah.ru/etm/etm-07/gelio/solnce_zarovna/solnce_zarovna.htm
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ANNEX 2
In the absence of a satellite dish, you can make a parabolic oven with a reflector made
of cardboard (Fig. 20).
The materials that the
author used to create this
model of the solar oven:
1) corrugated cardboard
2) stationery knife
3) glue
4) polished foil
5) wide washers
6) wire
To make a mirror oven
with a reflector, you can
either assemble a structure
according to a drawing.
You will need to cut out the
petals made of cardboard (Fig.
21, 22). Further, this template
segment was simply applied
to the cardboard and all other
segments (12 pieces in total)
were cut out using a clerical
Figure 20 – General view of solar oven from cardboard12[2]
knife. To protect and strengthen the elements of the solar oven, they were edged. To do this,
a 5 cm wide strip of thick paper was glued to each element along the edges.
Hole

Fold line

Figure 21 – Lay out of one of the petals

12

https://www.solarcookers.org/
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Figure 22 – production of petals

The elements were also connected to each other using a glued strip of fabric, which will
act as a hinge joint. Such a connection will allow the solar oven to be folded, if necessary,
for storage or movement.
All parts are pulled together with wire or a good rope at the base. The plate is covered
with foil, which reflects the sun's rays well. We make a holder for dishes. This solar oven
conducts heat well and does not corrode.
In clear weather, cooking speed is twice as fast as when using a gas oven. Other
advantages of this stove are that it is very cheap to manufacture, since it does not require
expensive materials. Thanks to the folding design, this solar oven is very easy to transport
and store, and it is also very light, since its main component is cardboard.
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ANNEX 3
Parabolic oven baking technology
Due to its suitability for baking, the solar stove can serve as a source of income where
baking is a luxury due to only cooking on fire.
Place the baking dish in a larger saucepan for successful baking. Do not add water to the pot.
The baking dish with the dough is placed on a support inside an outer pan (spacers), such
as a wire support or bent steel or aluminum strip. If the pan is placed directly on the base of
the pan, the bottom of the bread or cake will burn.
The dishes should not be too high, otherwise the top of the bread will not brown. Place a
tight-fitting black (not glass) lid on the pot. The glass lid can cause burns on bread or cake.
Bake with the lids of both the inner and outer saucepans closed.
A 28 cm diameter black metal pan with a 26 cm diameter baking dish is ideal for baking.
With a correspondingly smaller saucepan and an appropriate baking dish, you can also bake.13

Photo from https://www.solarcookers.org/

When baking, move the pan every 15-20 minutes by a quarter turn to brown the dough
evenly on all sides. Use potholders when handling the pot!
For breads and cakes (26 cm diameter), the baking time is about an hour in bright sunlight.
Cookies can be baked in half an hour. Croissants are baked in less than half an hour.
Notice
Many parabolic solar stoves are too powerful for heating milk. The advice to avoid this is
not to blacken the pot. Regular stainless steel pots (and possibly other shiny pans) reflect
some of the heat and prevent milk from scalding. You can even keep the pot on a solar
cooker and forget about it. The milk never boils as the pan distributes heat efficiently.
Baking in solar stoves requires a clear sky. If the sun is hidden behind clouds for a while,
put a lid on the pot. It is important that the lid does not rise. When the sun comes up again,
you can continue baking as usual.
The pot, lid and contents get very hot. Use potholders or even pliers when removing the
hot baking dish from the outer pan.

13

https://www.solarcookers.org/
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II.11. Disposal of polyethylene
household waste

Aimbetov I., Kamalov Yu.
No species can exist in the waste it creates.
V.I. Vernadsky

Solid waste is one of the main environmental pollutants causing climate change and
increasing environmental risks in cities, rural areas and towns. A particularly pressing
environmental problem is the growth of plastic pollution, polyethylene waste, especially
polyethylene household waste.

Photos from https://www.rawpixel.com

Plastic pollution is a global problem and must be addressed at all levels, including
internationally. Global plastics production in 2017 was nearly 350 million metric tons and is
projected to grow to 1.1 billion tons by 2050. Many potentially hazardous chemicals are used
in the plastics industry, either as the building blocks of the plastic itself or as additives to it.
Environmental NGOs advocate for the adoption of a legally binding international treaty to
combat plastic pollution. This document aims to address the issue through a plastic lifecycle
approach to drastically reduce the amount of plastic produced.
In the EU countries, tangible results have been achieved in the field of recycling
polyethylene waste in recent years, enterprises with high manufacturability and sufficient
efficiency are being created. In Scotland, they build roads from plastic waste. As a result,
two tasks were solved at once - the quality of roads was improved and the problem of plastic
waste was solved. The Netherlands has developed a concept for the construction of roads
from recycled plastic. These roads are easier and cheaper to build than asphalt roads - the
recycled plastic modules are lightweight and can be easily attached to each other. They
are hollow inside, so that communications and pipes can be laid in them, which will reduce
flooding of roads. Plastic roads have a long service life of several decades, after which they
can be recycled again.
Lightweight Tiles LTD (UK) manufactures recycled plastic roofing. Roofs are
lightweight, durable and UV resistant. They do not fade or corrode, provide thermal
insulation and sound absorption.
The Zoological Society of London has launched the NetWorks program, which collects
plastic fishing nets in the Philippines. These tackles are recycled and made into carpets.
Countries especially suffer from this problem, where there are no high-tech enterprises
for waste disposal, mechanisms for the separate collection of household waste have not
been created. These countries cannot afford to build high-cost, high-tech processing plants.
In these countries, simpler methods of disposing of polyethylene waste are used. In India,
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roads are made using plastic. After sorting, the waste is crushed, melted at 170 ° C, then
mixed with bitumen and laid like asphalt.
According to latest data 1, in Uzbekistan, 7.1 million tons of municipal waste
(MSW) are generated annually. The problem will be exacerbated by the expected
demographic growth. According to experts, by 2028 the volume of solid waste will
reach 16-16.7 million tons. As in many other countries, the amount of plastic waste
is growing, especially in the form of plastic wrap.

Photos from https://www.youtube.com/watch?v=ezoBd03vwZE

In April 2019, the President of Uzbekistan Shavkat Mirziyoyev approved the Strategy for the
management of solid waste for the next ten years, which also provides for the development of
waste processing. By 2028, the volume of waste recycling should grow to 60%.
At present, about 10% of solid waste is processed in Uzbekistan with a utilization
rate of 21.9 to 25%.
The most developed in the country is the processing of plastic bottles and polyethylene.
One of the largest PET recycling plants works with plastic bottles collected in Fergana,
Andijan and Namangan regions. The plant processes 4,000 tons of raw materials per year
and produces linoleum, filler for outerwear and soft toys, home textiles and sports flooring.
Geotextiles and geomembranes obtained from recycled bottles are used as separating
and sealing materials in the construction of road beds and foundations of houses, when
laying ski tracks, for waterproofing water structures and landfills.2

1
2

https://nuz.uz/obschestvo/1216405-v-uzbekistane-uluchshilas-situacziya-s-utilizacziej-bytovyh-othodov.html
https://www.gazeta.uz/ru/2019/04/09/waste/
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There
are
also
examples
of
technological processing of polyethylene
and other types of plastic by SMEs 3 4 in
Karakalpakstan.
Fig. 1 shows paving slabs made of
plastic waste at the Rashit Kartbaev's
enterprise Mustanab-Khilol LLC in Nukus.
In addition to paving slabs, Kartbaev's
enterprise produces tiles (Fig. 2) and pipes
(Fig. 3) from plastic waste and waste.
There are also other processing plants.
Carpets, paving slabs, polyethylene pipes,
"liquid" wallpaper, synthetic winterizer are
made of polyethylene waste.
Figure 1

Figure 2

Figure 3

These enterprises do not have time to dispose of all polyethylene waste, since a lot of
time is spent on sorting by color and cleaning it. Waste treatment produces contaminated
waste water. The non-recycled part of the polyethylene waste is incinerated in landfills,
which leads to the formation of toxic gases.
There are many ways to recycle polyethylene waste around the world. So, for example,
there are known methods for the destruction of polymer waste, which consist in their burial,
flooding and incineration [1].
However, such methods lead to environmental pollution, to the reduction of land areas
(organization of landfills). In addition, during combustion, the formation of soot occurs from
incomplete combustion of polymer products, the release of toxic gases and, consequently,
re-pollution of the environment.
We offer affordable technologies for the disposal of household polyethylene waste, which
the population can use in the production of asphalt concrete, construction of premises,
waterproofing the foundations of buildings.
In particular, this technology can be used by the population when waterproofing the
foundations of private houses.

3
4

https://livingasia.online/2021/03/19/puteshestvie-na-svalku/
https://fergana.agency/articles/110724/
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WATERPROOFING TECHNOLOGY
An affordable and simple way of disposing of polyethylene waste is offered, which does
not require special knowledge and skills.
It is known that polyethylene has a waterproofing property. This property will allow the use
of polyethylene waste for waterproofing foundations and walls of buildings and structures.
The issue of waterproofing buildings and structures is acute in cities located in irrigated
areas. This issue is exacerbated in countries where funds are insufficient to create urban
drainage systems.
In arid irrigated zones, along with an increase in the level of groundwater, the salinity
of soils and groundwater increases, as a result of which their aggressiveness in terms
of impact on underground
concrete
structures
and
utilities increases.
As a result, premature
wear of the underground parts
of buildings and underground
utilities occurs. The private
sector suffers especially,
since during the construction
of houses in the private
sector, special engineering
and geological surveys are
not carried out to determine
the degree of aggressiveness
of soils and groundwater in
relation to concrete.
Fig. 4 shows the typical
destruction of a building in the
city of Nukus, located in the
center of the city.
A survey of this building
showed that the main reason
for the destruction of the
building is the increase
in salinity and the level of
groundwater.
Under the influence of
aggressive groundwater, the
waterproofing layer of roofing
material
was
completely
destroyed, as a result, salt
Fig. 4 — Destruction of the building under the action
of aggressive groundwater in Nukus
water penetrated into the walls
and led to their destruction.
Aggressive groundwater destroys all types of concrete that are not designed for the
aggressive action of saline soils and groundwater.
Description of technology
To increase the resistance to destruction of buildings and structures, we propose to use
a waterproofing material prepared on the basis of a bitumen-polyethylene mixture.
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Fig. 5. Typical destruction of a concrete fence under the influence of saline soils, Nukus

When using our proposed method of waterproofing, the existing technology for
waterproofing the foundations of the foundation practically does not change. The content of
polyethylene waste relative to bitumen is 10-20 percent.
Advantages
The use of a bitumen-polyethylene mixture for waterproofing foundations along with the
disposal of polyethylene waste will save bitumen and thereby reduce the cost of waterproofing.
Production
Usually, at the household level, residents do not collect plastic waste, preferring to
throw it away. However, if you live in a house on the ground, that is, in a house like
a manor house, or in a country house, then very often there is a need to waterproof
some foundations or pillars, even if they are not even wooden, but concrete or stone.
Waterproofing such objects is especially important in the presence of salty soils. For such
waterproofing, assembled plastic bags are very useful, which are convenient to store by
collecting them in one or several bags.
According to the current building codes of Uzbekistan, a crushed stone layer 5-10 cm
thick is laid on the foundation of a building and structure.
Before placing the crushed stone into the prepared recess (ditch), it is proposed to put a
thick layer of polyethylene and / or other debris and waste into it.
After that, you need to trample the debris and fill it with molten bitumen. In this case, used
automotive oil (autol) can be added to the bitumen.
Polyethylene in the ditch melts in contact with boiling bitumen and, when it cools, turns
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into a kind of crust or mat, especially if there is a lot of polyethylene waste.
You can repeat the procedure several times, then the waterproofing layer will be of
the desired thickness. In this case, it is not at all necessary to cleanse plastic waste from
household pollutants. The fact is that the main contaminants in household waste are organic
food. That is, similar in composition to bitumen and / or autol.
This forms a waterproofing layer under the foundation. It is possible not to pour molten
bitumen on the film in the ditch, but then moisture from the soil will penetrate between the
layers of the film and affect the foundation or other base.
The time has come for laying crushed stone and / or rubble stone (Fig. 6).

Figure 6

After laying the crushed stone, it must be compacted and again filled with bitumen.
You can fill a ditch or trench with concrete. After the foundation has reached the required
height and hardened, you can again fill its surface with bitumen, which will strengthen the
waterproofing.
For waterproofing posts made of wood, concrete or stone, you need to dip their end,
which will be dug into the ground, in molten bitumen mixed with polyethylene waste and
autol and then wrap in used plastic bags while the bitumen is hot.
Of course, in all cases of working with boiling bitumen, safety precautions must be
observed and children must not be allowed to work and to the object. It is imperative to keep
anti-burn drugs ready. Fire-fighting tools, such as felts, buckets, boat hooks, shovels, should
also be prepared. You need to keep sand close at hand, access to water should be open.
To date, there are cases of pouring foundations using plastic bottles, when they are laid
in a row on a sandy or crushed stone base, as in the case of the construction of walls.
However, we propose another method for constructing bottle based foundations.
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USING PLASTIC BOTTLES
One of the common types of waste is plastic bottles (bottles). Nowadays there are a lot
of them in every home. It is difficult to dispose of them. They not only occupy significant
volumes, but also almost do not decompose in nature (in natural conditions, they completely
decompose only after 300 years). At the same time, there is no point in throwing away what
is an excellent and durable material that can be used with benefit. Therefore, eggplants are
widely used in various fields, including in everyday life for crafts, storage of liquids and even
for the construction of buildings and structures, turning the lack of plastic into a significant
advantage - the durability of buildings.
The advantage of building from plastic bottles
• Low cost of building material. If you work hard, then in just a couple of months you can
collect the required number of bottles to build a building. The only thing that will have to be
spent is sand for filling containers and cement mortar;
• Flexibility, resistance to stress. Due to the fact that the bottles do not break, do not
corrode and are frost-resistant enough, they can be used in open areas without fear of their
integrity;
• Durability of plastic containers;
• Creation of indoor climatic environment. Due to the poor thermal conductivity of plastic,
as well as the presence of air inside the container, a rather warm room is obtained. It will be
relatively warm inside at night and relatively cold during the day;
• Simplicity and speed of building construction. There is no need to build a solid strip
foundation, which also saves time and effort. Structures made of plastic bottles are lightweight,
very easy to assemble, dismantle and replace deformed areas.
• Large selection of decor.
Disadvantages
At the same time, a number of construction workers are afraid to erect buildings because
of the following negative performance characteristics:
• Deformation of bottles. In winter, if the bottle was poorly sealed, the plastic is able to
change its density and shape, making the building not as beautiful as it was originally;
• Low building strength. With frequent exposure to the external environment, such a
structure is not able to last longer than its metal or wooden counterpart.
Making a foundation from bottles
The bottles filled with sand are placed vertically on the sand base, upside down, as
tightly as possible to each other. Bottles with a rectangular cross-section are best suited for
this. Then, when the required volume is filled by bottles, dry cement must be poured onto
the formed surface, which must enter all the cracks between the bottles. To do this, you
need to sweep the cement several times with a broom over the entire surface of the future
foundation. After that, you can make a cement screed and then lay rows of bricks or bottles
on the finished foundation for the construction of the wall. Melted bitumen can be poured
onto the cement screed, reinforcing the waterproofing of the foundation.
This method is good because vertically installed bottles play the role of miniature piles.
As you know, pile foundations are the most resistant to various kinds of shifts and shaking.
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Other use of bottles
It is most practical to use bottles
for the construction of fences,
chicken coops, sheds, garages,
that is, structures that do not require
massive and especially durable
structures. Usually, bottles are filled
with sand and stacked in rows, in
a checkerboard pattern, with the
necks directed to one side. The
binder can be lime and / or cement
mortar and even just clay, depending
on the budget. However, many dare
to build even houses.
Another way to use bottles is to
mount curbs. Figure 7 shows the
Figure 75
arrangement of glass bottle borders.
Bottles are installed upside down
along the border line. However, the
glass bottles are not high enough to
vary the height of the curb depending
on the designer's idea.
Therefore, a variant of the
arrangement of curbs made of plastic
bottles is proposed. Figure 8 shows
a curb made from plastic bottles.
These items are about 1.5 times
of the 1,5 l bottle height.
Part of the curb visible above the
ground is filled with concrete.
The fact is that these products
consist of two parts.
One part is a long-necked bottle
filled with sand. A beer bottle works
best. The second part is a cut-off
bottle (Fig. 9).
The second part is filled with
liquid concrete, in the manufacture
of which it is better to use fine gravel.
Figure 8
While the concrete is liquid, fill the
neck of the bottle with sand, insert into the second part and recessed until the product looks
like one. The part of the product with concrete when inserting the bottle with sand should be
located at the bottom (Fig. 10.).
After making sure that both pieces are on the same line, leave the product to dry for 2-3 days
(Fig. 11.). In this manner we prepare several products, depending on the length of the future curb.
After drying, we dig in the required number of products with the concrete part up to the
required depth, but so that no part of the bottle with sand is visible. That is, the height of the
curb will not exceed the height of the cut bottle with concrete. Fig. 12 shows the working
position of the curb part. The part with sand is dug into the ground.
5

https://awebpark.blogspot.com/2009/12/
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Bottle with sand
Bottle with sand

Bottle with
concrete

Bottle with
concrete

Figure 9

Before pouring concrete cut bottles can be
pre-painted inside with white paint. Depending
on the the taste of the designer and the
purpose of the curb any paint can be chosen.

Figure 10

Concrete

Bottle with
concrete

Figure 11

Figure 12
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Recommendations for building from plastic bottles
Do I need a construction from plastic bottles
Such a building has both pros and cons. It is appropriate when:
• There is a large number of plastic containers at free disposal;
• You need a simple structure, and there is nothing else to make it out of;
• Saving is a priority;
• There is a desire to show your imagination by creating not just a room, but a decorative
structure that pleases the eye.
For construction, practice using clay mortar
Due to the use of a clay-based solution, in winter the building will not freeze too much,
and in summer the morning coolness will remain in it for a long time.
Clay-based solutions are quite durable in dry climates. A considerable number of houses,
sheds, utility services were built with an adobe method.
The simplest version of an adobe mixture for building a barn from plastic bottles:
1.clay - 3 parts,
2. dry sand - 1 part,
3.straw as a filler - to the desired consistency,
4. water.
The common ratio of clay to sand is 1: 1 or 1: 2 - if the clay turns out to be oily, a
proportional increase in the amount of sand will be required. About a quarter of a unit of
water is added to the resulting mixture, based on the weight of the clay.
The suitability of such a solution for further work is determined as follows: a small ball is
formed from the clay, which is then thrown on the floor. Loose or cracked clay will indicate
excess sand in the mortar.
Method of making roof tiles from plastic bottles
To make shingles from plastic bottles, it is necessary to slightly heat the bottle in the sun
and compress. The result: a translucent, durable plastic tile sheet.
Pretreatment of plastic bottles
Before starting work, each bottle must be processed. It must be cleaned of debris and
drinks so that the process of fermentation and decay does not begin inside. Then peel off the
labels, for this you need to use a solution of water and soda in a ratio of 1 to 1. After soaking
the container for 2-3 hours, the labels will easily come off the plastic.
Which bottles are better - empty or filled with sand
Working with empty containers is much more difficult. It is difficult to reliably lay it on the
mortar, as it constantly moves and bends. At the same time, it has an excellent air gap,
which is interesting as thermal insulation.
Filling all the bottles with sand makes them much more pleasant to work with. They will
not differ much from bricks, besides, they will have a good weight, so their laying will be
much easier. The disadvantages of this approach are that each will need to be filled with
sand by hand and there is no air inside the container.
Bottles can be filled with more than just sand. In its absence, sawdust, fine gravel, slag and
even ash will be a good option. The main condition is the tightness of the contents. Otherwise,
the building will not be strong and will not be able to withstand various natural disasters.
An important advantage of a plastic bottle greenhouse is its strength and durability. After
all, plastic wears out about 30 times slower than the usual film, which is usually used to cover the
greenhouse. A greenhouse made of bottles retains heat well and works like a thermos.
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ANNEX 1
DIY plastic bottle greenhouse
Required tools
cutter,
hammer,
hacksaw,
awl,
nylon thread
level,
pencil,
nails,
roulette.
Required materials
empty plastic bottles, mounting rails,
wooden construction beam.
Photos from http://decorwind.ru/

Production
To build a greenhouse from plastic bottles, it is not at all necessary to make a special
foundation6[20]. The greenhouse can be installed on thick beams, logs or cinder blocks.
Thus, the building will be protected from excess moisture.
To build a greenhouse frame, it is necessary to install a base of wooden blocks and loadbearing vertical beams and assemble a frame for the future roof. Then tie the frame in the
middle with a bar at a height of approximately 1.5 meters. This will make the structure more
stable. When the frame is completely ready, you can start building walls from plastic bottles.
To properly assemble the entire structure, you must adhere to a few simple rules:
• In order to make it convenient to put one bottle on top of another, their bottoms must first
be cut using a cutter.
• For the first row, you will need plastic bottles with a bottom, but a cut off top. The bottom
is needed to screw or nail the first row of bottles to the wooden frame.
• Next, you should collect the columns from cut bottles. It is better not to save material and
make the bottle posts more dense.
• In order for the posts to be more stable, it is necessary to tighten the thread for additional
fixation or evenly nail several mounting rails to the frame.
The location of the greenhouse is also important. It is best if it is located on the south side of
any other outbuildings. This will protect the greenhouse from cold winds and provide sunshine.
If several people will be hired in the construction of the greenhouse, then all construction
work can be performed during one day.

6

hhttp://decorwind.ru/teplica-iz-plastikovyx-butylok-svoimi-rukami-2-sposoba-15-foto/
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ANNEX 2
How to recycle plastic bags at home
Plastic bags can be reused and applied in the kitchen, at home and in the garden, they
can also be recycled at home. The result is durable plastic sheets for later use. Reusing
polyethylene at home, in addition to reducing plastic pollution rates, will save the cost of
buying some things and materials.7 8
Materials and tools: Polyethylene bags (at least 100 pcs.) Made of HDPE, although
low density is also suitable (they have a lower melting point). Color and patterns do not
matter, the main thing is the uniformity of the material, as indicated by the marking; Baking
parchment: Iron; Baking sheet - 2 pcs.; Scissors; Oven.
Production
The bags must be pre-washed and dried. Cutting off the handles, the bottom and cutting
the side, fold the resulting rectangles in layers. The layer should consist of no more than 5
packages (you can start with 4).
On a heat-resistant surface (plywood, OSB), place a sheet of parchment larger than the
size of the bags, fold the first 4-5 bags on top and lay another sheet of parchment. Iron the
sheets at a medium temperature, starting from the middle to the edges. We remove the top
parchment and see how the sheets melted. If not very good, then again cover them with
parchment and iron them, but at a higher temperature.
If holes are formed in the fused sheets, then the temperature of the iron is too high and needs
to be reduced. Having chosen the desired temperature, we iron the rest of the stacks of bags in
the same way, which we will combine into thicker ones. Next comes the soldering of multilayer
sheets to each other. We also iron the first two multilayer sheets, but at a higher temperature.
Apply the next five-layer solder to the resulting one and iron it again. Sheets must be
added to the thickness you need, applying to different sides of the welded stack (i.e. it is
better to turn over), thereby avoiding deformation of the briquettes.
To improve the quality of your multi-layer sheets (sometimes they don't stick well or
bubble), you can bake them in the oven:
1. Place parchment on a baking sheet.
2. Lay out a multilayer briquette on the parchment.
3. Cover with a sheet of parchment. We also put a baking sheet on top.
4. Place a couple of bricks on the top baking sheet for weight.
5. We put it in the oven for 30 minutes at a temperature of 200 ° C.
6. We take out and wait until it cools down, without removing the bricks to avoid deformation.
When it cools down, check the edges of the polyethylene. If it is completely soldered, integral,
then the process was successful, if it is heterogeneous, there are no welded places, then the
process must be repeated at a higher temperature, up to 230 degrees.
7. In the process of soldering, the edges of the polyethylene briquettes will lose their
rectilinear shape, therefore, use scissors to give them the desired rectangular shape.
Usage
The sheets are quite dense, so 4-5 layer soldering can be used. From four-layer sheets,
you can sew light raincoats and bags, from eight-layer coats or a bag. 12-ply sheets and
more are suitable for creating backpacks and laptop bags. 24-ply polyethylene can be used
for models and crafts, and 64-ply for containers and more durable items.
Can be used as a material capable of retaining heat in a room. The film is placed between
newspapers and ironed with an iron. The resulting sheets are glued under the wallpaper.

7
8

https://rcycle.net/plastmassy/pererabotka-plastikovyh-paketov-polza-dlya-ekologii-i-vygoda
http://mozgochiny.ru/podelki-iz-musora/kak-pererabotat-polietilenovyie-paketyi/
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Large-sized plastic film waste can be used to make bags, smaller - handbags,
pouches [7].
Take 20-30 cellophane sheets,
cardboard
cellophane
respectively, 1500 x 550 mm, fold in
half in half and fasten with paper clips,
as shown in Figures 13 and 14.
The contour according to the
inscription "to solder" is outlined with
a soldering iron until it is completely
soldered (a nozzle is put on the
soldering iron, respectively). The
contour according to the inscription
"cut" is simply cut out with a boot knife.
cardboard
retainer
After completing this operation, you
Figure 13
get 20-30 ready-made plastic bags
retainer
cardboard

solder

solder
solder

cut

solder

retainer

retainer

Figure 14

The easiest way to weld polyethylene
Joining two pieces of plastic film, clamp them between even metal plates so that the
edges of the film protrude slightly beyond the edges of the plates and use a match flame to
"weld" the protruding edges of the film (Fig. 3).

Figure 15
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II.12. The simplest irrigation systems

Domuladjanova Sh., Makhmudov S.
Water costs nothing, because it is priceless ...
Pliny the Elder

With a reasonable organization of watering, a lot of water may not be required. And with a
small amount of water, you can achieve similar results than with plenty of water. It's all about
how to use the available moisture reserves.
Collecting rainwater is not a good option when rainfall is irregular and low. Today
many people choose the drip irrigation system. This method is suitable both for watering
unpretentious plants and crops that are very capricious in terms of the water regime.
However, to create a full-fledged drip irrigation device, you will have to spend significant
funds on the purchase of fittings, a special tap and other equipment items.
At the same time, for a more economical solution to the problem of watering, you can use
ordinary plastic and clay containers.
Using plastic bottles
Advantages
• significant savings on the purchase of expensive equipment;
• with the help of such a system, it is possible to ensure watering of the entire site, and
not just individual beds;
• the soil is moistened to a sufficient depth;
• plants receive already heated water;
• bottles can be used both in open areas and in greenhouses;
• there is no change in the composition of the soil;
• it is possible to add liquid dressing;
• constant access of water does not allow plants to “starve”;
• allows you to water garden plants, garden plants, shrubs and trees.
Among the many ways to use plastic water bottles, there are three of the simplest and
easiest to assemble and operate:
1. Suspended watering system from plastic bottles.
2. Watering from bottles without burying them in the ground.
3. Drip irrigation from bottles buried in the soil.
Suspended watering system from plastic bottles
At both ends of the bed, install the
holders in the form of a slingshot, put
a crossbar on them (Fig. 1). The height
of the support should be such that the
bottom edge of the bottle is located
directly above the ground, and water
does not fall on the green part of the
plant. In this case, holes can be made
in the bottom or in a twisted cork. Plastic
containers are placed right next to the
plants, they must supply water to the
roots - it is worth watching this when
placing the structure. This method is
Fig. 1 – Suspended bottles
also convenient for feeding plants, only
fertilizers must be used in liquid form.
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You can hang the bottle directly
from a tree or tie it to a peg (Fig. 2). Cut
off the bottom of the bottles, and make
watering holes in the cork (you can
leave the cork intact and just unscrew
it slightly so that the water flows out a
little). Hang the bottles upside down on
the crossbar and pour water into them.
The tanks can be hung upside down.
But then not in the lid, but, accordingly,
in the bottom it is worth making holes.
You can cover the soil under the
bottle, onto which the water will drip,
Fig. 2 – Fixing bottles to pegs
with a small piece of film and sprinkle it
with earth. This is necessary so that the drops fall on the film, and already flow from it onto
the ground, and not erode it.
For this irrigation method, it will be necessary to calculate the number of water droplets
falling into the soil for a specific unit of time. The quality of irrigation will directly depend on
this parameter. Therefore, at the very beginning, small holes in diameter should be made so
that in the future it will be possible to expand them. .

Fig. 3 – Suspended irrigation system

For more demanding plants with delicate roots, the system can be improved by making
watering directed using a thin capillary device (Fig. 4). You will need a ballpoint pen refill. It
is necessary to remove the writing element and the remnants of the paste (you can remove
the paint with alcohol, gasoline or thinner). One end of the resulting plastic tube must be
plugged with a toothpick.

1

https://plodovie.ru/uhod/poliv/ogoroda-s-pomoshhyu-plastikovyh-butylok-10738/
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Insert the other end into the
bottle hole. Connecting the tube
to the plastic container must be
isolated. This can be easily done
with electrical tape, plasticine or
other improvised means. The
free end of the tube must be
pierced in several places. There
is no need to make many holes.
For many capricious crops, one
drop per minute is enough. Cut
off the bottom of the bottle also
partially. Place the bottle upside
down near the plant; you can
fix it on a strong rod. Such drip
irrigation has its advantages you can install a plastic bottle
far enough from the plant.
Watering
from
bottles
without burying them in the
ground
Fill a plastic bottle with water,
leaving a little empty space up
to the top of the bottle.
Instead of a lid, put a piece
of foam rubber of a suitable size
on the neck. We place
bottle as close as possible to
Fig. 4 – watering by capillary method
the root system (Fig. 5).
Spread such containers with water throughout the area under each planted crop. When
the bottles are completely empty, they must be refilled with water.
Drip irrigation from buried bottles
Tighten the lid of a plastic bottle with a capacity of 1.5 to 3.0 liters and make several
holes in it or around its neck: punch it with a nail or pierce it with a hot awl. In this case, the
composition and structure of the soil should be taken into account: if it is loose, water will be
absorbed faster. For example, when watering sandy soil, 2 holes are enough, but for loamy
soil, 4 holes are needed.
Cut the bottom of the bottle, but not completely (by about 2/3) - to get something like a lid
(it will save water from getting soil and from evaporation in the sun). If desired, the bottom
can be cut off completely.
Next to a seedling, for example a tomato, (well, if you do it right after planting), dig a hole
in the soil about 10-15 centimeters deep and place the bottle in it with the neck down (Fig. 6,
7). Be sure to put on covers made of gauze or old tights on the neck. This is to ensure that
the drip irrigation holes are not clogged with earth. For the same purpose, it is recommended
to put dry grass under the bottle and around it. Some practitioners recommend positioning
the bottle at an angle of approximately 45 degrees.
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Fig. 5 – Watering without burrying

Fig. 6 – Watering from buried bottles

Pour water, cover with a
bottom lid. Top up as needed.
This watering is ideal for
moisturizing the roots of shrubs.
You can bury the bottles
upside down. This method can
be used both for drip irrigation of
one plant, and several, growing
nearby. In bottles of 1.5-2 liters,
stepping back a few centimeters
from the bottom, pin holes for
water using an awl. They must be
done along the entire diameter of
a large bottle if it is installed near
Fig 7 – Diagram of watering with buried bottles
a group of plants and only on the
side of a small bottle where one
bush grows. Their number will depend on the type of soil and the characteristics of the crop.
From the experience of many, it can be judged that 10-12 holes will be enough. We install the
structure between the plants with the neck up in such a way that they remain 10-15 cm above
the surface (it is possible at an angle). To prevent the holes from clogging with soil, before
placing the bottle in the ground, wrap it with a thin layer of nylon or cover the holes with dry
grass. Water is poured into the bottles, an opening is made in the lid for air to escape, and the
bottle is closed to stop the evaporation of moisture. The advantages of this method are the
minimum evaporation of water, the impossibility of overturning in strong winds.
Craftsmen recommend not to make holes, but to drive a nail into the bottom (Fig. 8) and
bury with the nail.2 We get a good design for drip irrigation.
Note
Obviously, it is advisable to use watering from plastic bottles in small areas. Avoid the use
of plastic bottles containing technical and strong-smelling liquids: the smell can be absorbed
by plants, and toxicity will not add to health.
2

https://youtu.be/EY4vqZcjq5c
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Fig. 8 – Bottle with a nail

Water for irrigation should not be saline
(with a salt content of more than 2.5 g / l,
water is considered unsuitable, however,
even at lower rates, from 2 g / l, additional
measures will have to be taken to protect
the soil), contaminated with heavy metals
and toxic substances .
Tap water can be highly saline. Often, the
water in the spring springs is too mineralized.
Plastic containers can also be used
for irrigation with salt or even dirty water.
This is not unimportant, for example, for
the Aral Sea region.
An interesting, simple and practical
design from ordinary plastic bottles for
drip irrigation with water of any degree of
Fig 9 – KondensKompressor
mineralization was proposed by the Spanish
gardener Hortelano Hortament. He named
his system KondensKompressor, as it works on the principle of condensation and evaporation
of water in the sun. In principle, the design is similar to the simplest solar distillers. Only
here the water is not collected in a container, but goes into the soil. KondensKompressor
produces water without salt, nitrates and other pollutants.
Plastic is now a very affordable material in poor countries and such an irrigation and
distillation system can work even in desert areas during prolonged droughts.
Such a system saves a huge amount of water when irrigating and growing plants that
regularly need watering - it is believed that solar irrigation can reduce the need for water by
up to 10 times3 in comparison to other traditional irrigation systems.

3

https://ecology.md/ru/page/kondenskompressor-tehnika-solnechnogo-kapelnogo-oroshenija

215

Principle of operation
The sun's rays heat the containers and water, evaporating from the smaller bottle,
begins to collect on the walls of the 5-liter bottle. Then it flows into the soil and nourishes
the roots of the plants.
All you have to do is clear the weeds and add water on time.
Manufacturing
A sprinkler is made from two plastic bottles: one is 2-liter, the other is 5-liter. In the smaller
bottle we cut off an inch, and in the large bottom. Place the small bottle in the ground and
close the large bottle (Fig. 9 and 10). It is necessary to ensure that there is always water
in the smaller container. If you are worried about plastic contamination, then you can make
the same design from glass bottles. The slice, however, will be a little more difficult to make.

Fig. 9 Manufacturing

Fig. 10 – Mounting

A slightly modified design can also be used for seawater desalination according to a
similar principle. The simplest method is to fold the edges of a large container. You will get a
kind of gutter where desalinated and purified water will drain (Fig. 9).

Fig. 9 – Desalination
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Clay pot irrigation technology

APPENDIX 1

Clay containers can also irrigate your garden just as well as other irrigation systems.
The book by the author Fan Sheng-chih Shu, written in the 1st century BC, outlines a
watering method in which unglazed fired clay pots are buried in soil and filled with water,
thereby turning them into an amazing high-tech irrigation device.4
The clay jug's micropores allow water to seep into the soil. A key characteristic is that
water seepage is regulated by the water demand of the nearby plant. Water seepage stops
when the nearby plant has been watered enough and the soil is moist. When the soil dries
up, seepage starts again. Seepage is controlled by the pressure of moisture in the capillaries
of the soil. This is an automatic drip irrigation without timers and electronic sensors.
Pitchers can be taken as shown in Fig. 12 (if there is a wide neck, then it is advisable to
provide for its cover in order to avoid rapid evaporation) or you can glue 2 unglazed flower
pots together. Gluing the pots and sealing the holes in them with patches of ceramic tiles are
made with waterproof glue, the glued places are carefully covered with silicone sealant so
that there are no leaks. Can be wrapped with tape (Fig. 11). It is advisable to paint the upper
part of this structure with white paint. Water is poured through the hole in the pot (Fig. 10).

Fig. 10 – Upper pot

Fig. 11 – Connecting pots

The pitcher can be buried both outdoors and in tubs or containers where plants grow.
This allows moisture to be delivered directly to the roots of the plant. Not a drop of water is
wasted. This is a great solution for dry areas.
Usage
Bury this clay jug in the garden bed (Fig. 12) or tub (growing container) so that the top of
the jug with the water inlet extends to the surface of the soil.
Fill the pot with water. In order for the evaporation of water to be insignificant, you can
cover the neck.
Plants are planted close to the jug or at most at the distance of the thumb from it. This is
especially true for newly planted plants. Crops with a developed root system can be planted
away from the jug - 20-30 cm from the jug.

4

https://www.epochtimes.ru/content/view/52123/81/
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Plant roots instinctively gravitate towards the source of moisture and over time attach
themselves to the outside of the pitcher, consuming as much water as they need. All you
need in the future is to regularly fill the jugs with water.

Fig. 12 – Installation of clay vessels

You can clean the pitchers from the soil and roots using a solution of vinegar mixed with
water in a ratio of 1:10 or using soda ash and vinegar.
Note
Remember to watch the plants for major signs of dehydration (wilting, yellowing, etc.).
It is recommended to mulch the beds, then moisture will be well preserved in the ground.
The simplest sprinkler irrigation device
It is convenient to irrigate strip plantings of currant bushes or other plants by sprinkling
using garden sprinklers or using a homemade watering device that allows you to evenly
distribute moisture. Take a regular polyethylene irrigation hose 5–8 m long (selected based
on the length of the rows) and burn the holes with a heated nail or wire 2.0–2.5 mm in
diameter every 10–20 cm. It is important that the holes are made in one line. Then the
irrigation is uniform [1].

Fig. 13 - The simplest home-made watering device:
1 - wooden cork; 2 - water jet; 3 - a hose with holes (sprinkler);
4 - connecting pipe; 5 - hose from a container with water
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For watering, stretch the hose along the row along the ground, plug the far end with
a wooden plug or bend and tie, and connect the other end to a water source (preferably
through a separate valve). By adjusting the water pressure and the slope of the holes, you
can water in small fountains or water directly into the ground by turning the hose with the
holes down (Fig. 13).
Instead of a hose, you can use a long galvanized or plastic pipe, in the walls of which two
rows of holes with a diameter of 2-3 mm are drilled or burned through.
The holes should not be placed opposite each other, but slightly above the centerline of
the pipe so that the water streams hit at a slight upward angle. One end of the pipe is also
plugged with a stopper, and the other is connected to a water supply using a conventional
hose. It is convenient to lay such a sprinkler between the rows of plantings - water from the
holes will beat in different directions, moistening two rows at once.
If frosts are expected at night, then, after watering, you should disconnect the hoses and
pour out the water from them, otherwise, if it freezes, it can break them.
Watering the greenhouse
Film greenhouses left closed for a long
time keep plants from frost, but deprive
them of natural watering.
If you put slate strips with a slope
towards the center of the bed under the
edges of the film, then the rainwater will go
to the plants. The slate also drowns out the
weeds between the beds.

Fig. 14
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APPENDIX 2
Classification of vegetable plants according to moisture requirements
1. The most demanding ones, with an insufficiently high ability to extract water from the
soil, which consume a lot of moisture for evaporation, are seedlings of all crops, lettuce,
spinach, radishes, radishes, cabbage, eggplants and root vegetables of the cabbage family.
It is advisable to water them at least once every 4-5 days, but in small amounts .
2. Highly demanding and characterized by a low ability to extract water from the soil,
poorly resistant to drought: cucumbers, tomatoes, eggplants, peppers, onions, garlic.
Optimal watering is once every 6-7 days, in relatively small amounts.
3. Less demanding on moisture conditions, using a significant amount of soil for root
nutrition, relatively economically consuming moisture for evaporation - carrots, parsley, beets,
potatoes, zucchini, beans, horseradish. Watering in 10-15 days with large volumes of water.
4. The most resistant to unfavorable water conditions and tolerating heat and air drought
well are watermelon, melon, pumpkin, vegetable corn. The frequency of their watering is
once every 15-18 days.
The moisture requirement depends on the season and other conditions. Thus, a prolonged
drought can be the cause of a meager or even complete lack of harvest. But heavy rain after
prolonged drought causes cracking of tomatoes and root vegetables.
Early ripening varieties need water more than late ripening ones, which is explained not only
by their rapid growth and development, but also by the density of their standing per unit area.
In different periods of the growing season, the need for vegetable crops in water is also
not the same. Higher moisture is required for seed germination.
Cabbage needs water most of all during the growth of the head of cabbage. Root crops
of the Celery and Marevye families, as a rule, need moisture in the first half of the growing
season, when they have not yet developed a powerful, deeply penetrating root system; fruit
vegetables - during fruiting; onions - during the period of increased growth of leaves.
Keep in mind that the soil also contains moisture, but plants cannot always get it.
Sometimes one loosening can replace two waterings!
Determining the need for watering
You can correctly determine the timing of watering by monitoring soil moisture. So, the
easiest way to determine the need for watering is to take the soil and squeeze it in a fist or try
to roll a ball out of it. If the soil is dry and crumbles easily, then it's time to water the garden. If
the soil is easily formed into a ball, which does not disintegrate when pressed, but crumples
or sticks to the hand, then you can wait with watering.
But this is true if the soil of the garden is clayey or loamy. If the soil of the garden is sandy,
it will crumble easily when wet.
At the same time, soil moisture cannot be judged only by the upper arable layer, which,
quickly and abundantly saturated with moisture from precipitation or irrigation, just as quickly
loses it to evaporation. Moisture is determined in the active soil layer, where the main and
most active mass of the plant's root system is located. For fruit-bearing apple trees, this layer
will be equal in depth to 80–100 cm, for cherry and plum trees - up to 60–80 cm, shrub berries
(currants, gooseberries) - up to 40–60 cm, strawberries - up to 30–40 centimeters [ one].
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II.13. Solar water heaters
From available materials

Latypova M., Tillabaev K.
Nature took care of everything so much
that everywhere you find something to learn.
Leonardo da Vinci

People have been using an almost inexhaustible and free source of energy - the
energy of the Sun for heating water since ancient times, before fossil fuels took the
leading place in the world energy sector. The principles of solar heating have been
known for thousands of years. A black painted surface heats up strongly in the sun, while
light colored surfaces heat up less. This property is used in solar collectors - the best
known devices that directly use the energy of the sun, and which can be used in almost
all processes that use heat. By absorbing energy from the sun, the collector converts it
into heat, which is transferred to a coolant and then used to heat buildings, heat water,
generate electricity, dry agricultural products and cook food.
With the annual increase in energy prices, you are thinking about alternative solutions
for heating your home, utility rooms, greenhouses, etc. This cost item can be reduced
by using a solar water heater (collector) as additional heating. For example, for a typical
residential building or apartment in Europe, water heating is one of the most energyintensive household processes. There, gas is expensive, and the equipment is cheap,
collectors are definitely beneficial for heating, even in the northern regions. The use of
solar energy can reduce the cost of domestic water heating by 70%. The collector preheats
the water, which is then fed to a traditional column or boiler, where the water is heated to
the desired temperature. This translates into significant cost savings. This system is easy
to install and requires almost no maintenance.
In 2005, the area of glazed solar collectors in the EU was 28 million m2 (glazed liquid
collectors are used for heating domestic water and also for space heating). In addition, nonglazed solar collectors for pool heating are likely to reach a total area of 20 million m2.1
The geographical and climatic location of Uzbekistan has led to the presence of a
significant potential of solar energy on the territory of the country. Fig. 1 shows a map of
solar provision of the territory of the republic.2
The solar collector allows its owner to save money without having a harmful effect
on the environment (reducing emissions of carbon dioxide, sulfur dioxide, carbon
monoxide, nitrous oxide, etc.).
Description of technology
In the simplest liquid systems, ordinary water is used, which is heated directly in the
manifold and enters the bathroom, kitchen, etc. This model is known as an «open” (or
«direct”) system. The system, when water absorbing the heat accumulated by the collector,
passes through a heat exchanger (this is usually a water tank installed in the house), is
called a «closed system” («indirect”) (Fig. 2).
In liquid collectors, solar energy heats the liquid flowing through tubes attached to the
absorber plate. The heat absorbed by the plate is immediately transferred to the liquid (Fig. 3).
https://www.diagram.com.ua/list/alter-energy/alter-energy139.shtml
© 2020 Всемирный банк, Источник: Global Solar Atlas 2.0, данные о солнечных ресурсах: Solargis
https://solargis.com/maps-and-gis-data/download/uzbekistan
1
2
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Solar resource map
POTENTIAL FOR PHOTOVOLTAIC
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IN UZBEKISTAN
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Fig. 1 – Map of solar resources of Uzbekistan
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Fig. 2 – Diagram of a closed system3
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Fig. 3 – General principle
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https://www.diagram.com.ua/list/alter-energy/alter-energy142.shtml

222

The tubes can be parallel to each other, each with an inlet and outlet, or in the form of a
coil. The serpentine arrangement of the tubes eliminates the possibility of leakage through
the connection holes and ensures an even flow of liquid. On the other hand, it can be difficult
to drain the liquid to avoid freezing, as water can remain in places in the bent pipes.
The main criterion that affects the performance of solar systems is the intensity of
solar radiation.
Correct orientation of solar collectors (direction and angle of inclination) increases their
performance. The maximum amount of energy arrives at noon, when the direct stream of
rays is least blocked by the atmosphere.
In our northern hemisphere, geographic south is the optimal direction at noon. Although the
collectors must be directed to the geographic south for maximum performance, a 20 degree
deflection to the east or west is permitted without increasing the surface area of the collectors.
A solar-oriented collector collects 20% more solar radiation than a strictly
south-facing collector. However, this performance gain does not offset the cost of
constructing a sun tracking device.
It is usually more profitable to increase the collector area by 20%.
If local weather conditions are unimportant and the collector cannot be turned south, it is
advisable to turn it west to take advantage of the warmer afternoon (collector heat loss is
reduced at high outside temperatures).
Space heating installations are positioned to get the most out of the winter sun. In winter,
tilting the collector surface 30-50 degrees to the south gives the best results.

ROOFTOP SYSTEM

Types of solar collectors
Air collectors (Fig. 4) use air
as the heating medium. They
are rarely used. This is due to
the properties of the liquid - it
conducts heat much better than
gas. Air collectors are often made
flat so that the air in contact with
the absorber heats up naturally.
Vacuum models (Fig. 5) are
the most complex. Instead of a box
covered with glass, he uses large
glass tubes. Inside them there are
tubes with a smaller diameter, in
which there is an absorber that
collects heat energy. There is a
vacuum between the tubes; it acts
as a heat insulator.

disc switch

sunlight

check valve
air blower

hot air coming
from the system

indoor space

thermostat - regulator

cold air entering the system
Fig. 4 – Air solar collector diagram 4

Flat collectors are the most common. Inside them is a special absorbent layer placed
in a box. It connects to the tubes through which the liquid coolant moves. Details of the
design and manufacture are described below.
4

https://v-teplo.ru/solnechnii-kollektor.html
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Fig. 5 — Vacuum solar collector diagram 5

An example of a solar water heating system of a closed system
The design of a solar water heater (SV) is a combination of several heat exchange devices
used to capture solar radiation, convert it into thermal energy, accumulate and transfer the
latter to an intermediate heat carrier, and then to the consumer. The general installation
diagram is shown in Fig. 6.
The solar collector shown in Fig.7 is a flat box 1, the panel 2 facing the sun is made of a
transparent material - glass or polymer film. The sun energy flux passed through this panel
falls on the blackened absorbent 4 and is absorbed by it.
The absorbent consists of a metal sheet and pipes 3 welded to it, bent into a coil. The
tubes are the heat-absorbing part of the circulation circuit of the installation. It is in them that
the water is heated. The side and bottom sides of the collector are covered with a layer of
heat-insulating material 6.
The water heated in the collector through the riser pipeline 2 (Fig. 6) enters the tank 3,
where it mixes with the rest of the water, increasing its temperature. A heat exchanger is
installed in the tank to transfer heat to another heat carrier directed to the consumer.
If the water does not have increased requirements for purity and salt content, then it can
be sent for consumption directly from the tank through the drain pipe 7. The make-up pipe 8
allows you to periodically replenish the flow of the working heat carrier.
The colder layers of the working coolant, located near the bottom of the tank, are again
directed through the drop pipe 9 to the collector inlet, where they receive a new portion of heat.

5

https://v-teplo.ru/solnechnii-kollektor.html
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Fig. 6 — Scheme SV [1]:
1 - solar energy collector; 2 - lifting pipeline; 3 - tank; 4 - air vent valve; 5 - coil; 6 - thermal insulation;
7 - drain pipe; 8 - make-up pipe; 9 - drop pipeline; 10 - circulation pump.

In order to intensify the heat exchange processes, a circulation pump 10 is provided in
the circuit. The circulation of the coolant occurs continuously throughout the daylight hours,
which causes a gradual increase in the temperature in the tank. The growth continues until
there is equality between the arrival of heat to the water in the collector and its consumption
in the form of heat losses to the environment and useful heat removed to the consumer.
To reduce heat losses, the tank and pipelines are covered with a layer of thermal insulation.
When heated, the air dissolved in it is released from the water and water vapor is formed.
They are vented to the atmosphere through air valve 4.
Filling the water heater with water is allowed only at a temperature above zero. Otherwise,
it may freeze in the elements of the water heater and, as a consequence, failure of the water
heater.
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Fig. 7— Solar collector device:
1 - body; 2 - double glazing; 3 - coil tubes;
4 - absorber of solar energy; 5 - support; 6 - thermal insulation.

To prevent this, antifreeze is used instead of water as a heating coolant, the freezing point
of which is lower than the ambient temperature.
The movement of the coolant in the circulation circuit CB can be forced or free. In the first
case, the working coolant, as shown in Fig. 6, is pumped by means of pump 10. Installations
of the second type are called thermosyphon.
For such installations, a circulating pump is not needed. In this case, the movement of
the coolant is carried out due to the difference in its densities in the lowering (cold) and lifting
(warm) branches of the circulation circuit. The intensity of free convection in them depends
on the vertical distance between the centers of the collector and the tank. When the water in
the collector (usually in a flat one) heats up, it rises up the riser and enters the storage tank;
in its place, cold water enters the collector from the bottom of the storage tank. Therefore, it
is necessary to locate the collector below the storage tank and insulate the connecting pipes.
Thermosiphon SVs are simpler and more economical, and have many advantages in
terms of housing construction. Such installations are popular in countries with hot climates.
The solar collector is usually installed on a lower floor, balcony or pitched roof so that the
top edge of the panel is at least 50 cm below the bottom of the storage tank. The tank is
installed on the second floor, in the attic, sometimes under the roof arch, so that there is at
least 50 cm of difference in height between the absorber plate and the tank.
Thermosiphon systems are prone to problems with freezing and rupture of collectors,
which happens even in warm regions, where frost occurs only once or twice a year. For
frost protection, copper tubes with a thickness of 10 cm and well-insulated double-glazed
housings are sometimes used. The volume of water in such a system is too large to prevent
freezing and rupture in light frost.
Flat solar collectors
Flat plate collectors can be made from a variety of materials and at different levels of
technology, from high-tech stainless steel collectors to homemade wooden structures. With
all the variety of flat collectors, they have a common design.
This chapter shows the manufacture of a flat solar collector, which is a shallow box on the
bottom of which a layer of thermal insulation is laid, a tube is placed on top of the insulation
through which the coolant flows, a film is laid on top that converts the sun’s radiation into
heat, the box is closed with a lid with glass (Fig. 8).
The principle of operation of a flat solar collector is quite simple, light penetrates
through the cover and heats the film, the liquid flowing through the tube collects heat.
226

Thermal insulation at the bottom and an air cushion between the film and the cover at
the top do not allow the collector to cool down quickly, thereby increasing the coefficient
of conversion of radiation into heat.

Fig. 86: 1 - glass frame; 2 - collector outlet (liquid heated in the collector); 3 - sealant; 4 - box;
5 - glass; 6 - transforming film; 7 - incoming (cold) pipes; 8 - thermal insulation.

The simplest and most affordable material
for self-assembly of the solar collector body is
a wooden block with a board, plywood, OSB
boards or similar options (Fig. 9). Alternatively,
you can use a steel or aluminum profile with
similar sheets. The metal case will cost a little
more. Materials must meet the requirements
for structures used outdoors.
If the body is made of wood, then the
durability of the material can be ensured by
impregnation with water-polymer emulsions
and coating with paints and varnishes.
Due to the simplicity of SV, minimal
maintenance is required. And making it yourself
with your own hands will not be hard work.
The main principle that should be guided in
the design and assembly of a solar collector
is the availability of materials in relation to
price and availability. That is, they can either
be found on the free market, or you can make
them yourself from the available tools at hand.

6

Fig.9 — solar water heater made
of timber and plywood

http://patlah.ru/etm/etm-07/gelio/plosk_solnce_koll/plosk_solnce_koll.htm
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Making a solar water heater from a
table for a trestle bed
To prevent the loss of heat energy, a
3-4 cm thick heat-insulating material is
mounted on the inner side of the table
for the trestle bed (Fig. 10). It can be
polystyrene or mineral wool.
You need to glue a sealing rubber around
the perimeter. On top of the insulation, we
attach a galvanized sheet, which will act
as an absorber.
It is necessary to paint the sheet matt
Fig. 10 – Trestle bed table
black (Fig. 11) for the best absorption of
thermal energy.
Install the heat exchanger. To manufacture the heat exchanger, it is enough just to lay the
pipe with a snake (serpentine) and press it to the absorber with clamps (Fig. 12).

Fig. 11 – After fixing the galvanized sheet, paint it black

Fig. 12 – Installing heat exchanger

It is best to use a copper pipe with a diameter of 1/2 «, but you can use, as in our case, a
plastic pipe (PEX - polyethylene or PEX-Al-PEX - metal-plastic).
Please note that the inlet of the collector is located at the bottom, the outlet at the top, this is
especially important for systems with natural circulation, since the heated liquid rises upward.
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Make a cover, glaze (in our case, we took an old glazed window frame) and cover the
collector body, fix it (Fig. 13)

Fig. 13 – Installing the cover

Suitable fittings are used to connect to the
inlet and outlet devices. You can install a tap
on the water supply (Fig. 14) and the collector
is ready for connection and use (Fig. 15).
The collector must be sealed so that
moisture does not penetrate into it, which will
lead to a deterioration in thermal insulation.
For greater efficiency, it is necessary
to install the collector at a right angle to
the sun, while the angle of inclination is
constantly changing throughout the year. If
we take into account the average value, then
in the summer, the angle of inclination will
correspond to your latitude plus 15 degrees.
Fig. 14 – install the crane
In winter, your latitude is minus 15 degrees.
In the spring-autumn period, when the sun is low enough above the horizon, the collector
can be installed vertically (of course, neglecting some of the collector’s efficiency).

Fig. 15 – General view of the collector
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APPENDIX
Solar water heater with automatic water level control
The basis of the water heater is a solar collector, consisting of two thin-walled steel
stamped black painted radiators, placed in a wooden box covered with plastic wrap This
hydraulic scheme (Fig. 16) provides for automatic maintenance of a constant water level in
the tanks. So, when water
is consumed from the
storage tank, its level in
the feed tank decreases
and then the float ball valve
is triggered, as a result of
which the feed tank begins
to fill with cold water from
the water supply. From
the feed tank, cold water
(according to the law of
«communicating vessels”)
flows through the make-up
Fig. 16 - Hydraulic diagram of a solar water heater:
pipe to the lower part of the
storage tank, so that the 1 - drain valve; 2 - radiators (collectors); 3 - reverse «cold”
water in these tanks is at pipe; 4 - supply «hot” pipe; 5 - drainage pipe; 6 - storage tank;
7 - feed tank; 8 - ball float valve; 9 - water supply; 10 - cold
the same level.
The recharge pipe of the water; 11 - mixer; 12 - pipe for replenishing the accumulator
storage tank is introduced tank; 13 - hot water supply pipe
(welded) into the lower part of the tank, and since warm water is in the upper part of the
tank, there is practically no mixing of water in it. We take warm water from the upper part of
the storage tank through the hot water supply pipe to the mixer.
It is good when there is always water in the water supply system, but with frequent
interruptions in water supply, especially when several consumers use water for irrigation at
the same time, certain difficulties arise. Obviously, when using hot water, the latter will be
supplied to the mixer until the water level in the storage tank falls below the level of the inset
of the hot water supply pipe to the mixer.
To collect the remaining water, a simple device is recommended (Fig. 17). To the end of
the hot water supply pipe to the mixer (the pipe protrudes 50 ... 60 mm beyond the inner
surface of the wall of the storage tank), a fitting with a diameter of half an inch is welded and
a flexible rubber hose is put on it. In turn, a curved metal tube is inserted into the free end of
the hose and a float, which is a plastic bottle, is attached to the tube and hose with «tape”.
In hot sunny weather, the water in this «hot box” heats up to 75 ° C. By the morning it cools
down to 40 ... 50 ° C, so you can still take a shower at any time.
It is advisable to insulate the battery tank from all sides. The ideal option is to place the
tank in a wooden box, filling the free space between the walls of the box and the tank with
insulation: foam, dry sawdust, moss, even straw.

7

http://homemade-product.ru/teplaya-voda-budet-svetilo-by-solnce/
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Installation of a water
heating device begins with
the selection of containers
for tanks. With maximum
drawdown on a hot day, it
is usually possible to obtain
(displace) about 125 liters of
water
hot water with a temperature
of 75 ° C from the storage
tank. Therefore, the storage
tank must be larger than 125
liters. Of course, it is desirable
to have a feed tank of no less
capacity, since otherwise
the last portions of water will Fig. 17 - Device for taking hot water from the storage tank:
1 - float (plastic bottle); 2 - water intake pipe;
not have time to heat up in
3 - flexible hose
the collector to the required
temperature. Pressure vessels (both tanks) are installed on a metal structure made of old
pipes with a diameter of at least 50 mm. The tanks are located 500 ... 700 mm above the
mixer, which will create a constant, not too high pressure in the shower hydraulic system.
The containers are made of 2 mm thick sheet steel, but steel barrels of a suitable size are
also suitable. The mass of the storage and feed tanks filled with water is very significant, so
make sure that the supporting structure of the installation has a sufficient margin of safety
and can withstand the total weight of the pressure vessels.
The outer and inner surfaces of the tanks are cleaned of rust, primed and painted with oil
paint. To prevent various debris (dust, leaves, etc.) from getting into the containers, they are
covered with boards made of boards or wooden frames covered with plastic wrap.
The make-up device, which allows the unit to operate in automatic mode, is controlled by
a float valve (ball valve), which is used in conventional cisterns, so it is easy to obtain it from
the plumbing department of hardware stores. The method of filling pressure tanks with water
depends on local conditions and can be carried out either from the water supply network or
from a reserve tank using a pump, or with a simple bucket, installing a ladder for this.
The heater manifold is made up of two thin-walled steel radiators (Figure 18).
Grouped sections of radiators are painted in matte black and placed in a wooden box
(box), the side walls of which are assembled from planed boards 20 ... 25 mm thick and 80
mm wide. The bottom of the box, sewn up with hardboard or plywood, is reinforced with four
bars with a section of 30 x 40 mm. The bottom of the box is carefully insulated.
From the outside, it is advisable to paint the box with silver or some kind of light paint in
order to reduce heat radiation losses.
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Fig. 18 – Collector design:
1 - box; 2 - reverse «cold” pipe; 3 - supply «hot” pipe; 4 - steel radiators; 5 - stiffeners (bars);
6 - drain valve; 7 - hardboard; 8 - insulation (protective screen not shown).

From the outside, it is advisable to paint the box with silver or some kind of light paint in
order to reduce heat radiation losses.
The collector box is installed on the south side of the site at an angle of 30 ... 45 ° to the
horizon, so that most of the day the sun’s rays fall on the surface of the radiator at an angle
close to right. To do this, it should be possible to rotate the collector both vertically and
horizontally. The degree of inclination of the plane of the radiators depends on the latitude of
the place where the solar water heater is located.
To connect the individual elements of a solar water heater into a single working system,
you will need a watering hose and half-inch pipes. During installation, the units withstand
the minimum slopes of the pipes for draining water from the system. With fittings and 1/2
‘’ threaded adapters and 3/4 in. manifold batteries are connected with flexible hoses to a
heated water storage tank. The hoses are secured to the fittings with clamps.
The reliability of the system is largely determined by the tightness of the threaded
connections, as well as air locks (their appearance in the pipelines impedes the free
circulation of water). Therefore, the installation of the piping system should be taken with
responsibility. All threaded connections are sealed using a hemp roll on paint or fluoroplastic
tape. The improvement of the natural circulation of water in the system is facilitated by the
thermal insulation of the supply «hot” pipe, for example, with foam rubber, the strips of which
are fastened to the pipe with the help of «tape”. After completing this operation, try to paint
the «bandaged” pipe with silver paint.
Filling the system with water is best done through the drain valve located at the bottom
of the manifold. In this case, there will be a guarantee that air «plugs” are not formed in the
pipes due to the fact that the «slopes” were not maintained during the installation of the
pipelines. The process of filling the water treatment system is completed when water flows
from the drainage pipe. Next, we connect the feed tank to the cold water supply and open
the supply valve on the water supply. By adjusting (bending) the ball valve float holder, we
achieve the optimal water level in the feed tank. Cold and hot water in the shower is mixed
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using a standard mixer, which significantly saves hot water.
Under the hot rays of the sun, water-filled radiators immediately begin to heat the
water that enters the battery tank. Warm water, filling the tank, displaces cold water
into the solar generator, that is, into the radiators. The circulation process takes place
continuously until the sun warms up and until the temperature of the water entering
the radiators and the storage tank equals the temperature of the water rising from the
radiators. This installation works even in cloudy and cloudy weather, but the process of
heating the water, of course, is slower. If the performance of the solar heat and water
generator does not suit you, it can be increased by introducing additional sections of
radiators into the thermal circuit of water treatment.
On the eve of the winter season, it is necessary to drain the system through the drain
valve; open the mixer valve; disconnect the shower installation. Make sure that there is no
water in the radiators, close the supply and return pipes of the «solar water heater” with
plugs or pieces of plastic wrap. Even a small amount of water remaining in the system during
the winter period can deform and break the radiator along the weld.
The water level in the accumulator tank can be easily determined using a counterweighted
float indicator. We use a 350 ml plastic bottle as a float. We fill the bottle with sand so that
it floats, but does not sink. We attach one end of the nylon cord to the float, and attach a
counterweight to the other end of the cord, according to the position of which we find out the
degree of filling the battery tank with water.
All the constituent elements of the water heating installation are simple and available
for making the installation on their own. The necessary building materials and plumbing
equipment can now be freely purchased.
The simplest solar shower heater
The simplest solar water heater for a summer shower and
other household needs can be made from a freon condenser
of a broken home refrigerator [4]. The condenser - a black
metal panel on the back of the refrigerator - connects to the
water tank (Fig. 19).
The condenser facing the sun absorbs heat and convects
the water to heat it up.
Fig. 19
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II.14. Independent sources
Of thermal energy for houses

Kamalov Yu., Sanginov S.
Thrift is an important source of wealth.
Mark Tullius Cicero

District heating is considered to be more energy efficient than individual heating because
of the relatively low overhead costs. But in practice, there are considerable heat losses during
transportation, which are also paid for by the consumer. Experience shows that the cost of a
heating season with its own boiler house is 2 times lower, and its payback period is 4 heating
seasons [1]. Household biofuel boilers utilize waste (pellets and briquettes from wood waste,
paper, wood chips, bark), while there are no costs for storage and disposal of waste.
house gas boilers

heat pump

Antifreeze circulates
inside the system, taking
heat from the bowels of
the earth and enters the
heat pump

a powerful pump increases the pressure of
the cooling agent by several times raising its
temperature
the cooling agent gives up its heat
to the heating system of the building

The heat from the water is converted into heat
from the air using radiators or underfloor heating

biofuel-fired boilers

the heated agent
expands and cools

water recuperator
Warm water

solar collectors

supply air filter

air recuperator
recuperator

(heat exchanger)

bypass

extract air filter

outside air

extract air +22 C

exhaust air

supply air +20 C

exhaust fan

heater

supply fan

sewage pipe
heat exchanger

warm water
tank

tap

Fig. 1 – Options for autonomous heating [1]

Solar collectors with a liquid or gaseous heat carrier accumulate and convert solar energy
into thermal energy, transferring it to the heat carrier material. The solar collectors work even
at subzero temperatures.
Heat pumps, using the thermal energy of the outside air, water or soil for heating a house, can
generate 3-5 times more thermal energy inside a building than was expended by a heat pump.
The use of an air recuperator (supply and exhaust ventilation with a heat exchanger),
where the incoming cold air is heated by the outgoing warm air, saves on heating costs.
The water recuperator heats the tap water using the heat from the waste water from the
showers and sinks and allows you to recover up to 65% of the energy.
Autonomous heat supply eliminates losses during heat transportation; in addition,
this heating option more motivates the owners and users of premises and management
specialists to carry out the whole range of heat-saving measures in all premises.
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Economizer
In heating engineering, the so-called economizer is known, a device with a long history of
operation, in which the exhaust gases of heating equipment are used to preheat water or air
before they are fed to the boiler.
He takes his name from the English word «economize” - «to save.”
The economizer saves fuel, so almost all industrial steam generators, hot water boilers
and other heating equipment are equipped with economizers. Due to the use of economizers,
the efficiency of boilers can reach 90-95%.1
Small economizers are widely used in household heating systems of baths, laundry
complexes, hospitals and public institutions.
Considering that most private homes in Central Asia are heated by individual boilers
using combustible fuels, economizers can be used in these cases as well.
The smoke from the chimney escapes into the atmosphere, although its temperature is still
quite high.
If usually, the water heated in the economizer is supplied to the boiler, then in our case the
water remains in the economizer and is used for hot water supply to the house, that is, in this
case, the economizer has no connection with the boiler through the water path. Therefore, it
is not surprising that the idea of using the energy of flue gases finds many supporters.
The use of an economizer in private houses for hot water supply can significantly save
money, since there is no fuel consumption for heating water.
The schematic diagram of the economizer is shown in Fig. 2. The diagram shows that an
economizer is installed on the chimney of the heating boiler and the smoke now passes through
it, heating the water.

input
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fin economizer

ribbed economizer
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2nd section
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multi-row
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Fig. 2 – steam boiler economizers2

1
2
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Fig. 33 – Economizer
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Fig. 4 – Diagram of an economizer
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Stages of making an economizer - demonstration on mock-ups.
You must have:
- electrical or gas welding equipment
- hacksaw for metal
- vice
- hammer.
The boiler chimney (Fig. 5) runs through the economiser.
As a vessel for the economizer, you can use a piece of metal pipe of a large diameter
(Fig. 6), or bend it out of a stainless steel sheet. The sheet thickness must be at least 1 mm.
If there is a vessel of a different cross-section, for example, a square one, it can also be
used, that is, there is room for creativity.

chimney

BOILER

Fig. 6

Fig. 5

From the ends, the pipe must be sealed with plugs (Fig. 7).
Many have preserved old water-heating titans, which can be used as economizers.
They are often enameled, so the water in them will not contain rust. Gas cylinders are
especially suitable for the manufacture of economizer.
It is better if the chimney (Fig. 7) is also made of stainless steel. However, you can also
use a standard cast iron or steel pipe that is suitable in diameter to the boiler exhaust pipe.
The chimney can be fitted with rings, ie cooling fins, to enhance heat transfer (Fig. 7).
These rings can be used from an old mantle. They are made of galvanized metal. But you
can cut them out of stainless steel, less than 1 mm thick. In Fig. 4 shows only two rings, but
more can be installed, up to 10, depending on the volume of the economizer.
You can install an economizer as the family accumulates funds. Will cost about $ 100.
In two years of operation, the funds will return. For a family of 4-5 people, it is enough to
have an economizer with a volume of 200 liters. During the night, the flue gases manage to
heat this volume of water to a temperature of 60-80 degrees. This is quite enough for taking
a shower, washing dishes and other needs.
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chimney
top end of the economizer

fin rings
for enhanced
cooling

bottom

BOILER
Fig. 7 — Diagram of an economizer
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Usually, according to fire
safety regulations, boilers are
installed outdoors, therefore the
economizer and chimney must
be insulated outside to avoid heat
losses. This is best done using
foam chips and mortar. The crumb
is mixed with the solution.
A metal mesh (chain-link) is
applied to the economizer and
chimney and then plaster is applied.
The chain-link helps to apply a
thick layer of plaster. On top of the
plaster, you can wrap the device with
fiberglass and then paint. If the boiler
is nevertheless installed inside the
room, then the economizer can not
be insulated, but the outer part of the
chimney must be insulated in order to
maintain traction. For insulation, you
can use foam chips, old blankets,
glass wool, worn clothes, etc.
Since the temperature of the
exhaust gases decreases as a result
of the action of the economizer, it is
possible to achieve such a strong
decrease in this temperature that
water vapor, the resulting fuel
combustion can condense inside
the chimney. This condensate
contains negligible amounts of
salts, so it can be used for the needs
of construction and / or watering
plants. Condensation forms inside
the chimney, therefore, in order to
Fig. 8 – Functioning economizer
drain the condensate outside, it is
necessary to provide drainage rings, but this is already the subject of another project.
Service
In case of incomplete combustion of fuel and / or the use of wood and other low-quality
fuels, soot can accumulate in the chimney. Therefore, the chimney must be cleaned regularly.
At least once a year before the start of the heating season.
If the chimney has no bends along its entire length from the boiler to the outlet to
the atmosphere, then its cleaning does not cause difficulties. We offer the following
method: Pour fine granite crushed stone into the chimney from above. Crushed stone
knocks carbon and soot off the walls of the chimney and accumulates in the lower part
of the boiler. Then the crushed stone must be washed and the procedure repeated
until the crushed stone comes out of the pipe clean. If the design of the boiler does not
allow removing rubble from it, then a removable coupling must be provided between
the boiler chimney and the economizer chimney.
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Safety engineering
When manufacturing an economizer, it is necessary to strictly observe safety precautions,
do not allow children to access devices and tools in the work area. It is best to employ a
professional welder. Keep fire extinguishing equipment ready - sand, felt, buckets and hooks.
The schematic diagram of the economizer (Fig. 4) shows that water from the water supply
system is supplied to the lower part of the economizer, and hot water is taken from the upper
part. This is done because the hot water rises. At the same time, steam can accumulate in
the upper part of the economizer when hot water is not used for a long time. Therefore, after
a long period of inactivity, when opening the hot water tap, be careful not to burn yourself
with the hot steam. This is especially true when using hot water in the morning, as the water
can get very hot during the night. It is safer to open the cold water tap first and then gradually
add hot water.
Disadvantages
It works during the heating season, but this can be corrected by using an electric heater,
which in turn can be powered by a solar panel or wind turbine. For this, during the manufacture
of the economizer, it is necessary to provide for the possibility of installing a heating element
(thermoelectric heater). In principle, in the conditions of Uzbekistan, solar heating can be
used in summer. That is, the design of the economizer can be improved, as well as the entire
power supply system of your home.
You can get hot air and water from various stoves (see Appendix 1).
Air solar collector
A solar air heater can be used for
additional heating of homes. Many different
designs are known.
In the EU countries, the «solar wall”
design solution has become widespread.
In the building, one of the walls is made
of storage material, and a glass partition
is installed in front of the panel. During
the day, heat is accumulated, after which
it is released into the room at night. To
enhance convection, the solar collector is
not made over the entire wall. Above and
below provide sliding curtains.4

inlet

exit
Fig. 9 – diagram of a solar air heater5

Description of the structure
The lower part of the box is covered with insulation. The insulation has a film that converts
the sun’s radiation into heat (or a black panel). Between the film and the top cover there are
partitions that organize the path air leakage. Cellular polycarbonate or ordinary glass is used
as a cover.
The air passes directly through the collector itself, taking heat away.

4
5

https://avtonomnoeteplo.ru/altenergiya/762-vozdushnye-solnechnye-kollektory.html
http://patlah.ru/etm/etm-07/gelio/vozdyh_solnce_koll/vozdyh_solnce_koll.htm
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APPENDIX 1
Waste oil oven
The functioning of many mechanical units is associated with the use of various types
of technical oil. During the operation of machines and other mechanical components, the
oil used burns out, loses its declared parameters and becomes unusable. Such oil can no
longer be used for technical needs, it becomes used up, it is written off because it has lost its
original properties and its further use leads to damage to mechanical units and assemblies.
Burning such oil in furnaces as fuel is a good solution compared to dumping it into the
sewer system. Waste oil is cheap or free oil that can be used as fuel in a furnace. Many have
cars. Waste engine oil can be reused.
The stoves, used as fuel, are used not only for heating buildings and structures,
greenhouses, warehouses, but in the forest and field, in garages and saunas.
Advantages:
• Simplicity of structure.
• Independence of the device from the availability of gas or electricity;
• Works on waste oil of any degree of contamination;
• During the operation of the device, oil and its vapors are burned;
• Mobility of the structure;
• Safety;
• Sufficiently fast heating and long cooling;
• Easy installation and ease of use;
• Thanks to the installation of the tank in the upper part of the furnace, it is possible to
combine the device with a hot water heating system;
• Possibility of self-assembly of the structure at home.
The last factor is fundamental when choosing a stove. It is not always possible to purchase
a separate stove, for example, for a summer cottage or garage.
Disadvantages:
• Oil with various additives and impurities must not be used in the device, as it can be
explosive, moreover, it will clog the nozzles;
• The chimney and stove often need cleaning;
• The device may make a lot of noise during operation;
• The need to install a chimney of a sufficiently high height;
• Extinguishing the flame in the device is possible only after the fuel has completely
burned out.
Furnace design and manufacture
The lower part is the fuel tank where the oil is poured. A heating module is installed on top. There
is a burner inside between these parts. It is in the upper module that the combustion vapors are
combusted and mixed with oxygen. A chimney is used to remove waste outside (Fig. 10).
The operation of such a furnace is based on the combustion of oil vapors. It happens in the
following way. In the fuel tank through a funnel into a special hole, the mining is poured. To
burn the oil, a little seed is poured from above and ignited. After 5-7 minutes of combustion,
the seed heats up the top layer of the oil, it boils, oil vapors rise above the surface, begin to
burn, turbulence is created, swirling gases that rise along the perforated, where oxidation
occurs under the influence of oxygen - the combustion process.
Having reached a stable combustion mode, the temperature in the furnace becomes 800900˚С. In the upper part, pyrolysis residues are finally burned out. Here, the temperature
drops sharply, nitrogen loses its activity and is displaced by oxygen. Therefore, harmless
nitrogen gas escapes from the heating device, steam, solid compounds of carbon monoxide
partially settle inside the chimney.
The upper tank acts as a heat exchanger. It can be used as a stove for heating water for
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your own needs or to create a water heating circuit. If the oven is made correctly, then the
duration of its operation at one filling can reach from 12 to 20 hours. Temperature control takes
place through a hole into which oil is poured. To reduce the temperature, it is enough to cover
the hole with a damper, and if you completely close the hole, the oven will stop working.7
to the chimney
partition

partition
pipe
with holes
for air

top pan

bottom pan

hole with flap

holes
for secondary air
afterburner

legs

chimney pipe

primary
air supply
air damper

fuel tank-combustion
chamber

working out
Fig. 10 – Furnace device

Fuel tank (lower pan). Welded from 4 mm sheet steel. It has a round shape. Air flows
in through the damper, which is needed for the combustion process. If the door is closed
completely, the combustion will gradually stop.
Cap with a hole in the fuel tank (lower pot).
Afterburner chamber (pipe with holes for air). This is a perforated pipe. The holes are
required for an unrestricted air supply. For the manufacture of this and other parts, they take
metal 5.5 mm and thicker.
Upper compartment (upper pan) with a partition.
Chimney. Serves for the removal of combustion products. Pipe length - from 4 meters,
optimally - 5-7 meters. Inclined sections up to 45°C are allowed, increasing the efficiency
of heating equipment. But the greater the slope, the more soot will settle. There should
be no horizontal sections, the upper part is directed only vertically. For the manufacture of
this part of the furnace, non-combustible materials are taken - tin, copper, stainless steel.
The chimney is installed in the upper part of the body. It is desirable that it separates - this
simplifies maintenance.
Parts are welded together with a continuous seam8.
The manufacturing principle can be seen from Fig. 11. However, dimensions may vary.
Use the video to make the assembly easier.9
If you make a water container around the chimney, you will be with hot water.
Some craftsmen make an air blower in the chimney, creating a heating circuit.

https://teplo.guru/pechi/zhidkostnye/pech-na-otrabotannom-masle.html
https://remont-book.com/pech-na-otrabotannom-masle-svoimi-rukami/
9
https://youtube.com/watch?v=ko8TSof3mw0
7
8
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Principle of work
The stove is installed so that the filler hole and combustion regulators (if any) are located
at the front. The floor must be level and flat.
Before firing up, carefully inspect the equipment. Make sure that there is no water in the
lower priming chamber.
thickness of all parts 4 mm
top cover 6mm
the pipe and the lid of the oil container,
together with the legs, are welded into one pan
the rest of the parts are welded together
and put on from above without
a gap or with a light tap

thickness = 4-5
48 holes with a
diameter of 9 mm
8 in a circle
6 in height evenly
cover
for air inlet

air and oil
fill hole

top cover
thickness 6mm

rivet

the baffle is welded
to the top cover closer
to the exhaust

fits tightly

pipe and oil
tank cover
are welded

legs (4 pieces)
corner or tube

Fig. 11 – Furnace assembly
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If the equipment is in good condition, the lower reservoir is filled with oil (before filling the
system with fuel, it must be filtered). Situations may arise in which fuel starts to spill out of
the furnace. Therefore, fill it in no more than 60%. The container does not need to be turned
over completely, as it sometimes contains some water. Top up to 100 ml of kerosene, diesel
fuel, solvent. A wick is made of paper or rags, blotted with oil, set on fire and placed on the
bottom of the lower chamber. The hole is not completely covered, leaving a 2 cm passage.
Make sure that the liquid ignites. By adjusting the size of the slot, a stable combustion is
achieved. If the fuel boils in the lower chamber, it is worth reducing the air supply gap by
covering the hole with a flap.10
To view the furnace in operation, use the video.11
Maintenance
Maintenance of the stove consists in periodically cleaning the
internal surfaces from oil combustion products. For cleaning, you
can use a rag moistened with any solvent.
Particular attention should be paid to cleaning the chimney, due
to the fact that as a result of the combustion of oil vapors, more
soot and soot are formed than, for example, with wood. Therefore,
it is better to make the chimney collapsible and clean each section
separately.12
You can prepare several handfuls of gravel and sand, which
is pre-sieved. From the outside, stone and sand are alternately
thrown into the chimney pipe. Then, the cleaning material is
removed from the upper chamber of the stove together with soot.
DO NOT FORGET TO FOLLOW THE FIRE SAFETY RULES.
Before putting the oven into operation, check the integrity of all
seams, the absence of blockages.
To avoid a fire hazard, there should be no residual water on the
walls of the chambers and pipes - if it is mixed with oil, fuel may
splash out.
Do not use this oven if you have to leave it unattended. It is
fraught with fire.

Fig. 9 – General view
of the furnace
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II.15. Ngo experience in promoting
Non-formal ecological education
at the level of local communities

Vakhitova N.V., Anarbaeva T.
Environmental education, which simply educates people
and gives them knowledge about the environment,
without asking them to change something in their own lives,
is not an environmental education, but just natural science
David Brower

The history of mankind is inextricably linked with the history of nature. Without the use of
natural resources, not a single state and not a single person on Earth can live, and normal life
is largely determined by the level of their consumption and distribution, increasing with the
annual growth of the Earth’s population, the anthropogenic load on the environment, which,
in turn, is reflected by a boomerang per person. The constantly decreasing level of health of
the population largely depends on the disruption of human connection with the environment.
This is expressed both in the inadequate change by mankind of the environment in which it
lives, and in the inability of a person to adapt to changing living conditions.
Human existence depends on compliance with the laws of Nature, the knowledge of which
gives them ecological literacy, ecological culture and responsibility - the necessary qualities
of a modern human. It is necessary not only to know how to behave in nature, but also to
follow its rules, because all living organisms in our biosphere do this, except for humans.
Their stubborn unwillingness to follow the rules is very bad for their own health and longevity,
brings a lot of trouble to all the inhabitants of the planet, and for some it has already proved
disastrous. All this suggests that the main reason for the current environmental crisis is the
low education of the population and poor education in environmental matters.
To paraphrase the statement of the specialist in the field of management consulting
Reg Revans, we can say that: «The possibility of good health of Nature and Man will be
achievable as long as the rate of effective learning of communities is higher (or equal to) the
rate of change of the natural environment.”
Climate change is one of the many challenges faced by local communities, and this
important stressor and multi-risk factor should be considered, especially in communities that
are sensitive to climate and / or depend on natural resources for their livelihoods.
In this context, the issues of adaptation of the country’s population, especially of marginal
territories to the impacts of climate change, the development of policies and measures to
prevent the negative consequences of climate change in the future, are relevant.
One solution to these issues may be to mobilize the efforts of local communities to protect
local ecosystems, their own health and budget.
Why is this not being done or not being done enough? The reason is, first of all, in the
lack of awareness among the local population that they can and should try to solve these
problems on their own and be able to raise these issues with the authorities.
The mechanism for resolving this situation lies in the receipt by local communities
of the necessary information, acquisition of relevant skills and knowledge. Attention
should also be focused on how to expand the practice of adapting local populations to
the risks of climate change and to strengthen the knowledge and skills to help them
adapt. Involving people in the decision-making process and actively discussing local
budgets can also help solve many of these problems.
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In addition, the consequences of climate change are aggravated by the negative
anthropogenic impact of local communities on the environment arising, including
due to the lack of necessary knowledge and environmental education of both the
population and local authorities. It is not realistic to solve this problem without an
adequate formation of a new vision.
Thus, awareness, environmental education of the population provides a solution to three
problems associated with sustainable development: environmental protection (environmental
aspect), family health (social aspect) and economical use of the family budget (economic aspect).
In the context of the global trend towards the transition from a consumer society to an
informational post-material society, the role of environmental education of the adult population
is significantly increasing, for example, for:
• housewives responsible for the use of water and energy in apartments, waste disposal;
• farmers, whose activities lead to degradation and pollution of land and water resources;
• poachers, often disoriented by the difficult socio-economic situation;
• an ordinary family, in whose hands are in many respects both its health and the health
of the environment.
As we know, progressive initiatives are promoted at the school level. Meanwhile,
environmental problems are mainly associated with the activities of adults (from a simple
worker to the head of local government). But adult education is a more complex process;
effective methods of environmental education for adults are practically non-existent.
As one of the possible options, the problems with adult learning can be solved with
the help of local initiatives at the local level, which in the current conditions for countries
with developing and transitional economies can be more effective. And NGOs can play a
significant role in this.
Similar projects to identify the potential for the implementation of an effective mechanism
for improving the knowledge of local communities to adapt to climate change are being
successfully implemented by the Eco-Forum of NGOs of Uzbekistan (Eco-forum).
Description of projects
The impacts of climate change vary from region to region, from ecosystem to ecosystem,
so a preliminary analysis of local risks, needs and circumstances relevant to local residents
and communities was necessary at the initial stage. The study area covers 6 mountain
villages of Bostanlyk and Parkent districts of Tashkent region, included in the Ugam-Chatkal
national park, the cities of Samarkand, Fergana and Tashkent. At the planning stage, local
communities were involved in the discussion of the project activities. Target groups: local
population, local authorities, women and youth groups, schools, religious leaders, NGOs.
Within the framework of the project, a number of round tables and meetings were held
in the villages. With the participation of local communities, elders, clergy, local authorities,
NGOs, women’s groups (Fig. 1), conversations and discussions were held on environmental,
social and economic problems at the local level and approaches to their solution.
The current situation on the ground was studied and preliminary meetings were held with
representatives of local communities. As methodological tools were used: public opinion
poll, case studies, analysis of a priori and statistical data, observation methods, CRiSTAL
methodology [6]. After that, a classifier of problems, their impact and levels of their solution
was compiled (Table 1).
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Synthesizing
information
on climate, land condition and
livelihoods helps to understand their
interrelationships, so the case study
included the following questions:
1. Determination of parameters
(factors) of climate change: low water,
drought, mudflows, avalanches,
floods, land degradation, etc.,
affecting social aspects (functions):
income, health, etc.
2. Analysis of existing methods
of adaptation of the local population
to climate change (including
traditional knowledge).
Fig. 1 - Discussion. Brichmulla village
3. Identifying the need for
knowledge and determining the mechanisms of influence.
The table was supposed to summarize the issues of solving several problems, such as
water purification, product selection, energy and water saving; proposals for developing
partnerships with local authorities in the transition to organic farming, sustainable grazing,
sustainable tourism planning, etc.
As a result of the study, climatic risks, both current and future, and sources of livelihood
that are important for residents and aspects of their mutual influence were identified. The
main problems and needs were identified, which became the thematic basis for activities to
increase the skills, knowledge and capacity of local communities.
The final results of the case study showed that only a holistic approach can help solve
problems. These problems cannot be solved by organizational or financial issues alone.
The modern family reflects all the problems of society, including environmental ones.
Knowledge and culture are required to solve everyday environmental issues. Adult education
will help achieve mutual understanding in the family, increase the pedagogical competence
of parents in the formation of an ecological culture, a healthy lifestyle, value qualities of a
child’s personality.
Obviously, there should be an integrated approach to the upbringing of ecological culture
- not only of children, but of the family as a whole, in the interaction of children, parents, and
the older generation. Parents raise children, children raise parents.
Based on the results of preliminary research, a list of the most pressing issues for teaching
families has been compiled.
Study topics
- Fundamentals of the use of renewable energy sources (RES) (taking into account the
results of studying the possibilities of the area for the introduction of RES).
- Possibilities for mitigating the effects of climate change at the household level - ways of
water purification, saving water and energy resources, rational waste management.
- Potential for involving local communities in the development and implementation of
local environmental action plans. The foundations for the formation of initiative groups (local
authorities and state administrations, NGOs, women’s and youth groups).
- Reorientation of the rural population towards ecotourism and national crafts, the
introduction of organic farming and rational cattle grazing as areas of «reconciliation” of
economic interests and the interests of nature.
Local initiative groups have been formed and trained for the development of ecotourism.
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Table 1
Classifier of problems, their impact and levels of their solution
Negative impact on *
Problem

Health

Environment

Solutions on the level**

Life
expectancy

Knowledge of
water purification
methods

Poor water
quality
Poor product
quality

Local

National

Wastewater treatment plant
construction

Knowledge of
substitutability
for affordable
products with
similar calorie
content and good
quality

High cost of
food
Lack of
potable water
and water for
sewerage
Lack of
energy

Personal

Deforestation
for heating
and cooking,
burning coal,
fuel oil

Land
degradation.
Poaching.

Knowledge of
ways to save
water

Assistance
by local
authorities

Knowing how to
save energy

Assistance
by local
authorities

Solving issues of installing solar
and wind installations
Low yields,
less food,
less income.
Less
tourists.
Low
productivity
cattle
breeding

Knowledge of
organic farming
Transition to new
activities
Knowledge of
sustainable
livestock grazing
Transition to new
activities

Promoting the introduction
of new environmentally
friendly technologies
Development of strategies
at the legislative level
Creation of conditions
for the organization of
sustainable tourism

*- Mostly (in reality, the impact is complex);
**- An integrated solution is also possible

Within the framework of the project, the specialists of the EcoForum held round tables, trainings
in villages, developed and published methodological and educational literature.
As educational tools, we used manuals for local communities developed by specialists of the EcoForum [1], [2], brochures on ecotourism for private tour operators and for tourists, and documentaries
“Adaptation” and “Living in the Clouds” filmed within the project (Fig. 2 ).
The educational materials highlight the issues of adaptation of local communities and mitigation
of consequences to climate change at the household level - methods of water purification, saving
water and energy resources, rational waste management, the possibility of reducing anthropogenic
impact on nature.
In developing these manuals, the authors were aware of the fact that communicating these ideas
to adults is not an easy task. A person with an already established character, a system of views and
perception of life, the absence of the manifestation of the phenomenon of imprinting or imprinting,
is difficult to educate and restructure their worldview.
Although theoretically it is possible to memorize new knowledge in more mature years. However,
their use will become qualitatively different. A person will remember this information, but will not
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always follow it. Other priorities can create an alternative. That is, the learned prohibition will not
always be implemented. Therefore, when choosing a pedagogical technology of influence, we were
guided by practically uncontested priorities of a person. Therefore, in the manuals, pedagogical
technology is used, based on the use of the instinct of self-preservation of a person, aspirations for
the sustainable development of the family hearth and the preservation of the health of loved ones.
The manuals were developed taking into account the analysis of the existing situation based on a
survey of the target audience using a specially developed questionnaire, a comprehensive analysis of
the results of which reflected the level of environmental and economic awareness of the population,
as well as the existing knowledge and experience in adapting to climate change.
Through these manuals, an attempt has been made to show that the health, and sometimes the
well-being of the family, largely depends on ourselves; pay attention that the preservation of the
environment is necessary, first of all, for us and our descendants. These brochures are about what
we directly encounter every day, and what worries every person, what we eat, drink, what we deal
with in everyday life.

Fig 2 – Teaching materials
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The tourist guide contains information about the territory and infrastructure of the UgamChatkal National Park and a memo for tourists about the basic rules of behavior in nature. It
can be distributed by both tour operators and the administration of Protected Natural Areas.
The booklet for private tour operators contains the basics of state registration as an
entrepreneur, marketing, arrangement of guest houses and ecotourism.
The Russian-English phrasebook is necessary to facilitate communication between local
tour operators and hotel house owners with foreign tourists. In the future, it is planned to
develop and publish an Uzbek-English phrasebook.
Recommended teaching mechanism
The next step of the study was to determine the possibilities and mechanisms for increasing
the level of knowledge of the adult population, taking into account the use of the existing
potential at the local level. It was necessary to find a mechanism for environmental education
of adults, which would still have both accessibility and low cost. The project specialists
analyzed a number of possibilities. The most effective option and efficient mechanism
in terms of maximum possible coverage and minimum costs was the idea of introducing
environmental education of adults in schools.
The experts proposed to carry out environmental education at parents’ meetings (they
are held in schools of the CIS countries on a regular basis). Schools cover most of the
country’s population.
Teachers spend 20-30 minutes at a parent-teacher meeting with conversations with
pupils’ parents about environmental problems and possible ways to solve and prevent them.
Thus, stimulating the education of families on an ongoing basis (Fig. 3).
It is practically a low-cost learning mechanism. It is only necessary to conduct a training
(refresher course) for school teachers in order to teach them the basics of environmental
safety for the subsequent education of families.
A stable learning mechanism, along with a rational combination of pedagogical
professionalism and environmental knowledge, will undoubtedly yield greater impact than
one-off awareness raising campaigns or educational workshops.
The structure of non-formal education of families at the local level
(on the example of a comprehensive school)
publications

seminar
for school teachers

publications

parent-teacher
training sessions

seminar modules

course modules
tailored to local issues

Fig. 3 – The structure of informal family learning at the local level

Specialists of the Eco-Forum conducted trainings with school teachers on informal education of
parents with the basics of environmental safety.
Within the framework of the project «Promoting the ecological safety of the family and preserving
the environment” specialists of the Eco-Forum and the Tashkent City Institute for Retraining and
Advanced Training of Pedagogical Staff have developed «Material for teaching teachers” and
«Material for teaching the ecological safety of families”.
The first material is intended for school teachers who have been selected as potential trainers and
mentors for local communities. It presents materials on the rationale (necessity) of environmental
education, the place of ecology in the human life space, environmental problems, environmental
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rights and legislation guaranteeing their provision, the specifics of trainings, their difference from
traditional education, features of adult learning, interactive teaching methods, role-playing games.
For hands-on testing, an environmental quiz, ecological footprint calculation, energy saving tests
and surveys are presented.
Family Sustainability Teaching Material is intended to assist school teachers and is designed
to educate local communities. The material includes information on: environmental problems,
the ecology of the human dwelling (permissible humidity; air pollution; chemical pollutants,
electromagnetic radiation, radiation, etc.), the basics of choosing high-quality food (genetically
modified organisms, organic food, nitrates in food products, food additives, bar codes, etc.),
environmental rights of citizens.
Recommendations are not a dogma and are only the basis on which teachers can focus when
drawing up their training plans. If desired, teachers can use students as trainers.
In three pilot schools in Tashkent (Fig. 4) - 103, 188 and 195, trainings with teachers were conducted,
and then pilot parent meetings with elements of environmental discussions with pupils’ parents, using
interactive methods were held. Topics: «Respect for water”, «Saving water and energy resources at the
household level”, «Why you can’t burn leaves”, «Drinking water purification at home”. The activities
have shown the effectiveness of this learning mechanism for the adult population.
a)

b)

c)

d)

Fig. 4 – Trainings in schools 103 (a), 188 (b) and 195 (c) and parent meeting in school 238 (d).
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Based on the results of the project’s implementation, EcoForum prepared and submitted
recommendations for consideration by the Ministry of Education of Uzbekistan with a view to the
possible introduction of such a practice in the country’s secondary schools.
In Uzbekistan, at the state and interdepartmental level, they realize that there is a need
to strengthen the preparation of students to solve the environmental problems facing
society at the levels from local to global, to reinforce knowledge and skills with actions. The
development of EE and ESD are heard at the meetings of the sections of the Oliy Majlis, and
the relevant regulations are adopted. Educational and methodological literature for formal
environmental education is being issued.
Among the educational and methodological literature on ecology for primary grades, the most
interesting is the one-of-a-kind educational and methodological manual «Environmental education
and upbringing in the primary grades of a comprehensive school” [3], as well as teaching aids,
workbooks and guidelines [4], [5], developed on the basis of this manual and approved by the
Republican Center of Public Education of the Ministry of Education of Uzbekistan. 1(Fig. 5).

Fig.5 Teaching aids for formal environmental education, developed by the experts of EcoForum

1

http://unece.org/environment-policy/publications/3rd-environmental-perfomance-review-uzbekistan
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Unfortunately, at the moment there is no educational standard for teaching ecology in general
education schools. And teachers, by way of initiative, use this educational and methodological
literature as an addition to the existing subjects, as well as on electives.
The results of the Eco-Forum projects were marked with international awards:
-Two-time winner in the national nomination of the International Award for Sustainability Energy
Globe (Fig. 6).
-Winner of the international competition for adaptation to climate change «Rio + 20” for good
practice, timed to coincide with the World Forum in Rio de Janeiro.2
- The documentary «Adaptation” won the competition at the D&C Days Film Festival in Cancun to
be screened at the UN International Conference on Climate Change (COP 16), and the film «Living in
the Clouds” won the national competition for environmental journalism.

Fig. 6- Energy Globe awards based on the results of Eco-Forum projects

Conclusions and recommendations
Based on the research, the links were identified between various factors associated with
climate change and public health and the state of the natural environment.
In practice, the possibility of educating families has been proven, using the potential of
NGOs and local communities. Based on the analysis of projects implemented by NGOs at
the local level, it is possible to gain an understanding of the issues of adaptation to climate
change at the country level.
The Eco-Forum program is practical in nature - increasing the adaptive capacity of local
communities to the impacts of climate change, as well as mitigating the negative impact of
people on the environment.
A cost-free method of environmental education for adults has been tested, using the
capabilities of general education schools. It is necessary to use the existing potential at
the local level. This approach has a wide coverage of the population and does not require
special investment.
Similar projects can be implemented in many developing countries.

2

http://www/wecf.org/wp-content/uploads/2020/02/WECF RIO AWARDS 2012.pdf
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