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Abstract: Rising demand for bio-based products exerts a growing pressure on natural resources
such as wood. Sustainable solutions are becoming increasingly important to meet the demand. In
this study, 20-year poplar Short Rotation Coppice (SRC) plantations located in Western Slovakia
are investigated with respect to (socio)-economic, environmental and social sustainability. The cost–
benefit methodology is applied to assess the economic profitability of a switch from conventional
annual crops (corn maize and winter rye) to perennial SRC. To compare economic profitability of the
land management, net present value (NPV), payback time (PBT), internal rate of return (IRR) and
benefit–cost ratio (BCR) are calculated. The study was enhanced by adopting the concept of regional
value added to indicate the local value creation. The results for the three scenarios yield an NPV
equal to 12,156 euros ha−1 for corn maize, 9763 euros ha−1 for winter rye and 2210 euros ha−1 with a
PBT of 14.13 years for poplar SRC production. The regional value added for the corn maize scenario
was estimated with 10,841 euros ha−1, the winter rye with 7973 euros ha−1 and the poplar SRC with
1802 euros ha−1. To appraise non-monetized social values, semi-structured interviews (N = 4) were
conducted among experts familiar with SRC management in Eastern Europe. Non-monetary benefits
for the stakeholder groups society, farmers or landowners and the industry were identified in terms
of land fragmentation, carbon sequestration and an increase in biodiversity within the plantations,
farm diversification and higher independency from wood markets. The relatively poor image of
SRC, farmers or landowners having concerns about being tied on long-term contracts and legal
restrictions may become obstacles in the establishment of SRC. For estimating the capability of carbon
sequestration in SRC plantations the RothC model was utilized, resulting in the potential soil organic
carbon (SOC) average increase of 29% during the 20 years. However, a transition in land use patterns
must involve thorough considerations of all three pillars of sustainability to ensure long-term viability
of the establishment.

Keywords: short rotation coppice; bioeconomy; regional value added; stakeholder analysis; Cost–Benefit
Analysis; soil organic carbon; social sustainability

1. Introduction

The policy-driven concept of bioeconomy in the European Union aims to cope with
grand societal challenges [1,2]. The most prominent arguments are the reduction of the
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dependence on non-renewable fossil resources, the reduction of net CO2 emissions, oppor-
tunities for (re-)industrialization and for creating wealth as well as jobs across the whole
value chain, from primary production to the markets of bio-industries. Almost half of the
entire Slovak territory is designated agricultural land [3,4] and 40% of the total land area
is cultivated [5]. In recent years, merely 1,915,101 hectares of the total 2,379,101 hectares
of agricultural land in Slovakia has been used for farming [6]; 51% of the arable land in
Slovakia is suitable for maize production and 23% for canola cultivation. However, the
most important crops in Slovakia are winter rye and spring barley, followed by maize.
Twenty-seven percent of agricultural land in Slovakia is covered with meadows and pas-
tures [7]. The highest share of arable land and coverage with permanent crops is located
in the Western part of Slovakia. As the backbone of the economic system in Slovakia,
agriculture contributed to 3.6% of the Slovakian GDP and tied up around 3.9% of the
total labor force [5]. In Western Slovakia, grain maize and cereals production are the most
widespread agricultural cultivation forms [8]. However, agriculture, forestry and other
land uses are among the main global emitters of greenhouse gases, responsible for around
23% of the total anthropogenic greenhouse gas emissions [9]. In addition, the rural regions
in Eastern Europe are currently undergoing a demographical shift—the rural population is
increasingly moving towards urban centers, and agricultural activities as well as farmlands
are being abandoned, which was stated by Abolina and Luzadis [10], for example.

SRC is a promising option to secure the resource supply for a bioeconomy, not only
for energy generation but also for gaining raw material utilized in the wood industry. Since
different fast-growing species are commonly planted in SRC plantations, the economic
profitability among these species may vary. Previous studies found that poplar may be
more profitable than other species such as walnut, for example [11]. However, compared
to willow plantations, profitability for poplar is worse, but even better than for black
locust [12]. Other studies assume that economic cultivation is hardly feasible on marginal
land, which is typically “idle, under-utilized, barren, inaccessible, degraded or abandoned”,
anyway [13]. The final choice of the species to be planted in SRC, however, depends not
only on the economic profitability, but rather on required material properties for further
utilization of the wood, as well as soil and climatic conditions influencing the suitability for
a species. SRCs are legally defined as agricultural land. As a matter of principle, poplars
can be planted on marginal farmland as well as on temporarily unused land, for instance
on remediation sites, mine dumps or devastated sites. Following Fehér [14], Slovakia alone
has a potential of 45,000 hectares of SRC on agricultural land, whereby only 150 hectares
had been established by 2017. However, it needs to be mentioned that in Slovakia SRC
cultivation is legally restricted to marginal lands, described in soil quality classes from
5–9 [15].

A range of studies has shown that switching from annual crop production to SRC can
have positive impacts on all three pillars of sustainability: on the economic profitability for
farmers [16], on the environment [17], and on the social perspective of farmers [18]. From
an environmental perspective, several studies have shown that SRC can be more environ-
mentally friendly than intensively used agricultural land [17,19–23]. Especially considering
climate change, perennial crops are expected to contribute to mitigation as carbon sinks.
Several authors conclude that an increased soil organic carbon (SOC) sequestration in SRC
plantations can result in additional carbon savings [24–26].

The establishment of SRC in rural areas also raises expectations on societal benefits.
Job opportunities, additional income through farm diversification, low production costs, an
option to use marginal, abandoned, under-used or agricultural flood-prone land, with the
perspective that SRC can diminish moderate contaminations of the soil over time, are ex-
pected developments from SRC establishment [27–29]. However, there are also downsides
associated with SRC plantations. These disadvantages could include effects on land prices,
landscape identity and food security of a region, as well as the displacement of other land
use forms, as identified by Warren et al. [30], Thiele and Busch [31] or Boll et al. [32]. The
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common ground of the studies cited above show that solutions must be sought to increase
rural livelihood opportunities and economic value creation in affected regions.

The need for economic assessment to compare perennial SRC to conventional annual
agriculture as a replaced form of land use was emphasized by Bryan et al. [19], for example.
Other studies already addressed the shift from conventional to organic farming [33] or off-
farm to on-farm bioenergy production [34] by means of a Cost-Benefit Analysis. Although
the establishment of SRC on marginal land faces the trade-off of lower yields, it reduces
the pressure of competition with conventional agriculture for food and feed production.
Several authors have already acknowledged the need to integrate non-financial aspects
into the Cost-Benefit Analysis [35–38], but it lacks practical implementation. Based on these
previously presented findings, it can be assumed that economic issues tend to receive more
attention, while ecological and social aspects are rather neglected.

This study aims to address this gap by conducting a Cost–Benefit Analysis and combin-
ing these findings with an analysis of environmental and social aspects of the establishment
of SRC as a new land use form. Identifying economic costs and benefits, along with societal
and environmental benefits and burdens, supports decision making towards a sustainable
bioeconomy. This study follows the approach to (1) quantitatively compare the economic
costs and benefits of SRC feeding into the production of bio-based material in Western
Slovakia to maize and wheat production scenarios; (2) quantify the development of the soil
organic carbon (SOC) stock of SRC (scenarios for different soil types) as an environmental
indicator; and (3) qualitatively assess social aspects of SRC.

2. Materials and Methods

The concepts of Net Present Value, Payback Time, Internal Rate of Return, Benefit-Cost
Ratio and Regional Value Added are applied for the economic analyses of poplar wood
production in Short Rotation Coppice (SRC) plantations located in Western Slovakia as
a new form of land management, and scenario analyses of the typical previous annual
land use practices, which are conventional winter rye and corn maize crops. As the con-
ventional Cost-Benefit Analysis is a single-criterion method belonging to the monetary
approaches [39], it may not be possible to cover all aspects and costs or benefits which
cannot be measured in monetary terms. To comply with these requirements, a sequential
explanatory mixed-methods approach [40,41] is adopted. Soil organic carbon modelling
is intended to give insights into the potential of carbon stock build up in SRC. With
the implementation of a complementary qualitative approach, the obstacle of obscuring
non-monetary aspects can be avoided. To grasp social aspects, experts’ interviews are con-
sidered in order to gain qualitative information about benefits and burdens of establishing
SRC plantations. Integrating qualitative research subsequently enables gaining deeper
knowledge and higher sufficiency in elaborating on the findings from the quantitative
approach [41]. The present study allows achieving profound insight into the incentives of
managing SRC, beyond a purely economic perspective.

2.1. Description of Land Cultivation and Data

For the calculations, the SRC cycle of 20 years is assumed, harvested every fifth year
but broken down on an average of one year and one hectare for comparability. The SRC
plantations are established on former arable land, however, which is characterized by lower
soil quality [13]. Therefore, lower production yields are assumed, and that the economic
sustainability of marginal land cultivation is not self-evident. The system boundaries for
all scenarios are between preliminary soil tillage for preparing the land for planting and
post-harvest transport and storage of the harvested product.

The planting density is assumed at 1667 cuttings per hectare, which is practically used
due to the rotation periods of 5 years. The poplar trees re-grow from their stems after
harvesting. It is assumed that in practice, the first harvest period has lower yields than the
subsequent harvests [16]. Feasible annual yields of SRC plantations are estimated from
5 to 18 tDM ha−1 for wood chips production [42]. Based on experimental harvesting of
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five-year-old short-rotation poplar plantations in Western Slovakia, the yield of whole-stem
harvested poplar plantations, which is required for the further material utilization of the
stems, is considered at a lower range of 8.01 tDM ha−1. Due to legal requirements, the
reconversion of the land is assumed after 20 years. Reconversion costs were estimated by
experts’ consolidation to be 1200 euros per hectare, which matches the literature, such as
Wolbert-Haverkamp and Musshoff [16], for example. The annual crops, grain maize and
wheat, are calculated for individual one-year cycles within the 20 years, also considered
per hectare. As Slovak agriculture would suffer from considerable losses without subsidies,
EU agricultural policy makes an essential contribution to a properly running agriculture.
The assumptions of the average produced quantities are shown in Table 1.

Table 1. Average produced quantities of the different land cultivation practices.

Crop Type Amount ha−1 year−1 Reference

Poplar wood logs from SRC 5.20 tDM * Experts consolidation
Poplar wood residues from SRC 4.01 tDM * Experts consolidation

Grain maize, 86% dry matter 7,32 tDM KTBL (cost calculation for crop cultivation)
Wheat (winter rye) 3,94 tDM KTBL (cost calculation for crop cultivation)

* Over a 20-year cycle (a yield increase of 20% is assumed for the 2nd to the 4th harvesting compared to the
1st harvesting).

The economic analyses assume that the land for SRC plantation establishment is left
by landowners for a contractually regulated fee (land agreement). All operation costs
are considered as total costs paid to service providers who are performing the complete
service. Input material is obtained from certified suppliers specialized in the production
of poplar cuttings. The plantation set-up is sub-contracted to companies dedicated to the
establishment of SRC plantations. The first years after planting and harvesting, mechanical
weed control is carried out with a rotary harrow to prevent rods from overgrowing weeds.
In the same time frame, pruning is done as manual work by cutting the main shoot for
a balanced growth of the trees. In order to achieve a more ecological way of cultivation,
fertilization and irrigation of the plantations is avoided. The planted land in Western
Slovakia provides an adequate water supply for poplars. A multi-stem, fully mechanized
harvesting approach is considered every fifth year, four times in the twenty-year cycle. The
average height of the poplar trees at the point of harvesting is 14.7 m; the tree-tops are cut
into 7 m stems. Tractor forwarding systems move the logs to a temporary storage at the
field, where the stems are picked up by trucks for further transportation to the industry site.
During the post-harvesting phase, reconversion of the land is intended, where the roots of
the poplar trees are removed from the soil with cultivators and the land can be returned
to its initial state. For coordination and organization of the whole production process,
operational costs are considered as overhead. The revenues for timber wood were assumed
as market values, drawn from the 2018 UNECE export unit values for non-coniferous
industrial roundwood poplar from Slovakia, estimated with 86.06 euros per bone dry ton.
The total list of assumed field operations for SRC production, and the costs and revenues
used for the analyses, can be found in the Supplementary Materials in Table S1.

The annual crop production systems “corn maize” and “winter rye” present the
scenarios of previous land use patterns. Corn production is associated with higher yields
compared to other crops such as wheat, which is associated with relatively low yields,
especially in the Eastern European region [43]. The field operations assumed for the annual
crop production scenarios can be found in the Supplementary Materials Table S2 for “corn
maize” and Table S3 for “winter rye”. The economic analyses of annual crop production
assume that the land management organization rents the fields. Therefore, the average
rental price of 50.25 euros per hectare for agricultural land in Slovakia [44] is adopted. The
input parameters, such as fertilizer, herbicide, etc. and the operational costs were taken from
the KTBL calculator. This online tool serves as a database for planning and comparison of
agricultural crop production processes [45]. For both scenarios, a conventional integrated
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farming type and non-rotational power harrowing as soil management on light, low-
yielding soils, representing marginal land, is assumed. Slovakia is located in Eastern
Central Europe, belonging to the former Soviet Union, and is characterized by large-scale
agriculture throughout the rural regions, with an average farm size of 77.5 hectares [5].
Therefore, relatively large field plots of 20 hectares, high mechanization rate of 120 kW
and a longer farm-to-field distance of 10 km are assumed. The typical wheat cultivation
for the temperate climate and soil conditions in Western Slovakia is winter rye [7], which
was chosen for the studies scenarios. Both the corn maize and winter rye scenarios are
calculated with assumed market values as revenues, drawn from the current stock market
prices for maize and wheat. Corn maize is assumed as 240.25 euros per ton and winter rye
as 293.75 euros per ton.

2.2. Economic Analyses: Cost-Benefit Analyses and Regional Value Added

Economic Cost–Benefit Analysis (CBA) is one method applied within the scope of
sustainability assessments [37], intended to support coping with the scarcity of natural
resources. The conventional CBA is an analytical tool that translates the costs and benefits
into monetary values, thus presenting the economic advantages and disadvantages of an
investment. The method aims to estimate and assess the impact of a project in terms of its
welfare effects [46]. The cost–benefit analysis per se is a well-known method to examine
potential decision making in relation to its consequences, indicated as costs and benefits [47].
Conventional economic CBA aims to compare investments with economic costs and benefits
of a certain product or service [35]. According to the European Commission’s guidelines
on CBA, the following stages should be followed for an assessment: (1) Presentation of the
socio-economic context; (2) Definition of the objectives; (3) Identification of the project; (4)
Technical feasibility and environmental sustainability; (5) Financial analysis [46]. In the case
of the present study, social and environmental aspects are included additionally to the five
steps above, in order to comply with the requirement for a comprehensive sustainability
analysis. For abstracting the calculations the following assumptions are made: (1) the
economic assessment takes into consideration that all field operations are outsourced; (2)
all production inputs are purchased; (3) the land is leased from farmers or landowners
for the whole crop cycle by an organization; (4) annual crops are also grown on the field
for 20 consecutive years, to allow the comparison with perennial crops; and (5) benefits
are presented as monetary revenues, which assumes that the poplar stems are sold on the
wood market. Comparing annual agricultural crops to perennial SRC plantations with the
NPV approach was adopted from previous studies, such as Stolarski et al. [12], Rosenqvist
and Dawson [48] and Ericsson et al. [49]. For the present study, the following economic
indicators are taken into account:

(1) Economic net present value (eNPV) of investment: the eNPV describes the economic
viability by calculating the discounted sum of values of the expected income stream
over a certain time period. The analyses allow determining whether the project will
lead to a profit (eNPV = > 0) or loss (eNPV = < 0). The formula used to calculate the
eNPV is as follows:

eNPV =
N

∑
t=0

Rt − Ct

(1 + r)t (1)

where,
N = number of periods (years);
t = time period in years;
Rt = revenues of year t (€ ha−1);
Ct = costs of year t (€ ha−1), includes initial investment costs via C0;
r = discount rate (%).

(2) Payback Time (PBT): refers to the time when the break-even point can be reached.
This occurs when the cumulative profits are higher than the cumulative costs, and it
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indicates the time when the eNPV is becoming positive. For uneven cash inflows, the
PBT is calculated as:

PBT = A +
B
D

(2)

where,
A = the year in which the cumulative cash flow was negative for the last time at the

end of the year;
B = the absolute value of the cumulative cash flow at end of time A;
D = the discounted cash flow following the period A.

(3) Internal rate of return (IRR): the percentage of effective interest resulting from the
investments determines the eNPV equal to zero. The IRR is used as an index for the
profitability of the project and is calculated as:

0 = NPV =
N

∑
t=0

Rt − Ct

(1 + IRR)t (3)

where,
N = number of periods (years);
t = time period in years;
Rt = revenues of year t (€ ha−1);
Ct = costs of year t (€ ha−1), includes initial investment costs via C0.

(4) Benefit–Cost Ratio (BCR): indicates the ratio between discounted benefits, relative to
their costs, serving as a decision-making support. A BCR less than one (<1) indicates
that the proportion of discounted costs is higher than the discounted benefits and,
therefore, the project would result in a loss. A BCR greater than one (>1) indicates
that the benefits exceed the costs and allows the comparison of the profitability of the
project. The Benefit–Cost Ratio can be either expressed in monetary and/or qualitative
terms. The BCR is calculated with the following formula:

BCR =
(discounted output + subsidies)

discounted input
(4)

The adopted discount rate for all calculations in the base scenario was 4% (r = 4),
already including standard inflation rates. Field subsidies for agricultural crop production
funded by the European Union have been considered in the eNPV calculations, as subsidies
play a decisive role in economic performance in the agricultural context. All costs and
revenues from agricultural activities for assessed annual crops and perennial SRC were
calculated per year. The economic analyses are based on several input factors which cannot
be considered stable over a certain time-span and are relatively unknown for emerging
technologies, such as poplar SRC production. Therefore, a sensitivity analysis is applied
subsequently by varying several input parameters with the highest uncertainty to illustrate
the effect of uncertainty on the overall results.

(5) Regional Value Added (VA): a socio-economic indicator which is applied in the course
of the CBA. The concept allows investigation of an aspect of socio-economic sustain-
ability of SRC establishment in a monetized form. Turnock [50] already acknowledged
rural diversification to counteract the depopulation of rural areas in Eastern Europe.
The EU’s Common Agricultural Policy encompasses rural development to minimize
regional disparities for rural countries like Slovakia [51]. Regional development is
strengthened by harnessing intrinsic resources to ensure a sustainable future at all
three pillars of sustainability (environmental, economic and social) in a defined area
characterized by connecting elements. While the economic level can be measured and
represented in monetary terms, it is more challenging for the environmental and social
aspects [52]. Regional value added calculation is used to measure the generation of
social wealth achieved through the economic activities of an entity [53,54]. Inputs
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from upstream processes that could be provided in the defined region and a network
of regional suppliers are fundamental for increasing the regional value added [52].
Regional value creation at an operational level is assessed for the three land use
scenarios, according to the calculation formula [54,55]:

VA = Outputs − Inputs (5)

In contrast to a solely economic viewpoint, the value added calculation does not take
into account any subsidies, since it is assumed that the receipt of subsidies alone does
not generate any value added for the region. Likewise, overhead costs are not included
(for example costs of internal employees). Regional inputs are indicated separately in
order to determine the regional share of value creation. The determination of the macro-
economic (regional) value added describes the sum of all (regional) value increases of single
(micro-economic) business activities (for example impact of the field manager).

2.3. Environmental Analyses: Estimation of Soil Organic Carbon (SOC)

In order to estimate the SOC dynamics during the lifetime of the SRC plantation,
the carbon turnover model RothC V.26.3 was used [56]. Such a tool has been used in
previous studies for SRC systems, for example by Grogan and Matthews [57]. The model
allows for calculating the consequences of land management on SOC development over
a period of time. The SOC pool is divided into four active pools, namely, resistant plant
material (RPM), decomposable plant material (DPM), humified organic matter (HUM) and
microbial biomass (BIO), and one inactive pool, inert organic matter (IOM). The input data
required are climate, management and initial soil conditions data. Primary climate data
was provided for the location at Brodské, Slovakia, which is located within the Pannonian
basin in Western Slovakia, nearby the investigated region. No irrigation or manure input
was considered for the SRC plantations under study. Experimental onsite data on initial
SOC (SOCin) and clay content were provided by previous onsite estimations (Table 2).
Suggestions by Grogan and Matthews [57] served to calculate the plant input. For the base
scenario (S1) it was assumed that all the stems were collected during harvesting, thus the
above ground carbon input only considered leaves input. The following calculation steps
and equations according to Grogan and Matthews [57] are used for the calculations:

Aboveground input (WCin; tC ha−1) : WCin =
LAI · f c

SLA
+ WAG · fwa (6)

Belowground input (WRin; tC ha−1) : WRin = Wyield · Fr · Ff rto + WBG · fwb (7)

Total plant carbon input (Ci; tC ha−1) : Ci = WCin + WRin (8)

where,
WCin = Aboveground input;
tc = number of years since last coppicing;
LAI = Leaf Area Index;
fc = fraction of carbon in leaves;
SLA = Specific Leaf Area;
WAG = Carbon input from woody material (assumed to be zero);
fwa = fraction of carbon in woody material;
WRin = Belowground input;
Wyield = Aboveground yield;
Fr = Root to Shoot Ratio;
Ffrto = Fraction of belowground carbon lost due to fine root turnover;
WBG = Weight of carbon below ground in the root system;
fwb = fraction of the belowground carbon input that enters the fresh carbon;
Ci = Total plant carbon input.
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Table 2. Description of the site under study, S1 (Source: experimental data).

Parameter Value

Initial SOC 37.8
Clay Content (%) 4.9
Depth (topsoil) 30 cm

Elevation ASL (m) 149

As the RothC model was originally developed for climate conditions in the United
Kingdom, it was necessary to calibrate the model to Slovakian conditions where the
plantations are located. Thus, following previous work by Todorovic et al. [58], the RothC
model, translated to Microsoft Excel spreadsheet, was used to carry an inverse modeling
that allowed the calculation of the initial soil conditions based on onsite climate data
(Supplementary Material Table S4) and plant inputs. The model calibration was reached
when the root-mean-square error (RSME) between measured and calculated SOCin was
below 0.5. The modeled initial soil conditions were then used as input to initiate the model
for further calculations. As the soil conditions vary in terms of clay–sand ratio, scenario
analyses consisting of three scenarios with low, intermediate and high clay content were
performed (see Table 3).

Table 3. Soil properties considered for land use scenario analysis (Source: own calculation).

S_2 (Low Clay
Content)

S_3 (Intermediate
Clay Content)

S_4 (High Clay
Content)

Clay (%) 3.7 4.2 10.6
Sand (%) 83.7 90.7 71.7

2.4. Social Analyses: Social Cost–Benefit Matrix

As the multidimensional societal benefits of biomass cultivation are related to various
stakeholders [29], a multidimensional social cost–benefit matrix [59] is used as a structure to
survey and analyse the perceived and observed social implications of land use. This matrix
allows attainment of a multi-criterion method within the cost–benefit approach. The initial
quantitative economic approach is extended by a subsequent qualitative investigation. The
matrix is intended to enable an equal presentation of quantifiable and non-quantifiable
impacts and to give social aspects or indicators the same value as other (quantifiable) indi-
cators. Therefore, stakeholder participation is implemented by conducting semi-structured
qualitative interviews with SRC managers from Eastern European countries, carried out
during summer 2021. Due to the low degree of SRC implementation, the group of experts
eligible for the subjective judgment of social impacts of SRC plantations is quite limited.
In order to obtain a view suitable to the political context of Eastern Europe, the interview
partner selection was narrowed down to this geographical region and similar management
practices (compare Table 4). Four semi-structured interviews, of approximately one hour
each, were carried out. The content of the interview guide was based on a pre-study,
prioritizing social aspects in SRC establishment [60] and certain literature, such as Ranacher
et al. [18] or Lindegaard et al. [61]. The interview guide was available in advance to the
interviewees, who participated voluntarily. Key aspects of the interviews covered financial
and non-financial benefits and costs or burdens, respectively, of SRC plantations related
to different stakeholder groups (industry, landowners or farmers, and the general society)
representing the social cost–benefit matrix, as methodologically proposed by Ziller and
Phibbs [59]. The matrix structure is intended to reflect on the consequences for different
stakeholder groups concerned [59]. Therefore, the results are presented in a matrix, build-
ing a network as the consequences are linked to the respective stakeholder groups. Based
on the statements given by the interviewed SRC managers, a deductive qualitative content
analysis was conducted.
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Table 4. SRC management and geographical information of chosen interviewees.

Interview
Partner

Operating
Country Ha Managed Tree Species

Managed

Rotation Period of
Managed

Plantations

SRC Experience
Since

A Slovakia 1300 Poplar 5 years 2015
B Poland/Romania 7000 Poplar, (Willow) 7–8 years 2011
C Hungary 3000 Poplar, (Black Locust) 5–20 years 2007
D Romania 800 Poplar, (Salix, Miscanthus) 10 years 2009

3. Results
3.1. Economic Analyses
3.1.1. Cost Analyses of Poplar SRC, Corn Maize and Winter Rye Production

To evaluate the profitability of marginal land use options, a cost analysis was per-
formed for the three selected scenarios. The total costs of the entire crop cycles of poplar
SRC plantations, corn maize and winter rye and the respective share of field work and
production inputs on the costs are shown from Tables S5–S7 in the Supplementary Ma-
terials. The corn maize production system shows with 14,191.00 euros ha−1, the highest
total costs, considered over a life cycle of 20 years, followed by the poplar SRC with
10,048.00 euros ha−1 and the winter rye production system with the lowest costs of produc-
tion of 8442.00 euros ha−1. For the poplar SRC production system, the land agreements
paid to the landowners, for permission to utilize the agricultural land, is the major cost
item at 25.70% of the total costs. The average agricultural land rent assumed for the annual
production system accounts for a much lower share of the total costs. This can be explained
by the fact that the land agreements partially stipulate obligations of the landowners to-
wards the land management organization and, respectively, compensate the long contract
periods with superior rental prices. The summarized overhead costs in the SRC production
system, including management of land development, insurances, etc., account for the
second highest cost factor with 20.29%, followed by the poplar rods as planting material
with 16.59%. For the annual crops, the seeds are one of the largest cost factors (corn maize
with 21.07% and winter rye with 10.23%). However, harvesting exceeds the costs of seeds
in the winter rye production system with 13.43%, but is counted as the third-largest cost
unit in the corn maize production system with 11.77%. The second-highest cost factor is
storage and drying of the harvested crop, which takes up 20.73% of the total costs.

3.1.2. Impact of Land Use Form on Economic Costs and Benefits and Regional
Value Creation

Based on the available data sources under the baseline scenario (assuming 4% discount
rate, including annual inflation and price increases), the economic estimations of cost–
benefits show a positive net present value (NPV) for all three land use forms. From an
economic perspective, all three scenarios are viable, bearing in mind that EU funding
partially supports profitability. The highest NPV can be achieved in the scenario of corn
maize production, followed by winter rye production and poplar SRC plantations. The
payback time for poplar SRC production is 14.13 years, indicating the time span needed to
recover the costs of investment (plantation establishment). For the annual crop production
scenarios, a payback time could not be calculated, as no initial capital investments were
assumed. For this reason, the internal rate of return (IRR) for the crop scenarios cannot be
determined either. The IRR for the poplar SRC production results in 9.35%. The Benefit–
Cost Ratio (BCR) indicates the ratio between output and input of one scenario. The highest
possible ratio between output and input is preferable. Regarding the BCR of the present
scenarios, winter rye production results in the highest ratio of 2.16, indicating a lower risk
of the investment compared to the other production forms, in the sense that less money has
to be invested to achieve the same output. The second-highest BCR was reached for corn
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maize crops, and the lowest for poplar SRC plantations. All economic results are compared
in Table 5 and Figure 1.

Table 5. Economic cost–benefit analyses for poplar SRC, corn maize and winter rye production
per hectare−1.

Land Use Scenario eNPV [€ ha−1] PBT [years−1] IRR [%] BCR [ratio]

Poplar SRC Plantation 2210.00 14.13 9.35 1.22
Corn Maize Crop 12,156.00 NA NA 1.86
Winter Rye Crop 9763,00 NA NA 2.16
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Figure 1. Presentation of the net present value (NPV) per area unit (ha) for (A) poplar SRC plantations,
(B) corn maize production and (C) winter rye production (negative NPV in red, positive NPV
in green).

Sensitivity analysis is carried out in order to reduce the uncertainty of several rather
unknown input parameters. The sensitivity of the eNPV is assessed on the largest input
parameters (compare Tables S5–S7) and varies from −50% to +50%, as shown in Figure 2.
The production of corn maize can yield higher profits but can also decline towards zero
if market conditions are uncertain. It is likely that corn production is more sensitive to
market prices than, for example, wheat production due to higher costs. However, in the
case of good weather conditions and good yields a positive market situation can result in
higher profits as well. If poplar market prices decrease too much, the NPV can actually fall
into a negative range. Market prices are the biggest uncertainty factor in all three scenarios
and are currently difficult to assess due to very volatile price developments. Apart from
market prices, subsidies are an important issue for the final NPV. However, profitability of
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poplar SRC plantations are not expected only due to subsidies. For all three scenarios, the
NPV can be kept in a positive range even without subsidies.

Forests 2022, 13, x FOR PEER REVIEW 11 of 20 
 

 

market conditions are uncertain. It is likely that corn production is more sensitive to 
market prices than, for example, wheat production due to higher costs. However, in the 
case of good weather conditions and good yields a positive market situation can result in 
higher profits as well. If poplar market prices decrease too much, the NPV can actually 
fall into a negative range. Market prices are the biggest uncertainty factor in all three 
scenarios and are currently difficult to assess due to very volatile price developments. 
Apart from market prices, subsidies are an important issue for the final NPV. However, 
profitability of poplar SRC plantations are not expected only due to subsidies. For all three 
scenarios, the NPV can be kept in a positive range even without subsidies. 

 
Figure 2. Sensitivity analyses of the major input parameters for the eNPV results of (A) poplar SRC 
plantations, (B) corn maize production and (C) winter rye production. 

By means of the applied method, regional value added of raw material extraction 
could be determined based on an individual organizational unit. Considering a time span 
of 20 years, the highest value added could be achieved by corn maize cultivation with 
10,841 euros ha−1, which corresponds to the NPV’s results. The possible regional input 
parameters were estimated, resulting in 56.5% regional share, including input of the 
defined region. The second-highest value added could be achieved from winter rye 
production, assuming a value added of 7973 euros ha−1 including a 48.5% regional share. 
Poplar SRC plantations, on the other hand, could achieve 1802 euros ha−1 value added, 
obtaining 51% of regional inputs. As most of the work is contracted out in the poplar SRC 
scenario, costs will increase, thus reducing the value added considerably, because not all 
of the contractors are within the defined region. The results for all three scenarios of the 
(regional) value added assessments are presented related to the NPV in Figure 3. 

Figure 2. Sensitivity analyses of the major input parameters for the eNPV results of (A) poplar SRC
plantations, (B) corn maize production and (C) winter rye production.

By means of the applied method, regional value added of raw material extraction
could be determined based on an individual organizational unit. Considering a time span
of 20 years, the highest value added could be achieved by corn maize cultivation with
10,841 euros ha−1, which corresponds to the NPV’s results. The possible regional input
parameters were estimated, resulting in 56.5% regional share, including input of the defined
region. The second-highest value added could be achieved from winter rye production,
assuming a value added of 7973 euros ha−1 including a 48.5% regional share. Poplar SRC
plantations, on the other hand, could achieve 1802 euros ha−1 value added, obtaining 51%
of regional inputs. As most of the work is contracted out in the poplar SRC scenario, costs
will increase, thus reducing the value added considerably, because not all of the contractors
are within the defined region. The results for all three scenarios of the (regional) value
added assessments are presented related to the NPV in Figure 3.
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3.2. Prediction of SOC Dynamics of Poplar SRC under Different Soil Conditions

The calibration of the RothC model to the Western Slovakian conditions was achieved
by integrating onsite climate conditions and iteratively calculating plant inputs to estimate
initial soil conditions (compare Figure S1 in the Supplementary Materials), which shows
the comparison between modelled and measured data. Calibration was reached when the
modelled SOC approximated the measured SOCin, with a root mean-square-error below
0.5. In Table 6, the initial carbon pool conditions for which the calibration was achieved
are presented.

Table 6. Initial carbon pools for the RothC calibration model.

Carbon Pool Initial Amounts (tC ha−1)

DPM 1.38
RPM 11.71
BIO 1.08

HUM 20.5
IOM 3.1

After calculating the initial carbon pools that allowed the calibration of the RothC-
26.3 model for Western Slovakian conditions, the impact of the SRC system for the different
soil conditions was assessed. The potential development of SOC levels for the SRC system
is presented in Figure 4. Starting from a measured initial SOC value of 37.8 tC ha−1,



Forests 2022, 13, 349 13 of 20

the calculations for all the scenarios estimate increasing (and a relatively similar) SOC
accumulation during the 20 years of SRC. Scenario S4, with the highest content of clay,
presents the highest SOC accumulation with an approximate increase of 35.48%. Scenario
S1 has the second-biggest increase with 30.68%, S3 and S2 show increases of 29.98% and
29.51%, respectively.
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3.3. Potential Social Benefits and Burdens of SRC Implementation

Expected social benefits and burdens through the implementation of a poplar SRC
production system in Western Slovakia were assessed by conducting qualitative interviews.
Based on the experience of the interviewed SRC managers, insights into perceived effects
as well as their anticipated consequences can be gained. All SRC managers mentioned
positive impacts on carbon sequestration, biodiversity and landscape fragmentation as the
most relevant effects related to SRC plantations. These effects are depicted in Figure 5, in
the bottom left quarter as non-financial benefits. Ecological benefits are expected from an
increase in biodiversity. Bearing in mind the global biodiversity loss and climate change,
SRC plantations may be one solution to reduce pressure on natural forests. The plantations
usually interrupt extensive agricultural areas under conventional cultivation. This land
fragmentation provides shelter for wildlife and birds, whereas insects benefit from a
reduced use of chemicals. As the plantations are suitable for deer, a positive effect for
hunters was mentioned by the interviewees. Another crucial aspect is the positive impact
on the micro-climatic situation near plantations, as they are expected to mitigate extreme
temperatures. A societal benefit is seen in possibilities for recreational activities within
the plantations, offering a “liveable space”. While these aspects are arguably valuable
for the entire society, the interviewees also emphasized the value for industry and for
farmers as well. Poplar plantations are thought to be suitable to climatically extreme
regions, as they are able to tolerate soil with high moisture content or flood-prone areas
more easily than annual crops. For the industry operating SRCs, an important benefit is the
increasing independency from the wood market and from fluctuating prices. Additionally,
the availability and the quality of the raw material is more predictable, and mechanically
advantageous properties are emphasized. For landowners or farmers SRC is seen as one
way of farm diversification. If annual crops are not profitable, or to level out seasonal
fluctuations, SRC might be an interesting option. Humus layer accumulation due to the
perennial crops is expected to be a long-term benefit for the farmer’s land. However,
successful establishment of SRC plantations is quite hampered by the poor societal image of
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the plantations (compare upper left quarter of Figure 5). Concerns among the society arose
regarding invasive species being planted on the plantations, which could cause allergic
reactions due to the dawn released by flowering poplars. The interviewees relativized
these concerns, as they assured that the plants are harvested before they reach maturity and
flower and pointed out strict requirements in most EU countries, limiting the establishment
of SRCs. Another burden for SRC establishment was the experience that trees had a
shading effect on neighbouring fields. Landowners or farmers who have the possibility to
engage in SRC may have concerns about the long-term contracts, which could become a
problem if they want to take advantage of the land in another way. They may also have
doubts considering responsibilities, especially for the recultivation of the land or damages
in the infrastructure due to heavy machinery. The financial burdens mentioned by the
interviewees are illustrated in the upper right quarter of Figure 5. In summary, next to the
expenditures for plantation establishment, ancillary expenses for land taxes, agreements,
FSC certification, membership fees in agricultural chambers and measures against game
damage have to be carried by SRC management organizations. Landowners and farmers
may have to face financial burdens if they are responsible for weed control or if they have
the opportunity for more profitable use of the land. However, a broader range of financial
benefits is anticipated by the interviewees, illustrated in the bottom right quarter of Figure 5.
For the industry adopting SRC production, monetary benefits are expected through the
FSC certified material, carbon credits, reduced transportation distances, subsidies and
levelling out price fluctuations of the wood market. In addition, the climatic resistance of
the plantations can affect the profitability positively. The industry seeks to be a reliable
financier for landowners and farmers or communities.

Forests 2022, 13, x FOR PEER REVIEW 14 of 20 
 

 

upper left quarter of Figure 5). Concerns among the society arose regarding invasive 
species being planted on the plantations, which could cause allergic reactions due to the 
dawn released by flowering poplars. The interviewees relativized these concerns, as they 
assured that the plants are harvested before they reach maturity and flower and pointed 
out strict requirements in most EU countries, limiting the establishment of SRCs. Another 
burden for SRC establishment was the experience that trees had a shading effect on 
neighbouring fields. Landowners or farmers who have the possibility to engage in SRC 
may have concerns about the long-term contracts, which could become a problem if they 
want to take advantage of the land in another way. They may also have doubts 
considering responsibilities, especially for the recultivation of the land or damages in the 
infrastructure due to heavy machinery. The financial burdens mentioned by the 
interviewees are illustrated in the upper right quarter of Figure 5. In summary, next to the 
expenditures for plantation establishment, ancillary expenses for land taxes, agreements, 
FSC certification, membership fees in agricultural chambers and measures against game 
damage have to be carried by SRC management organizations. Landowners and farmers 
may have to face financial burdens if they are responsible for weed control or if they have 
the opportunity for more profitable use of the land. However, a broader range of financial 
benefits is anticipated by the interviewees, illustrated in the bottom right quarter of Figure 
5. For the industry adopting SRC production, monetary benefits are expected through the 
FSC certified material, carbon credits, reduced transportation distances, subsidies and 
levelling out price fluctuations of the wood market. In addition, the climatic resistance of 
the plantations can affect the profitability positively. The industry seeks to be a reliable 
financier for landowners and farmers or communities. 

 
Figure 5. Perceived non-financial and financial benefits and burdens of poplar SRC plantations (the 
bigger the dots, the more often the effects were mentioned by the interviewees; the effects are 
concerning the stakeholder groups “Industry”, “Farmers/Landowners” and “Society”). 

  

Figure 5. Perceived non-financial and financial benefits and burdens of poplar SRC plantations
(the bigger the dots, the more often the effects were mentioned by the interviewees; the effects are
concerning the stakeholder groups “Industry”, “Farmers/Landowners” and “Society”).



Forests 2022, 13, 349 15 of 20

4. Discussion
4.1. Economic Performance

The results presented in the previous chapters show that poplar SRC plantations
are economically viable under the assumed parameters. However, with conventional
crop production, higher profits and value creation could be achieved. Increasing the re-
gional share in a value chain, or in the production processes under study, respectively,
can contribute significantly to sustainable regional development [62]. Under the analysed
scenarios, profitability of all three agricultural cultures can be assumed. Though, the po-
tential economic viability of SRC as a land use option is discussed quite controversially in
literature [12,16,17,63–65], compared to the average level of economic output per hectare of
utilized agricultural land in Slovakia with 52.00 euros ha−1 [6], the economic results ob-
tained would be satisfying. In particular, the establishment of SRC plantations on marginal
agricultural land is considered to be not economically feasible by some authors, for example
by Soldatos et al. [65], which was also pointed out by one interviewee. Other authors, like
Griffiths et al. [17], as well as SRC managers interviewed, believe that an economically sus-
tainable plantation development is possible. This hypothesis can be supported on the basis
of the current analyses as well. However, the economic performance of all three scenarios
is highly dependent on the development of the wood and crops wholesale market prices,
which agrees with the findings of Busch [66], Fuertes et al. [67] and Oliveira et al. [68]. With
the sensitivity analyses on hand, this effect can be also demonstrated and confirmed for the
SRC and crops scenarios. The raw material market prices are highly volatile, with signif-
icant price increases in recent times. Economic feasibility is a fundamental requirement
for investment projects. Thus, a long-term investment with longer payback periods such
as the SRC plantations are viewed more critically than annual crop cultures. Long-term
land contracts, which are essential for establishing SRC plantations, are one of the biggest
obstacles for farmers engaging in SRC projects [18]. Consequently, annual payments are
an important compensation [66]. This highlights the need to make project decisions not
only from a purely economic perspective (which is difficult to predict in many cases), but
to include environmental and social factors. Additionally, merely monetary considerations
cannot be generalized due to differences in prices and other regional disparities.

4.2. SOC as Environmental Benefit of SRC

The potential of carbon sequestration from SRC plantations was particularly empha-
sized by the interviewees. The SOC calculations reflect the potential accumulation of an
average increase in SOC by 29% during the 20 years of SRC poplar plantation. The impact
of clay content on SOC dynamics suggests that a higher SOC accumulation is expected for
soils with a higher content (as depicted by scenario S4). Soils with lower clay content and
higher permeability cause faster losses of organic matter and, consequently, lower SOC
accumulation. Such differences between the scenarios are evident after the first harvest
(approx. year 6 in Figure 4). Previous studies on SOC of SRC plantations have presented
similar result ranges of SOC accumulation for poplar [69] and other SRC species, such
as miscanthus and willow [70]. Nevertheless, the modelled SOC is highly dependent on
model input data (for example, plant input), thus highlighting the importance of SOC sam-
pling during the SRC plantation. In comparison to SOC development of grain maize and
winter wheat production in Slovakia, previous studies have reported a potential decrease
of −14 to −20% in a 60-year horizon under some climate conditions, without the input
of crop residuals [71]. The SOC accumulation in SRC systems can be rated as a benefit
due to its carbon storage potential and climate change mitigation effects—which, however,
to date is not yet being considered in monetary terms. Nevertheless, it is important to
reflect on impacts caused by the end of life (EOL) of the plantations. In a recent study by
Rowe et al. [25], the accumulated SOC in SRC systems was reversed by the reconversion
from SRC plantations to previous land use. SRC removal methods such as stump removal
decrease the carbon sequestered in the soil and thus diminish the potential climate ben-
efits of SRC systems. As for further research, SOC modelling can benefit from including
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experimental data on soil properties to further calibrate the carbon turnoff model, as well
as including soil sampling after the EOL to estimate the full cycle of SOC dynamics.

4.3. Social Benefits and Burdens of SRC

The suggestion to include social aspects into the assessment, as argued by authors
previously, was addressed in this study. Wolbert-Haverkamp and Musshoff [16], for
example, followed the idea to not only include the NPV for assessing economic viability
of SRCs, but also included a real options approach by taking into account further reasons
for decision making. Mainly, economic aspects as well as environmental sustainability are
considered with CBAs, where social sustainability is often underrepresented. Focussing
not on the sale of raw materials to a wholesale buyer, but rather on extending the value
chain with downstream refining processes within a certain region, will lead to further
value creation for the region. Particularly, rural job creation and the number of people
who might be involved in the production processes is of high relevance for the regional
value added [52], and cannot be ensured by raw material production alone, as elicited
in the interviews. However, all interviewees concurred that SRC plantations do create
jobs for the rural population, but in a limited, non-significant number, as only low labour
input is necessary. This reinforces the importance of capacity building in new land use
forms, like poplar SRC production. SRC plantations are considered to be one option of
agricultural diversification, which can lead to higher economic stability of the farms [72,73].
Furthermore, on-farm diversification can improve the resilience to climate change effects
and helps to manage labour demand peaks [72]. These aspects were deemed to be important
in the interviews as well, and highlight the importance of the production portfolio’s
composition rather than deciding which crop to cultivate. A frequently mentioned obstacle
for adopting SRC production is the criticism of land use competition. Societal concerns are
arising about SRC plantations competing with food production. None of the interviewees
perceived food security to be at risk in the Eastern European countries. This matches
the findings of Ajanovic [74], who stated that food prices are not influenced by feedstock
production (in terms of energy crops) as long as sustainability criteria are followed. Other
authors found that developing SRC on marginal land [75] and in compliance with EU
institutional settings [76] can meet the demand of agricultural wood in a sustainable manner.
Increasing biodiversity was found as one major non-monetary benefit in the interviews,
and was also previously stated by O’Brien and Bringezu [76] to be an important factor in
shifting timber extraction from biodiversity-rich forests to biodiversity-poor cropping sites.
Site experiments in Western Slovakian SRC plantations, however, indicate an increase in
biodiversity value compared to previous annual cultivation [77].

4.4. Limitations of the Study

The socio-economic methodology of comparing annual with perennial crops needs to
be discussed and further developed. The poplar SRC scenario may lack in higher NPV and
value added results as contracted work steps will increase costs, thus reducing the economic
results considerably. Nonetheless, it provides detailed insights into the consequences of
changing to SRC plantations, which are strongly dependent on local conditions. Moreover,
it must be considered that the same annual crop species cannot be grown continuously on
the same field for 20 years in a real case scenario. In order to preserve fertility of the soil,
crop rotation will be essential.

5. Conclusions

Agricultural investment decisions are often based on sole economic viability, which is
highly volatile depending on the underlying market conditions. With the study of switch-
ing from annual crops production to a perennial poplar SRC plantation, the sustainability
performance of three resource options could be compared. Herein, wood production is
seen as an alternative to conventional wood logging from forests, which is subject to on-
going discussions. From an economic point of view, SRC plantations are viable under the



Forests 2022, 13, 349 17 of 20

assumed conditions, but cannot compete with the annual crops corn maize and winter
rye; thus, these options benefit from lower investment risks. Therefore, additional aspects
must be anticipated for the establishment of poplar SRC plantations. The method of CBA
is used, as it is intended to assess welfare effects of projects—consequently, it is imper-
ative to keep in mind that welfare cannot be captured solely through economics. Social
and environmental advantages and disadvantages of projects, especially, often cannot be
adequately represented by monetary assessments. However, following the approach of
subsequential analyses by supporting CBA with quantitative SOC assessment and qualita-
tive social considerations in this study, it becomes evident how important it is to consider
and anticipate environmental as well as social benefits. Likewise, awareness for expected
risks and detrimental effects can be raised and, therefore, may be addressed in further
project development. If environmental aspects would be subject to mandatory pricing in
the future (such as a CO2 tax, which is already under discussion), the economic results
of such projects are expected to change fundamentally. Such pricing for environmental
impacts may also be discussed for the social dimension, and could be an opportunity for
higher sustainability in future projects.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.339
0/f13020349/s1, Table S1: Data and costs of poplar SRC Production assumed for the analyses, Table S2:
Data and costs of corn maize production assumed for the analyses, Table S3: Data and costs of winter
rye production assumed for the analyses, Table S4: Climate data used for Carbon turnover model,
Table S5: Share of total discounted costs of poplar SRC production system, Table S6: Share of total
discounted costs of corn maize production system, Table S7: Share of total discounted costs of winter
rye production system, Figure S1: Calibration of RothC model for poplar SRC in Western Slovakia.
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