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In the Republic of Macedonia, the circular economy would boost country’s agri-food sector competitiveness and help create new business and
market opportunities for the farmers and processing industry. Public benefits that could accrue from the bio-economy perspective has become
compelling. Nevertheless, the question arises: “At what level are we? Does the country go toward the development of the circular agriculture or
not?” By using conceptual model of BPEIR (Behaviour – Pressure – Effect – Impact – Response) and Analytic Hierarchy Process (AHP) method, the
author introduces a comprehensive analysis and quantitative evaluation of the level of Macedonian circular agriculture development. This paper
discusses the fact that the Republic of Macedonia shows positive trends regarding circular economy disciplines in agriculture, given by natural
geographic conditions and traditional agricultural production.
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Introduction
By 2030, approximately three billion middle-class consumers will enter the
global market, thus increasing the demand for goods and services and putting
additional pressure on natural resources and energy supplies. Therefore, arise
of urgent move towards a circular economy model of sustainable production
and consumption patterns that covers entire product lifecycles through greater
reduce, re-use and recycle and brings benefits for both the environment and
the economy will be priority for the countries (Ellen MacArthur Foundation,
2013). The circular economic model is ‘end-of-life‘ concept that tries to
eliminate waste by designing materials, products, and systems in most
efficient way as the most notable business models (Torok et al., 2015; Fonseca
et al., 2010). Nowadays, a number of socio-economic instruments have
been used to implement the principles of circular economy like the pollution
tariffs, environmental taxes and eco-labelling, “3Rs” (Reduction, Reuse and
Recycling), Life Cycle Assessments (LCAs) and environmental management
tools for wastewater recycling and reuse (Lu et al., 2005; Hinton, 2008).
Europe has recognized the risks and the benefits of moving to a more
resource-efficient society, as set out in the Europe 2020 strategy for smart,
sustainable and inclusive growth (EC, 2010a). The aim of this strategy is to
set the overarching framework that gathers related initiatives that promote
a more sustainable and resource efficient EU. Diversified sectoral policies
have been put in place at EU level, which support the development of a bioeconomy concept. It includes the Biodiversity Strategy (EC, 2011b), whose
main aim is to refer to the maintenance of the natural capital and resources as
a critical economic asset (Mazza and ten Brink, 2012).
How should this circular economy develop to the stage where whatever
is done works effectively and well in case of the Republic of Macedonia? This
question requires further examination and research of the issues related to
sustainability of economy. Such an investigation has not taken place, especially
in the Republic of Macedonia. There is a need to explore this in aspect of the
bio-economy. The bio-economy in the 21st century can be interpreted the way
the fossil-based economy was in the 20th century (Kulshreshtha et al. 2011).
The bio-economy enables the efficient use of renewable resources in the form
of agricultural inputs – and partially outputs. The food demand growth in
the future will have to be met essentially by increasing the productivity of
the cultivated land through yield increases (Cuffaro, 2003). Water, nutrients,

soil, wind, and solar energy are the key factors for the food production. By
using these resources and utilizing their value, the bio-economy places itself
directly in the core of the circular economy. It helps to reduce the use of fossil
raw materials, CO2 emissions and wastewater quantity, but not at the same
level as can be experienced in other sectors due to food market insecurities
and production limitations (Fogarassy and Nabradi, 2015). At the same time,
agriculture will continue to provide food and animal feed that are healthy and
safe (Kulshreshtha et al., 2011).
In the Republic of Macedonia, the circular economy perspective –
which is based on bio-economy principles – would boost country’s agrifood sector competitiveness and help create new business and market
opportunities for the farmers and processing industry. Therefore, the concept
of “circular agriculture” applies the principles of the bio-economy to the entire
agricultural production. It is an entirely new concept and set of strategies, an
improved approach to agricultural economy that addresses the coordinated
development of populations, resources and the environment (Geng et al.,
2008). As a low-input, high-recycling, high-efficiency, high-technology
and industrialized set of practices, ‘circular agriculture’ is distinct from the
conventional and traditional agriculture and represents the revolution in the
sector (Tang and Yin, 2006). It could create jobs, foster rural youth employment,
mitigation and gender mainstreaming. At the same time, it can lead to energy
savings and reduce the use of natural resources, especially in a small and lockland country like the Republic of Macedonia. The public benefits that could
accrue from the circular agriculture perspective have become compelling.
Nevertheless, the question arises: “At what level are we? Does the country go
toward the development of the circular agriculture or not?”

Methodology of the index system evaluation
By using conceptual model of BPEIR (Behaviour – Pressure – Effect – Impact –
Response) established by Fang et al. (2005) and Analytic Hierarchy Process
(AHP) Method described by Saaty (1980), the author conducts comprehensive
analysis and quantitative evaluation of the level of Macedonian circular
agriculture development. Therefore, the author conducts an analysis of
Macedonian bio-economy development, based on the findings of the
quantitative evaluation. At same time, the principles of circular economy are
included.
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According to the conceptual connotation of bio-economy, the author
conducts quantitative evaluation regarding the level of circularity in
agriculture from the viewpoint of four aspects: socio-economic development,
reduction in quantity of inputs required in the agri-food sector (in particular
those that cannot be recycled), recycling and reprocessing agricultural
inputs; and ensuring biodiversity and environmental protection. Taking into
consideration the lack of data and the fact that country’s latest agricultural
censuses were released in 2007 and 2013, data availability and reliability
was difficult to structure. The analysed data for the 2006–2015 period was
partly adjusted for the research needs by using linear trend between the last
two agricultural censuses as there were no data available partially for given
indices in given years.
Thus, based on data availability and reliability, the established
detailed index system contains five index measurements per each aspect of
circular agriculture for the Republic of Macedonia. For the socio-economic
development, the author selected five indices: agricultural GDP, farmers‘
per capita net income, utilized agricultural area (UAA) output rate, rate of
grain output per capita and commercialization rate of livestock products. In
terms of reducing the inputs, the following concepts were selected: the total
horsepower of household farm machinery, UAA under organic production,
level of fertiliser use, involved agricultural labour force and amount of
utilized water for irrigation. These five indices were selected for recycling and
reprocessing: level of pesticide use, multiple crop index rate, level of fertiliser
use, effective coefficient of used fertilisers and agri-food sector wastewater
discharge rate. The evaluation of the fourth aspect included effective
irrigation rate, forest coverage rate, UAA per capita, rate of CO2 emission in
agriculture and agri-food water for production rate. Therefore, the author uses

AHP Method and similar approach to Zhang et al. (2003), to assign weight to
the composed index system. Standardization of the raw data was made by the
following method:
Positive Index:
X`ij = Xij / Xi

(1)

X`ij = Xi / Xij

(2)

Negative Index:

where:
Xij – original value of the index
X`ij – the standardized value of the index
Xi – the original value of Cn indices of circular economy development
within the Macedonian agriculture
Hereafter, a comprehensive assessment of circular agriculture in the
Republic of Macedonia, and the calculation model (Formula 3) were made to
understand its development:





Z 
		(3)
 j 0
 j 0 X j W j  R j
4

n

where:
Z
– a comprehensive evaluation index showing the development of
circular agriculture in the Republic of Macedonia
n
X
 j 0 j W j – value of all classified evaluated indices

Table 1 Comprehensive evaluation index system and index weight of circular agriculture in the Republic of Macedonia (2006–2015)
Classified Index A

Specified Index B

Index weight

Index description

B1 MKD × 10 // agriculture GDP

0.23

agricultural GDP

B2 farmers’ per capita net income

0.69

household expenditure per capita / total farmers’ per capita net income

B3 grain output per capita // Kg/people

0.25

total population / grain output (wheat, corn, barley)

B4 output rate of agriculture area // ha / 10 × MKD

0.14

total UAA / agriculture output value

B5 commercialization rate of livestock productions // t / MKD

0.01

total meat output / total value of animal husbandry output

B6 horsepower rate per farm household kW

0.09

number of agri-households / total kW in agri-food sector

B7 used degree of fertilisers // t / ha

0.03

total amount of fertilisers / total area treated with fertilisers

B8 agricultural labour force // 10

0.45

labour force engaged in agriculture, forestry and fishery

0.24

UAA under organic / total UAA

B10 agricultural use of water // m

0.26

irrigation water withdrawal (109 m3 / year) / agriculture in GDP (106 MKD)

B11 multiple crop index // %

0.30

UAA under crops / total UAA

B12 pesticide use level // ha / 10 MKD

0.16

UAA treated with pesticide / total pesticide value (106 MKD)

B13 level of organic fertilisers // %

0.35

UAA under organic fertilisers / total UAA

B14 effective use coefficient of fertilisers 10 MKD / t

0.08

total agriculture output value (106 MKD) / amount of fertilisers

B15 agri-food sector wastewater discharge rate // %

0.58

agri-food sector wastewater discharge (103 m3) / total manufacturing wastewater discharge (103 m3)

Socio-economic
development A1

7

Reduction in quantity
of inputs A2

6

6

B9 UAA under organic // %

Ensuring biodiversity
and environmental
protection A4

Recycling and
reprocessing of
agricultural inputs A3

3

6

6

B16 forest coverage rate // %

0.38

total forest area / total area of land

B17 effective irrigation rate // %

0.23

effective irrigation area / total UAA

B18 per capita UAA // ha / person

0.25

total UAA / total population

B19 agri-food sector water for production rate // %

0.55

agri-food sector water for production (103 m3) / total manufacturing water for production (103 m3)

B20 CO2 emission in agriculture // t × 103

0.10

CO2 emission in agri-food sector / total CO2 emission

Source: Self-made, based on author’s own calculations, 2017

Index of Circular Agriculture Development in the Republic of Macedonia n Trendov, N. M. n vol. 6, 2017, no. 1 n p. 35–38

1/2017
Xj
Wj
Rj

Visegrad Journal on Bioeconomy and Sustainable Development

– standardized value of the jth specified
B index which is subordinate to ith
classified A index
– the corresponding weight of the jth
specified B index which is subordinate
to the ith classified A index
– the weight of the ith specified B index

Evaluation of the results and analyses
The comprehensive evaluation index was
analysed based on data from 2006–2015
period according to the elaborated method. The
comprehensive evaluation index of the circular
agriculture in the Republic of Macedonia shows
slight progress in the last 10 years, although there
are many variations between certain periods.
Figure 1 divides the circular development of the
Republic of Macedonia into two stages. The first
stage (2006–2010) is the rising stage and the
growth rate of circular agriculture development
level increased by 0.1 index point. This interval
is characterized as the period of EU agricultural

transition for the Macedonian agriculture. Most
of the agri-food sectors started EU funded
programmes and approached EU harmonization
level. Socio-economic level increased, as many
governmental projects addressed the rural
areas and capacity building of the agri-food
stakeholders. Therefore, good agriculture
practices have been implemented in farms
that contributed to the significant reduction in
fertiliser and pesticide usage on fields. This time
was also the start of organic farming promotion.
The second stage (2011–2015) shows
decline and large variation of the circularity in
agri-food sector. Promotion of direct payments
and progressive subsidy scheme by the
government led many farmers to increase their
production and extend their fields and to benefit
more from the governmental support. Increased
amount of fertiliser and pesticide usage for
massive production sent the circular agriculture
development back, from 0.3 index point level in
2010 to 0.2 index point level in 2014. The large
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Comprehensive Evaluation Index of the circular agriculture development in the Republic of
Macedonia (2006–2015)
Source: Self-made, based on author’s own calculations, 2017

Figure 2

Specified evaluation of circular agriculture development indices in the Republic of Macedonia
(2006–2015)
Source: Self-made, based on author’s own calculations, 2017
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variation was the result of big differences in the
use of fertilisers and pesticides applied by smallscale farmers and large agri-food companies. The
input intensity of the latter highly surpasses the
same rate of the former. In time of low yields,
small-scale farmers cannot afford to purchase
quality fertilisers or pesticides for next season due
to bad weather conditions. Thus, they apply large
quantity of inefficient and low quality inputs
as the purchasing price of them is affordable
for the small-scale farmers This pattern made
them the key factor for these variations in the
comprehensive evaluation index.
The evaluation index of socio-economic
development (Figure 2) shows a linear declination
trend (as the only measure within the four
specified indices) with a drop of 0.06 index point.
This is a bad pre-sign for the development of
circular agriculture in the country. The shrinking
trend is significant after 2009. It was the year when
the heavily subsidized agricultural programmes
showed their first effects and outputs in the
agri-food sector. Even the economic growth of
the country was positive during the last decade.
The socio-economic development in terms of bioeconomy is lagging behind.
Index of reduction in quantity of
agricultural inputs showed a positive continuous
upward trend within the evaluation. With average
growth of 0.02 index point in the last decade, the
measure proves that reduction level of agricultural
inputs on the farms decreased. Significant
increase of this index is between 2009 and 2010.
This period is characterized by the introduction
of EU pre-accession funds for the local farmers
in order to apply good agricultural practices and
approach the EU level of farming by following the
legislations of the Common Agricultural Policy.
The improvement occurred due to the low initial
level of people’s awareness regarding resource
conservation that was the result of education
matters and agricultural policies from the former
socialist system.
Long-term strategy for agriculture and rural
development based on preference for subsiding
production and quantity makes Macedonian
farmers (especially those 0.1% large-scale agrifood companies) maintain “the socialist habit” of
mass and managed production. In such process
farmers massively produce, consume and waste
which leads to less or low-level efficiency in terms
of recycling and reprocessing the agricultural
inputs. However, Macedonian farmers show
progress from 2006 onward with some variations
in the last five years. The index point rises from
0.21 in 2006 to 0.30 in 2015, with top peak of 0.36
index point in 2013.
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The government has launched a massive campaign last few years to
stress the effects of the climate change and its impact on biodiversity. Many
measures were taken and laws were passed to cope with global threats of the
changes. According to the evaluation index dealing with ensuring biodiversity
and environmental protection, the Republic of Macedonia is on the right track
facing these changes regarding agriculture. As illustrated in Figure 2, this
index shows a positive trend with nearly 0.5 index point increase in the last
decade. Ensuring biodiversity and environmental protection is a key factor in
promotion and development of modern circular agriculture.

Conclusion
The analysis of this paper shows that the Republic of Macedonia has good
preconditions given by natural geographic conditions, traditional production
and infrastructure for being able to convert to circular agriculture. Due to
rapid growth of biodiversity and environmental protection followed by
positive changes in reducing, re-using and recycling the agricultural inputs,
the agricultural circular economic development level has risen in the Republic
of Macedonia in the last decade. However, the elaboration on governmental
law and strategy is inevitable in order to approach the EU level. Not just in
terms of bio-economy or circular agriculture, but from the viewpoint of overall
concept of circular economy. Some EU member states have already developed
a national strategy for bio-economy and concrete focus on circular agriculture.
Countries like Germany and Finland have taken a wider approach to the bioeconomy as a whole, while other nations such as Sweden, the Netherlands
and some regions in France place the emphasis on the bio-based economy.
As a predominantly agricultural country using its own natural resources
for agri-food production, the Republic of Macedonia should foster the circular
approach by enhancing productivity while making efficient use of available
natural resources. This is always framed within an integral national policy.
The Netherlands places the emphasis on biomass production, innovation and
sustainability, while Sweden focuses on innovation, marketing and support
for SMEs. Germany focuses on economy, innovation, education and policy.
In the case of the Republic of Macedonia, introducing innovations like the
precision agriculture technology and support of the small-scale farmers are
key factors for circular agriculture.
The responsible use of natural resources, agricultural inputs, water
and their efficient management must be promoted further to the farmers.
Conservation of valuable landscapes, biodiversity and climate change
mitigation must be in the forefront of the Macedonian policy makers’ agenda
aligned with the EU bio-economy strategy. Integrated farming systems that
allow the reduction of external inputs such as fertilisers, energy and plant
protection products must attract more attention. Development of circular
agriculture may offer inherent opportunities for increased use of biomass raw
materials within the agri-food and other manufacturing sectors.
However, according to the comprehensive evaluation index, the
development of Macedonian circular agriculture faces disadvantages
compared to the EU 28 level such as higher land and energy costs and lower
political support, funding and incentives. These could be tackled by the
revaluation of policy and support at national level with public and EU funds.
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