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Circular bioeconomics: conceptual aspects

Abstract. Сircular bioeconomics offers a conceptual framework for harnessing and managing renewable 
natural capital in the use of land, food, health care and industrial systems to achieve sustainable well-
being in harmony with nature. This article considers a circular bioeconomy as more efficient than the 
traditional linear economy. Concepts that can break the causal relationship between economic progress 
and environmental degradation, when the destruction of nature will not be an obligatory price for further 
building up the economic potential of the country, the region and the world as a whole are considered in 
our research.
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Циркулярна біоекономіка: концептуальні аспекти
Анотація. Циркулярна біоекономіка пропонує концептуальну основу для використання та управління 
відновлюваним природним капіталом у використанні землі, продуктів харчування, охорони здоров’я 
та промислових систем для досягнення сталого добробуту в гармонії з природою. У цій статті 
циркулярна біоекономіка розглядається як більш ефективна, ніж традиційна лінійна економіка. 
Концепції, які можуть порушити причинно-наслідковий зв’язок між економічним прогресом та 
деградацією навколишнього середовища, коли знищення природи не буде обов’язковою ціною для 
подальшого нарощування економічного потенціалу країни, регіону та світу в цілому, представлено в 
нашому дослідженні та апробовано.
Ключові слова: лінійна економіка; біоекономіка; економічне зростання; циркулярна економіка; 
біологічний капітал; екологічна стійкість; «зелена» економіка; циркулярна біоекономіка.
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Круговая биоэкономика: концептуальные аспекты
Аннотация. Круговая биоэкономика предлагает концептуальную основу для использования и 
управления возобновляемым природным капиталом при использовании земли, продуктов питания, 
здравоохранения и промышленных систем для достижения устойчивого благополучия в гармонии с 
природой. В данной статье рассматривается биоэкономика замкнутого цикла как более эффективная, 
чем традиционная линейная экономика. Концепции, способные разорвать причинно-следственную 
связь между экономическим прогрессом и деградацией окружающей среды, когда уничтожение 
природы не будет обязательной платой за дальнейшее наращивание экономического потенциала 
страны, региона и мира в целом, представлены и апробированы в нашей работе.
Ключевые слова: линейная экономика; биоэкономика; экономический рост; экономика замкнутого 
цикла; биологический капитал; экологическая устойчивость; «зеленая» экономика; биоэкономика 
замкнутого цикла.

1. Introduction
We are faced with the emergence of a single and closely interconnected socio-ecological sys-

tem on a planetary scale. The entire world, and Europe in particular, is facing an unprecedented 
number of interrelated challenges, the scale of which will only grow in the coming decades. It is 
about the growing demand for food, water, resources and energy, and the ongoing fight to pre-
vent climate change and environmental degradation, including biodiversity loss, nutrient emis-
sions and land degradation. Addressing these complex challenges, along with the need to sup-
port the socio-economic prosperity of a growing population, requires a systemic change in our 
economic model. 

For the past 200 years, our industrial era has been built on the use of fossil raw materials and 
on the basis of approaches of linear economics. We have witnessed a transformation of global so-
ciety unprecedented in human history (Suopajärvi, Sirviö & Liimatainen, 2017). The industrial era 
brought with it economic and demographic growth along with social and technological progress. 
Over the past 50 years, the global economy has experienced significant acceleration, which has 
spurred significant global economic convergence and markedly reduced poverty and inequality 
between rich and poor countries. It is obvious that by comparison of GDP growth with other fac-
tors related to the degree of destruction of the natural environment. The world began to go  beyond 
the planet’s capabilities. According to the Global Footprint Network, already in 2015, the level of 
sustainable use of the planet’s resources was exceeded 1.6 times. In 20 years, it will take two 
planets to sustain the modern economic system.

The social context is changing at the global and European level. In a changed context, a new 
concept is needed. New concepts are required to make these international agreements a reality. 
Such a concept could be the circular bioeconomy paradigm, which is based on the synergistic ef-
fect of merging the ideas of the bio-economy with circular economy. In 2013, the European Com-
mission adopted the strategy «Innovation for sustainable growth: a bioeconomy for Europe». In re-
cent years, many countries around the world and Europe have created their own strategies for the 
development of bioeconomy. In 2018, the EU began revising the existing Bioeconomy Strategy to 
develop considerations for its future development. We are convinced that the circular bioecono-
my has significant potential to accelerate the development of a pan-European economic, politi-
cal and social project, the need for which is becoming increasingly urgent. It is a project in which 
economic wealth is distributed more evenly among all citizens within the boundaries of the pla-
net’s renewable resources. Moving to a circular bioeconomy paradigm must involve a long-term 
strategy for breaking the relationship between economic growth and environmental degradation. 
We support the coordination of this report by the European Forest Institute (EFI). It provides re-
flections on key requirements for updating existing bioeconomic strategies linked to the UN Sus-
tainable Development Goals, the Paris Agreement and other recent initiatives, including circular 
economy. It includes strategic recommendations to be considered when developing a new Euro-
pean  bioeconomic strategy based on the principles of sustainable development. It also provides 
evidence-based considerations about the potential of forest resources as our primary biological 
infrastructure, and how forest-based solutions can be applied to develop the bioeconomy from a 
niche form to a complete system.

The circular economy model (CE) is a new and evolving economic model and a necessary 
and practical solution to adapt to the goals of economic growth and the limitations of using na-
tural resources and the environment. This concept has been theorized and operationalized in re-
sponse to environmental threats and climate change in industrialized countries that have faced 
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the  challenge of achieving sustainable economic growth and development simultaneously, and 
through the expansion of economic activities based on the use of renewable and recyclable re-
sources. Is evolution. The purpose of this article is to study the theoretical foundations and me-
thods of evaluating circular economy in industrialized countries as a comprehensive and opera-
tional strategy in order to achieve the goals of sustainable development. For this purpose, by stu-
dying the theoretical and experimental foundations, the indicators for measuring and evaluating 
the transition from classical economics with a focus on the use of non-renewable resources to a 
circular economy with a focus on the use of renewable resources have been explained. Indicators 
of economic efficiency measurement in the framework of the CE at various levels including firm, 
industry, and  macroeconomics based on economic efficiency criteria and resource and environ-
mental constraints designed. Based on these indicators, the efficiency of product production pro-
cesses are measured. The analysis of these indicators and how to measure them, while evalua ting 
the effectiveness of CE models, shows the policy-making approach to the transition to a circular 
economy. The proposed evaluation framework ultimately emphasizes the limitations of natural re-
sources in production and economic efficiency based on the three main criteria of environmental 
sustainability.

2. Brief Literature Review
In the face of waste generation problems and low efficiency in the use of raw materials, the con-

cept of circular economy was born. Circular economics is a model of production and consumption 
that involves sharing, renting, reusing, repairing, updating, and recycling existing materials and 
products as much as possible to create added value. This prolongs the life cycle of the product. 
In practice, this means minimizing waste. Once the product has reached its useful life, your mate-
rials will remain in the economy for as long as possible. These can be used frequently and effec-
tively to create added value. This is in contrast to the traditional linear economic model based on 
the concept of «throwing», which requires a large amount of cheap and easily available materials 
and energy. Outdated European Parliament initiatives calling for action are also part of this model 
(Steffen et al., 2015). 

Awareness of the importance of planetary boundaries becomes even more relevant when con-
sidering the issue of population. Today, the world’s population is increasing by 83 million peo-
ple annually (the size of the population of Germany), it is predicted that in 2030 the world popu-
lation will reach 8.5 billion people (Department of Economic and Social Affairs: Population Divi-
sion, 2015). Along with this, the unprecedented growth of the global middle class will become a 
key socio-economic factor (Kharas, 2017). Today, 3 billion people are in the global middle class, 
and it is expected that in the future it will join about 140-170 million people annually. This means 
that by 2030 the number of people belonging to the global middle class could increase by two bil-
lion. This not only opens up great business opportunities, but also creates serious environmental 
and social problems. Compared to 2010, there are estimates that by 2030 the world will need to 
produce 50% more food, 50% more energy, and 30% more drinking water to meet the needs of a 
growing population and middle class (United Nations World Water Development Report 4, 2012). 
In addition, demand for, for example, consumer goods, housing, transportation and packaging 
will increase significantly, which in turn will increase the demand for raw materials. The middle 
class will also play a decisive role in shaping quality demand for healthier food, clothing, more 
comfortable living, travel and housing conditions.

To reduce the environmental impact of this type of development, the economy and society must 
be redesigned. Political support from the middle class must also be sought to rethink globaliza-
tion and make it a win-win for the middle class in every place (Matviychuk-Soskina et al., 2019). 
Circular economics introduces other concepts such as environmental design and reconstruction 
in the chain and extends these 3Rs to 7Rs. Let us take a closer look at what these 7R are: 
• Redesign: Incorporate the environment into product design, i.e. based on eco design. In 

this way, not only the product performance has an advantage in manufacturing, but also 
stability. 

• Reduction: We consume a lot and very fast. Therefore, in order to protect the environment, we 
must also reduce the consumption of products and production waste. 

• Reuse: The goal is to increase the useful life of products and reuse them by giving new life by 
hand or by hand or yourself. On the Internet, you will find thousands of ideas that can be reused 
for any product.
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• Repair: In many cases, when a product fails, we tend to buy a new product regardless of the 
repair option. But repairs are usually cheaper and always better for the environment. Save raw 
materials, energy and reduce waste! 

• Extension: This is about updating all these old objects so that they can be used again to crea-
te them. 

• Recovery: This involves collecting used materials and reintroducing them to the production 
process. 

• Recycling: Reintroduction of waste used in the production process to become the raw ma-
terial of other new products. After trying all the above methods, it should be the last op-
tion. Because remember, the best waste is waste that is not produced (Rockström, Gaffney, 
 Rogelj et al., 2017; Helm, 2015). 
Circular economics is a term that refers to an economic model in which the goal is to reduce 

substance use, or in other words, the way in which materials are expected to enter the realm of 
consumerism (UNEP, 2017). In this way, this model increases the possibility of closing the eco-
nomic and ecological flow. But this economic-ecological model has several basic aspects that are 
considered as the main reason for its survival. Let’s see more of this circular economy, a global 
trend. The basis of this economic model is based on the basic aspect of nature, the cycle. And that 
is that when we think about it, nature does not receive resources from anywhere else. Because it 
reuses resources such as water, nitrogen, and many other sources, it has a special cycle that al-
lows the earth to sustain itself, and the parts that make it up can go back to where they were from 
the beginning (Helm, 2015; Antikainen et al., 2017; Melnyk et al., 2020).

3. Results and Discussions 
The linear model of the economy has made it possible to achieve significant success in the 

economic, technological and social aspects, however, the needs of humanity are steadily gro-
wing, and the resources necessary for further development are still limited. According to stu-
dies, by 2030, the demand for various types of food will increase in comparison with 2010 by 
50% and the consumption of fresh water - by 30% (United Nations World Water Development 
Report 4, 2012; Department of Economic and Social Affairs: Population Division, 2015). Spea-
king about industrial development and technological progress, one cannot but take into account 
the colossal dimensions of the anthropogenic impact of mankind on our environment and cli-
mate. Figure 1 shows a classic linear economy model, which clearly demonstrates that the waste 
generated as a result of consumption is the final element of this chain, and the larger the scale 
of production, the correspondingly larger the volume of waste generated. The picture becomes 
even more depressing when we consider that as a result of the escalation of resources already 
at the stages of their extraction, as well as industrial production, environmental degradation oc-
curs, the integrity of the biosphere is disrupted and the climate changes.

According to the theory of planetary boundaries, there are nine planetary boundaries - indica-
tors of relative equilibrium in nature, the observance of which affects the quality of life of people, 
allowing you to maintain a balance between anthropogenic impact and restorative processes in 
nature (Rockström, 2010). From the data presented in Table 1, it can be seen that four out of ten 
limits were exceeded already in 2015 (they are shaded gray), the situation with fresh water con-
sumption and land use looks relatively favorable, and in terms of oceans saturation with phospho-
rus and depletion of the ozone layer - we are close to critical values.

At present, the world economy needs economic models that are more effective than the tra-
ditional linear economy, concepts that can break the causal relationship between economic pro-
gress and environmental degradation, when the destruction of nature will not be an obligatory 
price for further building up the economic potential of the country, region and the world in the 

Figure 1: 
Linear model of the economy

Source: Circular economy and health: opportunities and risks (2019)
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whole. An important condition in this case is the preservation of the sectors of the economy, which 
are currently a kind of locomotives, capable of leading sustainable development in the future.

Today, there are several concepts that meet the above requirements:
• the concept of a «green» economy;
• the concept of bioeconomics;
• the concept of a circular economy (Table 2).

Based on the data shown in Table 2, the following conclusions can be drawn:
1) all three concepts are related to each other;
2) the fundamental difference between the concept of bioeconomics and the concept of «green» 

economy is the use of biological resources and biological processes;
3) the concept of a circular economy is narrower in comparison with the concepts of a «green» 

economy and bioeconomy.
In 2015, at the Global Bioeconomy Summit, the idea was voiced about the need to achieve a 

greater degree of sustainability of the bioeconomy concept by harmonizing its principles with 
the principles of a closed-loop economy (Communiqué Global Bioeconomy Summit, 2015). 
Figure 2 shows the concept of circular bioeconomics, which incorporates the ideas of bio-
economics and circular economy, which not only do not contradict, but reinforce each other 
( Antikainen, et al., 2017).

The circular economy, which produces goods and services based on the method of indust-
rial ecology, nevertheless goes far beyond the scope of this system. As the name implies, circu-
lar economics also includes economic or financial aspects. The main reason for this effect is that 
the most expensive part of producing a product is the exploitation of the raw material, but if we 
ma nage to reuse all our resources, we reduce the amount of material exploited and therefore the 

Table 1: 
Planetary boundaries 

Source: New Scientist (2010), Statistical Data (2015)

Table 2: 
Concepts that can replace the linear model of the economy

Source: * - UNEP (2017); ** - Communiqué Global Bioeconomy Summit (2015); 
*** - Ghisellini, Cialani, & Ulgiati  (2016)
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price of the products to It reduces dramatically, causing money to not only be concentrated in part 
of the exploitation process, but to flow evenly across all sections of society. 

It is important to remember that both of the original concepts alone are not at all a suf-
ficient condition for achieving sustainable development. Moreover, since 2017, there have 
been discussions about the problems and risks generated, in particular, by bioeconomy 
(Priefer et al., 2017).

As seen in Figure 2, the synergistic fusion of the circular economy and bioeconomy concepts 
will allow:
• to cover not only agriculture with green technologies, but also the city, thereby integrating bio-

economy into all spheres of our life;
• launch the process of «double disconnection», when both the volume of resources used and the 

negative impact on the environment are proportionally reduced;
• even during design, which is called by default, to influence the properties of a particular pro-

duct, making it not only suitable for further processing, but also biodegradable;
• through the use of science-intensive technologies, to increase the life of materials, equipping 

products with additional functions, and increasing their usefulness.
Referring to the domestic experience, it should be noted that in Kazakhstan, starting in 2013, 

several legislative acts were adopted aimed at the gradual achievement of sustainable «green» 
economic growth and building a «green» economy, the main of which is the Concept for the tran-
sition of the Republic of Kazakhstan to «Green economy», approved on May 30, 2013 (hereinafter 
KGE). At the same time, unfortunately, in our country there are no program documents aimed at 
the development of the bioeconomy proper: in the same KGE the term «bioeconomy» is not men-
tioned at all (Government of the Republic of Kazakhstan, 2013).

Since bioeconomics is an integral part of the «green» economy, then in the absence of the first 
legislatively formalized in Kazakhstan, we will analyze the development of the second.

According to KGE, in the period from 2013 to 2020, the allocation and efficiency of resources 
had to be optimized, the work on building a «green» infrastructure was completed, certain target 
indicators were achieved in six key sectors of the national economy (Government of the Repub-
lic of Kazakhstan, 2013).Table 3 shows data on target indicators for four of them (with regard to air 
pollution and waste disposal, specific indicators are planned to be achieved no earlier than 2030), 
the achievement of which is planned by the end of 2020, but already now we can talk about the 
presence of some problems on the way to achieving these goals, and, possibly, the need to re-
vise the instruments that contribute to the creation and successful development of a sustainable 
«green» economy.

Judging by the operational data presented in Table 3, the situation looks relatively good only in 
agriculture: labor productivity increased by 215.3% against the planned 200%, water consump-
tion for irrigation almost approached the desired one, but the wheat yield could not be brought to 

Figure 2: 
The concept of circular bioeconomics as a result of the intersection 

of the concepts of circular economy and bioeconomics
Source: Presented by the authors
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the required value (1.28 t / ha instead of 1.4 t / ha). The probability of some positive correction of 
the operational data based on the results of 2020 according to the indicator of full water supply to 
the population remains. Indicators such as the share of solar and wind power, lower CO2 emissions 
and lower energy intensity of GDP show poor results. Work on gasification of Akmola and Kara-
ganda regions is underway, but it is not possible to calculate the percentage of completion by the 
end of 2020.

According to the report of the National Welfare Fund Samruk-Kazyna JSC, at the end of 2018, 
out of the seven directions presented in Figure 3, only energy-related projects, including wind 
and solar power plants and small hydroelectric power plants, have received relative development 
(Green Economy: Realities and Prospects in Kazakhstan, 2018).

Table 4 shows data on the volume of investments in the «green economy» of Kazakhstan for the 
period from 2016 to 2018, from which it can be seen that the actual performance chronically lags 
behind the indicators laid down in the KGE.

Table 3: 
Target indicators of the Concept for the transition of the Republic of Kazakhstan 
to a «clean circular»

Source: Compiled by the authors using the following data: 
** - In 2020, it is planned to provide drinking water for over 87% of the rural population (2020);
*** - Statistical data (2020);
**** - Kuzekbay (2020);
***** - During the modernization of the irrigation infrastructure of Kazakhstan, 88 thousand jobs will be 
created (2020);
****** - Forecast of the Ministry of Industry and Infrastructure Development of the Republic of Kazakhstan 
for 2020 (2020)

Table 4: 
Investments in the «green» economy of the Republic of Kazakhstan, % of GDP *

Source: Compiled by the authors using the following data: 
** - Government of the Republic of Kazakhstan (2013);
*** - Fakhrullah (2019)

Figure 3: 
Key directions of the Concept for the transition of the Republic of Kazakhstan 

to a «green» economy
Source: Presented by the authors
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In conclusion, we would like to note that for Kazakhstan with its low diversified economy, envi-
ronmental problems and low quality of life, achieving sustainable «green» economic growth should 
be a priority. We must not forget that today, with all the importance of the rate of economic growth, 
its quality is almost of great importance.

4. Conclusions
The current linear economic model based on the use of fossil resources has led to the fact 

that our society has already crossed some of the planetary boundaries of a safe workspace 
necessary for humanity. Circular bioeconomics is more than bioeconomy or circular econo-
my alone. Measu res such as waste prevention, environmental design and reuse can save EU 
companies money while reducing total annual greenhouse gas emissions. Currently, the pro-
duction of the materials we use on a daily basis accounts for 45% of our carbon dioxide emis-
sions. Switching to a more circular economy can have benefits such as reducing environmental 
pressures and improving safety. Supply of raw materials, stimulation of competition, innovation, 
economic growth (0.5% of GDP) and employment (which creates approximately 700,000 jobs 
only in the EU until 2030).

Summing up the results of the study, we can draw the following conclusions:
• Bioeconomy and circular economy strategies need to be combined.
• The circular bioeconomy process can play a key role in helping to enhance the 2030 Develop-

ment Goals and the Paris Agreement targets.
• A circular bioeconomy provides the biodiversity conservation and mitigate climate change; bio-

diversity and climate mitigation are essential for a successful circular bioeconomy.
• A circular bioeconomy will not be successful if the urban population does not see its importance 

to themselves. To support community involvement, a scientifically sound circular bioeconomy 
concept and effective communication is needed.

References

1. Antikainen, R., Dalhammar, C., Hildén, M., Judl, J., Jääskeläinen, T., Kautto, P., Koskela, S., Kuisma, M., Lazarevic, 
D., Mäenpää, I., Ovaska, J.-P., Peck, Ph., Rodhe, H., Temmes, A., & Thidell, Å. (2017). Renewal of forest-based 
manufacturing towards a sustainable circular bioeconomy. Reports of the Finnish Environment Institute, No 13. 
https://helda.helsinki.fi/handle/10138/186080

2. Fakhrullah, L. (2019). Investments in the green economy of Kazakhstan amounted to 80.2 billion tenge. Liter. 
https://liter.kz/4962-investitsii-v-zelenuyu-ekonomiku-kazahstana-sostavili-80-2-mlrd-tenge (in Russ.)

3. Ghisellini P., Cialani, C., & Ulgiati, S. (2016). A review on circular economy: the expected transition to a 
balanced interplay of environmental and economic systems. Journal of Cleaner Production, 114, 11-32. 
https://doi.org/10.1016/j.jclepro.2015.09.007

4. Global Bioeconomy Summit. (2015, November 26). Making Bioeconomy Work for Sustainable Development. 
Communiqué. Berlin. https://bei.jcu.cz/Bioeconomy%20folders/bioeconomy-global-summit-2015/communique-
global-bioeconomy-summit-2015-making-bioeconomy-work-for-sustainable-development

5. Government of the Republic of Kazakhstan. (2013). Concept for the transition of the Republic of Kazakhstan to a 
«green economy» by 2050. https://adilet.zan.kz/rus/docs/T1300000577 (in Russ.)

6. Helm, D. (2015). Natural Capital: Valuing the Planet. Yale University Press.
7. Kharas, H. (2017). The unprecedented expansion of the global middle class. An update. Global Economy & 

Development. https://www.brookings.edu/wp-content/uploads/2017/02/global_20170228_global-middle-class.pdf
8. Kuzekbay, A. (2020). Cleaning work completed a month earlier than last year.  https://www.inform.kz/ru/uborochnye-

raboty-zaversheny-na-mesyac-ran-she-chem-v-proshlom-godu-saparhan-omarov_a3702662 (in Russ.) 
9. Matviychuk-Soskina, N., Krysovatyy, A., Zvarych, I., Zvarych, R., & Ivashchuk, I. (2019). «Sea star wasting 

syndrome» or alterglobalization, inclusiveness and circular economy: priorities of the plan «B» for the planet. 
Economic Annals-XXI, 179(9-10), 4-21. https://doi.org/10.21003/ea.V179-01

10. Melnyk, L., Sommer, H., Kubatko, O., Rabe, M., & Fedyna, S. (2020). The economic and social drivers of 
renewable energy development in OECD countries. Problems and Perspectives in Management, 18(4), 37-48. 
https://doi.org/10.21511/ppm.18(4).2020.04

11. Ministry of Industry and Infrastructure Development of the Republic of Kazakhstan. (2020). Forecast of the Ministry 
of Industry and Infrastructure Development of the Republic of Kazakhstan for 2020. https://www.gov.kz/memleket/
entities/miid?lang=ru (in Russ.)

12. New Scientist. (2010). Ocean to ozone earths nine life support systems. https://www.newscientist.com/round-up/
ocean-to-ozone-earths-nine-life-support-systems 

13. Priefer, C., Jörissen, J., & Frör, O. (2017). Pathways to Shape Bioeconomy. Resources, 6(1), 10. https://doi.org/10.3390/
resources6010010

14. Rockström, J. (2010). Let the environment guide our development. https://www.ted.com/talks/johan_rockstrom_
let_the_environment_guide_our_development/transcript?language=ru

15. Rockström, J., Gaffney, O., Rogelj, J., Meinshausen, M., Nakicenovic, N., & Schellnhuber, H. J. (2017). A roadmap 
for rapid decarbonization. Science, 6331(355), 1269-1231. https://doi.org/10.1126/science.aah3443

https://helda.helsinki.fi/handle/10138/186080
https://liter.kz/4962-investitsii-v-zelenuyu-ekonomiku-kazahstana-sostavili-80-2-mlrd-tenge
https://doi.org/10.1016/j.jclepro.2015.09.007
https://bei.jcu.cz/Bioeconomy%20folders/bioeconomy-global-summit-2015/communique-global-bioeconomy-summit-2015-making-bioeconomy-work-for-sustainable-development
https://bei.jcu.cz/Bioeconomy%20folders/bioeconomy-global-summit-2015/communique-global-bioeconomy-summit-2015-making-bioeconomy-work-for-sustainable-development
https://adilet.zan.kz/rus/docs/T1300000577
https://www.brookings.edu/wp-content/uploads/2017/02/global_20170228_global-middle-class.pdf
https://www.inform.kz/ru/uborochnye-raboty-zaversheny-na-mesyac-ran-she-chem-v-proshlom-godu-saparhan-omarov_a3702662
https://www.inform.kz/ru/uborochnye-raboty-zaversheny-na-mesyac-ran-she-chem-v-proshlom-godu-saparhan-omarov_a3702662
https://doi.org/10.21003/ea.V179-01
https://doi.org/10.21511/ppm.18(4).2020.04
https://www.gov.kz/memleket/entities/miid?lang=ru
https://www.gov.kz/memleket/entities/miid?lang=ru
https://www.newscientist.com/round-up/ocean-to-ozone-earths-nine-life-support-systems
https://www.newscientist.com/round-up/ocean-to-ozone-earths-nine-life-support-systems
https://doi.org/10.3390/resources6010010
https://doi.org/10.3390/resources6010010
https://www.ted.com/talks/johan_rockstrom_let_the_environment_guide_our_development/transcript?language=ru
https://www.ted.com/talks/johan_rockstrom_let_the_environment_guide_our_development/transcript?language=ru
https://doi.org/10.1126/science.aah3443


53

ECONOMIC ANNALS-XXI
ECONOMICS AND MANAGEMENT OF NATIONAL ECONOMY

Yessenbekova, Z., & Turezhanov, S. / Economic Annals-XXI (2021), 193(9-10), 45-53

16. Steffen, M., Richardson, K., Rockström, J., Cornell, S. E., Fetzer, I., Bennett, E. M., Biggs, R., Carpenter, S. R., 
de Vries, W., de Wit, C. A., Folke, C., Gerten, D., Heinke, J., Mace, G. M., Persson, L. M., Ramanathan, V., 
Reyers, B., & Sörlin, S. (2015). Planetary Boundaries: Guiding human development on a changing planet. 
Science, 347, 1259855. https://www.science.org/doi/10.1126/science.1259855 

17. Suopajärvi, T., Sirviö, J. A., & Liimatainen, H. (2017). Cationic nanocelluloses in dewatering of municipal activated 
sludge. Journal of Environmental Chemical Engineering, 5(1), 86-92. https://doi.org/10.1016/j.jece.2016.11.021

18. The World Bank, JSC «Samruk-Kazyna». (2018). Green Economy: Realities and Prospects in Kazakhstan. 
https://www.sk.kz/upload/iblock/8d9/8d97878e7ec2466e04ab62e5d8f4c3a3.pdf

19. UNESCO. (2012). United Nations world water development report 4: managing water under uncertainty and risk. 
UNESCO, UN-Water, WWAP. https://unesdoc.unesco.org/ark:/48223/pf0000215644

20. United Nations Department of Economic and Social Affairs (UN DESA). (2015). World Population Prospects. 
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/files/documents/2020/
Jan/un_2015_world_population_prospects-2015_revision_databooklet.pdf

21. United Nations Environment Programme (UNEP). (2017). Resource Efficiency: Potential and Economic Implications. 
A report of the International Resource Panel. https://www.unep.org/resources/report/resource-efficiency-potential-
and-economic-implications-international-resource

22. World Health Organization. (2019). Circular economy and health: opportunities and risks 2018. Copenhagen: WHO 
Regional Office for Europe.

 
Received 6.07.2021

Received in revised form 9.08.2021
Accepted 14.08.2021

Available online 19.10.2021

https://www.science.org/doi/10.1126/science.1259855
https://doi.org/10.1016/j.jece.2016.11.021
https://www.sk.kz/upload/iblock/8d9/8d97878e7ec2466e04ab62e5d8f4c3a3.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000215644
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/files/documents/2020/Jan/un_2015_world_population_prospects-2015_revision_databooklet.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/files/documents/2020/Jan/un_2015_world_population_prospects-2015_revision_databooklet.pdf
https://www.unep.org/resources/report/resource-efficiency-potential-and-economic-implications-international-resource
https://www.unep.org/resources/report/resource-efficiency-potential-and-economic-implications-international-resource

	_GoBack
	_Hlk95844381
	_Hlk95743185
	_Hlk61011632
	_GoBack
	_heading=h.1fob9te
	_Hlk95844381
	_Hlk95743185
	_Hlk95844381
	_heading=h.1fob9te
	_Hlk95743185
	_GoBack
	_Hlk95844381
	_GoBack
	_Hlk95844381
	_Hlk95743185
	_GoBack
	_Hlk95844381
	_Hlk95743185
	_Hlk103873209
	_GoBack
	_Hlk95844381
	_GoBack
	_Hlk95917481
	_Hlk95844381
	_Hlk95743185
	_GoBack
	_GoBack
	_Hlk95844381
	_Hlk95743185
	_Hlk95844381
	_Hlk95743185
	_Hlk95844381
	_Hlk95743185
	_GoBack
	_Hlk95844381
	_GoBack
	_Hlk63282812
	_GoBack
	_Hlk95844381
	_Hlk95743185
	_GoBack
	_Hlk95844381
	_Hlk95743185

