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Abstract


The transition to the circular economy is a basic principle of the policy of the European Union, it is the chance for a cleaner world, an ideal world with “zero waste”. This document analyzes the implementation degree of circular economy in Romania through 10 monitoring indicators defined by European Commission in ”Measuring progress towards the circular economy in the European Union—Key indicators for a monitoring framework”, released in January 2018. In order to understand the paper, it was considered necessary to define the indicators with reference to the targets proposed by the European Union. The analysis of the stage of implementation of the circular economy in Romania was made by using the data published by Eurostat. Methodologically, a comparative study was carried out between the level of implementation of circular economy indicators in Romania and the EU and the position occupied by Romania among the member states was identified for each of these 10 circular economy monitoring criteria. Each indicator is analyzed and the causes and motivations that led to the obtaining of the mentioned values are identified. The results of the study show that Romania is in the upper part of the hierarchy for certain indicators, contributing to the achievement of EU targets. It also identifies the causes that delay performance in others, indicating future solutions, necessary to be adopted to remedy the situation. Implementing the circular economy requires long-term vision, political determination and consistency, and, last but not least, funding. In these directions, governmental measures must be taken to increase performance at the national level. In conclusion with an economy that is not sufficiently strong, and affected as it is by the current crises, Romania is moving forward on the path of transitioning to a circular economy.
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1. Introduction


The transition to the Circular Economy (CE) involves the reconsideration of the linear economic model in which the economic chain involves: raw materials, manufacturing, marketing, use and waste generation, which are then destroyed. The old economic consumes a large amount of resources and generates a large amount of waste. The transformation of linear model into a circular one assumes reconsidering unsustainable aspects, considerable reduction of waste, reuse, repair, recycling of existing materials and products, etc.



Ideas specific to the circular economy have appeared since the 18th century. Hans Carl von Carlowitz (1645–1714) was the first who introduced the concept of sustainability, advocating for sustainable use of the forest. John Law (1671–1729) and Richard Cantillon (1680–1734) tried to describe the circular flow of income and expenditure. In 1798, Thomas Malthus, in the work entitled “An Essay on the Principle of Population”, pointed out that continued population growth would diminish the world’s ability to feed itself. John Stuart Mill (1806–1873) postulated that the economy is governed, in fact, by the laws of nature and not by human will. He believed that it was preferable for the economy to reach a stationary stage that would facilitate the transformation of capitalism into a more humane economic system [1].



The concept of circular economy, in the current understanding represents the contribution of several authors or even several schools. According to the Ellen MacArthur Foundation [2], the EC paradigm is based on the activity of seven schools: industrial ecology, biomimicry, natural capitalism, regenerative design, cradle-to-cradle, blue economy, performance economy.



Industrial Ecology(IE) aimed to understanding the materials circulation and energy flows. The role of IE is to facilitate the understanding of the industrial ecosystem functioning, its regulation and the interaction with the biosphere [3]. In this sense, IE proposes the transition to closed cycles of materials and energy, thus minimizing industrial losses. For the French Environment and Energy Management Agency [4], industrial ecology is also one of the several pillars needed to build a circular economy, among ecodesign or product-as-a-service.



In accord with S. Erkman are defines four key principles of the IE [5]:




	
the systematic valorized of waste and by-products;



	
the minimization of loss caused by dispersion;



	
the dematerialized of economy;



	
the reduction of energy in base of fossil hydrocarbon.








The Regenerative Design school of thought was founded by John T. Lyle, in 1996, with the publication of his work entitled “Regenerative Design for Sustainable Development”. This work is intended to be a practical guide to designing systems (not just in agriculture) such as those that supply energy and materials, that should be self-renewing or regenerative during their operation.



The ”father of performance economy” Walter R. Stahel and one important figure in the field of circular economy has proposed a “Functional Service Economy” through changing the way of organization, strategy and business model of companies [6]. A functional economy supposes the optimization of goods and services in order to consume material resources and energy so as possible. From here derives the sustainable aspect of the functional economy in relation to the traditional economy. A functional economy generates a performance economy. The performance economy is based on three important objectives [6]: higher growth, more jobs and lower resource consumption. This theory moves the economy towards sustainability and shifts economic thinking from “doing things right’” to “doing the right things”.



The “Cradle to Cradle” concept was mainly developed by Michael Braungart and Bill McDonough. This concept means design and production of goods in such manner that at the end of their life, they can be recycled. The main principles of this concept are:




	
waste equals food (eliminate the concept of waste);



	
use renewable energies;



	
support (celebrate) diversity.








The term “Biomimicry” was introduced by Janine Benyus in 1997 in her book “Biomimicry: Innovation inspired by nature”. Biomimicry means to imitate life. In nature there is no waste, so materials and energy circulate in nature without creating pollution. Biomimicry is an approach that tries to implement sustainable innovation in design, business, engineering etc. by applying successful strategies found in nature.



The Biomimicry theory is focused on the following aspects [7]:




	
nature as model (nature can provide models and solutions in order to solve human problems);



	
nature as measure (nature can be viewed as a standard to judge the sustainability of our innovation);



	
nature as mentor (nature can be viewed as a source of knowledge for our innovation).








In 2004, Gunter Pauli has introduced the “Blue Economy” concept based on the ZERI (Zero Emissions Research and Initiatives) philosophy. The concept of the Blue Economy means the use of seas and coasts for economic activities. The main principles of the Blue Economy are the innovative business model and competitiveness.



The development of the concept of Circular Economy has also involved different approaches to how this type of economy is defined. Thus, the specialized literature contains over 100 definitions regarding the circular economy, focused on key concepts such as: sustainable development, the 4Rs (Reduce, Reuse, Recycle, Recover), the systemic approach (micro, meso, macro), the waste hierarchy [8]. Starting from the common elements of these concepts, Kirchherr proposed a concise definition of the circular economy: “CE is an economic system that replaces the ‘end-of-life’ concept with reducing, alternatively reusing, recycling and recovering materials in production/distribution and consumption processes”.



The CE concept has been understood differently depending on the cultural, social and political systems where it has been implemented. For example, in Germany, the CE concept was introduced into environmental policy in the early 1990s in order to solve the problems associated with raw materials and the use of natural resources [9]. Germany is considered to be a pioneer in sustainable development, as it prioritized the efficient use of resources and implicitly increased energy efficiency [10]. In other European countries, such as the UK, Denmark, Switzerland and Portugal, the CE concept was initially associated with waste management [11].



Previously applied and understood differently, the CE benefited from a unitary approach at the level of the European Union states in July 2014, in Brussels, when the European Commission sent the document entitled “Towards a circular economy: A zero waste program for Europe” (No 398/2014) to the European Parliament, the European Council, the European Economic and Social Committee and the European Committee of the Regions [12]. One year later, in December 2015, the Circular Economy Package [13] was launched, a document that marks CE as a basic principle in the EU economic development. The following documents published in 2018 and 2020 (we will return to them in the following paragraphs) establish criteria for the monitoring of the progress towards a genuine circular economy and update the 2015 action plan through the document “A new Circular Economy Action Plan for a cleaner and more competitive Europe” [13] in order to accelerate the transition towards this new regenerative economic model.



Following the new Circular Economy Plan, the European Commission establishes specific regulations regarding sustainable batteries (December 2020), organic pollutants from waste and waste transport (2021).



The year 2022 is intense from the point of view of documents related to the circular economy: in March the Commission proposed a package of measures that complements the New Circular Economy Plan and imposed new rules on the design, manufacture and use of products, which must meet new energy efficiency standards and impact on the environment. In April, the adopted measures regarding pollutants produced by large industrial facilities were published.



The real transformation of the linear economy into a circular economy with intelligent and sustainable utilization of resources and with almost zero waste is an ongoing process, different from country to country that still requires legislative measures and careful monitoring.



The purpose of this paper is to analyze the progress made by Romania in the implementation of the circular economy. The indicators defined by the European Commission for monitoring the transition to the EC are analyzed. The work provides a complete picture of Romania’s transition to the circular economy, its position among the member states and the extent to which it contributes to reaching the targets proposed by the EU. The factors that led to these results and the necessary future measures to be adopted are identified.



The work is organized in the following chapters: 1. Introduction, in which a presentation of the formation of the circular economy concept is made; 2.Research Methodology where the four action areas of the EC and the indicators corresponding to each are defined, used in the following section as tools for the proposed analysis; 3.Results: The implementation of the circular economy in Romania, chapter that presents, based on the previously defined indicators, the progress made in recent years in Romania, and the causes that determined the respective values of the indicators are identified; 4.Discussion, section in which a comparative analysis is made between Romania and the EU-27, and Romania’s contribution to the fulfillment of the targets proposed by the European Commission is evaluated. This section also presents the conclusions obtained from the study regarding the measures that must be adopted to accelerate the transition to the circular economy of Romania.




2. Research Methodology


According to the decision of the European Union the transition to a circular economy is essential in order to ensure a sustainable development, a smart use of natural resources and to prevent dramatic changes of the climate on earth. To evaluate the progress to a circular economy of each country, ten main indicators with different sub-indicators grouped in four areas of economy were established by the European Commission and presented in the European Parliament on 16th January 2018. The documents ”Communication from the Commission on a monitoring framework for the circular economy, COM no. 29, 2018” and “Commission Staff Working Document: Measuring progress towards circular economy in the European Union—Key indicators” [14] explain the reasons for establishing the areas that must be monitored from the point of view of the circular economy and the choice of indicators that must track how raw materials enter the economy, produce goods and then leave the economy. The area and the corresponding indicators are presented in Figure 1.



There are many discussions concerning the validity of the 10 indicators, and the extent to which they manage to measure the correctness of the paths of different countries towards the circular economy, but at this time they are a reference system in the comparison of the progress made by European countries towards the circular economy.



These indicators will be analysed for Romania and the European Union, to identify the strengths and weaknesses in the application of the circular economy, the political deficiencies and the measures that have to be taken to improve the sustainable development of Romanian economy and society.



The areas monitored by the European Union through the ten main indicators follow the circuit of raw materials in economy, but at the same time give value to competitiveness and innovation, emphasizing the importance of the discovery of new technologies and scientific progress. We believe that a discussion of circular economy indicators is necessary.



2.1. Production and Consumption Area


It follows the circuit of raw materials in economy, the way they are used in industry and by domestic consumers, the amount recovered, the reuse of these raw materials, it monitors the ratio between the quantity/volume of raw materials used and the resulting waste. There are four main indicators (Figure 1) in this area. The first of them is EU self-sufficiency for raw materials.



EU is deficient in certain “critical raw materials”, which can only be obtained from imports or must also be purchased from imports [15]. The non-existence of these raw materials in the countries of the European Union or the small amount in which they exist in the EU make them all the more valuable. Extracting them from products at the end of their life cycle and re-introduction them into the economic circuit is a way to increase the degree of independence of the European Union, which is ever more important in the current global economic-political situation in which the flow of supply can be blocked at anytime.



Self-sufficiency of raw materials for production in the EU(SS) indicator (or EU self-sufficiency for raw materials, as it is called in the European Commission document from 2018) is expressed as a percentage [%] and measures the EU’s ability to ensure from its own resources (extractive or recovery) the raw materials from the category of critical ones, and implicitly to ensure its autonomy from this point of view.



The indicator is calculated for each type of raw material by using the following relations [14]:


  S S = 1 −   n e t   I m p o r t   r e l i a n c  



(1)






  I R =   I m p o r t - E x p o r t   D o m e s t i c   p r o d u c t i o n + I m p o r t − E x p o r t    



(2)







Self-sufficiency can have values from 0 to 100% and does not evaluate the actual amount of raw materials available, but only their relation to the economic need. It should be noted that the situation of these critical raw materials is constantly changing, depending on economic trends, their list being updated every 3 years. There are worries about the fact that the number of critical raw materials has been continuously increasing from 14 positions in 2011, the year of the first assessment, to 30 critical raw materials in 2020, according to the European Commission’s “Study on the EU’s list of Critical Raw Materials (2020)” [15].



The progress of the massive transition to the use of renewable energies is deepening the crisis of raw materials in the EU. Solutions are needed to cover the possible crisis of these materials, through the creation and successful use of substitutes with similar performances and, thanks to the European Cooperation in Science and Technology, intensive studies are being carried out in this direction [16].



In general, this indicator, established by categories of raw materials, is analyzed together with the map of the countries possessing these resources and thus determines the directions of the European Union’s foreign and commercial policy. Foreign policy is always a mix between democratic principles and economic interests.



The next indicator in the field of Production and consumption is related to the position of national, regional and local authorities regarding green public procurement.



The Green public procurement (GPP) indicator was introduced as a way for the state to impose its environmental protection policy (an expected result of the application of the circular economy) in the public procurement system of subordinate bodies.



Public procurement represents about 14% of the EU’s gross domestic product [17] and its orientation towards environmentally friendly products generates an impact on the area of production and consumption [18]. If this important sector with important acquisitions and desired as a commercial partner by many industrial branches imposes certain quality conditions, including in terms of environmental impact, this may cause changes in the design of products and their manufacturing technologies [18,19].



Designing is the main stage in the creation of sustainable products and, as it is known, about 80% of the impact on the environment is generated in the design phase, the stage in which the product’s life span, its repair, reuse and recycling possibilities are established [20]. Related to this design stage, on 30 March 2022, the European Commission launched a set of initiatives that complement the Circular Economy Package, establishing new rules for the ecological and sustainable design of products [21].



The importance of designing does not refer only to the utility and components of some final products. The development of a production line must be conceived from the beginning so that each stage be done with a minimum consumption of energy and primary resources, and with complete knowledge of what happens to the secondary products and the resulting waste.



Green public procurement (GPP) as an indicator of the transition to the circular economy still poses problems of clarifying terms like “green products”, “ecological procurement”, “low environmental impact”, as they are differently understood and approached by authorities in different countries and regions. Also present in sustainable development strategies, the GPP principle is adopted on a voluntary basis and with very elastic limits in terms of environmental impact. The latest documents of the European Commission established green procurement criteria for 19 categories of products and services. The majority of European states have adopted in their national legislation provisions regarding green public procurement, as a step towards achieving the objectives of the 2030 Agenda. According to the documents issued by the European Commission in 2018 [14], the year 2021 was set as the starting point for the collection of this information.



Currently, this indicator is not reported by the member countries and there is no data that allows the analysis of the progress towards the circular economy of a member state, including Romania, based on this indicator. Also, data processing and reporting will most likely take 1–2 years.



The next indicator in the Production and consumption area refers to the generation of waste.



The Waste generation indicator refers to municipal waste and monitors its generation and, together with the indicators in the Waste management area, its recycling. Waste generation provides an overview of how national policies lead to the reduction of the amount of waste produced at municipal level and, implicitly, of the behavior model of the population. The financial efforts of municipalities vary between 20% of the local budget in the case of low-income countries and decrease to about 4% for developed, high-income countries [22].



At the EU level, the amount of waste resulting from all economic sectors is of 2.5 billion tons annually [23], which means approximately 5 tons per inhabitant and year. As can be seen from Figure 2, the amount of waste per capita remained approximately constant in the 2005–2020 period. The document also stipulates the need to decouple economic growth from the amount of produced waste, otherwise the 65% target proposed for the recycling and reuse of municipal waste by 2035 through the Waste Framework Directive 2018 [24,25] will not be reached.



The Waste generation indicator is divided into three sub-indicators that aim to describe several aspects of the relationship between consumption and waste.



	
Generation of municipal waste per capita—expressed in Kg per capita—it indicates the quantity of waste collected from the territory of a municipality and managed through the waste management system. Waste produced by residents, commerce, offices, and public institutions is included here. This category does not include industrial waste and waste resulting from agricultural activity. Figure 2 exemplifies the per capita distribution of municipal waste in EU countries.



	
Generation of waste excluding major mineral waste per GDP unit—it evaluates the quantity of waste collected in a country (expressed in mass unit), per GDP unit (expressed in Euro) excluding major mineral waste. The measure unit of the indicator is Kg per thousand Euros. The calculus of this indicator includes all types of waste (from economic/industrial sectors and from households) but excludes the major mineral waste as that resulting from construction/demolition or mining activities. Being related to the gross domestic product, it makes a connection between economic development and the amount of waste generated. The desired decoupling of economic growth from the resulting volume of waste requires high-performance technologies, intelligent design, creativity.



	
Generation of waste excluding major mineral waste per domestic material consumption—it reports all waste generated in a country (in mass unit), excluding major mineral waste, to the domestic material consumption (DMC) of a country. It is expressed in percentage (%) as both factors are measured in tons. The indicator reflects the efficiency of the use of raw materials.






The fourth indicator from the Production and consumption group focuses on food waste.



The Food waste indicator evaluates the quantity of the waste generated by the food industry, in all its stages: production, distribution and consumption. It is expressed in tons per year.



In a world where approximately 10% of the world’s population suffers from hunger, the waste of food is not only an environmental and financial cost problem, but also an ethical one. According to the United Nations, in 2019, 690 million people suffered from hunger, which indicates an increase of 10 million compared to 2018. The health crisis induced by COVID-19, doubled by the economic crisis, has further disrupted food chains and deepened the deficiencies where they were already manifest. Estimates show that between 720 and 811 million people were deprived of food during 2020 and approximately 2.37 billion people did not have access to a healthy diet, no region of the globe being excluded [27].Progress towards the desired target of eradicating hunger by 2030, set by the Agenda for Sustainable Development, does not seem to be achievable.



On the other hand, it should be emphasized that, according to the report drawn up by the World Bank [22], food waste (and we also include the green waste here), represents over 50% of waste in the case of low and mediumincome countries. In the case of rich countries, the proportion of organic waste represents around 32%.A lot of food is wasted all along the chain from production to consumer. Estimates made by the Food and Agriculture Organization (FAO) of the United Nations [28] indicate an average percentage of approximately 14% losses between the harvesting of the raw material and the distribution of the final product to the consumer, with large variations from continent to continent and from country to country. These waste and losses include significant amounts of resources and energy. It is estimated that globally 25% of the water used in agriculture is wasted through these losses and generates 8% of greenhouse gases [29].



The Food waste indicator, established at the EU level to measure progress towards a circular economy, despite its importance, does not have any data yet. The regulations of the European Commission are still in the making, there are aspects to be clarified regarding the difference between food waste and food loss, and the modes of data collection and reporting.



The most recent information on this topic can be found on the Statista website [30]. Figure 3 and Figure 4 presents some of these results from 2019 and 2020.



This data must be viewed with some caution given the lack of a unitary methodology for their collection and the fact that in many countries food packaging and food waste are counted together.



In order to analyze the Production and consumption area, other indicators from the sphere of the circular economy can be used, even if they are not part of the ten indicators nominated in the first documents of the European Commission: Material footprint, Resource productivity, Generation of packaging waste per capita, Generation of plastic packaging waste per capita.




2.2. Waste Management


An important chapter of the circular economy is waste management, which subscribes equally to sustainable development strategies and obviously to all environmental protection programs. Waste is an important huge problem, difficult to manage given the amount produced annually.



The evolution of municipal waste treatment and the percentages in which the different procedures are applied, according to Eurostat data for the period 2010–2018 (the last update of the data was made in May 2021), are presented in Figure 5.



From the broad area of waste management, circular economy indicators primarily track the proportion of waste recycled and reintroduced into the economic circuit. Among all the waste disposal methods we may mention: landfill, incineration, composting and recycling, the last being the one that brings value to the economy.



There are two main indicators that deal with this:




	
Recycling rates (the share of waste which is recycled);



	
Recycling rates for specific waste streams (packaging waste, biowaste, e-waste, etc.



	
The first of these two indicators is in turn subdivided into Recycling rate of municipal waste and Recycling rate of all waste excluding major mineral waste.








Municipal waste represents approximately 10% of the total generated waste [33] or, if major mineral wasteis excluded, their proportion reaches 27% [34]. The management of household waste is much more difficult than that of industrial waste given the wide variety of existing types and the costs involved in their management. The European Commission, through the Circular Economy Plan, has set a 50% reduction in non-recycled municipal waste as a target for 2030. This percentage will be increased to 65% by 2035 [35].



The Recycling rate of municipal waste indicates the recycled percentage of the volume of municipal waste, while the Recycling rate of all waste excluding major mineral waste takes into account not only municipal waste, but also commercial and industrial waste with the exception of major mineral waste that basically comes from mining activities or construction. Obviously, both indicators refer to the waste produced on the territory of a country, not on any of its administrative sub-areas.



The indicators grouped in the Waste management category track the progress made by European states in the field of recycling in order to reach the targets for 2035. However, recycling is the third measure included in the Framework Directive on waste [35], being preceded by prevention and reuse.



The Recycling rates for specific waste streams indicator actually groups six sub-indicators that monitor the reintroduction into the economic circuit, thus satisfying the principles of circularity of specific types of waste.



The Recycling rate of overall packaging indicator quantifies the percentage of recycled packaging from the packaging waste total. The Packaging Waste Directive [36] issued in 1994 and updated on 7 July 2018, sets the targets to be achieved by the member countries: “at the latest by 31 December 2025, at least 65% of the weight of all packaging waste will be recycled; by 31 December 2030 at the latest, at least 70% of the weight of all packaging waste will be recycled”. The document sets targets for each category of packaging waste.



The Recycling rate of plastic packaging indicator monitors the recycled percentage of the total plastic packaging. The target set in the aforementioned document is 50% for 2025 and 55% by 2030.



The Recycling rate of wooden packaging indicator is defined as the ratio between the amount of recycled wooden packaging waste and the total amount of wooden packaging waste produced. In the case of this type of packaging, the first recommendation is to repair and reuse it, which is perfectly feasible given the characteristics of the material, and only afterwards to recycle it. With this in mind, the proposed targets for recycling are 25% by 2025 and 30% by 2030.



The Recycling rate of electrical and electronic waste (e-waste) indicator supervises the recycling of electrical and electronic equipment, including their various components. The calculation of this indicator is done by multiplying the “collection rate” by the “reuse and recycling rate”, both values established by the WEEE Directive 2012/19/EU [37]. The minimum collection rate, expressed as a percentage, is established as the ratio between the total weight of electrical and electronic waste collected in a given year and the weight of products of the same type introduced on the market, calculated as the average of the last three years. The minimum collection rate set in 2016 is 45% and 65% starting with 2019.



By the same document, the “reuse and recycling rate”, also expressed in percentages, is determined as the ratio between the weight of electrical and electronic waste that will support the preparation process for reuse or recycling and the weight of all electrical and electronic waste obtained following its selective collection.



The Recycling of biowaste indicator obviously refers to waste of biotic origin, and it monitors their recycling. The biological component is prevalent in municipal waste, including food waste and clippings from parks and gardens, and from this point of view this indicator is corroborated with the Food waste and Recycling rate of municipal waste indicators for an overall vision regarding the implementation of the circular economy. Landfilling biotic waste is an unrecommended solution as its decomposition leads to the release of gas, mainly methane, with an impact on climate change [38].



The essential difference introduced by the Recycling of biowaste indicator is that it takes into account the municipal waste recovered through composting or anaerobic fermentation, related to the number of inhabitants, and it is expressed not in percentages but in units of mass per capita. In addition to composting and methanization, newer solutions propose the energy recovery of bio-waste or the extraction of valuable components such as chemicals, biofuels, fibers, nutritional ingredients for animal feed.



The European Union supports reducing the amount of food waste generated by 50% by 2030, this being the target 12.3 of the Sustainable Development plan, but, at the same time, through the revised Waste Framework Directive [35], member states are required to collect and recycle bio-waste separately beginning with 2023, and to report annually the amount of food waste generated starting with 2020.



The Recovery rate of construction and demolition waste indicator monitors one of the largest sources of waste in Europe, but which can fortunately be reintroduced into the economic circuit. The indicator is defined as the ratio between the waste recovered through reuse, recycling, including backfilling operations and the total waste collected, resulting from construction or demolition activities. It should be noted that the term backfilling was defined by the European Commission as “a recovery operation where suitable waste is used for reclamation purposes in excavated areas or for engineering purposes in landscaping and where the waste is a substitute for non-waste materials” [31]. The subject of backfilling is taken up again in the Commission’s 2018 documents revising the Waste Framework Directive, introducing the possibility of future limitations on the amount of materials resulting from construction and demolition that can be used in backfilling operations.



Compared to municipal waste, the collection and selection of construction and demolition waste is easier to achieve, as it is produced in a specific place and time. For this reason, European countries have a good indicator for this type of waste, the data for 2018 showing a collection at the EU-28 level of approximately 90% [32]. It is true that this figure also includes the use of backlandfill, in the case of some countries with a percentage of about 90%, a type of use that is less advantageous from the point of view of the recovery of the materials that make up this waste.




2.3. Secondary Raw Materials


Is the third area identified by the circular economy and it includes two indicators: Contribution of recycled materials to raw materials demand and Trade of recyclable raw materials between the EU Member States and with the rest of the world.



The secondary raw materials include all raw materials re-entered into the national economic circuit as well as those traded outside the country’s borders. Although recycling and extracting raw materials can be a costly process in terms of money or time, it contributes to the economic independence of the European Union and its transformation into a circular one.



The first indicator, „Contribution of recycled materials to raw materials demand”, actually cumulates the results of two sub-indicators: End-of-life recycling input rates and Circular material use rate.



End-of-life recycling input rates (EOL-RIR) express in percentages the amount of raw materials recovered through recycling that contribute to satisfying the total demand for a certain category of materials. When calculating this indicator, the recovery of materials made after the product in which they were incorporated has reached the end of its life cycle is taken into account. The indicator is calculated for the types of raw materials selected according to market demands. For example, for the year 2019, 12.3% of the aluminum demand, 22.1% of the cobalt demand, 16.9% of the copper demand [39] were ensured from recycling.



The most used indicator in the Secondary raw material group is the Circular material use rate, which provides an overview of the supply of the economy with secondary raw materials. It is calculated as the ratio between secondary raw materials and the totality of raw materials used, as the sum of new and secondary raw materials introduced into the economy. The indicator is calculated for each type of raw materials.



The Trade of recyclable raw materials between the EU Member States and with the rest of the world indicator monitors the amount of waste, scrap and recyclable by-products that are traded within the European Union and beyond its borders. According to Eurostat data, five groups of recyclable waste are tracked: plastics, including rubber, paper and cardboard, ferrous metals, precious metals, copper, aluminum and nickel. The indicator is expressed in mass units, tons of traded material or in thousands of euros, the financial value corresponding to the transactions made.



As a general trend, an increase in the volume of transactions has been observed in recent years. In 2021, the amount of traded recyclable waste increased by 16% as compared to 2017 [40].




2.4. Competitivness and Innovation


The transition to a circular economy requires better-made products, with a longer lifespan, conceived from the very beginning to be repairable and reusable, to have an easy maintenance and modules that can be recycled at the lowest possible cost. The valorization of secondary products, of waste, requires the development of new technologies and new products. As a result, competitiveness in terms of product quality on the market and new product innovation are intrinsic components of the circular economy. These activities, from the design phase to recycling, will determine the emergence of new jobs and new economic branches.



Two major indicators are considered in this group, the first of them being Private investment, jobs and gross value added related to circular economy sectors. Basically, as the name suggests, this indicator collects three types of information:




	
Gross investment in tangible goods related to circular economy sectors, which cumulates the private investments in tangible goods made during a year and whose lifetime exceeds that year. Investments in the repair, reuse and recycle sector, even rentals, including land acquisition, if applicable, are included here. It is expressed as a percentage from the gross domestic product;



	
Number of persons employed in the circular economy sectors, which is also expressed as a percentage of the total employment achieved in a year, highlighting the number of jobs created through the transition to a circular economy in which repair, recycling and selection activities, together with waste recovery are becoming more and more important;



	
Gross value added at factor cost in the circular economy sectors is calculated in millions of euro and then, in relation to the gross domestic product, the contribution of the sectors specific to the circular economy to the economy of the respective country is obtained in percentages.








The second indicator of the group is very interesting, being directly related to the creative capacity of EU states and it refers to Patents related to recycling and secondary raw materials. It practically counts the patents developed in areas of the circular economy, starting from recipes for recovering household plastic material waste, to technologies for extracting precious metals, obtaining secondary raw materials, creating new construction materials, etc. Patents for new technologies for recycling and obtaining secondary raw materials are granted on the basis of the codification in the Cooperative Patent Classification [41]. The indicator is expressed in the total number of patents granted or in the number of patents per million inhabitants.According to official data, at the EU-27 level, there were 350.03 patents per one million inhabitants in 2015, while in 2019 the figure dropped to 295.32 patents [42].



Considering the EC indicators defined and the problems raised by their implementation clarified, in the next section they will be used to analyze the progress in the introduction of the CE in Romania.





3. Results: The Implementation of the Circular Economy in Romania


Romania was interested in environmental issues and the principles of sustainable development even before accession (being one of the first signatories of the Rio de Janeiro declaration in 1992), so the circular economy found favourable ground for its introduction into Romania’s economic policy and social. With oscillations generated by financial priorities and currents of different opinions, by the various crises it has gone through, Romania has gradually implemented the principles of the circular economy.



This paper analyses Romania’s position compared to the EU average in terms of circular economy implementation indicators. The data provided by Eurostat were mainly used and also other sources of information: national legislation, press statements.



3.1. Self-Sufficiency of Raw Materials for Production in the EU


The principles of the circular economy as well as the need for autonomy in terms of primary material resources have led European states to recovery and recycling operations, especially in the case of critical raw materials. Additions to the list of these materials have been continuously made, and the requested quantities have also increased as new technologies have developed.



The geological structure of Europe does not provide all these raw materials, whose updated list for the year 2020 can be found in Table 1.



Romania’s mineral resources are managed through the National Mineral Resources Agency, the authority that issues research or exploitation licenses and which is very reluctant in making the information on the country’s mineral resources public. However, we can say that Romania provides 2% of the natural graphite requirement [43] at the EU level, it has important quantities of copper and significant amounts of gold and silver. Other ores, with deposits partially exploited or identified through geological explorations, are: molybdenum, tungsten, bismuth, nickel, boron, uranium, magnesium, bauxite, rare earths [44,45,46,47,48,49], but such information comes from competent persons in the field and not from official sources.



Many of the exploitations that existed decades ago were closed due to technologies with a negative impact on the environment, or to the costs of exploitation that were higher than the costs of the capitalization of the extracted materials. The current crisis, the increase in the prices of raw materials needed for a wide range of products, starting from batteries for mobile phones to those for electric cars, as well as the new technologies that have appeared, can lead to the exploitation of these deposits in Romania, which would be also beneficial for the European Union.




3.2. Green Public Procurement (GPP)


At the level of Romania, in 2018, the Guide for green public procurement was issued, which obliges public authorities to comply with a minimum of environmental protection criteria in the case of 6 categories of products and services [48] ranging from exterior and interior furniture, to transport vehicles, to IT equipment and paper. This guide came in addition to Law no 69 of 2016 on green public procurement [49]. Unfortunately, the analyses made by independent bodies [50] show that, in 2021, the requirements regarding green purchases were not met. For example, in the case of paper, less than 10% of local authorities applied the criteria specified in the 2018 guide.



According to the GPP Guide, the specifications for public investments must provide for compliance with environmental protection conditions. However, more than 70% of public authorities [50] do not introduce these criteria in public documentation. The introduction of environmental criteria in public procurement would generate changes in the economy, in the production of goods, and last but not least in the attitude of the population.



One of the problems that generates this indifference to green purchases is the lack of a monitoring and control system. Within the electronic public procurement system (SEAP) through which public authorities make purchases, there is no reporting and monitoring document for green procurement.



An opinion survey carried out in the fall of 2019 [51] among local and regional authorities of different levels (communes, towns, cities) reveals a worrying figure: only 31% of respondents stated that environmental protection is always a priority taken into account in the case of public procurement. In the other cases, which form the majority, the priority is the cost of the product, which can be explained considering the limited budgets of local administrations, especially the small ones. However, 90% of the respondents consider it necessary to introduce criteria regarding ecological purchases.



Another conclusion resulting from the work of the authors Ciumara and Lupu highlights that trainings on this subject took place in only 5% of cases, most of them in big cities. The specific awareness-raising activities of local authorities, public institutions or civil society carried out so far are not enough.



The conclusions are self-evident: Romania’s legislation in the field of GPP must be updated, the public procurement system must be completed through monitoring greenprocurement, training courses in the field for institution managers, the education of the general public and of the community in this respect. We may also add bigger budgetsand more money for local and regional authorities.




3.3. Waste Generation


Waste generation is one of the indicators in which Romania has an extremely good position. As can be seen from Table 2, the amount of municipal waste generated in Romania is below the European average in the 2015–2020 period. In fact, from 2000 to 2009, according to the data provided by Eurostat, Romania was in the second position in terms of the smallest amount of waste generated per capita, being overtaken by Slovakia. In 2008, a maximum of 411 kg per capita was reached, after which municipal waste decreased in quantity. In the 2009–2020 interval, at the EU-27 level, Romania generated the lowest amount of waste with variations between 256 and 287 kg per capita. The second place in this list of the least generated waste is occupied by Poland, with 297 kg per capita in 2013 and 346 kg per capita in 2020. In the same year, 2020, the European average was 505 kg per capita, the most waste being generated in Austria (834 kg/capita), Denmark (814) and Luxembourg (790 kg per capita). At the same time, as can be seen in Table 3, these three countries have a GDP above the EU average.



By comparing the data from Table 2 and Table 3 for the 2015–2020 years, we can make the following comments:




	
first of all, there is a clear link between the standard of living, the GDP of a country, the amount of goods circulating in the economy and implicitly, the amount of waste generated;



	
the income level was not reflected in the same way in the amount of waste generated, as the differences among countries depend on several factors: the way municipalities collect waste, the appearance on the market of more sustainable products, the increase in the population’s level of information regarding waste management, discipline and changes in its behavior;



	
in the 2015–2019 period (we exclude the year 2020 from the calculation due to the extreme situation brought about by the pandemic, with a significant impact on the GDP), the amount of municipal waste increased by 4.3%, while the GDP at the EU 27 level, increased by approximately 8.1%; it can be said that steps have been taken in decoupling economic growth from the amount of waste generated, according to the principles of the circular economy and in accordance with Article 30 of the revised Waste Framework Directive;



	
the next indicator from the Production and consumption group, Generation of waste excluding major mineral wastes per GDP, “reflects the waste intensity of the economy and provides a measure of ‘eco-efficiency” [52];



	
according to Table 4, for this indicator, Romania is far above the European average and the situation is similar in the case of all emerging countries whose GDP per capita is low. Poland, to take the previous example, has values between 184 in 2010 and 169 kg per thousand euro in 2018 [53], while having a higher GDP than Romania. At the same time, the indicator has decreasing values for Romania, which indicates a favorable economic evolution and a certain control over the amount of waste generated. According to the 2018 data, Romania ranks 24th, followed by Poland, Bulgaria and Estonia. From our point of view, this indicator that reports the amount of waste to the GDP is not relevant from the EC’s point of view.








Generation of waste excluding major mineral wastes per domestic material consumption (Table 5) is the indicator that expresses the efficiency of the use of raw materials in the economy. A small value of this ratio indicates a small amount of waste generated in relation to the raw materials entering the national economy. In 2018, Romania ranked 3rd among EU countries, with a performance of 46.8% better than the European average.



We can also notice, between 2010 and 2018, the increase in performance in terms of the efficiency of the raw materials used in the economy, with decreasing values in the percentages.



Food waste is the most sensitive indicator in the current socio-economic situation. The application of the principles of the circular economy all along the food chain, from the harvesting of the raw material to the consumer, is of particular importance from the point of view of environmental protection, and at the same time it determines the superior capitalization of raw materials, preserving the value of the resources offered by nature (soil, water) of the invested energies (agricultural works, irrigation, harvesting, further processing, etc.) and last but not least, the generation of new jobs.



According to the data presented by the United Nations Environment Program (UNEP) in the Food Waste Index Report 2021, an amount of approximately 932 million tons of food was lost in 2019 and of these, 61% (570 million tons) came from population households, 26% from public food services (restaurants, canteens, etc.) and 13% from distribution activities [54]. A global average of 74 kg of food waste per year corresponds to every inhabitant of the planet. At the European level, it is estimated that an amount of 88 million tons of food is lost annually [55,56], which, in a population of 746.4 million inhabitants (according to 2018 data), leads to an average of approximately 118 kg per capita and year. Of this, approximately 70% (47 million tons) comes from households and the rest from intermediary chains.



Data currently available on food waste are insufficient, and approaches to quantifying are very different. The previously presented figures resulted from the voluntary contribution of some states to the evaluation of progress for Sustainable Development Goal 12.3: “By 2030, halve per capita global food waste at the retail and consumer levels and reduce food losses along production and supply chains, including post-harvest losses”. The official statistics of the European Commission regarding the indicators of the Circular Economy do not include data on the amount of wasted food, as they are going to be collected based on a common methodology.



Statistical data estimate approximately 1.35 million tons of food waste per year for Romania, which leads to an average of 70 kg per inhabitant per year, a value below the European average [55]. In conclusion, Romania wastes less food than the EU-27.



Romania adapted its legislation regarding food waste in 2016 through Law 217 on the reduction of food waste, followed by Government Decision No. 51/2019, which approved the methodological rules for the application of the law.




3.4. Waste Management


Romania’s accession to the European Union in 2007 also led to the assumption of the Union’s programs in terms of sustainable development. The last document in the field is the National Strategy for the Sustainable Development of Romania 2030, which includes the 17 socio-economic and environmental targets established by the United Nations, including the transition to the circular economy and integrated waste management.



In the main, even if with some delays, European directives have been transposed into national legislation. We further present the most relevant documents regarding waste management issued in Romania in accordance with the EU policy in the field. Thus, the Waste Directive 2008/98/EC was applied by Law 211/2011. Later, Law no. 249/2015 regarding the method of managing packaging and packaging waste and Emergency Ordinance no. 5/2015 on electrical and electronic equipment waste were adopted. In 2018, Emergency Ordinance no. 74/2018 added and amended Law no. 211/2011 regarding the waste regime, Law no. 249/2015 regarding the management of packaging and packaging waste and Government Emergency Ordinance no. 196/2005 regarding the Environmental Fund. A new addition to Law 249/2015 was brought by Ordinance no. 1/2021 which introduces “measures intended, as a priority, to prevent the production of packaging waste and, as additional fundamental principles, to reuse packaging, recycling and other forms of capitalization of waste packaging and, consequently, to reduce the final disposal of such waste, in order to contribute to the transition to a circular economy” [57]. Considering the delays in the management of certain types of packaging, the Ordinance also stipulates the possibility of extending by up to 5 years the deadlines for meeting the waste paper, cardboard and glass targets established for 2025 and 2030.



We can add here that Romania, given the multiple economic and social transformations it had to make, also negotiated other exemptions. Thus, according to Directive 2012/19/EU of the European Parliament and of the Council of 4 July 2012, together with Bulgaria, Hungary, the Czech Republic, Latvia, Lithuania, Malta, Poland, Slovenia and Slovakia, Romania received the right to collect a smaller quantity of electrical and electronic equipment waste (WEEE) by 2021, below the agreed 45%value for the member states, but above 40% of the average weight introduced on the market in the previous three years [37] by 2021. However, the data from Table 6 indicate a 25% WEEE recycling rate in Romania in 2016 and the same figure can be found on the European Parliament Infographic [58] for 2017 as well.



European Union Directive 2019/904 regarding single-use plastic objects and the impact of plastic products on the environment was transposed into national legislation by Emergency Ordinance no. 6/2021 by which the sale of certain single-use plastic products was prohibited in Romania.



The National Waste Management Strategy was approved by Government Decision no. 870/2013 and the National Waste Management Plan (NWMP) was approved by Government Decision no. 942/20.12.2017.



Indicators from the waste management group are important for the assessment of a country’s progress towards the circular economy. The general situation of recycling in Romania as compared to the European average can be found in Table 6.



The analysis of Table 6 shows that Romania is below the European average for all indicators. There is progress, but waste management in Romania is largely based on storage, with a percentage of about 72% [59] of waste being sent directly to landfills.



As other authors [60] have noted, upon the recommendation of the European Commission, many states, including Romania, introduced chapters on waste management in the National Recovery and Resilience Program (Component 3. Waste management, Reform 1). Moreover, Romania has committed to produce the National Strategy on the circular economy by September 2022 [61].



Romania is below the EU average in terms of household waste recycling, with a rate of only 13.7% in 2020, of which approximately 7% are recycled materials, the difference being given by composting. The reason for the low values of the recycling indicators obviously starts from the faulty selection of waste. Romania recorded delays in updating the national legislation and bringing it into line with European directives, which is why the European Commission decided to launch infringement procedures aimed at the non-communication of the national measures for the transposition of Directive (EU) 2018/851, Directive (EU) 2018/850 and Directive (EU) 2018/852. These directives were supposed to be transposed into national law by 5 July 2020, but this was done with a delay of over a year:




	
the Landfill Directive—Directive (EU) 2018/850) was adopted through Ordinance no. 2/2021-08-11;



	
the Waste Framework Directive—Directive (EU) 2018/851 was transposed through the Government Emergency Ordinance of 19 August 2021, GEO 92/2021;



	
the Packaging and Packaging Waste Directive—Directive (EU) 2018/852 is the subject of the Government Ordinance of 11 August 2021, GO no. 1/11.08.2021.








Delays in the national application of European directives, unclear measures, lack of coherence and continuity, lack of information available to the population and sanctions regarding the non-separation of waste, determined the low values of the recycling indicators and the strange situations indicated by them.



The most consistent evolution is observed in the Recovery rate of construction and demolition waste, where the percentages are increasing, from 47% in 2010 to 85% in 2016, with a relapse to 74% in 2018. However, the recycling trend is increasing. The Recycling rate of all waste excluding major mineral waste also has an upward trend starting from 26% in 2010, reaching 30% in 2016 and 29% in 2018.



Returning to the values in Table 6, two indicators have a downward evolution: the Recycling rate of packaging waste by type of packaging and the Recycling of biowaste.



The causes, as previously mentioned, are related to the non-adaptation of the national legislation to the European directives, the non-involvement of political factors, the lack of standards regarding the definition of food waste and its circuit, the lack of national norms regarding compost. Some steps have been taken and probably the next reports will show this. On 25 August 2021, Ordinance no. 6 (OG 6/2021) on reducing the impact of certain plastic products on the environment was adopted. The document requires the gradual elimination by 2026 of packaging and packaging waste made of plastic materials, products made of oxo-degradable plastic materials and fishing equipment waste containing plastic [62]. Also, along the lines of this ordinance, cutlery and other single-use containers made of plastic materials were taken out of circulation starting with September 2021 [59].



Another act issued in 2021 is Order no. 417/2021 for the approval of the List containing the Romanian standards that adopt the European standards in the field of treatment, including recovery, recycling and preparation for reuse of electrical and electronic equipment waste, in force from 22 March 2021.



To better understand the situation of the Recycling rate of packaging waste by type of packaging indicator and to identify Romania’s position among the other member countries, we use the data provided by Eurostat for each type of packaging (Table 7). Data are in percentages indicating the proportion of packaging waste made of a certain type of material (plastic, cardboard, etc.) which has been recycled from the totality of packaging waste.



According to the definition, packaging waste means used materials that have been used to protect products in the various stages of the economic circuit, from manufacturing to the consumer or user.



Materials used for packaging are divided into five types:




	
plastic packaging waste;



	
paper and cardboard packaging;



	
packaging made of wood;



	
metal packaging of different types;



	
glass packaging.








The member states annually report the data on the collected and recycled quantities, data that become public through European statistics.



Romania’s situation compared to the EU-27 average is presented in Table 7.



Some clarifications are necessary: when calculating the waste from recycled plastics, only the quantities that are reused to produce new plastic packaging are taken into account; in the case of wooden packaging, the packaging that has been repaired and reintroduced into the economic circuit is also taken into account.



Analyzing the indicators, it can be seen that in the 2015–2018 period, Romania exceeded the European average for the recycling of plastic packaging waste. It is an important success in the implementation of the circular economy [63].



In 2019, the exceptional situation caused by the outbreak of the pandemic affected not only the GDP of all countries, but also the quality of life for everyone, including in terms of packaging collection and recycling. A decrease in recycling indicators is observed both at the level of the EU average and in Romania.



Another indicator where Romania is above the European average is the Recycling rate of paper and cardboard packaging waste, with the exception, again, of 2019, the year in which the COVID-19 pandemic began.



The recycling of wooden packaging lowers Romania’s score as compared to the average European values. In 2015, a percentage of 69.5% was recycled and in 2018 there is an increase of up to 81.8%, which brings Romania to the 14th position among European countries, surpassing countries such as Germany, Greece, Estonia, Austria, Hungary.



When recycling metal packaging waste, the percentages achieved by Romania, as compared to the European average, are 80.8% in 2015 and 70.8% in 2018. Unfortunately, the percentages are decreasing, and the same trend is also observed at the EU level. The small percentage of 2018 places Romania on the 24th position among of the 27 member countries. It should be noted that Belgium managed to recycle 98.2% of metal packaging waste in 2018. For this indicator, Portugal and Croatia are also below Romania.



Regarding the Recycling rate of glass packaging waste indicator, Romania achieved the following percentages of the European average: 55.4% in 2015 and 80.8% in 2018, thus occupying the 20th position among the 27 EU states. The growth rate of recycling is positive, which represents a faster growth than the European average in the recycling of this type of packaging. It should be noted that Belgium recycled 100% of its glass packaging throughout the 2015–2018 period, including in 2019. The last positions are occupied by Malta, Hungary and Greece [63].



As a conclusion, we can say that Romania exceeded the EU average for 2 indicators, is making progress in recycling glass packaging, with the possibility of reaching the European average in the coming years (in the situation where the current crises will end soon) and is regressing in terms of metal waste recycling and wooden packaging waste indicators, being below the European average with oscillations between 1.2 and 2.4% for the latter indicator.



Returning to the main indicators (Table 6), Romania benefits from a grace period until August 2021 regarding the minimum amount of recycled electrical and electronic equipment (WEEE). According to specialists [64], only about 20% of electronic waste (especially IT equipment) is officially recycled, the difference of 80% either ends up in landfills or is repaired and recycled informally.According to the statements of the marketing director of the Environ Association, around 25,000 tons of WEEE were collected in 2020, which represents a 46.42% collection rate, exceeding the 45% objective [64].



The weakest indicator in the Waste Management area is the Recycling of biowaste. The causes are multiple and have generally been presented in the previous pages: the inefficiency of selection due to an inconsistent waste policy, the lack of infrastructure and standards regarding food waste composting and recovery, insufficient population information campaigns, non-application of the 6 steps of the food waste hierarchy. The value of this indicator for 2020 places Romania at the bottom of the ranking, ahead of only Estonia and Cyprus. However, it should not be omitted that Romania generates the smallest amount of municipal waste per capita and consequently the amount of recycled biological waste, also calculated per capita, will be small.



In order to comply with the principles of the circular economy and meet its objectives, Law no. 181 regarding the management of compostable non-hazardous waste was adopted in 2020. The law practically emphasizes the importance of biological waste from households and requires its selection and recovery. These resources must be returned to the economic circuit or the natural environment.



The law was supposed to become applicable 6 months after its publication, but the lack of technical norms regarding the activity of composting and anaerobic digestion, as well as the lack of a sufficient number of composting facilities, distributed in all counties, prevented its implementation.



The last indicator from the Waste Management group is the Recovery rate of construction and demolition waste. Being below the European average for recycling, Romania still shows a fairly rapid increase in this indicator. In the analyzed interval, the best positioning was in 2016, the year in which Romania was close to the European average (it achieved 97.7% of the European average in terms of the recovery rate of construction and demolition waste), and thus occupied the 21st position, while in 2018 (with a recycling rate of 84.1% from the European average) it fell by one place to the 22nd position among the 27 EU member states.



The main regulations in Romanian legislation regarding the construction and demolition waste can be found in GEO 92/2021, including the European objective that 70% of the mass of waste from these economic activities should be reused, recycled, and capitalized including through backfilling activities, replacing in this last case other materials and raw materials. However, at present there are few facilities for crushing and processing the material, which makes it all the more difficult to reach the proposed target.




3.5. Secondary Raw Materials


The reintroduction of secondary raw materials into the economic circuit has countless benefits that start with the conservation of natural resources, the increase of EU self-sufficiency in terms of providing raw materials, protecting the environment and finally, the implementation of the circular economy. As mentioned in the previous chapter, the indicators used to monitor the Secondary raw materials area are “End-of-life recycling input rates” (EOL-RIR) and “Circular material use rate” (CMU).



The EOL-RIR indicator is calculated for a certain type of material for the entire EU, as a unitary whole, with no public data on member countries.



CMU is an indicator of the degree of satisfaction of the economy with recovered materials, in relation to the total amount of materials entering the economy, including fossil fuels and the necessary amounts of energy. The data related to this indicator are presented by Eurostat in two ways, one of them, related to Romania and the EU can be seen in Table 8, so it presents the situation by country, while the second, by types of material received at the EU level, and which includes the categories: biomass, raw metallic ores, non-metallic minerals, fossil energy materials [65]. The relevance of this indicator in monitoring progress towards the circular economy is somewhat relative, as is also recognized in its calculation methodology. Thus, there is the possibility that, although the amount of secondary material reintroduced into the economy will increase, a positive thing, in the situation where the total amount of materials used has also increased, the CMU value will remain the same even though the respective state has made obvious progress in the area of material circularity.



Romania’s situation regarding the recovery and recycling of materials has already been presented so it is not surprising the position it occupies in this indicator and which is presented in Table 8.



In the analyzed period, Romania achieved between 14.7% and 10.1% of the European average, being in the last position both in 2016 and in 2020. Obviously, this positioning also affects the following indicator, Trade in recyclable raw materials (Table 9).



According to this data regarding the exploitation through commercialization of waste, recyclable waste and secondary products, in 2017, Romania achieved 1.2% of the European average and in 2021, 1.65%. In general, when compared to most states, this indicator does not have very good results, so Romania was in the 14th position in 2017 and occupied the 13th place in 2021.



In the case of Romania, the analysis carried out revealed several main reasons: the lack of an adequate number of installations for the recovery of valuable raw materials, the cost of their acquisition and operation, the low yield of most technologies used at the moment, the small number of operators in the field.




3.6. Competitivness and Innovation


The circular economy requires a new way of designing and manufacturing products, it requires new concepts and technologies for valorizing secondary products and waste, and a new way of thinking and developing a business. All this is achieved through intelligence, creativity and financial effort, generating a more competitive economy, the creation of new jobs and certainly a healthier environment. Competitiveness and innovation is the fourth area monitored by the circular economy, and the indicators established by the European Commission follow the efforts of the states regarding this.



Table 10 presents the indicator “Private investments, jobs and gross value added related to circular economy sectors”, consisting of six sub-indicators, making, as in the previous cases, a comparison between Romania and the EU.



Among these sub-indicators, relevant for the evolution towards the circular economy are those that relate to GDP.



For the “Value added at factor cost-percentage of GPD” indicator, in 2015, Romania achieved 75% of the European average and in 2019 76.6% of the European average, ranking 26th among the member states [66].



In the case of the investment in tangible goods as percentage of GDP, Romania is above the European average by approximately 82% in 2015 and by 41.6% in 2019, ranking 15th. To get these results, not only the intensity of the development of new economic sectors contributes but also the small domestic product of the country.



The number of newly created jobs in fields adjacent to circular economy increased in Romania by 2% in 2019 compared to 2015, and at the EU level the increase was approximately 8%. In the case of the percentage of the peole employedin the area of total employment persons in 2015 Romania achieved 89.5% of the European average and in 2019 a percentage of 88% of the European average, ranking 21st.



As it was observed from the analysis of the previously presented indicators which monitor waste management and the use of recovered materials, these economic branches are not sufficiently well developed in Romania and this situation is directly correlated with the indicators in the area of the competitiveness. The investments in technologies, installations and equipment for the processing and recycling of waste, for the recovery of valuable materials, are still modest. Legislation in the field exists, but for a faster advance, the authorities should consider these economic areas as priority areas and grant certain fiscal facilities to encourage investments.



The “Patents related to recycling and secondary raw material” indicator (Table 11), with data taken by Eurostat [42] from the European Patent Office can be viewed in two ways: as a total number of patents and as a number of patents per million inhabitants. Romania is below the European average throughout the 2015–2019 interval.



In 2015, Romania achieved 29% of the European average for this indicator and in 2019,42.4% of the European average, ranking 18th.Romania’s result on this indicator has two main motivations: the budget allocations for research institutes in this sector are not generous and the departure of many valuable researchers from the country, the so-called brain drain. At the same time, private companies active in fields related to the circular economy they are not financially strong enough to develop powerful research laboratories. However, research activities are taking place, especially within universities, and appropriate funding, public-private partnerships would boost this sector.





4. Discussion


The analysis of Romania’s position within the EU regarding the implementation of the circular economy was made using the indicators defined in the document issued in 2018 by the European Commission regarding the monitoring framework for the circular economy [14] and available at the Commission’s web address (https://ec.europa.eu/eurostat/web/circular-economy/indicators/monitoring-framework, accessed on 16 June 2022).



The latest data updates from Eurostat include different years, depending on the indicators (2018–2020), so in order to make an assessment of Romania’s position at a given moment, the data we selected to present is from 2018, the year for which there is complete information for all indicators. The synthesis of these data with reference to Romania’s achievements compared to the European average and its position within the EU-27 are presented in Table 12. The interpretation of the data was made taking into account that there are indicators for which the lowest values below the European average are of interest (for example, the case of the indicator Generation of waste excluding major mineral wastes per domestic material consumption), which is otherwise reflected by the position occupied by the member states.



The Figure 6 illustrates in percents the main indicators of the Circular Economy achieved by Romania in relation to the European average. The figures written in green indicate values better than those of the EU in blue the values close to the European ones and in red those far behind the European average. Even if, as it was shown before, Romania is at the beginning of implementing the circular economy, there are chapters where the European average is exceeded.



In the area of Production and consumption, Romania has very good results for three of the indicators, being in the first position among the member countries in terms of those indicators. Romania is far below the European average in terms of the amount of municipal waste generated (54.8%), the Generation of waste excluding major mineral wastes per domestic material consumption indicator also has a low value (37.5% of the EU average), it wastes little food (59.3%) as compared to the European average. The indicator Generation of waste excluding major mineral wastes per GDP unit downgrades it due to the large difference in terms of Gross Domestic Product, as compared to countries with a strong economy. The solution lies in further reducing the amount of municipal waste and increasing the GDP, which requires time, public and private investment, a stronger economy. At the level of 2021, according to [67], Romania was on position 22 in terms of gross domestic product. The current economic crisis affecting the countries of the world, with economies weakened by the pandemic and now threatened by the increase in fuel and energy prices, against the background of the war in Ukraine, does not offer optimistic prospects for the expected economic jump. Waste management is the area where Romania has important progress to make. All main indicators are well below the European average. The share of municipal waste that is recycled is very small, of only 23.5% of the European average (given that the EU itself recycles less than 50% of the produced quantity), but in recent years significant investments have been made in waste management, with town halls financing differentiated collection and sorting stations, leading to the closure of non-compliant storage. Moreover, through the National Recovery and Resilience Plan, Romania invests 1.3 billion euros for waste management. The percentage of biowaste is also very small, 10.5% of the EU average, which means approximately 9 kg per capita and year. The positions confirmed by these percentages are 26 in the case of municipal waste recycling and 25 for biowaste recycling.



The prediction for the period 2022–2025 in case of municipal waste recycling, made with the “Forecast.ets” function in excel, based on the data collected by Eurostat in the period 2015–2019 (standardizing the data from the pandemic period) shows the upward trend of Romania and the reduction of the gap reported to the European average, it is presented in the Figure 7. Obviously, the analysis did not take into account the latest investments that will lead to the acceleration of the recovery of the gaps with the EU.



The Recycling rate of packaging waste by type of packaging indicator secures an additional position for Romania placing it in the 24th place. Analyzing the sub-indicators included in the Recycling rate of packaging waste by type of packaging indicator, certain progress is worth noting:




	
Romania is above the European average in recycling plastic, cardboard and paper waste. The Figure 8 and Figure 9 show the estimated evolution of these indicators until 2025 and according to the results, Romania maintains its advantage compared to UE.



	
It achieves a percentage below the European average (81.8% of the EU average) but quite good compared to other states, in the recovery and recycling of wooden packaging, occupying position 14 at the European level.



	
It is far behind compared to European countries in the recycling of metal and glass packaging waste. With a percentage of 70.8% of the EU average, it ranks 25th for metal packaging and 20th for glass packaging, recycling only 80.6% of the EU average, whereas there are states that recycle 100% of the glass packaging and the EU recycles 75.8% of the collected glass packaging on average.








European countries recycle a large amount of waste resulting from construction and demolition activities: Netherlands and Malta do it by 100% (2.37). Romania is in the 21st position with an achieved percentage of 84% of the EU average.



Waste management is a sensitive problem in Romania and, as other authors have argued, there are possible solutions to improve these indicators. Below we list some of them:




	
Complete transposition of European directives into the national legislation;



	
Better performances in terms of the selective collection of municipal waste and biowaste through the extension of a greater number of collection points;



	
Development of the necessary infrastructure and standards regarding food waste composting and recovery, more applied educational campaigns with greater impact among the population, application of penalties for accidental or improper waste storage;



	
Uniform distribution throughout the country of recycling facilities for different types of waste: plastic packaging, glass, etc., and especially for waste resulting from construction and demolition;



	
Updated methodologies and digital tracking of waste flows;



	
A policy to encourage commercial companies operating in the circular economy field through lower taxation, lower tax for workers in these fields, etc.








Secondary raw materials is an area where Romania’s performance is below the European average, a direct reflection of the reduced capacity to recycle waste and extract valuable materials from end-of-life products. The specific solutions are the same as for the Waste management area, to which one could add:




	
Creation of a digital waste platform for its recovery, including that containing scarce raw materials;



	
An adequate functioning market for waste and recycled raw materials.








The last area monitored for measuring progress towards the circular economy is Competitiveness and innovation. Analyzing Romania’s positioning among the member states, as presented in the Table above, it can be noted that it ranks in the upper half of most indicators. However, the added value realized from activities specific to the circular economy is still small. In direct correlation with the volume of these activities is the number of newly created jobs, which places Romania in the 13th place. The evolution of the persons employed in the area of circular economy, using Forecast (Excel function) is presented in Figure 10. According to this evaluation, measures are needed to increase investments in economic branches related to the circular economy. This will also lead to an increase in the number of jobs in the field.



It occupies the same position in terms of the number of patents for new technologies and procedures for capitalizing secondary products and waste, waste collection and sorting, extracting scarce raw materials from the composition of products, and all other new and creative things that might favor the circular economy. The situation can be improved by several measures:




	
Establishing research grants dedicated to the fields of environmental protection and the circular bioeconomy;



	
Introducing study programs dedicated to the circular economy in the offer of universities and the creation of skills in the field.








The palette of measures that can be adopted for the implementation of the circular economy is much wider, some of them can be addressed directly to companies through requirements related to the circularity of secondary products and a more rigorous waste management.



The transition from the linear economy to the circular economy requires political determination and consistency, financial support and time. The situation is even more difficult for emerging countries, where budgets must be carefully managed. Romania is committed to implementing the circular economy and the analysis of the indicators shows this, with all the fluctuations inherent in a difficult transition and a complicated economic period.



Offering an overview of the major indicators of the circular economy in the case of Romania, the present paper is useful to all those involved in this field, from anywhere, the problems and difficulties of transposing the principles of the circular economy into practice being general, and also encountered by other countries.
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Figure 1. Circular Economy indicators. 
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Figure 2. Waste generation in UE: 2005 vs. 2020. Source: Eurostat [26]. 






Figure 2. Waste generation in UE: 2005 vs. 2020. Source: Eurostat [26].



[image: Sustainability 15 00333 g002]







[image: Sustainability 15 00333 g003] 





Figure 3. Food waste in the UE countries in 2019. Source: Authors’ elaboration based on [31]. 
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Figure 4. Food waste in 2020. Source: Authors’ elaboration based on [32]. 
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Figure 5. Treatment rates of municipal waste. Source: Eurostat [33]. 
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Figure 6. Circular economy indicators of Romania (in red) and EU-27. Note: in green indicate values better than those of the EU blue the values close to the European ones and in red those far behind the European average. 






Figure 6. Circular economy indicators of Romania (in red) and EU-27. Note: in green indicate values better than those of the EU blue the values close to the European ones and in red those far behind the European average.



[image: Sustainability 15 00333 g006]







[image: Sustainability 15 00333 g007] 





Figure 7. Prediction of the recycling rate of municipal waste. 
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Figure 8. Prediction of the Recycling Rate of plastic packaging waste. 
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Figure 9. Prediction of the Recycling Rate of paper and cardboard packaging waste. 
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Figure 10. Estimated evolution of the persons working in CE from the total number of employed people. 
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Table 1. 2020 Critical Raw Materials.
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	Antimony
	Hafnium
	Phosphorus



	Baryte
	Heavy Rare Earth Elements
	Scandium



	Beryllium
	Light Rare Earth Elements
	Silicon metal



	Bismuth
	Indium
	Tantalum



	Borate
	Magnesium
	Tungsten



	Cobalt
	Natural Graphite
	Vanadium



	CokingCoal
	Natural Rubber
	Bauxite



	Fluorspar
	Niobium
	Lithium



	Gallium
	Platinum Group Metals
	Titanium



	Germanium
	Phosphaterock
	Strontium







Source: European Comission COM(2020) 474—Critical Raw Materials Resilience: Charting a Path towards greater Security and Sustainability [43].













 





Table 2. Generation of municipal waste per capita (kg per capita).
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	2015
	2016
	2017
	2018
	2019
	2020





	Romania
	247
	261
	272
	272
	280
	287



	EU 27
	480
	490
	496
	496
	501 *
	505



	Austria
	560
	564
	570
	579
	588
	834



	Denmark
	822
	830
	820
	814
	844
	814



	Luxembourg
	607
	815
	798
	803
	791 *
	790



	Poland
	286 *
	307 *
	315 *
	329
	336
	346







Source: Eurostat: https://ec.europa.eu/eurostat/databrowser/view/sdg_08_10/default/table?lang=en, accessed on 10 June 2022. * estimated data.













 





Table 3. Real GDP per capita (euro per capita).
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	2015
	2016
	2017
	2018
	2019
	2020





	Romania
	7290
	7670
	8280
	8700
	9120
	8820



	EU 27
	25,950
	26,410
	27,110
	27,610
	28,050
	26,380



	Austria
	361,401
	36,390
	36,390
	37,720
	38,110
	35,390



	Denmark
	45,630
	46,720
	47,740
	48,450
	48,970
	47,890



	Luxembourg
	82,820
	84,750
	84,020
	84,040
	85,030
	82,250



	Poland
	10,890
	11,240
	11,790
	12,420
	13,020
	12,750







Source: Eurostat: https://ec.europa.eu/eurostat/databrowser/view/sdg_08_10/default/table?lang=en, accessed on 10 June 2022.













 





Table 4. Generation of waste excluding major mineral wastes per GDP unit in (kg per thousand euro).
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	2010
	2012
	2014
	2016
	2018





	Romania
	188
	179
	149
	141
	128



	EU 27
	68
	69
	66
	67
	66







Source: Eurostat: https://ec.europa.eu/eurostat/databrowser/view/cei_pc032/default/table?lang=en, accessed on 10 June 2022.













 





Table 5. Generation of waste excluding major mineral wastes per domestic material consumption in Romania and EU average (%).
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	2010
	2012
	2014
	2016
	2018





	Romania *
	8.6
	6.5
	5.6
	4.7
	4.8



	EU 27
	12
	12.4
	12.7
	13
	12.8







Source: Eurostat: https://ec.europa.eu/eurostat/databrowser/view/cei_pc033/default/table?lang=en, accessed on 10 June 2022. * estimated data.













 





Table 6. Recycling and recovery rate in Romania and EU.
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	Recycling Rate of Municipal Waste (%)
	2016
	2017
	2018
	2019
	2020



	Romania
	13.4
	14.0
	11.1
	11.5
	13.7



	EU 27
	46.5
	46.9
	47.2
	48.1 *
	47.8 *



	Recycling rate of all waste exclud. major mineral waste (%)
	2010
	2012
	2014
	2016
	2018



	Romania
	26
	28
	27
	30
	29



	EU 27
	53
	53
	54
	-
	55



	Recycling rate of packaging waste by type of packaging (%)
	2015
	2016
	2017
	2018
	2019



	Romania
	55.9
	60.4
	60.4
	57.9
	44.6



	EU 27
	66.6
	67.6
	67.5
	66.4
	66.4



	Recycling rate of e-waste (%)
	2014
	2015
	2016
	2017
	2018



	Romania
	21.3
	22.5
	25
	-
	



	EU 27
	32.8
	35.7
	39.5 *
	39.5 *
	38.9 *



	Recycling of biowaste (kg per capita)
	2016
	2017
	2018
	2019
	2020



	Romania
	18
	18
	9
	12
	18



	EU 27
	82
	85
	85
	90 *
	90 *



	Recovery rate of construction and demolition waste (%)
	2010
	2012
	2014
	2016
	2018



	Romania
	47
	67
	65
	85
	74



	EU 27
	-
	-
	87
	87
	88







Source: Eurostat. * estimated data.













 





Table 7. Recycling rate (RR) of plastic packaging waste (%).






Table 7. Recycling rate (RR) of plastic packaging waste (%).





	RR of Plastic Packaging Waste
	2015
	2016
	2017
	2018
	2019



	Romania *
	46.7
	46.5
	47.6
	43
	31.1



	EU 27
	40.5
	42.4
	41.7
	41.4
	40.6



	RR of paper and cardboard packaging waste
	2015
	2016
	2017
	2018
	2019



	Romania *
	89.3
	92.5
	90.6
	88.9
	68.3



	EU 27
	83.9
	85.4
	85.4
	84.2
	82



	RR of wooden packaging waste
	2015
	2016
	2017
	2018
	2019



	Romania *
	28.8
	27.6
	30
	28.4
	24.8



	EU 27
	41.4
	40.7
	41.2
	34.7
	31.1



	RR of metallic packaging waste
	2015
	2016
	2017
	2018
	2019



	Romania *
	64.1
	62.1
	60.4
	58.7
	49.6



	EU 27
	79.3
	80.2
	80.6
	82.9
	77.4



	RR of glass packaging waste
	2015
	2016
	2017
	2018
	2019



	Romania *
	41.1
	64.1
	63
	61.1
	42.9



	EU 27
	74.2
	75.3
	75.8
	75.8
	75.4







Source: Eurostat: https://ec.europa.eu/eurostat/databrowser/view/cei_wm020/default/table?lang=en, accessed on 8 June 2022. * estimated data.













 





Table 8. Circular material use rate (%).
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	2016
	2017
	2018
	2019
	2020





	Romania *
	1.7
	1.7 *
	1.5
	1.3 *
	1.3 *



	EU 27
	11.5
	11.5 *
	11.7
	12 *
	12.8 *







Source: Eurostat: https://ec.europa.eu/eurostat/databrowser/view/cei_srm030/default/table?lang=en, accessed on 8 June 2022. * estimated data.













 





Table 9. Trade in recyclable raw materials (tonne).
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	2017
	2018
	2019
	2020
	2021





	Romania
	519,595
	613,809
	711,742
	675,764
	775,911



	EU 27
	42,801,959
	43,676,670
	44,965,914
	444,452,216
	46,838,227







Source: Eurostat: https://ec.europa.eu/eurostat/databrowser/view/cei_srm020/default/table?lang=en, accessed on 8 June 2022.













 





Table 10. Private investments, jobs and gross value added related to circular economy sectors.
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	Value Added at Factor Cost

(Mil Euro)
	2015
	2016
	2017
	2018
	2019



	Romania
	1134.2
	1280.9
	1485.2
	1601.5
	1699.6



	EU 27
	114,900 *
	117,700 *
	125,700 *
	130,800 *
	139,100 *



	Value added at factor cost—percentage of gross domestic product (GDP)
	2015
	2016
	2017
	2018
	2019



	Romania
	0.71
	0.75
	0.79
	0.78
	0.76



	EU 27
	0.94 *
	0.94 *
	0.96 *
	0.97 *
	0.99 *



	Gross investment in tangible goods

(Mil. euro)
	2015
	2016
	2017
	2018
	2019



	Romania
	326.8
	333.3
	387.8
	359.8 *
	390.5



	EU 27
	13,200 *
	13,900 *
	15,100 *
	16,000 *
	17,000 *



	Gross investment in tangible goods—percentage of gross domestic product (GDP)
	2015
	2016
	2017
	2018
	2019



	Romania
	0.2
	0.2
	0.21
	0.18
	0.17



	EU 27
	0.11 *
	0.11 *
	0.12 *
	0.12 *
	0.12 *



	Number of persons employed
	2015
	2016
	2017
	2018
	2019



	Romania
	131,461
	132,908
	133,062
	132,551
	134,266



	EU 27
	3,407,400
	3,749,600 *
	3,564,200 *
	3,545,700
	3,687,900



	Persons employed—percentage of total employment
	2015
	2016
	2017
	2018
	2019



	Romania
	1.54
	1.58
	1.54
	1.53
	1.55



	EU 27
	1.72 *
	1.73 *
	1.75 *
	1.71 *
	1.76 *







Source: Eurostat: https://ec.europa.eu/eurostat/databrowser/view/cei_cie010/default/table?lang=en, accessed on 16 June 2022. * estimated data.













 





Table 11. Patents related to recycling and secondary raw material (per million inhabitants).
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	2015
	2016
	2017
	2018
	2019





	Romania
	0.23
	0.29
	0.43
	0.49
	0.28



	EU 27
	0.79
	0.72
	0.67
	0.67
	0.66







Source: Eurostat: https://ec.europa.eu/eurostat/databrowser/view/cei_cie020/default/table?lang=en, accessed on 16 June 2022.













 





Table 12. Circular economy indicators achieved by Romania in relation to the European average. * estimated data.






Table 12. Circular economy indicators achieved by Romania in relation to the European average. * estimated data.





	Production and Consumption
	EU Av. Value

Year 2018
	Percentage of EU Av. Made by RO
	Position in EU Ranking





	Self-sufficiency of raw materials
	no data available
	no data available
	no data available



	Green public procurement
	no data available
	no data available
	no data available



	Generation of municipal waste per capita (GMW/cap)
	496 (kg /capita)
	54.8% of UE av.
	1



	Generation of waste excluding major mineral wastes per GDP unit (GW/GDP)
	66 (kg/thousand euro)
	193.9% of UE av.
	24



	Generation of waste excluding major mineral wastes per domestic material consumption (GW/DMC)
	12.8 (%)
	37.5 % of UE av
	3



	Food waste (approximation 2018) (FW)
	118 (kg/capita and year)
	59.3% of UE av.
	1

estimated



	Waste management
	EU av. value

Year 2018
	Percentage of EU av. made by RO
	Position in EU ranking



	Recycling rate of municipal waste (ReMW)
	47.2 (%)
	23.5% of the UE av.
	26



	Recycling rate of all waste excluding major mineral waste (ReAW-MMW)
	55 (%)
	52.7% of the UE av.
	24



	Recycling rate of packaging waste by type of packaging
	66.4 (%)
	87.2% of UE av.
	24



	Recycling rate of plastic packaging waste (RePP)
	41.4 (%)
	103.8 % of UE av.
	12



	Recycling rate of paper and cardboard packaging waste (RePCP)
	84.2 (%)
	105.6% of UE av.
	8



	Recycling rate of wooden packaging waste (ReWP)
	34.7 (%)
	81.8% of UE av.
	14



	Recycling rate of metallic pack. waste (ReMP)
	82.9 (%)
	70.8% of EU av.
	25



	Recycling rate of glass pack. waste (ReGP)
	75.8 (%)
	80.6% of UE av.
	20



	Recycling rate of e-waste
	-
	no data available
	-



	Recycling of biowaste (ReBioW)
	85 (kg per capita)
	10.5% of EU av.
	25



	Recovery rate of construction and demolition waste (RR_CDW)
	88 (%)
	84% of EU av.
	21



	Secondary raw materials
	EU av. value

Year 2018
	Percentage of EU av. made by RO
	Position in EU ranking



	Circular material use rate (CMR)
	11.7 (%)
	12.8% of EU av.
	27



	Trade in recyclable raw materials (TRRM)
	43,676,670 (tonne)
	1.4% of the EU av.
	14



	Competitiveness and innovation
	EU av. value

Year 2018
	Percentage of EU av. made by RO
	Position in EU ranking



	Value added at factor cost (VAFC)
	130,800 * (Mil euro)
	1.2% of EU av.
	13



	Value added at factor cost- percentage of GDP (VAFC/GDP)
	0.97 * (%)
	80.4% of EU av.
	19



	Gross investment in tangible goods (GITG)
	16,000 * (Mil euro)
	2.2% of EU av.
	9



	Gross investment in tangible goods—percentage of GDP (GITG/GDP)
	0.12 * (%)
	150% of EU av.
	6



	Number of persons employed (NrPE)
	3,545,700
	3.7% of the EU av.
	6



	Persons employed—percentage of total employment (PeE_ToE)
	1.71 * (%)
	89.5% of EU av.
	13



	Patents related to recycling and secondary raw material (PaReSRM)
	0.67 (per million inhabitants)
	73.1% of the EU av.
	13
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