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POLICY ANALYSIS OF PERENNIAL ENERGY CROPS CULTIVATION AT THE FARM
LEVEL: THE CASE OF SHORT ROTATION COPPICE IN GERMANY

Abstract

Perennial energy crops, in particular short rotation coppice (SRC), have gained an interest
among both farmers and policy makers. SRC is characterized by fast growing nature, low-
input production and managerial flexibility. In addition, SRC provides environmental benefits
compared with competing crops and is essential for the transition process towards renewable
energy sources. Yet, the combination of high irreversible costs and uncertainties hampers
SRC adoption by farmers. Currently implemented policy instruments have failed to foster
SRC adoption. Although a number of policy instruments have been discussed in the literature,
there is a lack of studies providing a comprehensive policy analysis. We contribute filling this
gap by assessing different policies in terms of their efficiency and farm-level effect, using the
real options theory and hence taking into account uncertainties related to SRC cultivation. In
particular, we analyse four policy instruments toward SRC cultivation, such as a planting
subsidy, a price floor, a fixed price, and increasing the “Ecological Focus Area” weighting
coefficient. Our results show that the recently implemented planting subsidy could indeed
create incentives to adopt short rotation coppice by causing a substantial increase in farm
income. However, the other policy instruments are more efficient in terms of their effect on
biomass production and related governmental expenditures. We conclude increasing the
“Ecological Focus Area” weighting coefficient to be the most promising instrument.

Keywords
Biomass, policy regulation, real options, stochastic programming, uncertainty

1 Introduction

In the light of increasing global energy demand, non-fossil energy sources including
bioenergy become of great importance in various countries (ZEDDIES et al. 2012:7). This is
particularly the case for Germany, where the transition process towards renewable energy
sources is called Energiewende (BUNDESREGIERUNG 2017b), in the context of which biomass
is considered as the most important energy source (BUNDESREGIERUNG 2017a). However,
existing biomass programs based on traditional field crops are found to provide limited (if at
all) environmental benefits, while being expensive (e.g. BRITz and HERTEL (2011); BRITZ and
DEeLzeIT (2013)). Therefore, short rotation coppice (SRC) has gained an interest as a source of
biomass; the most popular one in Germany is poplar (HAUK, WITTKOPF, and KNOKE
2014:406). SRC as a perennial crop provides environmental benefits compared to traditional
arable field crops such as reduction of soil erosion, increase in biodiversity and landscape
diversity (RokwoobD 2014:5-6). Using fast growing trees and being not clear-cut, SRC can be
harvested several times with the intervals between two and five years' during its lifetime of
up to 20 years®. Additionally, SRC is usually harvested in winter season, when the labour
resources are not binding. Based on that management flexibility, the main economic
advantage of SRC is low competition with other crops for farm labour (FAASCH and

! Flexibility in harvesting interval depends on the end product. We restrict ourselves to the most common end
product in Germany, namely wood chips, and therefore to the harvesting interval from two to five years.

2 According to the FEDERAL FORESTS ACT (1975), short rotation coppice or any perennial crop, rotated longer
than 20 years and intended for logging, is recognized as forest, such that a re-conversion into farmland is
legally complex.



PATENAUDE 2012). However, SRC is not attractive for farmers under current German market
conditions (see e.g. MussHOFF 2012; SCHWEIER and BECKER 2013; KOSTROVA et al. 2016).
Considerable risks associated with SRC production due to volatile energy (i.e. output) prices
combined with high irreversible planting and reconversion costs of SRC has been identified
as major adoption hurdle (HAUK, KNOKE, and WITTKOPF 2014; WOLBERT-HAVERKAMP and
MussHOFF 2014). As a consequence of limited attractiveness, in Germany only about 5’000
hectares are currently cultivated (BEMMANN and KNusT 2010), out of more than two Mio.
hectares of potential area (AusT et al. 2014).

In order to increase the adoption of bioenergy crops by farmers, a large set of different policy
instruments have been either introduced or discussed in the literature (see e.g. MOLA-YUDEGO
and ARONSSON (2008); FAAscH and PATENAUDE (2012); HAuUK, WITTKOPF, and KNOKE
(2014); WiTzEL and FINGER (2016) for overviews and examples). Despite the potential
relevance of SRC and the inability of current policies to foster large scale SRC adoption, there
is a lack of studies presenting structured comparisons of the effectiveness, efficiency and
farm-level effects (e.g. on income) of different policies. In this paper, we aim to contribute
filling this research gap. To this end, a farm-level analysis that accounts for the effects of
uncertainties on farmers’ investment decision using real option theory is used to assess
different policies to increase the adoption of SRC. We present a unique framework which
allows an analysis and comparison of policies across various dimensions, such as SRC
production, governmental expenditures and farmers’ income. We use a case study in
Mecklenburg — Western Pomerania (Germany), a region highly suitable of SRC cultivation
and with large interest of policy makers to foster SRC adoption.

In order to identify most promising policy measures to be included in our analysis, we used a
literature review to identify existing instruments for SRC and other perennial bioenergy crops
and policy measures that are suitable to reduce the uncertainties hampering the investment
decisions of farmers. These policy measures can be classified into large scale policies that
target the economy at large, e.g. the taxation of (MOLA-YUDEGO and ARONSSON 2008) and
the quota for fossil energy sources (MITCHELL 2000), or investment in research (e.g. WITZEL
and FINGER 2016), or policies that are targeted at the farm-level. Our analysis focusses on the
latter. A better understanding of farm-level decisions and policy effects can contribute to
improve large scale models in subsequent steps. A set of four policy measures has been
identified: (i) environmental requirements (e.g. LINDEGAARD et al. 2016), (ii) planting
subsidies (currently introduced in Germany (e.g. MLU-MV 2015)), (iii) guaranteed prices
(MITCHELL, BAUKNECHT, and CONNOR 2006; FEIL, MURHOFF, and ROEREN-WIEMERS 2013),
and (iv) price floors (FEIL, MUSSHOFF, and BALMANN 2013).

The remainder of the article is structured as follows. First, the methodological approach
including the farm-level optimization model and the specifics of the policy scenarios used are
described. Second, the case study and data used are sketched. Third, results are presented and
discussed. Fourth, policy conclusions are drawn.

2 Methodology

We simulate farm-level decisions related to SRC cultivation under different policy
instruments, using the mixed integer linear programming farm-level model of SRC planting
and cultivation developed by KosTROVA et al. (2016). Based on real options analysis, it
combines Monte-Carlo simulation, a scenario tree reduction technique and stochastic
programming. The model is advantageous, because it considers the full managerial flexibility
of SRC cultivation and takes into account farm-level land and labour endowments and
constraints, as well as interaction of SRC with competing crops. It depicts three alternative
land use activities besides SRC: two annual crops, one of which is more labour intensive and
also more profitable, and set-aside land. The latter is introduced to fulfil the so-called



“Ecological Focus Area” (EFA) requirements according to the latest Common Agricultural
Policy reform. According to this requirement, large arable farms need to devote 5% of their
farmland to EFA, for which SRC is eligible in Germany with a factor of 0.3 (BMEL 2015).
Set-aside land is treated as risk-free while SRC cultivation faces stochastic output prices for
SRC.

Besides introducing the four policy instruments, we modify the basic model by considering
not only stochastic SRC output prices, but also stochastic gross margins for annual crops due
to price and yield variability. For simplicity, we model only one stochastic process for the
gross margin of arable crops based on a single mean-reverting process in natural logarithms.
The simulated level for each node in the scenario tree is then modified with a simple fixed
factor for each of the two crops. A correlation coefficient p between the price of SRC biomass
and the gross margins of alternative crops enters the stochastic processes as follows (see e.g.
SCHWARTZ and SMITH (2000:896)):

dP; = uspc (Osgc — Pr)dt + ogpcdWSRE

@
dGMt = ‘Llc(ec — GMt)dt + pO'CthSRC + 4/ (1 - pz)UchtC

where

P, — price of SRC biomass in the period ¢;

GM, — gross margin of alternative crops in the period ¢;

Usre and uc — speed of reversion of the respective stochastic process;

Osrc and 6. — long-term average price of SRC biomass and gross margin of alternative crops respectively;
asgc and o — volatilities of SRC biomass price and gross margin of alternative crops respectively;

dWSRE and dW,€ — standard independent Brownian motions;

p — correlation coefficient between these two Brownian motions.

The two stochastic processes yield for each draw both a SRC biomass price and gross margin
of alternative crops which are assigned to the nodes of the scenario tree. The tree is next
reduced with SCENRED2 (GAMS 2015).

In our analysis, we compare four policy measures promoting adoption of SRC in different
intensities to a business-as-usual (BAU) scenario without policy interventions besides the
EFA weighting coefficient of 0.3. Two of the policies — a planting subsidy and increasing the
EFA weighting coefficient — are chosen as they already exist and are proposed in literature.
The remaining two — a price floor and a fixed price for SRC biomass — address SRC market
risk discussed as a major adoption hurdle.

In order to assess the instruments, SRC biomass produced and farm profits are simulated by
the model, while governmental expenditures are defined as follows. For a planting subsidy,
the per hectare subsidy is multiplied with the expected planted area. For a price floor,
expected harvested SRC biomass is multiplied by the difference between the price floor and
the market price, if the latter undercuts the floor. The latter condition is dropped for a fixed
floor such that expenditures might be positive or negative. Finally, we assume no
governmental expenditures for changing the EFA weighting coefficient. The effect on the
farm income is equal to the difference of the net present value of the overall farm with a
policy instrument, compared with the net present value under the BAU scenario. The
absolute® difference between a change in farm income and the respective governmental
expenditures provides the policy instrument’s transfer efficiency, i.e. how much farm income
is generated from governmental expenditures. Note that a policy instrument might be applied
not regularly and to different land areas; hence, for the sake of clarity we leave all the metrics
as total values, i.e. related to the whole farm for the overall time horizon and the total
farmland area.

* Due to no governmental expenditures related to increasing the EFA weighting coefficient, relative difference
would have deteriorated the comparison of transfer efficiency between different policy instruments.



We assess the instruments based on the metrics proposed by CRABBE and LEROY (2012:5), i.e.
(i) policy performance, expressed by governmental expenditures; (ii) policy outcome,
expressed by additional farm income; and (iii) produced SRC biomass, as well as (iv) land
area devoted to SRC. In addition, we check (v) how efficient the governmental expenditures
are transformed into additional farm income.

3 Case Study and Data

Our case study is a farm in the German federal state Mecklenburg — Western Pomerania.
Existing support for SRC planting in the region is threefold. First, SRC plantation is
recognized as agricultural land and is therefore granted with the direct payments*. Besides,
SRC plantation can be recognized as “Ecological Focus Area” with a factor of 0.3, as
mentioned above. While the first two support instruments are national ones, the third one,
namely (partly) subsidized planting costs, is only found in some federal states and applied
since 2015. Specifically, if the total planting investment exceeds 7500 €, up to 40% of it and
at most 10 hectares® are subsidized with 1200 euro per hectare (€/ha) (MLU-MV 2015). For
the sake of simplicity we model the planting subsidy per hectare of SRC plantation without
any other requirements and constraints. However, we check different subsidy amounts which
could result from additional constraints. Table 1 summarizes the policy instruments and their
intensities that are chosen for the analysis.

Table 1: Policy instruments and their different intensities chosen for the analysis

Intensities
The EFA weighting coefficient [0;1] 0.3;0.4;0.5
Planting subsidy, euro per hectare (€/ha) 500; 1000; 1200; 1500
Fixed price of SRC biomass, euro per ton of dry matter yields (€/t 50: 55 60
DM) T
Price floor for SRC biomass, €/t DM 30; 40; 50

The mean-reverting process (MRP) for SRC biomass prices is adopted from MUSSHOFF
(2012) (as cited in KOSTROVA et al. 2016). The parameters for gross margins MRP were
estimated using the data from the CAPRI (2017) model for gross margins of arable land in
Germany in 1993-2012 and following the procedure described in MussHOFF and HIRSCHAUER
(2011:271-273). Table 2 summarizes the two stochastic processes.

Table 2: Parameters of the two stochastic processes.

Parameters of the mean-reverting process for
Natural logarithm of SRC Natural logarithm of gross
biomass price margins of annual crops
Starting value 3.92¢ 6.50°
Long-term mean 3.92° 6.02°
Speed of reversion 0.22 0.32
Standard deviation 0.22 0.28
?Is equal to ca.50 euro per ton of dry matter yields (€/t DM)
®50 €/t DM
©663 euro per hectare (€/ha)
9413 €/ha

Source: MUSSHOFF (2012) (as cited in KOSTROVA et al. (2016)), CAPRI (2017)

* Hence, in our settings the direct payments are applied to all of the competing crops and therefore do not
influence the farmer’s decision. In this regard, the direct payments are excluded from the model.
® An additional requirement — min. 3000 trees per hectare (MLU-MV 2015).



Taking into account that energy crops compete with alternative crops for agricultural land
(FRITSCHE, SiMs, and MoNTI 2010; SONG, ZHAO, and SWINTON 2011:770)%, we assume a
positive correlation p of 0.2 (see Eqg.1) between the two Brownian motions. The gross
margins obtained from the respective stochastic process enter the model with the coefficients
1.1 for the more profitable crop and 0.9 for the less profitable one.

Moreover, we assume having land plots of predefined sizes that provide a total land
endowment of 100 ha. The farmer decides about each plot whether to convert it into SRC.
Hence, the land area under SRC is not fractional, but rather can be adjusted in a 10 ha step,
i.e. 0, 10, 20, ...100 ha. Planting of SRC can be postponed for maximum of four years or
never exercised. Each harvesting can be exercised from two to five years after planting or
latest harvesting. The maximum age of SRC plantation is restricted by 20 years, although an
earlier reconversion back to annual crops is possible. The time horizon is therefore 24 years
(see KOSTROVA et al. (2016) for details). For the sake of simplicity we assume risk neutrality
of the farmer and hence use a market discount rate of 3.87% (MussHOFF 2012 (as cited in
KOSTROVA et al. 2016)). Following the procedure suggested by KOSTROVA et al. (2016:8-9),
we select 200 final leaves in the scenario tree as a trade-off between speed and accuracy.

4 Results and discussion

Preceding the analysis of the policy instruments, the results obtained under the BAU scenario
are worth additional comments. Although the farmer seems to adopt SRC (expected area
under SRC is 7.1 ha), planting is not exercised immediately, but once the market conditions
would be favourite enough to initiate planting, i.e. in later periods. Those favourite market
conditions do not happen with probability of 15%. With the remaining 85% the farmer will
introduce SRC in one to three years from now, i.e. the decision is postponed. This is crucial
for further understanding. Operating in the stochastic environment, we provide the expected
outcomes, while the actual behaviour and effects of policy instruments depend on the state-of-
nature.

The results reveal that policy instruments’ performance differs by intensity and metric how
the policy effects are measured. A fixed price and increasing the EFA weighting coefficient
show a rather non-elastic response to biomass production when they are increased (Figure 1).
In contrast, a planting subsidy and a price floor have an elastic effect: even a rather moderate
adjustment of those policy measures can provoke larger differences in biomass production.
For instance, a price floor of 50 €/t DM has one of the largest positive effect on expected
biomass production, while a 30 €/t DM has the smallest one. Comparing the policy
instruments in terms of their effect on farm income, a planting subsidy and increasing the
EFA weighting coefficient are the most efficient (Figure 1a). The income effect of a price
floor is weaker for the same increase in biomass production. A fixed price is the only policy
measure with a potential negative effect on farm income by eliminating not only downward,
but also upward price risk. As real option analysis considers management flexibility, income
gains from an upward price movement are systematically higher than income losses from
downward movements of the same size. A fixed price of 50 €/t DM, which is equal to both
the starting value and the long-term mean of the respective mean-reverting process, does not
influence the price expectation, but eliminates any price risk related to SRC cultivation. The
option value to wait related to SRC depends now only on the remaining stochastic process for
gross margins of annual crops and turns to be zero. This leads to immediate introduction of
SRC and no benefits from managerial flexibility. Note that management flexibility does not
only relate to postponed planting or earlier re-conversion, but also to adjusting the harvesting
period to expected prices. The negative effect on farm income of a fixed price is stronger than

® There is no clear reference in the literature about the sign and the value of the correlation coefficient between
SRC biomass price and gross margins for annual crops.



some limited government gains (Figure 1). To this end, considering both fluctuations and
expectations is essential for a proper policy analysis. Risk reducing policy instruments should
differentiate impacts of down- and upside risk as well as aim at optimal intensity of risk
reduction, in order to avoid potential negative effects on farm income or unnecessary
government spending.

Figure 1. Effect of different policy instruments on farm income (a), governmental
expenditures (b), and biomass production, compared with the business-as-usual (BAU)
scenario. The intensity of each policy measure is indicated next to the corresponding
points.
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With no additional governmental costs, increasing the EFA weighting coefficient is a quite
inviting measure. It brings set-aside land otherwise not used for biomass production into an
extensive production system which is often depicted as beneficial for other ecosystem
services such as bio-diversity. Our analysis suggests that already considering 0.5 ha of SRC
land equivalent to 1 ha set-aside has the largest impact on farm income and also leads to one
of the highest increases in biomass output compared to any other considered measure at any
intensity level. These positive effects are linked to the fact that competition for land is
reduced when the EFA weighting factor is increased. Furthermore, as stated above, SRC
requires little farm labour, while, necessary operations in SRC can be conducted outside of
typical labour peaks on farms. SRC production hence has a minor if at all impact on labour
competition on farm, such that indeed mostly land competition matters. Here, the other policy
instruments perform worse than EFA as they require more arable land for SRC. Hence, under
these instruments, the manifold disadvantages found for the first generation biofuels or biogas
production from silage maize would also hold to a large degree for SRC. Larger EFA
weighting coefficients can reduce these impacts; a factor of unity (not considered in here)
would remove them fully.

If increasing the EFA coefficient is not possible, a price floor requires less budget compared
to a planting subsidy to stipulate the same increase in SRC biomass produced. But a price
floor also leads to lower additional farm income. That effect increases if a higher increase in
biomass is targeted (Figure 2). Clearly, a price floor has other disadvantages. It requires that
some government agency acts directly or indirectly as a buyer in markets. Furthermore,
government expenditures cannot be planned in advance as the government takes over the
price risk and such policy can affect strategic decisions by market actors. Not at least, the
program must be maintained over the full lifetime of the subsidized plantations.

The disadvantages of a price floor hold even more for a fully fixed price, which is
additionally characterized by low transfer efficiency, as it removes the benefits of managerial
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flexibility in SRC planting and harvesting as discussed above. However, both a price floor
and a fixed price address market risk as a potential hurdle to adopt SRC plantation. For
example, for other renewable sources (solar, wind, and biogas), the guaranteed input prices
under the German Renewable Energy Act has been found a highly relevant instrument to
stipulate adoption (MITCHELL, BAUKNECHT, and CONNOR 2006; FEIL, MUBHOFF, and ROEREN-
WIEMERS 2013). However, in these cases, electricity was produced such that legislation could
set-up mechanisms to charge the costs of the program to the final electricity consumers. That
was thought as additionally beneficial as it raises the costs of electricity which can foster
energy saving measures and help to reduce fossil energy use further. Driving up final demand
prices for woody biomass would not make sense, as the market for wood products such as
heating with wood chips or non-traditional use of woody biomass needs to be developed in
parallel to the primary production side (see e.g. Rokwoob 2014). Accordingly, both a price
floor and fixed prices are hardly promising measures, especially given past experiences with
guaranteed prices for agricultural outputs.

Figure 2. Effect of different policy measures on expected area under SRC and the
difference between the effects on the farm income and governmental expenditures,
compared with the business-as-usual (BAU) scenario. The intensity of each policy
measure is indicated next to the corresponding points.
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It is often argued that SRC requires coordinated action at regional scale (RokwoobD 2014), for
instance, to ensure that service contractors invest in quite expensive harvesting equipment and
investors set-up processing facilities to produce wood chips from SRC biomass. The different
actors of the not yet existing supply chain might be trapped in a kind of a prisoner’s dilemma
as waiting can turn out as the optimal strategy for anybody. Farmers, to give an example,
might not invest as they have no partners to market their products nor can hire contactors to
harvest their plantations. Here, a planting subsidy might help if it is only granted for a limited
period and/or on a first-come-first-serve basis to increase the costs of waiting. A first-come-
first-serve-basis allows furthermore setting an upper limit on maximal spent. It is also does
not require market interventions such as price floor. It might hence be seen as a complement
to an increase of the EFA weighting factor.

5 Conclusion

SRC provides multiple environmental advantages and benefits to the transition process
towards renewable energy, while affecting the farm income. Comparing policy instruments
based on a number of efficiency metrics provides a comprehensive analysis, yet the final
decision about policy regulation and its intensity requires determining relative weights for the
metrics, i.e. setting out priorities among increase in produced biomass and additional land
area, effect on farm income, and governmental expenditures. Determining a trade-off between



the requirements and causes of policy regulation is allied to the issue of societal aims, which
Is beyond the focus of the paper.

We find the policy instruments’ efficiency and performance to differ by intensity of the
measures and metrics used to assess their effects. Putting the focus on area under SRC and
produced biomass, a high price floor and a fixed price are the most efficient instruments.
However, both have a low or even negative effect on additional farm income. Moreover, a
price floor and a fixed price are related to substantial transaction costs, such as involving the
state as a trading agent or sustaining the regulation over the whole lifetime of a SRC
plantation. Also, taking into account the previous experience, both instruments are rather not
promising. A planting subsidy is indeed an effective policy instrument in terms of its effect on
both biomass production and farm income due to reduction of irreversible costs related to
SRC planting. This hints that the planting subsidy, recently introduced in some German
federal states, can create additional incentives for farmers to adopt SRC. The incentives to
introduce SRC caused by a planting subsidy could be additionally increased if the total
amount of subsidies is restricted or/and if it is granted for a limited period of time. However,
increasing the EFA weighting coefficient up to 0.4 would have led to a similar effect on farm
income and biomass production without any governmental expenditures. In general,
increasing the EFA weighting coefficient is identified as the best option. More specifically, it
implies zero governmental costs, the largest positive effect on farm income, and a substantial
increase in biomass production. Since the policy instrument only reduces the competition for
land resources between SRC and annual crops, addressing neither the sunk costs nor the risk
associated with SRC cultivation, it might be combined with other policy instruments, in order
to achieve even larger positive effect.

Our results also show that taking into account uncertainties and their effect on investment
decisions is essential for a proper policy analysis of perennial energy crops. As was
demonstrated in the example with a fixed price, neglecting fluctuations might obscure the
effect of managerial flexibility on farm behaviour and income. Although a high risk related to
SRC cultivation is often discussed in the literature as one of the main factors preventing SRC,
our results show that the risk can increase the temporal flexibility in managing the SRC, while
its complete elimination might lead to a lower farm income.

This paper focuses on policy instruments targeted at the farm level. Our findings contribute to
understand the farm behaviour and can be used for policy analysis on a larger scale. Future
research hence might be conducted in multiple directions. First, the model can be further
specified, e.g. introducing transaction costs of policy implementation. Second, the effect of
risk preferences can be evaluated. Third, combinations of different policy instruments can be
considered. Next, the model can be extended to a macro-level, quantifying the effect of
bioenergy policy on traditional agricultural crops and on energy market, as well as analysing
interregional policy regulation. Finally, alternative renewable (bio)energy sources can be
compared with SRC in terms of their response to policy instruments.
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