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Introduction

The rapid evolution of today’s economy, society and environment
becomes increasingly challenging to scientists, business practitioners and
politicians. One of the core problems of the economy and environment is to
restrain the environmental exploitation and pollution while ensuring eco-
nomic growth and social well-being at both national and global level. These
challenges are addressed by the sustainable development concept, roughly
formulated in the 1987 “Our common future” report by the Brundtland Com-
mission. At that time, sustainable development was defined as a “develop-
ment that meets the needs of the present generation without compromising
the ability of future generations to meet their own needs” (Our Common
Future, 1987, p. 23). Since then, it has been actively discussed and interpreted
in the literature (Robinson, 2004). In the Polish literature, the definition itself
of sustainable development continues to be a problem. Some authors use it
alternately with “durable sustainable development” or (less frequently)
“eco-development” (Gorka, tuszczyk, 2014). From a dynamic perspective,
sustainable development is a continuous complex process focused on ensur-
ing balance between three subsystems: the economic, environmental and
social subsystem. Because they evolve dynamically and impact each other’s
development in a volatile way, they are very unlikely to ever attain a balance.
However, it may be concluded that, from a dynamic perspective, sustainable
development is a continuous process focused on ensuring balance between
the economic, environmental and social subsystems. The question arises
how to attain the objectives of these subsystems while ensuring sustainabil-
ity and what auxiliary tools need to be used to increase the opportunities for
sustainable development?

In practice, a series of various barriers and restrictions hampers the ful-
fillment of sustainable development objectives because they require a new
approach, new institutional solutions, regulatory instruments, and an axio-
logical reorientation on economic, environmental and social aspects. Also, it
brings new risks and uncertainty. This is not only about promoting new pro-
duction methods focused on an efficient use of natural resources while
strengthening the competitiveness of businesses and of the economy which
provides growing benefits that the consumers too want to tap into. It is also
important to increase consumer awareness and make them accept the envi-
ronmental reorientation of their lifestyles and behavior patterns. The eco-
nomic shift, especially in production but also in consumption (at operational
level), requires the use of new tools that contribute to sustainable develop-
ment. However, is it possible under the existing “brow economy” paradigm?
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Or does it require the existing economic model to be redefined? These trans-
formations require an active support and involvement from key political
players without whom it would be difficult to effectively implement the sus-
tainable development concept. The failure of efforts focused on sustainable
development is caused by many factors, including the lack of an integrated
implementation approach, lack of wide acceptance from enterprises and
consumers, and insufficient commitment by state authorities. Therefore, the
question on the ways of, and tools for, implementing the sustainable develop-
ment concept remains open. At operational level, these tools include the
green economy and bioeconomy.

The purpose of this paper is to present the essence and scope of green
economy and bioeconomy concepts designed to address the issues of envi-
ronmental exploitation and pollution. Based on a literature review, this paper
presents different approaches to these concepts, their sources and the nature
of their relationships with sustainable development. An action plan for green
economy and bioeconomy was presented. An attempt was made to answer
the question on how much do these concepts contribute (at operational
level) to sustainable development objectives. This paper is based on litera-
ture reviews and strategic documents of the European Commission, OECD
and UN.

Green economy: conceptual presentation of the problem

The literature fails to provide a binding definition green economy (GE);
various definitions and interpretations exist. It was first mentioned in the
Blueprint for a Green Economy (Pearce et al., 1989), a 1989 report by three
renowned representatives of environmental economics, D. W. Pearce, A. Mar-
kandy and E. Barbier, for the British government. The definitions of green
economy emerged later, especially after 2008, in many documents by the
European Commission, international organizations (UN and OECD agencies),
national agencies and research teams. In the US, the green economy concept
was a response to the 2008 crisis. Some measures were also taken by various
bodies as a kind of feedback to the Green Economy Initiative, a 2008 report
by the United Nations Environment Program which considered the develop-
ment of, and support for, green economy sectors to be a solution to the global
economic crisis.

In the context of sustainable development, the term “green economy”
itself gives rise to some doubt as is strongly emphasizes the relationships
between the environment and the economy. This is confirmed by many
observations, including the fact that green economy is equated with low-emis-
sion economy and low-carbon economy. However, on the other hand, this is
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contradicted by definitions based on a combination of economic, social and
environmental aspects.

UNEP defines green economy as “one that results in improved human
well-being and social equity, while significantly reducing environmental risks
and ecological scarcities. In its simplest expression, a green economy can be
thought of as one which is low carbon, resource efficient and socially inclu-
sive” (Towards Green Economy, 2011, p. 9). This is the most frequently
referred to and the less debatable definition of green economy found in the
relevant literature. It combines the economic (improved well-being), social
(ensuring social equity) and environmental (reducing environmental risks
and ecological scarcities) aspects which makes is strictly consistent with the
sustainable development concept. UNEP documents state that social aspect
is underpinned by the need to ensure green jobs which will contribute to
social inclusion and well-being. The above highlights the importance of pub-
lic and private green investments which drive growth in employment while
providing environmental effects such as reducing carbon emissions and pol-
lution, enhancing energy and resource efficiency, and preventing the loss of
biodiversity and ecosystem services (Towards Green Economy, 2011, p. 9).

In turn, UNCTAD defines green economy as “an economy that results in
improved human well-being and reduced inequalities, while not exposing
future generations to significant environmental risks and ecological scarci-
ties. It seeks to bring long-term societal benefits to short-term activities
aimed at mitigating environmental risks” (UNDESA, 2012, p. 63). According
to the International Chamber of Commerce, “Green Economy” is described as
an economy in which economic growth and environmental responsibility
work together in a mutually reinforcing fashion while supporting progress
on social development” (Green Economy Roadmap, 2012).

The 2012 United Nations Conference on Sustainable Development
(RIO+20) was a breakthrough for the development of the green economy
concept. During the preparations for the conference, it was found that “Green
economy can be seen as a lens for focusing on and seizing opportunities to
advance economic and environmental goals simultaneously” (UNDESA, 2011,
p. 63). Attention was paid to the need for a holistic approach and structural
changes in the economies. It was found imperative to lay down the principles
and objectives of a policy that extends over various (yet interconnected)
development aspects to meet many global challenges. A in important role
was allocated to institutional solutions when it comes to both initiating and
leading the economic restructuring process.

The conference was a summary of the 20-year implementation period of
sustainable development principles, and focused on determining the condi-
tions and opportunities for accelerated progress towards sustainable devel-
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opment targets. The development of green economy and the mechanisms for
dedicated institutional support were found to be of key importance for a
wide implementation of the sustainable development concept. In the decla-
ration adopted at the conference, green economy was found to be one of the
important tools for the achievement of sustainable development. In the final
documents, the participants emphasize: “We acknowledge that green econ-
omy in the context of sustainable development and poverty eradication will
enhance our ability to manage natural resources sustainably and with lower
negative environmental impacts, increase resource efficiency and reduce
waste” (The future we want, 2012, p. 10). The key benefit from the emer-
gence of the green economy concept is the fact that it attracted much interest
around the world and renewed the global commitment to transform the
existing unbalanced economic model so as to better align it with overarching
objectives of sustainable development.

Figure 1. Green economy concept in the context of sustainable development

Ecosystems
(natural capital)

Goal: Ensure ecosystem
resilience

Economy
(produced capital)
Goal: Improve resource
efficiency

GREEN
ECONOMY

Human well-being
(social and human capital)
Goal: Enhance soil equity and
fair burden-sharing

Source: The Environmental Indicator Report, 2012, p. 20.

Green economy is a new concept which provides comprehensive, inte-
grated solutions to two global environmental challenges: climate change and
traditional energy dependency. This is an integral concept as it respects the
requirement for economic growth and improved competitiveness while
meeting the need for preserving a durable ecosystem and addressing social
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expectations on well-being (reducing social inequalities). Most definitions of
green economy, as formulated by major international institutions (UNEP,
OECD), share a common belief that ecosystems, the economy and human
well-being (and the corresponding types of natural, produced, social and
human capital) are inseparably interlinked (figure 1).

The green economy concept is based on the pursuit of two objectives of
key importance for the environment:
¢ to ensure the resilience of ecosystems (and reduce pressure on natural

systems so that their capacity for self-regulation is not undermined),
¢ to improve resource efficiency (and reduce the environmental effects of

economic activity).

Ecosystem resilience is defined as the ecosystem’s ability to tolerate dis-
ruptions while preserving its functions and without shifting to another
(qualitative) condition. Ecosystem resilience is adversely affected by human
activity which leads to climate change, loss of biodiversity, excessive use of
natural resources and environmental pollution. This may result in depleting
the natural resources or disrupting the relationships between the ecological
components required to maintain stable environmental conditions. The
impact of climate change and the adaptation of ecosystems to these changes
create additional uncertainty and risk (The Environmental, 2012).

In turn, “resource efficiency” is a term which suggests a relationship with
the economicinterpretation of efficiency. It means linking the use of resources
with economic effects so as to generate greater economic benefits while
using less resources and reducing the environmental impact. A resource-effi-
cient economy “is competitive, inclusive and provides a high standard of liv-
ing with much lower environmental impacts” (EC, 2011).

The transformation towards green economy is based on the integration
of economic and environmental policies which provides new opportunities
in terms of sources of economic development while avoiding an imbalanced
pressure on the quality and quantity of natural capital. At the same time, the
integration may increase social justice and promote a fair distribution of bur-
den related to policy making, environmental costs and access to environmen-
tal benefits.

In the green economy concept, an important role is played by invest-
ments and innovations which will contribute to: reducing the environmental
pressures; mitigating the risk of adverse developments related to climate
change, energy shocks and water scarcity; and increasing the employment
level (green jobs) which will make it more widely accepted among society.
The main fields of green investments are the energy sector, industry, trans-
port, agriculture and tourism.
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However, the market mechanism itself is not enough to refocus the invest-
ments towards green sectors or towards the greening of environmentally
hostile sectors (by reducing carbon emissions). To achieve this, economic
resources must be combined with regulations and public and private action.
There is need for new institutional solutions, support in the form of R&D,
financial incentive mechanisms and various forms of cooperation at global,
national and local level to exchange information, knowledge and good prac-
tices. Incentive measures are particularly important in stimulating public
and private environmentally-friendly investments aimed at increasing the
competitiveness of green economy and boosting the acceptance of the green
economy concept among businesspeople. The objective of incentives is to
promote the acceptance of the sustainable development concept among
undertakings who fear they might lose their competitive edge at implemen-
tation stage. This is an important aspect in the context of previous failures on
the path towards sustainable development, caused by various factors, includ-
ing the lack of conviction that environmental investments may boost eco-
nomic competitiveness.

Currently, the green economy concept is considered to have been a driver
of economic recovery after the 2008 crisis (Ryszawska, 2013; Szyja, 2015).
Green economy attracts particular attention and enjoys strong political com-
mitment in the European Union. This is based on the assumption that eco-
nomic growth and environmental measures (as regards both resource use
and generation of waste and pollution) may be complementary strategies
because - rather than restricting - green economy may boost economic
growth through investments in key and new sectors.

Bioeconomy: term, concept and applicative aspects

A new term, bioeconomy is strictly related to sustainable development,
just like green economy. The first attempts to define bioeconomy were made
in 1997-1998. However, a key role in creating the bioeconomy concept was
played in the 2000s by Union and international institutions (European Com-
mission, OECD) which laid the grounds for future development strategies. It
was first defined in 2005 by the Directorate General for Science of the Euro-
pean Commission as “the sustainable, eco-efficient transformation of renew-
able biological resources into food, energy and other industrial products”
(DG Research, 2005).

The approach to bioeconomy gradually evolved towards incorporating
new components, key processes and economy sectors where it could be used.
As a common characteristic, the definitions emphasize new opportunities for
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leveraging biological resources based on environmental knowledge. The
extended definitions indicate that bioeconomy contributes to sustainable
development by replacing scarce (non-renewable) resources with renewable
ones. Published in 2007, the White Paper on the Development of Bioecon-
omy, states that it “encompasses the production of renewable biological
resources and their conversion into food, feed, bio-based products and bio-
energy” (En Route, 2007). In 2009, OECD defined BE as “transforming life
science knowledge into new, sustainable, eco-efficient and competitive prod-
ucts” (The Bioeconomy, 2009). That definition is quite often referred to in the
literature which shows the links between BE and the sustainable develop-
ment concept. It accentuates the transformation of environmental knowl-
edge into products which are important for the economic and environmental
dimensions of sustainable development. The White House provided a defini-
tion of bioeconomy which, though similar, does not emphasize the sustaina-
ble development aspect. According to their interpretation, bioeconomy is an
economy “based on the use of research and innovation in the biological sci-
ence to create economic activity and public benefit” (The White House, 2012).

These definitions differ by the scope of resources, processes and prod-
ucts encompassed by bioeconomy (Maciejczak, Hofreiter, 2013; Bugge,
Hansen, Klitou, 2016). As regards resources, most definitions indicate the
biomass to be the main renewable resource; when it comes to processes, bio-
logical ones are considered to be of core importance to bioeconomy (Gote-
biewski, 2016; Adamowicz, 2017). In the literature, the strongest divergence
exists between the views on the product scope. Usually, bioeconomy is
believed to include food and (less frequently) feed and industrial products
(Chytek, 2011).

The definition of bioeconomy remains an open issue in the relevant liter-
ature. New definitions of bioeconomy are published, focusing on new aspects
such as the importance of public goods and social innovation or the role of
networking. However, most definitions emphasize the importance of bio-
mass as a key biological resource with a great variety of possible uses.
Depending on the intended purpose of biomass, different levels of value
added may be attained, as illustrated by the biomass value triangle (figure 2).
The triangle is based on energy derived from biomass which offers limited
added value and has a large size. The vertex of the triangle represents the use
of biomass for the manufacturing of drug products which are small in size
while delivering high value added. Moving up through the possible uses of
biomass and decomposing the resources into a cascade of more valuable
intermediate chemicals and products means generating products which add
increasingly more value.
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Figure 2. The biomass value triangle
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Source: Kretschmer et al,, 2013, p. 86.

The use of biomass as an important development driver for bioeconony
depends on advances in life sciences and biotechnology and on the imple-
mentation of innovative solutions. Faster progress in this area establishes
conditions that promote the use of the cascading principle while enabling an
optimized use of biomass. This means improving productivity and adding
more value in the supply chain. The cascaded use of renewables in many val-
ue-added products may be illustrated by the example of the forestry sector.

In bioeconomy, it is important to develop a sustainable supply chain
based on circular economy which consists in a closed-loop product lifecycle.
In this concept, value is created by reusing waste which become resources
(production/operation/waste recovery). The shift from linear economy to
circular economy is a way to reduce resource consumption and the amount
of landfilled waste. According to estimations, the implementation of the
package calling for the establishment of circular economy by 2030, as adopted
by the European Union in 2015, will result in reducing food waste by 50%.
The recycling ratios for municipal waste and packaging waste will be 65%.
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Bioeconomy strategies

Since the very beginning, especially in the European Union, the develop-
ment of bioeconomy has been based on economic policies. This reflects the
strong commitment from the European Commission which sees the potential
behind bioeconomy as a stimulator of economic growth, employment and
competitiveness. The large development potential of bioeconomy is also rec-
ognized by the OECD who indicates the capability of bioeconomy to solve the
global environmental problems (OECD, 2009). An important role in bioecon-
omy is believed to be played by innovation diffusion, especially in the field of
biotechnology, renewable resources (including biomass) and their integra-
tion in various uses which adds more value to the products and supports
sustainable development. The flow of knowledge and innovation to bioecon-
omy requires institutional support to stimulate the development of network-
ing and cooperation at various scientific, industrial and administrative levels.
Institutional support is necessary in order for the development potential of
bioeconomy to be tapped into to the greatest possible extent

In 2012, the European Commission adopted the new, extended and more
sophisticated definition of bioeconomy, published in the “Innovating for sus-
tainable growth: A bioeconomy for Europe” strategy. That document defines
bioeconomy as “an economy using biological resources from the land and sea
as well as waste, including food wastes, as inputs to industry and energy pro-
duction, it also covers the use of bio-based processes to green industries”
(EC, 2012). The strategic document itself lays down the objectives, actions
and priorities for bioeconomy development. The strategy uses a comprehen-
sive approach to environmental protection, energy, resource management
and food supply. The objective of the strategy is to build a competitive, ener-
gy-efficient economy based on innovation diffusion which ensures food secu-
rity in accordance with the principles for sustainable use of renewable
resources for industrial purposes while respecting environmental protection
(Adamowicz, 2017; Gotebiewski, 2015; Pichlak, 2017).

The bioeconomy development strategy adopted in 2012 by the European
Union is based on three pillars (EC, 2012):

1. Investing Union, national and private funds in bioeconomy research,
innovation and skills, and reinforcing synergies with other actions.

2. Stronger policy interaction and coordination and engagement with stake-
holders through the establishment of the bioeconomy panel and the bio-
economy observatory.

3. Market development and enhanced competitiveness of bioeconomy sec-
tors through sustainable development of primary production; by trans-
forming waste streams into value-added products; and by putting in
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place mutual learning mechanisms to streamline production and waste

management processes.

Many European countries and regions (e.g. Germany, Austria, Finland,
Estonia) have their bioeconomy development strategies in place. Nineteen
member countries have adopted or are in the process of designing a bioeco-
nomy strategy (Bioeconomy, 2017). Strategies implemented at sectoral and
regional level (e.g. in the agriculture, fisheries and waste management sec-
tors) are based on networking between various entities: governments, public
administration bodies, enterprises, representatives of industrial and busi-
ness associations, and academic, scientific and technological institutions. As
they develop, these links turn into a bioeconomy network which provides its
participants with benefits resulting from synergies and from an optimized
use of open innovations (table 1).

Table 1. Objectives and functions of the bio-business network

Objective Function

Bio-business development research and development; introduction of new bio-products and bio-pro-
cesses

Delivery of bio-resources coordination of bio-resource creation and circulation; bio-resource recovery

Sustainable development creating the metabolism of agribusiness, closed agribusiness ecosystems,

agribusiness symbiosis and smart specialization areas; shared use of
resources and equipment

Orchestrating the material replacing bio-product streams; systems integration, i.e. integration
and energy flows of processes, production systems, water systems and heating systems

Source: Wisniewska-Paluszak, 2018, p. 241.

Clusters are an important tool for the development of bioeconomy net-
working as they allow to focus the stakeholders’ interest on specific bioecon-
omy sectors/products. Unlike traditional industrial clusters, bioeconomy
clusters also include farmers, processors and their associations, e.g. cooper-
atives. Farmers are both cluster users and suppliers of bio-resources, and
therefore play a double role. The clusters add value by optimizing the use of
renewable bio-resources and transforming them into products intended for
various purposes.

The final declaration of the European Bioeconomy Congress states that
“regions should play a crucial role in successful development of bioeconomy
potential, increasing the R&D and technology capacities, deployment of local
Biocommunities organized on the base of local sustainable circular bioecon-
omy value chains” (L6dZ Declaration, 2016). Currently, several European
regions may be indicated which strongly focus on bioeconomy as a priority
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for the economy and innovation; they may be regarded as bioeconomy lead-
ers. Countries and regions with a high bioeconomy maturity level (the matu-
rity criterion being the general innovation capacity, the existence of specific
bioeconomic features, such as strategies or clusters, and the intensity of
research and innovation activities) include Sweden, Finland, UK and Austria,
as well as the Flemish Region (BE), Central Jutland Region (DK), South Hol-
land, Baden-Wiirttemberg and Hesse, and several Swedish and Finnish
regions (Bioeconomy, 2017). Other regions are in the process of preparing
their bioeconomy strategies by updating and upgrading their agricultural or
industrial profile towards more integrated, sustainable, resource-efficient
circular methods. However, most European regions - though convinced of
the potential behind bioeconomy - are currently struggling with various
problems involved in implementing bioeconomy at local level. These meas-
ures need to be backed up with knowledge transfer and with technological
and institutional support. However, it is not known well enough how to stra-
tegically support the new value cycles of bioeconomy at local and regional
levels. The development of new value cycles is a complex process as it must
include not only the suppliers of sufficient quantities of biomass but also the
entities who design products and develop new markets based on bio-prod-
ucts.

Strategies in place in different countries focus on the same priority areas
for bioeconomy development. These include support for research and inno-
vation, primarily in the field of biotechnology; promoting cooperation
between industry, enterprises and research institutions; prioritizing the
optimized use of biomass by implementing the cascading principle and
recovering waste streams; and ensuring financial support for bio-based
activities.

Conclusions

Green economy and bioeconomy are applicative concepts designed to
implement sustainable development goals. Rather than replacing sustaina-
ble development, they support its implementation in the context of global
environmental challenges, especially climate change and resource scarcity.
The applicative aspect of both concepts provides new opportunities for eco-
nomic development, employment and improved competitiveness, both in
many existing sectors and in new ones based on renewables (e.g. the recy-
cling industry). Both concepts share a common characteristic which is a sys-
temic approach to economic transformation based on investments and inno-
vations which provide environmental effects and are driven by institutional
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support and by networking between the scientific and business communi-
ties.

While the bioeconomy concept assumes that economy should be trans-
formed along three axes of sustainable development, the green economy con-
cept places greater emphasis on the relationship between the economy and
the environment. The concepts differ in the scope of transformation pro-
cesses which are supposed to take place in the economy while providing
environmental benefits. The green economy adopts a holistic approach to
these processes and wants them implemented wherever possible across the
economy. Conversely, in bioeconomy, the processes primarily extend over
sectors related by supply or demand channels to biological renewables, and
are based on the use of new biotechnology solutions.

In the context of ensuring food security, and considering the global envi-
ronmental change, there is a growing need for the economy to shift towards
renewables and to pursue sustainable production and consumption models.
The transition towards a more sustainable economy through a more efficient
use and effective management of bio-resources may contribute to reducing
waste, pollution and climate change while also alleviating pressures on fossil
resources.
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