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Abstract: Mobilizing industry and transforming industrial sectors to a circular economy (CE) is one
of the key areas of activities in the European Green Deal (EGD)—the newest strategy of economic
growth in European Union (EU). In the CE, the raw materials that can be recovered from various
waste streams play a key role, therefore, recommendations for their management were developed,
both at the European and national level. In Poland, the raw material recovery sector is one of the
strategic sectors (key industries) described in several documents determining the further directions of
economic growth in the country. This paper presents the revision of these documents and guidelines
for the implementation of the CE in the raw material recovery sector. The scope of the paper
also includes a description of the current state of the raw materials recovery sector and its return,
supported by the analysis of drivers and barriers in its further development. In previous years,
a dynamic development of the recovery industry was observed, followed by formation of new
companies (dominated by medium-sized companies comprising ~50% of entities in the sector) and
increasing amount of people employed (~70,700 people). A growing level of processing of secondary
raw materials with the use of more and more innovative technologies has been observed, which could
contribute to the improvement of the level of innovation of the national economy. There also some
barriers, such as the lack of sufficiently developed industrial symbiosis (IS) and long-term support
for the implementation of recovery technologies. The growing ecological awareness of society and
enterprises themselves, as well as the growing belief in the importance of resource recovery for
environmental protection, suggest the possibility of subsequent development of the raw materials
recovery sector. Further actions in this field will be taken to strengthen the implementation of the CE
in the country.

Keywords: sustainable development; green deal; circular economy; raw materials; recovery

1. Introduction

In 2019, the European Commission (EC) adopted the new growth strategy for the
European Union (EU) and its citizens; the European Green Deal (EGD) [1]. It aims to
transform the EU society into a fair and prosperous one, living in a modern, resource-
efficient and competitive economy, and to achieve zero net greenhouse gas emissions by
2050. The main message of this strategy is to ensure that economic growth is independent
of the use of natural resources [2]. It is worth noting that the EGD is an integral part of the
EC’s strategy to implement the 2030 Agenda of the United Nations and the sustainable
development goals (SDGs) and their associated targets [3]. The achievement of the EGD
should be supported by the implementation of the sustainable development (SD) principles
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in the whole economy, in which production and consumption patterns and use of all natural
resources, including air, land, rivers, lakes, aquifers, oceans and seas, are sustainable [3]. In
summary, the objective of the EGD is to make the EU’s economy sustainable [1].

One of the key activity areas in the EGD is to mobilize industry and transform an
industrial sector and all of the value chain to a clean and circular economy (CE) [1]. The
CE is defined by the EC as a “system that keeps the added value in products for as long as
possible and eliminates waste” [4], a “system where the value of products, materials and
resources is maintained in the economy for as long as possible, and the generation of waste
minimized” [5] and as “a regenerative growth model that gives back to the planet more than
it takes, advance towards keeping its resource consumption within planetary boundaries,
and therefore strive to reduce its consumption footprint and double its circular material
use rate in the coming decade” [6]. In all the above definitions of the CE, the raw materials
that can be recovered from various waste streams play a key role; therefore, the core of
the CE model should be sustainable resource management. Currently, raw materials are
crucial to the European economy due to providing a strong industrial base and producing
a broad range of goods and applications used in modern technologies and everyday life.
However, the security of raw materials in the EU and in the world is not certain [7] due to
the limited access to mineral deposits in individual regions of the world [8]. In order to
secure reliable and unhindered access to certain raw materials on the European level, in
2011 the EC has created a list of critical raw materials (CRMs) for the EU, which is subject
to a regular review and update. The list is updated every 3 years [9–12] and the last list
of CRMs was published in 2020. The fourth list includes 30 CRMs which combine raw
materials of high importance to the EU economy and have a high risk associated with their
supply. The new list of CRMs aims to foster efficient usage and recycling of the CRMs, a
priority area in the CE Action Plan. Moreover, it should increase awareness of potential
raw material supply risks and related opportunities among EU countries, companies and
investors. The EC strongly underlined that the potential for a more circular usage of CRMs
in the European economy is needed [13]. The transformation toward the CE model in
the raw materials sector should include each step of the value chain from production to
consumption, reuse, repair and remanufacturing, waste management [14], and secondary
raw materials [15] that are turned back into the economy [5].

The transformation towards the CE is a response to the environmental crisis [16,17],
depletion of natural resources [18,19] and continued dependence on imports of strategic
raw materials from third countries [20,21]. It is a long-term process that requires legal [22],
organizational and social changes, not only at the EU level but also at the national level [23].
The individual countries have prepared their plans for implementing the CE at a national
level, and these are systematically published on the website of a European Circular Econ-
omy Stakeholder Platform [24]. In all developed roadmaps and strategies, the greatest
attention is paid to the management of raw materials and waste. In Poland, the “Roadmap
towards the Transition to Circular Economy” was adopted by the government in 2019 [25].
The Polish roadmap was indicated as one of the strategic projects of the Strategy for Re-
sponsible Development [26] and, therefore, it fits into the overall vision of the development
of country. The Polish roadmap aims to identify, in particular, actions aimed at maximizing
the added value of raw materials (defined as resources), materials and products, while
reducing the generation of waste and maintaining the efficiency of the production and
consumption processes [25]. It touches upon various aspects of the functioning of the
industrial production, services and consumption sector. The transition to the CE model
creates new development opportunities for the Polish raw material recovery sector, which
has developed very quickly in recent years, in terms of both an increase in sales and an
increase in the level of employment [27]. This is related not only to changes in regulations
at the European and national level which habe promoted the CE model [28], but also an
increasingly pro-ecological attitude of society [29]. In such a market, the greatest added
value comes from the ability to optimally process, recover and reuse valuable waste frac-
tions [30–32]. The objective of the paper is to identify drivers and barriers in the further
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development of the Polish raw material recovery sector. The scope of the paper includes
the identification of the recommended directions for the raw materials recovery in the
strategic documents and regulations in Poland; diagnosis of the current state of the sector
and its return; identification of solutions that may contribute to the further dynamic devel-
opment of the Polish material recovery sector and SWOT analysis (strengths, weaknesses,
opportunities and threats) of sector development opportunities and discussion.

2. Materials and Methods

The research was divided into four three individual steps. The framework of the
research is presented in Figure 1.
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Figure 1. Research framework.

In each step of the research, the following methods were used:
Step 1: Identification of the recommended directions for the raw materials recovery in

the strategic documents and regulations in Poland. In this step, a desk research method
was used. It included the detailed inventory and analysis of the Polish strategic documents
and the restrictions regarding waste management and raw materials recovery. The strategic
documents were available for free on the official webpages of the Polish government, as
the Ministry of Economic Development (which is the main responsible body in the country
for the development of recommendations in the area of the CE model implementation
in all industries) and the Ministry of Climate and Environment (which is responsible for
the development of recommendations and actions for the CE and EGD in the context
of counteracting climate change and environmental protection). The law restrictions are
available for free in the official portal—the Polish Internet System of Legal Acts/ISAP
(isap.sejm.gov.pl, accessed on 15 April 2021). Due to some national laws being linked
to the implementation of EU laws, some of the analyzed documents originate from the
official websites of the EC (ec.europa.eu, accessed on 15 April 2021) and EUR-Lex, an online
database of EU laws (eur-lex.europa.eu, accessed on 15 April 2021), which is also available
for free.

Step 2: Analysis of the Polish raw materials recovery, including the diagnosis of the
current state of the Polish raw materials recovery and identification of solutions that may
contribute to its development. The detailed analysis of the state of the art in this area
was conducted with the use of a desk research method. It focused on an inventory and
analysis of the documents (papers, reports) related to waste management and raw materials
recovery. The analyzed papers included reviewed articles published in scientific national
and international databases, such as BazTech, Polish Scientific Bibliography, Elsevier
Scopus, Elsevier Science Direct, Multidisciplinary Digital Publishing Institute (MDPI)
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and Google Scholar. The analyzed reports included the reports published by the Polish
entities operating in the area of the raw materials sector, the waste sector and conducting
analyses of the activities of domestic enterprises, including the Polish Agency for Enterprise
Development and the Statistics Poland.

Step 3: Analysis of sector development opportunities was conducted with the use of
SWOT analysis, which includes the identification of four aspects of the development of raw
materials recovery sector in Poland—strengths, weaknesses, opportunities and threats. This
step was conducted to identify internal (strengths and weaknesses) and external factors
(opportunities and threats) that are favorable and unfavorable to the further development
of the raw materials recovery sector in Poland. The internal factors include strengths and
weaknesses, and external factors—opportunities and threats.

3. Results

This section provides the results of the conducted research.

3.1. Recommended Directions for the Raw Materials Management

On the international level, the recovery of raw materials is underlined in the most
important document, “Transforming our world: 2030 Agenda for Sustainable Develop-
ment” [3], which is the complex plan of actions for people, the planet and for prosperity,
grouped into 17 Sustainable Development Goals and 169 targets. The key aspect of the
raw materials is the recommendation to sustainably manage natural resources, which is in
the line with the CE assumptions. On the European level, the pathway to sustainability
involves building the CE model in all areas of economic activity. The CE was introduced
at the European level in the first communication of the EC in 2014 “Towards a circular
economy: A zero waste programme for Europe” [4]. In 2015, the first CE Action Plan was
presented in the communication “Closing the loop—An EU action plan for the Circular
Economy” [5] while in 2018, the first CE indicators were proposed in the “Monitoring
framework for the circular economy” [33]. In 2020, the second CE Action Plan for the EU
was introduced, “A new Circular Economy Action Plan For a cleaner and more competitive
Europe” [6]. The inventory of the EU documents regarding the usage of raw materials in
the CE is presented in Figure 2.
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Since publication, specific documents have been developed for individual sectors as
the part of the CE implementation. The first one was the proposal for the CE fertilizer
sector in 2016 [34]. All mentioned documents clearly underline that acting to recover raw
materials and thus securing their supply to various industries is crucial for Europe, which
is struggling with a shortage of many raw materials, indicated as critical. Moreover, in
2019, the EC established new strategy for economic growth which should be independent
from the consumption of raw materials; the European Green Deal. Currently, the CE is
one of the main blocks of the EGD, which is a strategy of economic development for all
European countries, therefore, Poland has undertaken a number of activities in this area.
The current analysis does not concern legal acts, as each sector of the economy has to adapt
to the specific industry regulations. The most important document in the field of waste
management is the Act on waste [35], which introduces EU restrictions in the Polish legal
system. Another legal act that allows for the extraction of raw materials from waste is the
R10 recovery regulation [36], which indicates which groups of waste can be directed to the
recovery processes. However, the recovery of raw materials from waste and all technical
requirements regarding the quality of secondary raw materials are regulated in legal acts
dedicated to specific industries, e.g., the possibility of using recovered phosphorus (which
is the critical raw material for the European economy and key raw material for the Polish
economy) is regulated in legal acts on fertilizers and fertilizing.

In Poland, the Ministry of Economic Development coordinates the implementation
of the CE concept. In 2016, it established the CE Working Group with representatives of
various ministries, enterprises, research and education units and citizens, to develop the
first CE action plan for Poland. In 2019, the Council of Ministers adopted a resolution
on the adoption of the Roadmap towards the Transition to Circular Economy [25]. This
document is one of the strategic projects of the Strategy for Responsible Development
adopted by the Council of Ministers in 2017 [37]; this strategy underlines the importance of
the raw materials. Moreover, the material recovery sector in Poland is indicated in the list
of strategic sectors (key industries), based on the Strategy for Responsible Development. As
a consequence of climate change and increasing demand, natural resources are becoming
more scarce; therefore, further actions to protect the supply of raw materials in country are
needed, not only from the perspective of environmental protection but also as a safeguard
for the proper functioning of various industries. In this context, an important aspect is also
the development of new business models for the CE. In the CE roadmap, the four key areas
are indicated: sustainable industrial production, sustainable consumption, bioeconomy
and new business models. The main objective of the CE roadmap is to secure the supply
of the raw materials in the national economy. It is directly connected with the depletion
of non-renewable raw materials, their rising prices and country’s growing dependence
on their supplies from abroad. It creates the risks related to securing a continuous supply
of raw materials, especially for production industries which are the main source of gross
domestic product (GDP). There also some concerns related to the challenges in the context
of environmental protection (as biogenic raw materials are lost throughout the life cycle
and affect, for example, eutrophication of water reservoirs, including the Baltic Sea). The
circular management of raw materials and their recovery from industrial and municipal
waste is indicated as the recommended direction. It is planned that the ministry responsible
for the environment, in cooperation with the ministry responsible for the economy, jointly
conduct the revision of regulations concerning several aspects of the industrial production,
such as packaging, used electrical and electronic equipment, end-of-life vehicles, tires,
batteries, accumulators, as well as lubricating oils and preparations. These organizations
will also be responsible for the development of proposals for changes in the national
regulations to adapt them to the EU law and their orientation to stimulate the transfer to
the CE model. The recovery organizations are indicated here as important actors in the
area of sustainable industrial production. In the area of bioeconomy, the recommended
actions include an analysis of possible changes in the tax system and should focus more
on the competitiveness of companies operating on the basis of CE business models. The
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proposed analysis should be a base for the further changes in regulatory proposals and
incentives for economic activities such as recovery of key raw materials, product reuse,
repair services, sharing (movables, real estate, transport production tools), rental, product
quality improvement [25]. The CE Roadmap indicates that the innovative technologies in
the area of waste management and raw materials recovery could play a strategic role in
the transformation towards the CE model. In 2019, the Ministry of Development decided
to create the National Intelligent Specialization dedicated to the CE “Circular economy—
water, fossil raw materials, waste”. It focused on the development of preferential areas of
support for research, development and innovation (R&D&I) in the transformation towards
the CE in the country. Special attention is given to sustainable management of waste to
keep the raw materials in the economy as long as possible [29].

In 2018, the Ministry of Environment presented the draft of the Raw Material Policy.
The final document is a set of overarching principles and activities aimed at reducing the
risks in the supply of raw materials aimed at securing the state’s long-term economic and
social needs, resulting from the adopted priorities of economic development [38]. The ex-
pected effect of these actions under this policy is to minimize the amount of generated waste
and to maximize the recovery of raw materials from secondary sources (implementation of
the CE assumptions). In the process of shaping the raw materials policy, attention should
be paid to the development of technology used in the entire resource management chain-
from exploration, identification and documentation of deposits, through access, extraction,
processing and recovery, to the disposal and utilization of waste and reclamation.

The newest document on raw materials management and recovery is the Industrial
Policy of Poland, which is currently being finalized by the government. It is a program
targeted at industrial sectors and will complement the Productivity Strategy with its sec-
toral approach. As part of the new Industrial Policy, problems and barriers of individual
industries will be defined, and specific solutions using legislative and institutional instru-
ments will be proposed. The draft of the proposal underlines that the industry, apart
from agriculture and services, is one of the three traditionally distinguished sectors of the
economy. In Poland, the largest part is industrial processing, which includes processing
raw materials into products. Poland is a relatively highly industrialized country. Sector
shares in the value added in the country in 2019 amounted to 18.9% compared to the value
for the entire EU of 15.5%. The added value in the industrial sector has been growing since
2015 (in permanent prices) by an average of 3.9% per year [39]. The main recommenda-
tion in the Industrial Policy of Poland, in the area of raw materials management, is the
implementation of the CE assumptions, mainly through maximizing the use of resources
that end up in the economic cycle. In this context, an important role is played by the new
business models changing the model of selling products to selling services and ensuring
industrial symbiosis (IS), in which waste generated by one unit is raw material in another
unit). The CE requires eco-design of products to reduce the consumption of resources as
part of production processes, design with the possibility of repair, expansion with new
functions in mind, or easier to recover materials after the end of the use of the product.

In summary, the main European and national documents regarding the CE implemen-
tation strongly underline the sustainable management of the raw materials throughout
their whole life cycle. It is important to keep the added value of products as long as possible,
and if waste is generated, to recover raw materials from it. Recovery of raw materials
from waste is a key element in the implementation of the CE model at the national and
European levels.

3.2. Polish Raw Materials Recovery Sector

In Poland, the activity in the raw material recovery sector includes two approaches:
(i) waste management, which is defined as the activity related to the collection, treatment
and disposal of waste, and (ii) recovery of raw materials [40]. In the official documents,
the recovery of raw materials is indicated as “waste collection, treatment and disposal
activities; materials recovery”. Moreover, the Polish Classification of Activities—PKD
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2007 [41], which is based on NACE—the Statistical Classification of Economic Activities in
the European Community, classifies the raw material recovery sector in Poland (PKD 38.3)
under two segments [27]:

(i) disassembly of used products (PKD 38.31), including disassembly of all types of
end-of-life products and devices (cars, ships, computers, TV sets and other products)
for the purpose of recovery of raw materials (PKD 38.31Z);

(ii) recovery of raw materials from segregated materials (PKD 38.32), including the
processing of metal and non-metal waste into secondary raw materials through a
mechanical or chemical processing process; separation and sorting of recyclable
raw materials derived from non-hazardous waste or the separation and sorting into
various categories of various raw materials, such as paper, plastics, beverage cans,
metal, suitable for processing or recovery (PKD 38.32Z). According to Polish law, the
end product of waste management can either be destined for landfill or become an
output for another production process.

Waste management is an integral part of the raw materials recovery sector. In Poland,
the statistics collected in Poland each year have detailed data on waste generated in the
country [42]. Data are prepared in accordance with the Act on waste [35] and in accordance
with the waste catalog [43], dividing waste into groups, subgroups and types according
to the source of their generation. The catalog includes approximately 950 types of waste
classified in 20 groups. In 2019, almost 127 million Mg of waste was generated, of which
10.1% was municipal waste (12.8 million Mg). The largest amount is non-municipal waste,
which amounted 114.1 million Mg. The amount of waste generated annually remains at a
similar level, with a constant growth of the GDP, which may indicate positive trends in
waste management. The main source of waste in 2019, as in previous years, were mining
and quarrying (55.8% of generated waste in total), industrial processing (23.8%) as well
as electricity, gas, steam and hot water production and supply (12.3%). The structure of
the industrial waste generated is shown in Figure 3. The largest share in the amount of
waste generated was waste generated during the search, extraction, physical and chemical
processing of ores and other minerals (60%) and waste from thermal processes (20%) [42].
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In recent years, more and more of the waste generated is directed to recovery processes
(48.9% of generated waste in 2019). Despite the introduction of a five-step hierarchy of
waste management [44] in Polish law, a large part of waste from economic activity is still
landfilled (42.9% of generated waste in 2019). The amount of waste disposed amounted
to approximately 49 million Mg and occupied a total area of over 8 thousand ha. The
largest landfill areas are in the provinces where the greatest amounts of waste are generated
(Dolnośląskie, Śląskie, Małopolskie and Łódzkie provinces). In 2019, only 1.0 ha of the area
(0.01% of the existing storage areas) had been reclaimed. In Poland, out of the total amount
of waste generated in 2019, 49% of waste was recovered, 43% was disposed of by landfill,
and 5% were otherwise disposed of [42].

In the case of municipal waste, in 2019, 12,753 thousand Mg was reported and it
showed an increase in its production by 2.1% compared to the previous year. There was an
increase in the amount of municipal waste generated per one inhabitant from 325 kg in
2018 to 332 kg in 2019 [42], however, it was still much lower than the EU average (489 kg
per inhabitant) [45]. In total, 7.1 million Mg of municipal waste collected was allocated to
recovery (56% of municipal waste generated), of which 3.2 million Mg were intended for
recycling (25%), 2.7 million Mg for thermal transformation with energy recovery (22%),
1.2 million Mg for biological processing (composting or digestion, 9%). Approximately
5.7 million Mg was directed to the neutralization processes, of which 5.5 million Mg (43%
of municipal waste generated) was designated for landfill and the remaining 0.2 million
Mg (about 1% of production) for disposal by incineration without energy recovery. Most
of the municipal waste generated in 2019 (85%, 10,776 thousand Mg) was collected from
households. To direct waste to recycling processes, it is necessary to achieve the highest
possible rates of selectively collected waste. Therefore, it is important to implement the
legal solutions and build a selective system collection by municipal authorities and the
involvement of residents in the segregation of waste generated in households. In 2019,
there were 2190 public separate collection points for municipal waste, of which 37% were
located in cities and 63% in rural areas. The separate collection is becoming more and
more popular—almost 4 million Mg in 2019 (31% of total municipal waste generated)—an
increase of 10% compared to the previous year. Selective collection differs depending on
the region; in 2019, 115 kg per capita were selectively collected in cities, and 86 kg per
capita in rural areas.

Selectively collected waste, both in industrial and municipal activities, is the basis
for the possibility of further recovery of resources. The increasing amount of selectively
collected waste has a positive effect on the development of the material recovery sector.
In materials management, raw materials and recycled materials are becoming more and
more important. Many mineral (e.g., metals) and organic (e.g., rubber, wood, paper)
materials return to production as secondary raw materials. The use of waste for the
recovery of secondary raw materials (both from production processes and also from
purchasing) is becoming more and more important for ecological and economic reasons.
The secondary raw materials (coming from waste) that are materials resulting from the
processing (mechanical or chemical processing) of production waste, pre-sorted municipal
waste or scrap and used products, are suitable for direct use in the industrial production
processes (replacing primary raw material) [46].

In Poland, the recovery of secondary raw materials (both from production processes
and from purchasing) applies, inter alia, to steel scrap and waste, non-ferrous metals
(copper, brass and bronze, aluminum, lead, zinc and tin). Extracting metals from waste
materials is less energy-intensive than from primary sources. Metal recovery is largely
based on end-of-life vehicles, waste batteries and accumulators, waste electrical and elec-
tronic equipment, and municipal waste. In 2019, the total revenue (jointly in production
and commercial units) of metallic waste accounted for 55.8%, and non-metallic waste
44.2%. The structure of total revenue for metallic waste was dominated by purchase, which
amounted to 71.2%, followed by revenue from own activity—23.0%. The smallest share in
total revenue of metallic waste was that of import (5.8%). The structure for total revenue
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of non-metallic waste was similar, with the largest part being purchase (61.3%), then the
income from own activity (34.0%) and import (4.7%). There were no significant changes
compared to the previous year [46].

The changes in the amount of economic entities operating in the raw materials recovery
sector is presented in Figure 4. In total, in 2018, 4512 entities, including 305 public and
4207 private, operated in the Polish raw material recovery sector. The sector is dominated
by medium-sized companies (employing 50–249 employees), which constitute almost 50%
of the total number of economic entities in the sector, and employing a total of 70,700 people,
which is approx. 2.2% of all employees in the industry. The number of people employed
in this sector is growing very dynamically, as in previous years it was 57.4 thousand in
2010, 64,400 in 2016, and 69,200 thousand in 2017. In recent years, the average monthly
gross salary in the sector has systematically increased, however, it is 15% lower than the
average monthly gross salary in industry as a whole in the country. Of the three main
sections in this sector, the highest salaries are provided in materials recovery, compared to
waste treatment and disposal and waste collection. In addition, compared to the energy
sector, the labor costs per paid employee (monthly averages) was approximately 50% lower.
Despite this fact, there is an upward trend observed in employment in the sector. Moreover,
the coronavirus pandemic did not affect this trend and it has consistently grown [40]. The
prediction showed that in the next 5 years, the increase in the demand for employees
will amount to no less than 2000 people per year, meaning that the industry will have to
compete strongly for employees with other industries, and possibly also with other sectors
of the economy [27]. It is likely to take over at least some of the employees who lose their
jobs in declining industries. However, some of the newly employed will be graduates
of secondary and higher education institutions and people previously working outside
the industry.
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Figure 4. Economic entities operating in the raw materials recovery sector in Poland in 2005–2018.
Source: own based on [40].

The basic data on the economic entities in the raw material recovery sector in Poland
in 2018 is provided in Table 1. The number of entities conducting activity in 2018 reached
1062, of which the smallest number were companies with ≥40.01 million EUR of sold
production. At the same time, those companies achieved the highest sold production
values, reaching 1993.2 million EUR. The total sold production in all operating companies
in 2018 reached 3890.2 million EUR. The value of the sector’s global production in 2018
amounted to approx. 5.8 billion EUR, while in 2015 it reached 4.4 billion EUR. Medium-
sized enterprises employing 50 to 249 employees in this sector achieved total revenues of
1946.9 million EUR, and smaller companies employing 49 or fewer people–912.7 million
EUR [27].
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Table 1. Basic data regarding economic entities in the raw material recovery sector in Poland in 2018 (in absolute numbers).

Specification Total
Entities by Value of Sold Production in Million EUR *

≤2.00 2.01–5.00 5.01–10.00 10.01–20.00 20.01–40.00 ≥40.01

Number of entities
conducting activity

during the year
1062 153 289 221 179 125 95

Sold production in
million EUR * 3890.2 37.8 205.3 355.3 543.7 754.9 1993.2

Average paid
employment in

thousands
59.1 2.3 5.5 7.3 10.1 12.8 21.1

* 1 EUR = 4.6 PLN, based on the average exchange rates provided by the Polish National Bank, March 2021. Source: own based on [40].

An important trend in the development of Polish enterprises has also been the intro-
duction of new or improved products or business processes in 2016–2018. Approximately
23.6% of the total companies operating in this period introduced such processes. In 2018,
approximately 15.2 million EUR was spent on innovation activities in the Polish companies
operating in the raw materials recovery sector. In total, 15.6% of this expenditure was
directed to research and development activity (intramural and extramural expenditures),
50.7%—capital on tangible and intangible assets, and 0.6%—own personnel working on
innovation. Source of funds on innovation activities mainly came from own sources of
enterprises (31.3 million EUR) [40].

It is expected that in the coming years, waste management in Poland will continue to
change [47,48]. The main factors in this area are regulatory trends in the EU, promoting the
CE model and the EGD [1]. In such a market, the greatest added value will come from the
ability to optimally process, recover and reuse valuable fractions of waste, rather than a
simple process of collecting and depositing waste in landfills. The value and importance
of the raw material recovery sector has constantly increased, which could also result in
a greater share of enterprises generating GDP and a greater number of jobs in the raw
material recovery sector.

3.3. Drivers and Barriers in the Development of the Raw Material Recovery Sector

The transformation towards the circular economy is a response to the environmental
crisis, depletion of natural resources and continued dependence on imports of the strategic
raw materials from third countries. The implementation of the CE model could create
new opportunities for the Polish raw material recovery sector. However, there are also
some barriers to the further development of the sector. The results of the SWOT analysis
showing the internal factors (strengths and weaknesses) and external factors (opportunities
and threats) of the further development of the raw materials recovery sector in Poland are
presented in Table 2.

Table 2. SWOT analysis of the raw materials recovery sector in Poland.

SWOT Element Description

STRENGTHS

High importance of the sector in the national economy:

• sector indicated as strategic (key industry) in the Strategy for Responsible Development;
• sector included in the National Intelligent Specialization dedicated to the CE “Circular

economy—water, fossil raw materials, waste”;
• underlining the raw materials recovery as the key element of the CE implementation in Polis

CE roadmap;
• sector indicated as a priority in the draft of the Raw Material Policy.
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Table 2. Cont.

SWOT Element Description

Dynamic development of the recovery industry and the formation of new companies:

• increase in revenues for the country from the activity of the sector;
• positive effect on employment growth (an opportunity for socially and professionally

excluded people);
• maintaining the high quality of products after the recycling process comparable to products

obtained from primary raw materials;
• well-developed cooperation network of Polish companies (including high and small and

medium-sized enterprises—SME) dealing with the recycling of raw materials (e.g., the
Waste Management and Recycling Cluster);

• an increase in the implementation of research and development projects (R&D) in the field
of new technologies of raw material recovery and waste management.

Impact on innovation and competitiveness of national economy:

• development of innovative technologies for the recovery of raw materials;
• use of modern technologies in the waste recycling sector in order to maintain/increase

competitiveness, improve work safety and reduce the environmental impact;
• growing level of processing of secondary raw materials with the use of more and more

innovative processing technologies and recycling, which contributes to the improvement of
the level of innovation in the Polish economy;

• high capacity and variety of production for the country and for export.

Impact on the environment and society:

• the use of secondary raw materials associated with the reduction of energy consumption in
technological processes in many industries;

• the use of waste materials affects the minimization or elimination of landfilled waste;
• increasing ecological awareness of enterprises operating in the industry, manifested by, e.g.,

in the preparation of reports and corporate social responsibility strategies.

WEAKNESSES

Imperfections of science-business cooperation:

• lack of staff with knowledge in the field of substitution and recycling of raw materials;
• insufficient transfer and exchange of experience between scientists and business

representatives;
• lack of sufficient knowledge and experience in running R&D projects in many enterprises;
• lack of experience in commercialization of the research results by the research units;
• underfunded research infrastructure of national research and development units;
• implementation of economically unprofitable ventures and R&D projects.

Impact on the financial resources of enterprises:

• high capital expenditure in the area of technological facilities required for the processing
and recovery of certain types of waste;

• insufficient funds for conducting R&D projects and development investments in enterprises;
• possibility of failure of R&D projects with high financial outlays from enterprises.

Market barriers:

• lack of sufficiently developed industrial symbiosis between entities that could participate in
the exchange of waste/recyclable materials;

• grey zone (market) activity (e.g., collection points carrying out illegal disassembly of used
equipment without permits and without the need to meet a number of requirements and
standards).

Technological barriers:

• lack of sufficient infrastructure for recovery of individual raw materials;
• lack of inventory of adequate technologies;
• lack of qualified technical staff.

OPPORTUNITIES

Further development of policy and recommendations for the recovery of raw materials:

• finalizing the Raw Material Policy;
• adjusting legal instruments stimulating cooperation between science and business;
• development of legal instruments stimulating building the industrial symbiosis.
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Table 2. Cont.

SWOT Element Description

Further implementation of recommended actions in strategic national and international
documents:

• intensify the recovery of raw materials from waste to reduce the scale of exploitation from
primary sources as a key direction in the Raw Material Policy, including, e.g.:

# use of mining, ashes and slags as well as other waste in road construction;
# management of synthetic gypsum resulting from flue gas desulphurization;
# implementation of a system for collecting and processing waste electrical and

electronic equipment as well as batteries and accumulators;
# use in the management of waste obtained from waste landfills, mining waste

neutralization facilities or waste dumps and their processing in recovery processes;
# unifying the rules of separate collection of municipal waste throughout the country

• implementation of recommended actions in the CE roadmap;
• reducing the fiscal burden for companies implementing and using recycled products.

Development of tools supporting the development of the market for secondary raw materials:

• development of economic instruments stimulating cooperation between science and
business (e.g., under Horizon Europe and European Institute of Innovation &
Technology—EIT Raw Materials);

• modernization of the Waste Database (BDO) in order to obtain any functionality of the
system and organize the database;

• development of economic instruments (EU subsidies and low-interest loans) for investments
promoting the development of waste management and environmental protection (e.g.,
National Fund for Environmental Protection and Water Management; Polish Agency for
Enterprise Development);

• development of a system for the selection and storage of waste from which it may be
possible to recover raw materials in the future;

• access to technology and scientific achievements thanks to the increased participation of the
R&D sector in foreign research projects;

• access to new technologies, machines and devices through building the network of
infrastructures in the country and abroad;

• implementation of procedures provided for a given sector of the economy to avoid legal
chaos and possible consequences resulting from actions taken individually to protect
employees.

Social and environmental drivers:

• increasing environmental awareness and culture;
• changes in the consumer behavior and preferences (increased interest in recycled products);
• large and absorbent market for eco-products from waste recycling and secondary raw

materials (domestic and export).

Technological perspectives:

• large resources of unused secondary raw materials, including strategic metals and rare earth
elements important for the development of many sectors of the national and global economy
(protection of natural resources);

• development of material technologies.

THREATS

Lack of sufficient law instruments:

• lack of finalized and implemented the Raw Material Policy;
• focusing in regions and central policy mainly on municipal waste management, not

industrial waste in the region;
• frequently changing legal regulations in the field of recycling and waste management
• lack of clear instruments to encourage actions and investments in the field of recycling and

waste management;
• insufficient number of legal and organizational solutions to limit the activities of the shadow

economy in the waste recycling industry;
• excessive level of bureaucracy and requirements for entrepreneurs;
• administrative delays in issuing decisions resulting from the coronavirus pandemic and

other factors.
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Table 2. Cont.

SWOT Element Description

Market barriers:

• an underdeveloped market for secondary raw materials;
• high interest and competition of large, innovative foreign companies in obtaining and

recycling waste and their potential entry into the Polish market;
• further export of untreated waste—with the existing insufficient processing capacity in the

country;
• short life span of new technologies (quick expiration of solutions and innovations) with

relatively high capital intensity.

Social concerns:

• low public awareness of the importance of minerals in the economy and reluctance to
change behavior;

• lack of confidence in the quality of products from waste for individual consumers.

The raw material recovery sector is one of the strategic sectors (key industries) in
Poland [27,49], indicated in the several documents determining further directions of eco-
nomic growth in the country [50]. In recent years, the dynamic development of the recovery
industry has been observed [51,52], supporting the formation of new companies [46]. The
increasing number of enterprises operating in this sector positively affects the number
of people employed; the current unemployment in Poland is equal to 6.5% [53]. The
coronavirus pandemic has had no significant impact on employment in the raw materials
recovery sector, but is unsurprisingly and significantly affecting the number of people
working in other industries [27], which in the future may also have consequences for the
raw materials industry. The situation is quite uncertain due to the lack of information
on the real development of companies supported by the government (in the form of tax
credits, exemptions from contributions, non-returnable grants and loans on preferential
terms) as measures to counteract the effects of a pandemic [54]. It can be assumed that the
coronavirus pandemic in the coming years may also have negative consequences for the
raw material recovery sector, but at the moment, they are not identifiable.

The important aspect of the sector is maintaining the high quality of products af-
ter the recycling process, comparable to products obtained from primary raw materials.
Products from waste must meet specific requirements in order to be placed on the market
(depending on the specific requirements of a given sector/product) [35]. More and more
companies and scientists deal with the development of products that meet certain quality
requirements [55–59], which in the context of potential commercialization may lead to
an increase in the recognition of Polish solutions and products on European and world
markets. There are also many concerns about the waste that has been in contact with peo-
ple infected with coronavirus (including municipal and medical waste). The Polish Chief
Sanitary Inspectorate has published guidelines for dealing with waste generated during
the coronavirus epidemic. They contain recommendations, among other things, for which
bin to throw in and how to protect used face masks, gloves and other personal protective
equipment. However, in practice, these principles are not fully adhered to. Municipal
waste from an infected person should be placed in a bag intended for this purpose, and
then the bag should not be sprayed with a disinfectant; this waste should be collected
selectively. In the case of collection of waste from quarantine facilities or municipal rubbish
bins, the guidelines of the Minister of Climate and Environment, and the Chief Sanitary
Inspector apply. Waste produced by healthy people (even those in quarantine), such as
preventive measures (masks, gloves) used at work, public transport, during shopping,
should be thrown into a mixed (residual) waste container or bag, i.e., a garbage can in black
bags. Medical waste produced in hospitals is considered hazardous. They are placed in
red bags and disposed of by specialized plants.

In previous years, an evolution of cooperation in the sector was also observed [60].
Currently, there is a well-developed cooperation network of companies (including high
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and small and medium-sized enterprises; SME) in the Waste Management and Recycling
Cluster. It aims to increase competitiveness, the effectiveness of using possessed resources
and the exchange of knowledge. It is indicated as the key cluster for the Polish economy
and it offers the possibility of implementing innovative products onto the market by the
companies belonging to the cluster. It is also more and more involved in international
collaboration, e.g., by participation in research and development projects (R&D) in the field
of new technologies of raw material recovery and waste management (under European
Institute of Innovation & Technology; EIT Raw Materials). The raw materials recovery
sector has had a significant impact on the innovation (including eco-innovations) [61,62]
and competitiveness of the national economy through the development and implemen-
tation of innovative technologies for waste management [63–65] and recovery of raw
materials [66,67]. A growing level of processing of secondary raw materials with the
use of more and more innovative processing technologies has been observed [68], which
could contribute to the improvement of the level of innovation in the Polish economy [69],
although the existing processing capacity of the infrastructure in this scope should be
assessed as insufficient.

The sector also has an impact on the environment and society [70]. The use of sec-
ondary raw materials is associated with the reduction of energy consumption in technologi-
cal processes in many industries [71], especially if they are also able to use renewable energy
sources in the recovery processes [72]. Moreover, the use of waste materials affects the
minimization or elimination of landfill waste [73], which can protect against leachate gen-
eration and contamination of groundwater. The promotion of waste-based products also
helps to shape the ecological awareness of society [74], which has significantly increased
in recent years [75]. There is also a positive trend in the number of reports and corporate
social responsibility (CSR) strategies prepared by individual enterprises operating in the
industry [76–78]. The companies and education units (educating on raw materials manage-
ment and recovery) present themselves as socially and environmentally responsible [79],
building a positive image and consumer confidence [80]. This growing interest in social
and environmental motives of entrepreneurship is mainly caused by economic, social and
political changes in last year’s [81].

As a consequence of the recommendations regarding the CE implementation in of-
ficial national and European documents, the raw materials recovery sector has further
development opportunities because it is supported by the vision of economic growth of
the countries and the EU. In the coming years, it is expected to intensify the recovery of
resources from waste to reduce the scale of exploitation from primary sources and reduc-
tion of dependence on external markets [82], especially those politically risky areas such
as Russia, China and the United States. There is also a strong need for the further legal
instruments to support CE implementation. One of these could be legal (and economic)
incentives stimulating building the industrial symbiosis [83]. Many enterprises show some
concern to build the IS due to the lack of support from local and central authorities and
legal barriers [84]. Introducing legal instruments and economic incentives would help to es-
tablish new collaborations in the context of “my waste-your raw materials”. There are also
economic opportunities to support the development of enterprises operating in the indus-
try, resulting from the new EU financial perspective for 2021–2027, such as Horizon Europe
with ~100 billion EUR (including EIT Raw Materials) [2] or national support instruments
(e.g., National Fund for Environmental Protection and Water Management; Polish Agency
for Enterprise Development) [27]. Poland belongs to the Regional Innovation Scheme (RIS)
countries, to which the EU allocates additional funds to stimulate their development and to
reduce the differences in innovation between highly developed countries, such as Sweden,
Netherlands or Germany. It is worth taking advantage of these funds, especially as they
are and (and will be) available under the EIT RMs-focused on cooperation along the entire
raw material value chain.

There are also several weaknesses of the sector’s activity and limitations of its further
development. Despite the quite well-developed cooperation between science and business,
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the real needs of business and scientists are still different [85]. Scientists focus on solving
a scientific problem, not necessarily taking into account the economic aspects, while in
real market conditions, only cost-effective solutions are able to survive and bring the
assumed income. Moreover, the jointly conducted R&D projects often encounter other
communication and legal problems, especially at the stage of commercialization. The
closer collaboration (building trust and relationship) and knowledge exchange should
therefore be strengthened [86] through industrial internships for researchers. Moreover,
the interesting instruments which are gaining more and more popularity are so-called
“implementation doctorates” [87], which require close cooperation between PhD students,
business mentors and scientific mentors to develop a solution that has a scientific value
with a business case at the same time.

There is also a strong need to solve the problem of grey zone (market) activity, which
includes several collection points carrying out illegal disassembly of used equipment
without permits and without the need to meet a number of requirements and standards.
The gray zone also covers the difficult-to-control practices of getting rid of the selected
troublesome waste (i.e., plastics, tires and others) through fires at temporary storage sites.
The government intervention at the central and local level should be increased in this scope,
e.g., by increasing environmental penalties (fees) and thus discouraging non-compliance
with the law on the waste market. The Polish key stakeholders in the raw materials
recovery sector should integrate the efforts to support the further development of the
sector, especially as foreign investors are very interested in entering the domestic market.

4. Conclusions

In recent years, the dynamic development of the raw materials recovery sector in
Poland has been observed. Mainly, it is a consequence of the implementation of the recom-
mended actions in the European and national documents regarding the CE implementation.
These documents strongly underline that due to environmental crisis and limited access to
raw materials in Europe (especially those indicated on the CRMs list), the sustainable man-
agement of the raw materials throughout their whole life cycle is a priority. In this context,
one of the most important aspects of the raw materials recovery sector is sustainable waste
management that allows for the recovery of secondary resources from waste generated in
various branches of the economy (industrial and municipal). Therefore, striving for a zero
waste approach is recommended as an integral part of the transformation process towards
the CE. The implementation of the zero waste approach, which is observed in the past
few years, aims to reduce waste and increase recovery of raw materials. On the national
level, it has contributed to an increase in the level of processing of waste, and recovery of
secondary raw materials, with the use of more and more innovative technologies. In the
following years, it could contribute to the improvement of the level of innovation of the
national economy.

The sector is developing dynamically, with the formation of new companies and
an increasing amount of people being employed. However, there are also some barriers
to its further development, such as a lack of sufficiently developed industrial symbiosis
and a lack of long-term support for the implementation of recovery technologies. More-
over, there is also a strong need to solve the problem of the grey zone through greater
government intervention.

In the coming years, the proposition of tools supporting the development of the
market for secondary raw materials, followed by law and economic instruments and closer
collaboration between science and business, are needed. The value of the sector is expected
to increase in the coming years, both in terms of GDP and the number of people employed.
Therefore, further actions to strengthen the implementation of the CE in the country will
be conducted both by the authorities and key stakeholders in the raw materials recovery
sector—scientists and entrepreneurs.
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76. Hąbek, P. Corporate social responsibility reporting in mining sector. The European Union perspective. Sci. Pap. Silesian Univ.
Technol. Organ. Manag. Ser. 2020, 2020, 159–172.
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