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Abstract: The main purpose of this paper is to identify and discuss challenges and 
opportunities of using biomass in agriculture. The importance of biomass supply chain 
is thus emphasized. The main objective is to identify all the challenges of assessing 
the potential of biomass as well as the challenges in collection and storage of biomass 
residuals in agriculture on the example of Croatia. Methodology framework for de-
termining potential locations for collection and logistics centers and establishment of 
the value chain is proposed and is based on the Herfindahl-Hirschman Index (HHI) 
and concentration rates by counties. The scientific contribution of the paper is seen in 
filling the research gap on biomass potential and organization of the biomass supply 
chain. Research results and policy recommendations can be informative for govern-
ment decision making as well as for designing and implementing national bioeconomy 
strategy, but they can also be useful for analyzing the biomass supply chain and de-
signing new business models with the purpose of efficiently using biomass potential. 

Keywords: sustainable development, biomass potential, Croatia, renewable energy 
sources, Herfindahl-Hirschman Index

JEL classification: F6, F1.

INTRODUCTION
Renewable energy sources are becoming an integral part of energy sustainabil-

ity. Global and regional energy requirements put emphasis on decreasing greenhouse 
emissions and replacing traditional non-renewable sources with renewable ones. Trend 
of increased use of bioenergy has been recorded in recent years, especially in develop-
ing countries with limited access to affordable, accessible, and reliable energy sources 
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(Ilić et al., 2018). The peculiarities of biomass as an energy source in relation to other 
forms include the possibility of its use beyond the place of origin, the possibility of 
storage, allowing a continuous process of energy production, and satisfying sustain-
ability criteria. 

The main objective of this paper is to identify potential milestones in biomass 
use and to discuss all the challenges of assessing the potential of biomass in the Repub-
lic of Croatia. Furthermore, organization of the supply chain is analyzed, specifically 
collection and storage of biomass remaining after the production and processing of 
agricultural products is considered. The analysis of the biomass potential was based 
on data from the national Register of Agricultural Holdings. Estimation of potential 
locations for collection and logistics centers was done using the Herfindahl-Hirschman 
Index (HHI) by counties. The scientific contribution of the paper is seen in filling the 
research gap on biomass potential and organization of the biomass supply chain.

The paper consists of five parts. After the introduction follows the literature 
review in which recent studies on biomass potential, supply chains and plant locations 
were included. The third part of the paper is the methodology and in the fourth part 
results and discussion are provided. The fifth part is the conclusion.

LITERATURE REVIEW
The EU’s Common Agricultural Policy (CAP) shapes international supply 

chains through production and consumption effects (Rudolf and Wieck, 2020). Agri-
cultural supply chains affect various sustainability dimensions, mostly those focusing 
on food security and availability. Complex supply chains with many parties involved 
have been prevailing so far. In recent years, sustainable development goals have em-
phasized the need for shorter supply chains that can complement traditional long 
chains and modify them in a way they become important drivers of sustainable and 
equal development (Hoang, 2021).

At the European Union (EU), the New Industrial Strategy for Europe was 
launched in 2020 with the main aim of ensuring climate neutrality and digital leader-
ship. To make the EU more competitive, greener, and more circular, it is necessary to 
ensure a secure supply of clean and affordable energy and raw materials. Renewable 
energy sources are therefore the key factor in ensuring the EU’s energy independence. 
All European countries have decided to incorporate into their energy development 
strategies and plans to significantly increase the use of renewable energy sources and 
to implement the necessary legislative framework for implementation of those plans. 
Having in mind different renewable energy projects, the following three main incen-
tive measures can be distinguished in the EU: guaranteed tariffs, mandatory quotas in 
combination with green certificates and the system of public tenders/contracts, and in 
addition to the above measures there are various complementary mechanisms such as 
investment subsidies and fiscal measures (Raguzin, 2011). 

Government policies and incentives affect the biomass supply chains in the 
long-term. However, there are other operational uncertainties that affect supply chains 
and require immediate adjustments, such as biomass quality and price, biofuel demand 
or production costs (Saman Pishvaee, 2021). International trade and long-distance 
transportation also have an important role in many biomass supply chains, support-
ing countries without sufficiently developed national or regional markets for biomass 
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(WBA, 2018). According to (Kumar Gosh, 2016), some of the most common obstacles 
in the biomass supply chain involve transport costs, lack of government support, price 
determination mechanism and lack of demand side network. The author proposes in-
troducing implantable government policies, subsidies, tax and tariff structure. In many 
countries there are no clear rules for using biomass resources in a comprehensive man-
ner nor penalties for its misuse. Biomass energy industry is not managed and there are 
no mechanisms that ensure the implementation of national standards (Raychaudhuri 
and Kumar Gosh, 2016). Modern agrarian economies are circumventing the manu-
facturing sector to directly develop their service sector as a consequence of greater 
participation in agricultural global value chains (Lim and Bellamare, 2021).

Recently, COVID-19 pandemic has disrupted supply chains in almost all sectors, 
including bioenergy. The pandemic intensified the risk of long-term supply chain func-
tioning and sustaining the bioeconomy (Andiappan, 2021). On the other hand, (Kulišić 
et al., 2021) investigate how biomass supply chains could help in post-COVID-19 
recovery. Authors conclude that investments in supply chains can boost economic de-
velopment and contribute to cleaner and resilient energy systems. Digitalization and 
new technologies offer solutions for managing supply chains in the most efficient man-
ner. For example, blockchain technology can provide greater transparency, traceability 
and sharing of real-time information among stakeholders in the biomass supply chain 
(Silva, 2018). It can ensure information on the quality and origin of the biomass from 
suppliers and supply availability, making the functioning of the supply chain more 
efficient. 

Research into the potential of biomass as an energy source has gained much at-
tention in the past few years. Different methods are proposed for determining biomass 
plant and collection center locations as a significant part of the supply chain. 

When designing a plant, the necessary precondition is to understand fundamen-
tal bulk characteristics of current and future sources of fuel. The foundation for the 
design of an efficient plant that has the capability to operate at its intended output over 
its life cycle is based on a specific fuel form (Ilić et al., 2018). 

(Akgul et al., 2022) employed designing optimum biomass to the bioenergy 
supply chain for agricultural activities using Geographic Information System and Sim-
ulated Annealing algorithm to overcome a real-world problem in Turkey. Authors re-
searched the cost of transportation, transmission, and optimum location for a plant. Re-
search results showed that the installation of one power plant is the optimum. (Sutcu et 
al., 2020) also determined appropriate places for biomass power plant in Turkey by us-
ing facility location problem and then Mixed Integer Programming Model which max-
imizes the potential value of facilities. Their results revealed the best options would be 
to select 3, 5 or 7 cities in Turkey, and listed them as well as the investment needed. 

(Nosratinia et al., 2021) used the fuzzy-analytical hierarchy process method to 
weigh the locating criteria in the geographical information system. The results indi-
cated certain zones in southern parts of the Tehran province in which the industrial 
livestock farms become frequently widespread and the suburb areas of smaller cities 
on the eastern part of the Tehran province are the most proper areas for biomass plant 
location.

Using a macro screening approach (Van Deal et al., 2021) determined the most 
interesting locations for the Limburg province in the Netherlands within a minimal 
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time span. However, the downside of this method is that it cannot select the best loca-
tion among the alternatives.

By employing a combination of Multi-criteria Analysis (MCA) and Geograph-
ical Information Systems (GIS) (Woo et al., 2018) identified optimal locations for 
prospective biomass power plants. Based on the results of different scenarios it was 
determined that three biomass plants within a radius of 80 km is the best option for 
Tasmania’s future biomass energy plant.

METHODOLOGY
The purpose of this paper is to give an estimation of biomass potential in Croatia 

and to define the locations of collection and logistics centers. Accordingly, the follow-
ing methodological steps were conducted:

1.	 Collection and analysis of relevant literature on biomass potential, supply 
chains and plant locations

2.	 Case study analysis
a.	 Analysis of biomass potential in Croatia by presenting data from the Na-

tional Register of Agricultural Holdings 
b.	 Estimation of potential locations for collection and logistics centers using 

the Herfindahl-Hirschman Index (HHI) and concentration rates by coun-
ties in Croatia

c.	 Determination of current biomass energy use status and challenges of 
future development in Croatia

3.	 Identification of policy implications and recommendations in order to use 
biomass potential and establish efficient supply chains in agriculture.

The first step of the research was the analysis of scientific and professional liter-
ature on biomass potential and supply chains which enables understanding of a wider 
context of biomass usage potential. Secondly, collection, processing, and analysis of 
data from the Register of Agricultural Holdings was conducted on a county level for 
the period 2016-2020. The average values for the period 2016-2020 were used and 
also for 2020 separately, in order to get a better insight into the current situation. The 
main aim was to determine the potential locations of collection and logistics centers of 
agricultural biomass. Two criteria were used to determine the collection and logistics 
centers’ location: (1) the criteria of the total area of selected plant species by counties 
are imposed, (2) the criterion of the concentration of certain plant species by counties. 
Based on the conducted research, certain limitations and gaps in the functioning are 
recognized and policy recommendations are provided.

RESULTS AND DISCUSSION
The following part contains the results of the analysis of plant biomass potential 

in Croatia. Methodology framework for determining potential locations for collection 
and logistics centers and establishment of the value chain is presented.

Data on the areas of selected plant species by counties for the period 2016-
2020 are presented in Table 1. The average annual area of tobacco in the period 2016-
2020 amounted to 3,777.34 hectares, and the largest part fell on Virovitica-Podravina 
County (almost 80%). The average annual area of fodder plants was 88,097.99 hect-
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ares, and the most fodder plants fell on Osijek-Baranja County (16.2%) and Zagreb, 
Brod-Posavina, Sisak-Moslavina and Bjelovar-Bilogora counties (all over 8%). The 
average annual area of karst pastures was 74,340.47 hectares at the national level, 
with Lika-Senj County (27.3%), Zadar County (23.4%) and Šibenik-Knin County 
(16.3%). The Split-Dalmatia and Primorje-Gorski Kotar counties are also significant 
with a share of over 10% in the area of karst pastures. In the same period, there were on 
average 100.63 hectares of short patrol culture in Croatia, of which 45% in Međimur-
je County, 30% in Virovitica-Podravina County and 10% in Osijek-Baranja County. 
As for meadows, in the period 2016-2020 there were 91,665.73 hectares in Croatia, 
of which over 13% in Bjelovar-Bilogora and Lika-Senj counties and about 10% in 
Zagreb and Sisak-Moslavina counties. The average annual area of medicinal plants in 
the same period was 7,403.74 hectares, of which over 55% is in Virovitica-Podravina 
County, followed by Osijek-Baranja County with 22% of the total area of medici-
nal plants. Olive was represented by an area of 14,316 hectares in Croatia, of which 
26% in Split-Dalmatia County, 20% in Istria County, 17% in Zadar County and about 
15% in Šibenik-Knin and Dubrovnik-Neretva County. Other industrial plants were 
represented by 1,746.24 hectares in Croatia, of which 32% were in Virovitica-Podravi-
na County and then 26% in Sisak-Moslavina County. In the same period, there were 
4,603.48 hectares of pastures per year in Croatia, of which 41% were in Sisak-Mo-
slavina County, 14% in Osijek-Baranja County and 11% in Bjelovar-Bilogora County. 
Noble vines were represented by 17,095.40 hectares in Croatia, of which the highest 
was in Istria (15%), Osijek-Baranja County (13%) and Dubrovnik-Neretva County 
(10%). Vegetables were represented by 19,429.13 hectares in Croatia, and the most 
in Međimurje County with almost 16%. There were an average of 324.59 hectares 
of nurseries per year in Croatia, most of them in Osijek-Baranja County (32%) and 
Međimurje County and the City of Zagreb (13% each). As for soybeans, there was 
an average of 78,869.73 hectares per year in Croatia, most of them in Vukovar-Sri-
jem County (31%), Osijek-Baranja County (22%) and Virovitica-Podravina County 
(14%). Regarding sugar beet, out of a total of 14,046.86 hectares, 50% is located in 
Osijek-Baranja County and 39% in Vukovar-Srijem County. Thus, the share of these 
two counties in the area of sugar beet is 89%. The situation is similar with oilseeds. Out 
of the total annual 89,263.59 hectares in Croatia, the most represented are Osijek-Ba-
ranja County with 41% and Vukovar-Srijem County with 22%. These two counties 
account for a total of 63% of the area of oilseeds. Along with them, Virovitica-Po-
dravina County stands out with a share of 10% in the total area of oilseeds. Out of a 
total of 33,227.05 hectares of fruit species in Croatia per year in the observed period, 
the highest, about 15% of the area is in Osijek-Baranja County. Finally, with regard 
to cereals in the observed period, the average annual area was 507,309.24 hectares at 
the national level. Most of them are in Osijek-Baranja County (23%), Vukovar-Srijem 
County (14%) and Bjelovar-Bilogora County (10%).

Observing the total area of observed species at the country level, 48.52% falls 
on cereals, followed by meadows (8.77%), oilseeds (8.54%), fodder plants (8.43%), 
soybeans (7.54%) and pastures (7.11%). Of the other species, fruit species stand out 
with over 3% (Figure 1).
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Table 1 Area of selected species by counties, ha, average 2016-2020
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Determining potential locations of collection and logistics centers is possible by 
applying diff erent criteria. Based on the available data, the criterion of the total area of 
selected plant species by counties is imposed, as well as the criterion of the concentra-
tion of certain plant species by counties. Of course, a combination of diff erent criteria 
is also possible. Figure 1 shows the possibilities of using the fi rst criterion - the total 
area of selected plant species by counties.

 Figure 1. Area of selected areas by counties, annual average 2016-2020 (ha)

Source: authors’ calculation; Agency for Payments in Agriculture, Fisheries and Rural Development; Register 
of Agricultural Holdings.
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In order to calculate the concentration of the observed species by counties, the 
Herfindahl-Hirschman Index (HHI) was calculated for the above types of plant pro-
duction. This index is an absolute measure of spatial concentration and one of the most 
commonly used concentration measures. The lowest value of the index depends on 
the number of regions (counties), i.e., 1/n (in this case 1/21, i.e. 0.048). The Herfind-
ahl-Hirschman index would take a value of 0.048 if all counties participated with equal 
shares in the total area of crop production. The opposite would be the case if the total 
area of crop production was concentrated in only one county. The index would then be 
1, which is theoretically the highest possible value of this index. In other words, coun-
ties with higher HHI have a higher concentration of certain plant species, while coun-
ties with lower HHI have a higher representation of more plant species in the total area. 

Table 2 shows the order of counties by size HHI for the average annual crop 
production period 2016-2020. and 2020. Minor differences are noticeable. Higher HHI 
indicates a higher concentration on individual plant groups.

Table 2 Herfindahl – Hirschman index by counties, average 2016-2020 and 2020

Average 2016-2020 2020

County HHI County HHI 

Koprivnica-Križevci 0,491 Koprivnica-Križevci 0,5063 

Varaždin 0,447 Varaždin 0,4452 

Bjelovar-Bilogora 0,430 Bjelovar-Bilogora 0,4440 

Šibenik-Knin 0,425 Šibenik-Knin 0,4272 

Međimurje 0,416 Međimurje 0,4250 

Primorje 0,408 Primorje 0,4021 

Osijek-Baranja 0,377 Osijek-Baranja 0,3990 

Brod-Posavina 0,362 Brod-Posavina 0,3869 

Vukovar-Srijem 0,356 Vukovar-Srijem 0,3718 

Zagreb County 0,350 Zagreb County 0,3711 

Požega-Slavonija 0,347 Požega-Slavonija 0,3502 

Zadar 0,345 Zadar 0,3477 

Lika-Senj 0,327 Lika-Senj 0,3460 

Krapina-Zagorje 0,325 Krapina-Zagorje 0,3354 

Virovitica-Podravina 0,304 Virovitica-Podravina 0,3181 

Split-Dalmacija 0,291 Split-Dalmacija 0,2890 

Sisak-Moslavina 0,274 Sisak-Moslavina 0,2708 

Karlovac 0,234 Karlovac 0,2324 

Dubrovnik-Neretva 0,228 Dubrovnik-Neretva 0,2250 

City of Zagreb 0,174 City of Zagreb 0,1977 

Istria 0,157 Istria 0,1556 

Source: authors’ calculation; Agency for Payments in Agriculture, Fisheries and Rural Development; Register 
of Agricultural Holdings. 
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 Figure 2. HHI by counties, average 2016-2020

Source: authors’ calculation; Agency for Payments in Agriculture, Fisheries and Rural Development; Register 
of Agricultural Holdings.

Finally, concentration rates were calculated and the summary is shown by Fig-
ure 3. Concentration rates show the percentages of areas of individual plant species 
by county. For example, C1 shows the percentage of the most common types of crop 
production, C2 the percentage of the two most common types of crop production, C3 
the percentage of the three most common types of crop production and so on. These 
concentration rates allow the application of the principles of effi  ciency and propor-
tionality to determine the potential locations of collection and logistics centers for the 
collection of biomass of plant origin.

The energy potential of biomass depends primarily on the amount of biomass 
available for energy purposes, i.e., surplus biomass from activities such as agriculture 
(both plant and animal origin), forestry, fi sheries and the share of biodegradable in-
dustrial and municipal waste (Tomšić et al., 2020). The biggest disadvantage of using 
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biomass is considered to be its transport (Tomšić et al., 2020). Biomass potential in 
Croatia was researched by (Ćosić et al., 2011) and they provided potential methodolo-
gy framework. Authors concluded that Eastern Croatia has the highest energy potential 
and minimal potential have counties in the South Croatia. (Čikić et al., 2021) advocate 
for a more rational approach to further increase in energy capacities powered by re-
newable biomass. By designing diff erent scenarios, they determine available biomass 
for conversion in secondary energy. Croatia is moving towards low-carbon economy 
but the use of biomass as an energy source is far from planned (Biljuš and Sertić 
Basarac, 2021). However, newer data are missing. This is most likely the result of no 
comprehensive statistical database that includes all agricultural areas, so the current 
potential cannot be defi ned. Additionally, Croatia does not have a strategic document 
that would determine and guide the use of biomass as an alternative energy source.

In order to develop and effi  ciently use the potential of biomass as a renewable 
energy source it is necessary to map all the actors involved in the value chain and to 
design a strategy and action plan with clear responsibilities. Monitoring the implemen-
tation of the action plan and evaluating its outcomes is also a necessary requirement. 

Figure 3. Plant production concentrate rates by counties, 2016-2020

Source: authors
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CONCLUSION
Renewable energy sources are considered to be the imperative for future develop-

ment and are determined in numerous strategic objectives. Global environment and the 
war in Ukraine have additionally revealed the relevance not only of renewable energy 
sources but of self-sufficiency in the supply of renewable energy sources and of energy 
security as well. From a wide specter of renewable sources, biomass has great potential 
which has been proven by the latest trends and studies. The analysis conducted in this 
paper revealed the necessary steps and guidelines for proper use of national biomass in 
agriculture in the Republic of Croatia. The criteria used in this research can be used for 
determining the potential locations for logistics centers but there are various other steps 
needed. Based on the research, the following policy recommendations are put forth. It is 
necessary to create a statistical database with national data about biomass in agriculture 
covering all areas. It is also necessary to analyze and map the existing infrastructure 
to determine its use potential. Value chains need to be identified and analyzed so new 
business models can be designed that would increase the efficiency of the vale chain. 
Strategic framework is missing along with the action plan with clearly defined actors and 
responsibilities, which is a necessary element of efficient use of biomass as a renewable 
energy source. Thus, national strategy and action plan for biomass use should be de-
signed. Implementation and monitoring is crucial for all of the activities to be carried out 
as planned. Specific challenge is determining the potential of biomass from livestock and 
fisheries, so full potential form biomass in agriculture can be determined. 

Limitation of the research is the fact that only biomass from plants is considered. 
In further research it would be necessary to include fishery and livestock to reveal the full 
potential. The methodology framework used in this research can be used for determining 
the locations for collection and logistics centers, but it is necessary to consider the already 
existing infrastructure. The idea is not to build something new but to use the existing 
resources. In order to do this effectively it is necessary to analyze value chains and gaps 
in it. Based on the analysis it can be concluded that a change of paradigm is necessary, 
followed by the change in business models so value chain can function efficiently. 
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