
Assessing the Potentials of Bioeconomy's Sectors in the 
Polish Economy Employing Input-Output Modeling

Efstratios Loizou1,2, Piotr Jurga1, Stelios Rozakis1,3, Rafal Pudelko1 Antoni Faber1

1 Department of Bioeconomy and Systems Analysis, Institute of Soil Science and Plant Cultivation (IUNG), Poland
2 Department of Agricultural Technology - Division of Agricultural Economics, Technological Education Institute of Western Macedonia, 

Florina 53100, Greece
3 School of Environmental Engineering, Technical University of Crete, Greece

† Corresponding author: E. Loizou, lstratos@agro.auth.gr

167th EAAE Seminar  

"European agriculture and transition to bio-economy"

September 24-25, 2018

Institute of Soil Science and Plant Cultivation (IUNG) – State Research Institute 

Pulawy, Poland

mailto:lstratos@agro.auth.gr


This project has received funding from the European Union’s HORIZON 2020 research
and innovation programme under Grant Agreement No. 669062
Call: H2020 WIDESPREAD-2014-2015, topic: WIDESPREAD-2014-2 ERA Chairs

Presentation outline

 Introduction

 Aims of the study

 Bioeconomy in Poland

 Methodological framework – Input-Output modelling

 Results

 Conclusions and discussion



This project has received funding from the European Union’s HORIZON 2020 research
and innovation programme under Grant Agreement No. 669062
Call: H2020 WIDESPREAD-2014-2015, topic: WIDESPREAD-2014-2 ERA Chairs

Bioeconomy issues (1)

 The issue of bioeconomy emerge under major current global challenges,
related to the existence and use of bio-based resources; in this context
various policy stakeholders and scientists seek and propose potential
solutions to confront with such challenges.

 Bio-economy is among the issues that are discussed with potentials to offer
solutions.

 Many studies and manuals appeared in the literature either explaining the
role of bioeconomy or assessing its potentials, through mainly foresight
studies.
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Bioeconomy issues (2)

 On February 13, 2012, the European Commission adopted a strategy
«Innovating for Sustainable Growth: A Bioeconomy for Europe». This
strategy proposed a comprehensive approach to address the ecological,
environmental, energy, food supply and natural resource challenges that
Europe and the world are facing.

 The ultimate goal set up in 2012 by EU was to obtain a strong bioeconomy
which would help Europe to live within its limits.

 The sustainable production and exploitation of biological resources would
allow the production of more from less, including from waste, while limiting
negative impacts on the environment and reducing the heavy dependency
on fossil resources.
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Bioeconomy issues  
Aims of the study

 In this framework the last years the importance of the bioeconomy is
increasing in the national and regional economies, thus it is essential to
identify and monitor its role and significance in an economy and assess its
potentials and intersectoral relationships.

 Following this framework, the current study, through a general equilibrium
analysis, aims to identify the sectors related to the bioeconomy and assess
their potential in the Polish economy.

 For doing so, an Input-Output model was built:
I. Identifying-creating initially the bioeconomy's sectors (fully biobased

and mixed-biobased) and
II. afterwards estimating their linkage coefficients in order to capture

their direct and indirect potentials in the Polish economy.
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Bioeconomy in Poland (1) 

 A systematic approach quantifying the bioeconomy and estimate
socioeconomic indicators to monitor the EU’s bioeconomy in
transition is developed by JRC in Seville (Ronzon et al., 2017; Ronzon
and M'Barek, 2018).

 In the study named ‘European Bioeconomy in Figures 2008-2015’
using Eurostat data as a primary source (Piotrowski et al., 2018),
assessment of the turnover and employment of the European
bioeconomy is made.

see: https://datam.jrc.ec.europa.eu/datam/mashup/BIOECONOMICS/index.html
and Ronzon et al., (2017).

https://datam.jrc.ec.europa.eu/datam/mashup/BIOECONOMICS/index.html
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Bioeconomy in Poland (2) 

 In Poland the situation for monitoring bioeconomy in the same detail, is not
found, despite the fact that some studies present the status of bioeconomy
(Skorwider-Namiotko, 2015; Wicki and Wicka, 2016; Woźniak and
Twardowski, 2018; Gołebiewski, 2015).

 information and data about the relations and transactions among the
production sectors of the economy have not yet explored.

 The challenge the current study aims to address, is the identification and
construction of the bioeconomy sectors in the available symmetric Polish I-
O table, in order to study their importance and impacts in the national
economy.
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Bioeconomy in Poland (3) 

 Although, there is no official strategy dedicated to the bioeconomy, there
are items related to individual sectors featured in the country’s Smart
Specialization Strategy, which is created along five areas:
 (a) health society, (b) agro-food, (c) forestry-timber and environmental

bioeconomy, (d) sustainable energy, (e) natural resources and waste
management and innovative technologies and industrial processes.

 Besides the ongoing research on the national strategy for the bioeconomy
development there are some efforts and studies on assessing also the
regional development of bioeconomy

 Also Poland with the other Visegrad group (V4) countries, agreed in 2016 on
setting up a common initiative, named Central-Eastern European Initiative
for Knowledge-based Agriculture, Aquaculture and Forestry in the
Bioeconomy (BIOEAST).
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Bioeconomy in Poland (4) 
 According to the recent study of JRC (Ronzon et al., 2017), Poland belongs to

a group of below EU average turnover per person employed in bioeconomy
and above EU average employment share in biomass-producing sectors.

 Based on this study Ronzon et al., (2017):
 agriculture is the largest employment sector, particularly developed in

Poland (≥ 65% of bioeconomy’s labour force).
 Other important bioeconomy sectors supporting employment, where

Poland is above the average, is forestry (highest employment in EU);
wood products and furniture (also highest employment); food,
beverages and tobacco; bio-based chemicals, pharmaceuticals, plastics
and rubber (excluding biofuels); bio-based textiles and paper
production.

 Regarding the turnover, the sectors that Poland is above the average
compared to EU are: agriculture, forestry, food, beverages and tobacco,
liquid biofuels, paper production and wood products and furniture.
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Bioeconomy in Poland (5) 

 Poland, compared to other EU members, has strong potentials
in the production of raw materials, which are the base for
bioeconomy.

 The Polish bioeconomy is based on the traditional sectors of
agriculture, forestry and food processing.
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Methodology Framework and Data
Input-Output modeling (1)

 Input-Output (I-O) analysis employed to examine the importance of Bioeconomy
and assess its impacts in the Polish economy

 I-O analysis is largely utilized in empirical analysis to examine several economic
issues at national and regional level; a number of them are focused on agriculture
and agro-food sector and in our case to the BIOECONOMY sectors

 In order to assess the nexus between Bioeconomy sectors with the rest sectors of
the local economy, I-O analysis is employed.

 I-O analysis having the advantage of examining the whole economy in the
framework of a general equilibrium is suitable for such a purpose.

 I-O with the estimation of multipliers and I-O elasticities can identify the
important (key) sectors of an economy and further to capture both the direct and
indirect economy-wide impacts due to policy decisions (exogenous changes).
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Methodology Framework and Data
Input-Output modeling (2)

 The basic theoretical framework of the I-O analysis was originally developed
by Leontief.

 The I-O model is consisted of a system of linear equations, one for every
sector of economic activity.

 Developments of the original form extended to topics such as energy and
resource use, environmental economics and pollution impacts, etc.

 Its extensive ability of applications and simplicity make it a very useful
analytical tool widely applied. Though, there are some basic restricted
assumptions (see Miller and Blair, 2009) that rule I-O models

 Despite the restrictive assumptions, the model is unique at its type and is
widely used as an analytical tool by scientists and policy makers.
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Methodology Framework and Data
Input-Output Table Framework(3)
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Methodology Framework and Data
Input-Output matrices (4)

 The whole I-O system is based on three matrices, from which most
information are exported, after appropriate manipulations.

 A typical symmetric I-O table is consisted by the transactions matrix, the
primary inputs vectors and final demand vectors.

 The system’s base is the transaction matrix that after manipulations gives
the direct requirements matrix (or technical coefficient matrix) and the total
requirements matrix or Leontief inverse.
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Methodology Framework and Data
Input-Output matrices (5)

 Utilising the information from the I-O table the well known Leontief model 
in its general form can be derived as shown below in matrix form: 

 where A is the matrix of technical coefficients, X the vector of sectoral 
output and Y the vector of sectoral final demand components. Solving for 
final demand Y we get:   

 After solving the above system for total output X, we get:

 where, I is a unit matrix. The solution of the last system constitutes the
basic solution of the Leontief’s I-O system.

X AX Y=

( )X AX Y I A X Y    

-1,  where ( - ) the Leontief InverseB I AX BY 
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Methodology Framework and Data
Input-Output Linkages(6)

 Employing the Leontief inverse and exogenous data the well known I-O
multipliers and elasticities can be estimated.

 The calculation of those linkage coefficients provides valuable information
for the dynamics of each sector and its ability to induce knock-on effects in
an economy.

 The most known linkage coefficients that are calculated in the current
analysis are the output, income and employment multipliers and elasticities
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Methodology Framework and Data
Input-Output Linkages(7)

 Output multipliers show the overall increase in the economy’s output that is
needed to satisfy a unit increase in the final demand of the sector under
examination. This shows the degree of interdependence a given sector has
with all other sectors of the economy. In the same context the household
income and employment multipliers are calculated and explained.

 The I-O elasticities in terms of output, employment and income, developed
by Mattas and Shrestha (1991), are also calculated in the current study, in
order to evaluate the potentials of the Polish economy sectors.
 Elasticities were developed in an attempt to take into account the

relative size of each sector final demand compared to its output, an
issue that is not captured by the multipliers.

 As elasticities are expressed in relative terms, the output elasticities
measure the total percentage change in the economy’s output caused
by a monetary percentage unit change in the final demand of a sector.
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Methodology Framework and Data
Input-Output multipliers (8)
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Methodology Framework and Data
Augmented I-O table disaggregation-creating Bioeconomy sectors

 A tool that can identify with relevant accuracy the significance, interlinkages
and impacts of one or more sectors (such as bioeconomy) in an economy, as
mentioned, is I-O analysis.

 Thus, in order to examine the potential evolution and the role of bio-
economy in the Polish context, the mixed bio-economy sectors, as they do
not appear as separate sectors in the published I-O table are identified and
created, to weigh their importance separately and assess their direct and
indirect impacts in the economy.
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Data: Polish Symmetric I-O table

 In the current analysis the latest available published (2010) national symmetric I-O table for the Polish
economy, was used, compiled according to the European System of Accounts (ESA).

 The national symmetric I-O table scheme used for the current analysis was consisted by 77 sectors of
economic activity.

 As mentioned, for the examination of the bioeconomy in the Polish economy, the mixed biobased-
sectors had to be created in the available I-O table.

 the 18 biobased sectors, from which the nine are fully bio-based and included in the I-O table, the
rest nine are mixed bio-based and created in order to become separated sectors to examine their
potentials.

 Utilizing the data and information provided by the publication of JRC (Ronzon et al., 2017) and paying
attention to methodological issues pointed out, the mixed bio-based sectors were created.

 The final classification scheme of the I-O table used in the current analysis, after the aggregation of
some non-important and small sectors and the creation of the mixed bio-based sectors, is consisted by
79 sectors of economic activity.

 For the calculation of the employment linkages compatible sectoral employment data were used for
the 79 sectors of the I-O table, provided by the Polish statistics



Bioeconomy's Sectors in the Polish Economy 
(fully and mixed biobased)
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Source: https://datam.jrc.ec.europa.eu/datam/mashup/BIOECONOMICS/index.html and Ronzon et al., (2017)

Table 1. Bioeconomy sectors in Poland with shares of bio-mixed sectors

No Nace SECTOR EU-28 % Poland %

1. 01 Agriculture

2. 02 Forestry

3. 03 Fisheries (sea, aquaculture) 

4. 10 Food Products

5. 11 Beverages

6. 12 Tobacco 

7. %13 Bio-based textiles 27.04 13.16 

8. %14 Bio-based Wearing apparel 40.98 41.90 

9. 15 Leather and related products  

10. 16 Wood products

11. %31 Bio-based Furniture 43.68 44.74 

12. 17 Paper and paper products 

13. %20 Bio-based chemical (excl. biofuels) 7.65 2.91

14. %21 Bio-based pharmaceuticals 49.31 49.37 

15. %22 Bio-based plastics and rubber 4.62 6.13 

16. %2014 Bioethanol 3.61 41.67

17. %2059 Biodiesel 10.01 65.75

18. %3511 Bio-based electricity 4.72 6.02 

Source: https://datam.jrc.ec.europa.eu/datam/mashup/BIOECONOMICS/index.html and Ronzon et al., (2017).
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Model Results  
I-O Multipliers

No SECTOR OM R EM 

(Type I)

R IM 

(Type I)

R

1. Agriculture 2.0080 16 1.358 65 2.831 6

2. Forestry 1.8179 37 1.464 58 1.556 56

3. Fisheries  1.1711 79 1.127 78 1.619 54

4. Food Products 2.3326 1 4.806 6 2.676 8

5. Beverages 2.2822 2 5.327 3 2.833 5

6. Tobacco 1.6308 54 5.533 2 1.710 46

7. Bio-based textiles 1.5691 62 1.519 51 1.742 43

8. Bio-based Wearing apparel 1.4080 74 1.4080 74 1.377 65

9. Leather and related products  1.4787 68 1.4787 68 1.623 53

10. Wood products 2.1490 10 2.1490 10 2.489 11

11. Bio-based Furniture 2.1768 7 1.659 46 1.902 33

12. Paper and paper products 1.9201 28 2.563 20 2.624 9

13. Bio-based chemical 1.6313 50 1.204 71 2.455 14

14. Bio-based pharmaceuticals 1.3853 76 2.228 24 1.945 29

15. Bio-based plastics and rubber 1.9288 26 1.910 33 2.108 23

16. Bioethanol 1.6313 49 1.145 77 2.455 13

17. Biodiesel 1.6313 52 1.145 76 2.455 16

18. Bio-based electricity 1.9362 23 2.808 13 2.068 26

Table 2. Multipliers of the Bio-economy sectors

OM=Output Multipliers; EM=Employment Multiplies; IM=Income Multipliers; R=Rank

Source: Own calculations
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No SECTOR OE R EE R IE R

1. Agriculture 0.023 13 0.016 31 0.034 10

2. Forestry 0.001 65 0.002 70 0.002 72

3. Fisheries  0.000 77 0.000 78 0.002 73

4. Food Products 0.077 2 0.108 2 0.068 4

5. Beverages 0.010 26 0.081 4 0.034 9

6. Tobacco 0.004 51 0.112 1 0.017 29

7. Bio-based textiles 0.001 69 0.005 61 0.009 57

8. Bio-based Wearing apparel 0.004 50 0.008 53 0.009 53

9. Leather and related products  0.003 56 0.011 48 0.013 41

10. Wood products 0.008 32 0.012 45 0.015 35

11. Bio-based Furniture 0.007 33 0.013 39 0.019 27

12. Paper and paper products 0.007 35 0.013 40 0.014 38

13. Bio-based chemical 0.001 70 0.002 68 0.013 40

14. Bio-based pharmaceuticals 0.005 43 0.018 29 0.015 37

15. Bio-based plastics and rubber 0.001 67 0.007 55 0.009 52

16. Bioethanol 0.000 79 0.001 72 0.013 43

17. Biodiesel 0.000 76 0.001 71 0.013 42

18. Bio-based electricity 0.000 74 0.015 33 0.009 55

Model Results  
I-O Elasticities

Table 3. Elasticities of the Bio-economy sectors

OE=Output Elasticities; EE=Employment Elasticities; IE=Income Elasticities; R=Rank

Source: Own calculations
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Model Results
Sectors with the highest linkages

Table 4. Sectors with the highest I-O output Multipliers and Elasticities   

Sectors OM Rank Sectors OE Rank 

Food Products 2.3326 1 Constructions 0.113 1 

Beverages 2.2822 2 Food Products 0.077 2 

Constructions 2.2441 3 Motor vehicles 0.064 3 

Travel agency 2.2165 4 Real estate  0.055 4 

Gambling, sporting services 2.2039 5 Retail trade  0.054 5 

Furniture 2.1768 6 Public administration  0.041 6 
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Discussion and Conclusions (1)

 The growing concern for issues regarding the environment, the efficient
management of resources, the dependence reduction from fossil fuels, the
food waste management, sustainability etc lead to the development of
strategies such as bioeconomy.

 The support and enhancement of such strategies, and in the current case of
bioeconomy, requires monitoring and assessment of its potentials in an
economy.

 Such a tool, to examine the potentials of the bioeconomy sectors, was
developed in the current study for the Polish economy, by employing I-O
techniques. In order to capture the dynamics and potentials of bioeconomy,
through linkage analysis.
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Discussion and Conclusions (1)

 The first challenge and task of the study was to define the bioeconomy
sectors, as the mixed biobased sectors are not classified as separate sectors
in the available published symmetric I-O table used.

 For doing so (first aim of the study), disaggregation techniques were applied
and totally 18 bioeconomy sectors, mixed and fully biobased were defined in
the I-O table.

 Half of them (nine) are fully biobased sectors and the other nine are mixed
biobased sectors. The mixed biobased sectors (biochemical, biofuels,
pharmaceuticals etc) are relatively small in size (output), compared to the
fully biobased sectors, such as agriculture food sector etc.

 The next aim was to assess the potentials of the bioeconomy sectors and all
other (of the 79 in total), by calculating initially the Leontief inverse and then
their linkage coefficients.
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Discussion and Conclusions (2)

 The model and its outcomes is expected to provide useful information to
relevant stakeholders in particular policy makers in order to monitor
bioeconomy and help them define which are the biobased sectors that
have the potentials to support the economy more efficiently.

 Specifically, among those bioeconomy sectors ranked high, it is reasonable
to assume that they have the potentials to induce knock-on effects in the
Polish economy.

 The food sector, the beverages sector, agriculture have high multipliers in
terms of output and employment as well as in terms of household income.

 Wood products, bio-based furniture, tobacco, bio-based electricity, paper
products and bio-based chemicals are either important in terms of
employment or income.
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Discussion and Conclusions (3)

 More or less the situation is the same in the case of I-O elasticities, though
not the same bio-based sectors are with high elasticities.

 Food sector, agriculture and beverages are among those ranking high.

 On the other hand the mixed bio-based sectors are ranking low; an
explanation of this situation might be the small size of final demand of the
mixed bio-based sectors.

 Thus, any policies aiming to support bioeconomy sectors and at the same
time expecting to originate economy-wide impacts, in terms of output,
employment and income should select the sectors mentioned above with
high linkage coefficients.

 These sectors will cause important indirect impacts in the economy, through
any exogenous funds inflows (eg investments).
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I-O model basic structure
A. Inter-industry 

Transaction matrix

B. Direct Requirements 
Matrix

C. Total Requirements 
Matrix 

(Leontief Inverse)

Input/Output model
X = AX + Y

X – AX = Y ֜ (I-A)X = Y
X = BY, where B = (I−A)−𝟏

Input/Output multipliers
- output multipliers:
- income multipliers:

- employment multipliers

Policy Impact Analysis – Impacts 
Assessment

- primary questions?
- impact on the whole structure of the 

regional economy
- Use of I-O multipliers Estimation of 

impacts

Impact analysis
- Total output change,
- Total income change,

- Total employment change. 
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Bioeconomy sector in 
Poland and in Lublin 

Province

Questionnaire to 
identify 

transactions

Calculation of regional  I-O
multipliers and 

performance of Impact 
assessment analysis 

(scenarios for  
bioeconomy growth) 

National I-O used for 
the construction of I-

O Table for Lublin 
Province

Dissagregation of 
Polish 

I-O Table

Dissagregation 
techniques -

literature

Data needs:
- latest symmetric I-O table for Poland,
- sectoral national and regional 

employment, or sectorial regional and 
national GDP,

- bioeconomy related data: questionnaires, 
secondary national sources and published 
studies (other countries), sectoral 
employment,

Development of the Bio-Economy Input Output model to monitor the bioeconomy and to
estimate direct and indirect impacts of bioeconomy development by analysing the linkages
between the bio-economy sectors and the wider economy.
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Methodology Framework and Data
Input-Output Multipliers (6)

a) Output Multipliers
• Show the overall increase in the economy’s production that is needed to satisfy a unit increase in the final 

demand of the sector under examination. 

b) Income Multipliers
• Income multipliers are measuring the overall variation in the economy’s household income because of a 

unitary change in a sector’s household income. 
– Direct income effect: 
– Total (direct plus indirect) income effect: Shows the total change in the economy’s income due to a unit change in the final

demand of a sector

• Sectoral income multipliers (Type I IM) are computed by the ratio of the total to the direct income effect. 

c) Employment Multipliers
• Measures the total impact on the economy’s employment caused by a monetary unit increase in the final 

demand of a sector
– Direct employment effect:
– Total employment effect: Measures the total impact on the economy’s employment caused by a monetary unit increase in the 

final demand of a sector

• Sectoral Employment multiplier (Type I EM) is again estimated by the ratio of the total to the direct 
income effect
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Input Output Table for Poland


