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Policy analysis of perennial energy crops cultivation at
the farm level: the case of short rotation coppice (SRC)

in Germany

Alisa Spiegel, Wolfgang Britz, Utkur Djanibekov, Robert Finger

Abstract

Perennial energy crops such as short rotation coppice (SRC) have gained interest
among both farmers and policy makers. SRC is characterized by fast biomass
production, low-input use and high managerial flexibility. In addition, SRC
provides environmental benefits compared with competing crops and contributes
to the transition process towards renewable energy sources. Yet, the combination
of high irreversible costs and uncertainties hampers SRC adoption by farmers.
Policy instruments that are currently implemented to foster SRC adoption in
Germany show limited success. In this study, we therefore assess different policy
measures to incentivize the adoption of SRC in terms of their efficiency and
farm-level effect while taking into account uncertainties related to SRC
cultivation. We use the combination of the stochastic programming and the real
options approaches. Our case study focuses on poplar production in Germany.
We analyse four policy measures to foster SRC cultivation, i.e. a planting
subsidy, a price floor, a guaranteed price and increasing the “Ecological Focus
Area” (EFA) weighting coefficient within the Common Agricultural Policy of
the European Union. Our results show that the recently implemented planting
subsidy could create incentives to adopt SRC by leading to a substantial increase
in farm income. However, increasing the EFA coefficient and a price floor are
more efficient in terms of governmental expenditures; while a guaranteed price

triggers immediate introduction of SRC.

Keywords: biomass; policy regulation; stochastic programming; uncertainty
JEL classification: C63, Q12, Q15, Q18, Q28, Q42, Q48
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1 Introduction

In the light of increasing global energy demand, non-fossil energy sources
including bioenergy become of growing importance (Zeddies et al. 2012, p.7;
Muehlenhof 2013, p.16). This is particularly the case for Germany, where the
transition process towards renewable energy sources is strongly supported by
legislative changes. In that so-called called Energiewende (Bundesregierung
2017a) biomass' is considered as one of the most important energy sources
(Bundesregierung 2017b). However, existing biomass programs based on
traditional field crops such as maize or rapeseed are found to have limited
environmental benefits, while being costly in terms of governmental expenditures
(e.g. Britz and Hertel 2011; Britz and Delzeit 2013). Therefore, short rotation
coppice (SRC) has gained an interest as a source of biomass; with poplar
cultivation being most popular in Germany (Hauk, Wittkopf, and Knoke 2014,
p.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 (Rokwood 2014, pp.5-6). Using fast growing
trees and being not clear-cut at harvest, SRC can be harvested several times with
the intervals between two and five years? during its lifetime of about 20 years®.
Additionally, SRC is usually harvested in winter season, when on-farm labour
resources are more easily available. The main economic advantage of SRC is hence

low competition with other crops for farm labour (Faasch and Patenaude 2012).

! See Brosowski et al. (2016) for a comprehensive overview of potential and utilization of biomass in
Germany.

2 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.

% 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.
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However, German farmers do not plant SRC under current market conditions
(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 hurdles (Hauk, Knoke, and Wittkopf 2014; Wolbert-
Haverkamp and Musshoff 2014). As a result of limited economic attractiveness,
SRC is cultivated only on about 5’000 hectares in Germany (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
policy instruments have been proposed and discussed (see e.g. Mola-Yudego and
Aronsson 2008; Faasch and Patenaude 2012; Hauk, Wittkopf, and Knoke 2014;
Witzel and Finger 2016). However, despite the inability of current policies to foster
larger area of SRC adoption, there exists no structured comparison of different
policy instruments with regard to their performance (e.g. related governmental
expenditures), outcome (e.g. energy output), and farm-level effects (e.g. on
income). We aim to fill this research gap by using a farm-level analysis that
assesses different policies to increase the adoption of SRC. We incorporate the
importance of risks for farmers’ investment decisions into SRC using the
combination of the real option and stochastic programming approaches. Our
framework allows an analysis and comparison of policies across various
dimensions, including additional bioenergy production, governmental expenditures
and farmers’ incomes (based on Crabbé and Leroy (2012, p.5)). We use a case
study in Mecklenburg — Western Pomerania (Germany), a region highly suitable
for SRC cultivation and with large interest of policy makers to foster SRC

adoption.

In order to identify the most promising policy measures, we conducted a review of
studies on existing instruments supporting SRC and other perennial bioenergy
crops as well as more generally policy measures reducing uncertainties hampering
investment decisions of farmers. These policy measures can be classified into (i)

cross-sector instruments such as taxation or quotas for fossil energy use (Mitchell
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2000), (ii) investment in research (e.g. Witzel and Finger 2016), and (iii) farm-level
policy measures. Our farm-scale analysis focuses on the latter because
quantification of farm-level decisions and their impacts is the necessary basis for
subsequent analysis at higher scale and across sectors. More specifically, we
identify four relevant policy measures: (i) environmental requirements within the
Common Agricultural Policy (CAP) of the European Union (e.g. Lindegaard et al.
2016), which favour SRC over conventional arable crops, (ii) planting subsidies,
which were recently introduced in our study region (MLU-MV 2015), as well as
(iii) guaranteed prices (Mitchell, Bauknecht, and Connor 2006; Feil, MuRhoff, and
Roeren-Wiemers 2013) and (iv) price floors (Feil, Musshoff, and Balmann 2013)
for SRC biomass.

The remainder of the article is structured as follows. Having described the
methodological approach including an overview of the farm-level optimization
model, data, and details of the analysed policy scenarios, we present the results and

discuss them. Finally, policy conclusions are drawn.

2  Methodology and Data

2.1 Characteristics of SRC and the resulting simulation model

Short rotation coppice (SRC) is characterized by (i) partly irreversible costs of
planting and harvesting; (ii) risks throughout the lifetime horizon; and (iii)
temporal and spatial flexibility related to planting, harvesting and reconversion.
These three aspects imply the existence of an option value, i.e. potential incentives
of a farmer to wait and make an investment decision depending on the future
states-of-nature (Pindyck 2004, p.199), which is captured by the real options
theory. These conceptual advantages of the real options theory over the classical
net present value approach for analysis of SRC adoption is also supported in the
literature (Hauk, Knoke, and Wittkopf 2014; Fleten et al. 2016). However, the real
options approach has been employed so far to analyse policy interventions

supporting renewable energy on national level (Boomsma, Meade, and Fleten
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2012; Haar and Haar 2017). In contrast, we simulate farm-level decisions related to
SRC cultivation under different policy instruments.

Our analysis assumes a farmer managing 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 5 ha step, i.e. 0, 5, 10, ...100 ha. Planting of SRC on each plot
is considered as an option that can be postponed for a maximum of three years or
never exercised. Each harvesting can be conducted from two to five years after
planting or latest harvesting. As mentioned above, the maximum age of a SRC
plantation is legally restricted to 20 years, although an earlier reconversion back to
annual crops is possible. The time horizon is therefore 24 years (Fig.1). Our model
hence considers full managerial flexibility of SRC cultivation, i.e. (1) postponing
the decision of setting up the plantation on each plot, (2) investing in different
sized plantations by converting different plots, (3) reconversion of the plantation
before the maximal age of the plantation is reached, and (4) flexible harvesting

intervals.

Land not converted into SRC is devoted to alternative farm activities (as fractional
shares). Constraints capture competition for land and labour endowments between
SRC and alternative land uses: two annual crops, one of which is more labour
intensive and more profitable, as well as set-aside land. The latter is introduced as
an option to fulfil the “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 (BMEL 2015). Here,
each hectare of set-aside land counts with a factor of 1. In contrast, SRC land or
catch crops combined with arable crops are considered with a factor of 0.3 (BMEL
2015). However, since catch crops are planted in winter season (Pe’er et al. 2017,
Table 1), they are assumed to not compete for land and labour with other crops.
Figure 1 visualizes the competition of different farm activities in our model over

the considered time horizon.
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Figure 1: Overview of the dynamic farm-level model, included decision variables,
and assumed parameters
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As depicted in Figure 1, we assume that output prices of SRC and gross margins of
arable crops are stochastic. 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 (Schwartz and Smith
2000, p.896):

dP; = uspc(Bspc — Pr)dt + agpcdWRC
1)
dGMt = ,Uc(ec — GMt)dt + pO'CthSRC + 4/ (1 - pz)O'CthC

where

t —years

SRC - short rotation coppice

C — alternative crops (annual crops)

P, — price of SRC biomass;

GM, — gross margin of alternative crops;

Usrc and u. — speed of reversion of the stochastic process;

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

dWSRC and dWE — standard independent Brownian motions;

p — correlation coefficient between two Brownian motions.

The reason to consider a correlation between SRC biomass prices and gross
margins of arable crops is twofold. On the one hand side, output prices for energy
and food crops are positively correlated due to global competition for land and
other inputs (Fritsche, Sims, and Monti 2010; Song, Zhao, and Swinton 2011,
p.770). On the other hand side, prices for energy crops and costs of arable food
crops cultivation are positively correlated as energy prices impact prices of

intermediate inputs, especially diesel and agro-chemicals.

The simulation approach applied in our analysis consists of three steps. First, we
simulate Monte-Carlo draws for the stochastic parameters, i.e. SRC biomass price
and gross margins of alternative arable crops. The two stochastic processes yield
for each draw both a SRC biomass price and a gross margin of alternative crops
which are assigned to the nodes of the scenario tree (Fig. 2). Next, we reduce the
obtained scenario tree using SCENRED2 (GAMS 2015) up to 200 leaves
(Kostrova et al. 2016, pp.8—-9) and combine it with the model described above (see
Fig.1), assigned for every node of the reduced scenario tree. Note that every node
of the reduced scenario tree is characterized by values for stochastic parameters
and a probability of occurring; both result from scenario tree reduction. Finally, we
solve the resulting stochastic dynamic problem in order to obtain the optimal
solution with and without policy intervention (Fig.2). We use a mixed integer
programming farm-level model due to various if-then type binary decisions in our
problem. In order to avoid introducing in addition to binary variables also non-
linearities, we treat land area under SRC as not fractional. The dynamic stochastic
programming approach is solved simultaneously over 24 years, considering many

different potential developments of prices for SRC and competing crops.



Agricultural and Resource Economics, Discussion Paper 2017:3

Figure 2. Solution approach step-by-step and employed software
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2.2 Case study and data

Our case study is an exemplary 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 therefore granted with
the so-called direct payments of the CAP*. Besides, SRC plantation can be
recognized as “Ecological Focus Area” with a factor of 0.3. Third, since 2015

planting costs are subsidized.

# 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.
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The mean-reverting process (MRP) for SRC biomass prices is adopted from
Musshoff (2012). The parameters of the MRP for gross margins of alternative
crops were estimated using data from the CAPRI (2017) model on gross margins of
an average hectare of arable land in Germany in 1993-2012, following the
procedure described in Musshoff and Hirschauer (2004, pp.271-273). Table 1

summarizes the two stochastic processes.

Table 1. Parameters of the two stochastic processes. Sources: Musshoff (2012),
CAPRI (2017)

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° 6.02°
Long-term mean 3.92° 6.02°
Speed of reversion 0.22 0.32
Standard deviation 0.22 0.28
MRP coefficient for a more
labour intensive and more 1.05

profitable crop

MRP coefficient for a less
labour intensive and less 0.95
profitable crop

Correlation coefficient between MRPs for SRC prices and gross margins of annual arable
crops is +/- 0.20

#1s equal to ca.50 euro per ton of dry matter yields (€/t DM)
Y413 euro per hectare (€/ha)

Note: the starting values are set up equal to the long-term mean, in order to exclude any
possible effect of a trend.

There is no clear reference in the literature about the sign and the value of the
correlation coefficient between the SRC biomass price and the gross margins of
annual crops. We therefore consider both a positive and a negative correlation p of

+0.2 (see Eqg.1) between the two Brownian motions and compare the results
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(hereafter referred to as positive and negative correlations)®. The gross margins
obtained from the respective stochastic process enter the model with the
coefficients 1.05 for the more profitable crop and 0.95 for the other one. The gross
margin of catch crops is assumed to be -100 €/ha (de Witte and Latacz-Lohmann
2014, p.37) and -50 €/ha for set-aside land (CAPRI 2017).

The yield function for SRC biomass is derived based on Ali (2009) as a linear
function for biomass stock that depends on previous year’s stock. The so-called
harvesting cost function includes all the costs related to harvesting of SRC, e.g.
transaction costs for finding a contractor, fertilization, and storing, and is expressed
as a sum of (a) costs at farm (fixed) and (b) per plot (quasi-fixed) plus (c) costs per
ton of harvested biomass (variable), in order to consider possible economy of scale
(Pecenka and Hoffmann 2012; Schweier and Becker 2012). As explained above,
the time horizon is 24 years. For simplicity, we assume risk neutrality® of the
farmer and hence use a market discount rate of 3.87% (Musshoff 2012). We apply
a zero social discount rate due to almost zero interest rates currently found in
Germany such that governmental expenditures are not discounted. Table 2

summarizes the assumed parameters of the model.

® The assumption is met based on the existing literature. Zilberman et al. (2012) concluded that the
correlation between biofuels and commodity food crops is rather limited. Du, Yu, and Hayes (2011)
quantified the correlation between volatilities in the world crude oil prices and futures prices of wheat
(corn) as 0.09-0.27 (0.07-0.34). Musshoff and Hirschauer (2004) evaluated the correlation between
the gross margins of non-food rapeseed and of alternative arable crops to be in the range from -0.01 to
0.65. Diekmann, Wolbert-Haverkamp, and MuRhoff (2014) assume a correlation coefficient between
the gross margins of Miscanthus and wheat of 0.29.

® There are two crucial issues related to risk-adjusted discount rate if deviating from the assumption
about risk neutrality. The first one refers to decreasing risk when approaching the final leaves of the
scenario tree and hence different risk-adjusted discount rate for every time period and state-of-nature
(Branddo and Dyer 2005). The other one implies application of different risk-adjusted discount rates

to various risky farm activities (see e.g. Branddo and Dyer 2005; Finger 2016).

10
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Table 2. Parameters of the simulation model.

Parameter Units Assumed value
Short-Rotation Coppice
Planting costs €/ha 2875.00
Biomass growth function
Multiplier for last year’s biomass - 1.54
Constant increase per year tDM/ ha 6.68
Costs related to harvesting of SRC
Fixed costs a farm level € 66.75
Quasi-fixed costs for each plot €/ha 272.13
Varlaple costs, depending on harvested €/tDM/ ha 10.67
quantity
Reconversion costs €/ha 1400.00
Density of trees Number of trees / ha 9000
Labour requirements Labour units / ha 0
Energy content GJ/tDM 16.5
Alternative agriculture
Deterministic gross margins from crops
recognized as “Ecological Focus Area” (EFA)
ia(;aﬂde land (EFA greening coefficient €/ha -50.00
Catch crops (EFA greening coefficient 0.3) €/ha -100.00
Labour requirements’
,CAr(;Eore labour intensive and more profitable Labour units / ha 532
golsss labour intensive and less profitable Labour units / ha 416
Set-aside land Labour units / ha 1
Catch crops Labour units / ha 0
Energy absorbed by annual arable crops GJ/ ha/ year 40
Farm characteristics
Land endowment® ha 100
Step for adjusting SRC plantation (i.e. the size h
a 5
of the smallest plot)
Labour endowment Labour units 500
Real risk-free discount rate % 3.87
Social discount rate % 0.00

" Those include only field work and exclude management work, which is assumed to be limited per

farm and hence have no effect on resources’ distribution.

® The assumption is based on the statistical data, according to which 20% of agricultural farms in

2010 in Mecklenburg-Western Pomerania operated on an area of 50 to 200 Ha (Statistisches Amt

Mecklenburg-Vorpommern 2016).

11
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Sources: Federal Forests Act (1975); Fritsche, Sims, and Monti (2010); Song, Zhao, and
Swinton (2011, p.770); Musshoff and Hirschauer (2004, pp.271-273); Musshoff (2012);
Faasch and Patenaude (2012); Wolbert-Haverkamp (2012); Pecenka and Hoffmann (2012);
Schweier and Becker (2012); Rottmann-Meyer and Kralemann (2012, p.6); Twidell and
Weir (2015, chap. 9.6.4); BMEL (2015); Kuratorium fur Technik und Bauwesen in der
Landwirtschaft e.V. (2016); Statistisches Amt Mecklenburg-Vorpommern (2016); CAPRI
(2017).

2.3  Policy Scenarios

In our analysis, we compare four policy instruments promoting SRC adoption in
different intensities to a business-as-usual (BAU) scenario without policy
interventions (Table 3 summarizes the analysed policy instruments and their
intensities). The only policy in place in the BAU scenario is 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 (MLU-MV 2015; Lindegaard et al. 2016). The remaining two — a price
floor and a guaranteed price for SRC biomass — address SRC market risk discussed
as a major adoption hurdle (Mitchell, Bauknecht, and Connor 2006; Feil,
Musshoff, and Balmann 2013; Feil, MuBhoff, and Roeren-Wiemers 2013). Based
on theoretical considerations and the existing literature, the policy instruments
should impact SRC adoption as follows. Increasing the EFA weighting coefficient
relaxes competition for land between SRC and alternative annual crops, hence
lowering the opportunity costs of SRC cultivation (Dixit and Pindyck 1994, p.346).
A planting subsidy decreases the sunk costs of the investment (Dixit and Pindyck
1994, pp.33-35), while a price floor increases the expected SRC price by removing
downside risk (Feil and Musshoff 2013). A guaranteed price removes all price risks
in SRC adoption and thus leaves only the gross margins of the alternative crops as
stochastic variables in our model. That decreases incentives to wait and renders the
model more similar to a classical net present value approach. Still, the stochastic
gross margins of alternative annual crops impact opportunity costs of land and
labour and thus might still trigger use of managerial flexibility related to SRC
cultivation (Dixit and Pindyck 1994, pp.38-39).

12



Agricultural and Resource Economics, Discussion Paper 2017:3

Table 3. Policy instruments, their intensities and the related governmental
expenditures chosen for the analysis.

.. Governmental Schedule of policy
Intensities .
expenditures support
EFA  weighting 03 ) )
<DE coefficient [0;1] '
M
Increasing the
EFA  weighting | 0.5;0.7; 1.0 | - -
coefficient, [0;1]
Planting subsidy, 500: 1000: Planting subsidy times Paid once SRC is
euro per hectare 1200: 1500 land area devoted to introduced
(€/ha) ' SRC. '
Guaranteed price .
of SRC biomass, Difference b(_atween the Paid for  each
R guaranteed price and the .
euro per ton of | 50;55; 60 - : exercised
dry matter vyields hmai:/iitte d Sgg%iomgsns]es harvesting.
© (€/t DM) '
S If the difference between
< the price floor and the
GE) Price floor for market price is positive, | Paid  for  each
€ | SRC biomass, €/t | 30;40;50 | than this difference times | exercised
> | DM harvested SRC biomass; | harvesting.
5 otherwise no
o governmental costs.
Where

BAU - business-as-usual (baseline scenario);
EFA — “Ecological Focus Area”

The EFA weighting coefficient considers a range starting from the currently
granted support with a factor of 0.3 to a maximum of 1.0, i.e. to a point where one
hectare of SRC would be treated equally to a hectare of set-aside land, in 0.1 steps.
For the different intensities of the planting subsidies, we focus our assumptions on
the existing support in the case study region. 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) in Mecklenburg — Western Pomerania (MLU-

MV 2015). For simplicity we ignore any existing requirements and constraints for

® An additional requirement — min. 3000 trees per hectare (MLU-MV 2015).

13
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the planting subsidy, but consider different subsidy amounts. Fixing the price as a
support instrument makes only sense at or above the long-term price mean for SRC
biomass used in our Monte-Carlo analysis (50 €/t DM), hence, we have chosen 50,
55 and 60 €/t DM as possible intensity. Similarly, if a price floor should reduce
downside risk, it should be below the expected mean, hence, we have considered
30, 40 and 50 €/t DM in our analysis.

We assess the instruments based on the metrics proposed by Crabbé and Leroy
(2012, p.5), i.e. (i) policy performance, expressed by governmental expenditures;
and (ii) policy outcome, expressed by additional bioenergy produced at farm. In
addition, we assess (iii) effect on farm income and (iv) how efficiently the
governmental expenditures are transformed into additional farm income. While
SRC biomass produced and farm profits are simulated directly by the model,
governmental expenditures are calculated as follows (see Table 3). For a planting
subsidy, the per hectare subsidy granted to the farmer is multiplied with the planted
area. For a price floor, harvested SRC biomass is multiplied in each state-of-nature
and year by the difference between the price floor and the market price, if the latter
undercuts the floor. The latter condition is dropped for a guaranteed price such that
expenditures at each node and in sum might be positive or negative. Finally, we

assume no governmental expenditures for changing the EFA weighting coefficient.

The effect on farm income is equal to the difference of the net present value of the
overall farm with a policy instrument minus the net present value under the BAU
scenario, i.e. no support besides the currently applied EFA coefficient of 0.3. The
ratio between the absolute change in farm income and governmental expenditures
provides the policy instrument’s transfer efficiency, i.e. how much farm income is
generated from each Euro of governmental expenditures. We further translate the
harvested SRC biomass into bioenergy, expressed in gigajoules (GJ), subtracting
the amount of GJ which annual crops would have provided if they were cultivated
on the SRC area.

14
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3  Results and discussion

Before analyzing policy instruments, the results obtained under the BAU scenario
are worth additional comments. Assuming a positive correlation between SRC
prices and the gross margin of alternative crops, the farmer adopts SRC under the
BAU with an expected area of 5.6 ha (see Appendices A and B for an overview of
the results expressed in expected values). Planting is not exercised immediately,
but once the market conditions would be attractive enough to initiate planting, i.e.
in later periods when the highest expected net returns can be generated. We find
that with probability of 60.8% the farmer will introduce SRC in one to three years
from the initial period. Thus, postponing the planting decision to receive new
information on prices and gross margins is an important option for farmers, and
hence the option value to wait is positive. Immediate introduction of SRC being not
optimal is clearly one core reason for the observed reluctance of farmers towards
SRC.

Results under the BAU, but also under the policy scenarios, are not overly sensitive
with respect to the correlation coefficient between the price of SRC and the gross
margin of alternative crops (see Fig.3). However, assuming a negative correlation
coefficient, the use of SRC serves as a hedging strategy for the farmer and thus
triggers slightly larger incentives towards SRC and a higher farm income (compare
the BAU scenarios in Appendices A and B). Consequently, a guaranteed price,
which removes that hedging effect, performs worse under the assumption of a

negative correlation in contrast to the BAU case (Fig.3).
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Figure 3. Efficiency of different policy instruments, in terms of expected average
change in energy production and governmental expenditures.
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Note: Values show the change compared with the business-as-usual scenario, assuming
positive or negative correlation between prices of biomass and gross margins of agricultural
crops. The intensity of the policy instruments (see Table 3) is indicated next to the
corresponding points.

Our results reveal that the performance of the policy instruments depends on their
intensity and differs by metric. A planting subsidy leads to the highest expected
average absolute increase in energy produced from biomass, while a guaranteed
price of 50 or 55 €/t DM has a negative effect on expected energy production
(Fig.3). The latter can be explained by the elimination of stochasticity of biomass
prices. That reduces substantially managerial flexibility to adjust SRC plantation
and harvesting depending on the states-of-nature. While a guaranteed price might
accordingly seem to be the least efficient, it is the only policy instrument that
initiates immediate introduction of SRC due to too low incentives to wait. A
similar result was obtained by Boomsma, Meade, and Fleten (2012). In particular,
comparing renewable energy certificate trading with the fixed feed-in tariff (i.e. a
guaranteed price), they found out that a fixed price initiates earlier investment, yet
of a smaller capacity. 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 bioenergy production.
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The effects on energy production of both higher EFA weighting coefficients (from
0.3 to up to 1) and of a price floor are rather limited (Fig.3). Yet, with no additional
governmental costs, increasing the EFA weighting coefficient is an inviting policy
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. Also, increasing the EFA weighting
coefficient is the sole instrument reducing land competition. Opportunity costs of
land are essential for adoption of SRC, since, as mentioned above, SRC requires
little farm labour and necessary operations in SRC can be conducted outside of
typical labour peaks on farms. That removing with higher EFA weighting
coefficients opportunity cost of land on a certain share of the farm has nevertheless
a limited impact reflects the fact that the total EFA requirement for a farm is only
5%. Accordingly, even the maximal implicit support level for SRC reached with a
factor of unity is equivalent to only 5% of SRC land use on total arable farmland®®.
Due to that limited effect on expected energy production and no additional
governmental expenditures, increasing the EFA weighting coefficient could be

efficiently combined with another policy instrument.

19 Note that SRC cultivation on permanent grassland is unlikely as conversion of permanent grassland
is in most regions either forbidden or restricted under the same law which governs the EFA
requirement. To the extent where it is allowed, SRC would again compete directly with alternative

land use on arable land.
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Figure 4. Governmental expenditures for change in energy production, compared
with business-as-usual scenario, assuming positive correlation between prices of
biomass and gross margins of agricultural crops.
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Note: For each policy instrument and for each leave of the scenario tree, the total
governmental expenditures are divided over the absolute difference in bioenergy production
under this policy instrument compared with the business-as-usual case and are combined
with the probability of the leave occurring. Outliers are omitted. Outliers are defined as the

points lying outside 1.5*IQR (interquartile range) from the first and third quartiles.

The effect of a policy instrument on bioenergy production is not necessarily
positive, but also might be zero or negative, depending on the state-of-nature.
Guaranteed prices provide an example already discussed above by eliminating
upside risk. Therefore we further compare the policy instruments in terms of
governmental expenditures per additional GJ of bioenergy produced, distinguishing
between positive and negative effects of every policy instrument on bioenergy
production (Fig.4). Not considered are the EFA weighting coefficient as it does not
provoke costs and a guaranteed price of 50 €/t DM where no SRC is planted. For

all other instruments and intensity levels, less than 2€/GJ per additional bioenergy
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are spent (Fig.4). To compare, the German Renewable Energy Act requires
governmental costs of 9.17 to 77.50 €/GJ for renewable energy from different
sources (BMWE 2016, Table 4.2)". A price floor of 40 or 45 €/t DM performs best
(Fig.4), however, an increase in energy production only occurs with a low
probability of 0.12 or 0.21 respectively. A planting subsidy of 500 €/ha requires
comparable governmental costs per increase in energy production, while the
probability of a success is at least twice as high (0.45).

Figure 5. Transformation of governmental expenditures into additional farm

income, compared with business-as-usual scenario, assuming positive or negative
correlation between prices of biomass and gross margins of agricultural crops.

O Positive correlation

T

Note: Outliers are omitted. Outliers are defined as the points lying outside 1.5*IQR

(interquartile range) from the first and third quartiles.

While advantageous in terms of governmental expenditures, a price floor is
however characterized by inefficient transformation of governmental expenditures

into additional farm income (Fig.5). The same applies to a guaranteed price. In

1 Calculated for the year 2013 by transformation of kilowatt-hours (KWh) into gigajoules (GJ).
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contrast, a planting subsidy achieves up to 90% of transformation efficiency,
meaning that the farmer gets 90 cents from each euro of governmental
expenditures. That higher transformation efficiency of planting subsidy reflects
also the difference between the individual and social discount rate. The latter is
assumed to be zero such that any future discount factor is unity. A planting subsidy
is paid in the year when the plantation is set up, in our analysis hence between the
first and fourth years, such that the private discount factor is still close to unity and
differs little from the social one. Price floors or guaranteed prices shift
governmental costs and related income increases for farmers in the future with
higher private discount factors, such that the difference between social and private
discounting alone reduces the transformation efficiency of these policy
instruments. That difference also implies that even a direct income transfer in the

future cannot achieve a transfer efficiency of 100%.

Table 4 summarizes the policy instruments’ performance based on different
metrics. The guaranteed price is the least beneficial instrument in terms of all the
metrics, being advantageous only as triggering immediate planting of SRC at high
intensities (see Appendices A and B for details). The other three policy instruments
perform well. Increasing the EFA weighting coefficient is very attractive due to no
governmental expenditures, while being limited in terms of its effect on bioenergy

production*?. The same applies to a price floor. In contrast, a planting subsidy is

12 Note that an EFA coefficient of 1.0 is less efficient, than the one of 0.7, in terms of its effect on
bioenergy production and land area under SRC. This is caused by our assumptions on the total land
endowment and on the available plots for introduction of SRC. Five percent of the total land
endowment (i.e. five hectares in our case) should be devoted to the ecological focus area. Since the
smallest plot is assumed to be of five hectares, devoting it alone to SRC fulfills the requirement under
the EFA coefficient for SRC being 1.0. However, if the EFA coefficient is 0.7, ten hectares SRC
would fulfill the requirement, while five hectares SRC being not enough. Hence, our assumption of
potential land area under SRC being not continuous leads to the decreasing efficiency of increasing
the EFA coefficient.
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characterized by the largest effect on introduction of SRC and farm income. The
efficiency of an investment subsidy over a price floor was also found by Feil and
Musshoff (2013) and by Feil, Musshoff, and Balmann (2013), analysing effects of
policy interventions on investment and disinvestment decisions of homogenous
firms in a competitive environment.

Table 4. Overview of the expected policy instruments’ performance compared with

the business-as-usual scenario, assuming positive correlation between prices of
biomass and gross margins of agricultural crops.

Performance of policy instruments
(expected values compared with the BAU scenario)
Governmental .
expenditures Incregse in Effect
Effect on per 1 GJ of Effecton farm’s income on land
Policy Inten | bioenergy increase in farm per 1 € of area
intervention  sity | production, bioenergy income,  governmental devoted
GJ : € expenditures, to SRC,
production, € ha
€/GJ
Planting 500 17689.22 0.20 3758.82 0.71 3.94
subsidy 1000 | 35697.37 0.39 9116.07 0.66 8.00
€/ha ' 1200 | 40008.32 0.41 11698.12 0.64 8.93
1500 | 59152.11 0.44 16199.09 0.60 13.34
Guaranteed 50 -30197.50 0.00 -8441.67 —oo* -6.73
price, €/t 55 -5414.20 0.70 -2830.71 0.29 -1.21
DM 60 10971.94 0.97 2826.29 0.51 2.45
Price floor 40 2509.05 0.11 110.74 0.78 0.58
€/t DM ' 45 2711.58 0.25 248.55 0.50 0.60
50 12073.17 0.48 2562.49 0.86 2.69
Increasing 0.5 4467.72 0.00 3534.75 +oo** 1.00
the EFA 07 5167.49 0.00 6865.08 +oo** 1.15
coefficient 1.0 435.11 0.00 11584.65 +oo** 0.10

* (**) The result comes from a negative (positive) change in bioenergy production
compared with the business-as-usual scenario and no governmental costs.

Note: two best and two worst results are highlighted with green and red colours
respectively.

A price floor also 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. Price floors can also trigger unwanted strategic decisions by market actors.
Finally, the program must be maintained over the full lifetime of the subsidized

plantations, while a planting subsidy can be granted for a limited number of years.
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The disadvantages of a price floor hold even more for a fully guaranteed price, as it
removes the benefits of managerial flexibility in SRC planting and harvesting as
discussed above. However, both a price floor and a guaranteed 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 price under the
German Renewable Energy Act has been found as 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 the legislation could set-up mechanisms to charge the costs of the program to
the final electricity consumers. That was considered to be additionally beneficial as
it raises the costs of electricity which can foster energy saving measures and help to
reduce further the fossil energy use. Driving up final demand prices for woody
biomass may not be an option, because 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 (Rokwood 2014).
Accordingly, both a price floor and guaranteed prices are hardly promising

measures.

It is often argued that SRC requires coordinated action at regional scale (Rokwood
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 regionalized planting subsidy might help to trigger the
development of local supply chains. Also, a planting subsidy only granted for a
limited period and/or on a first-come-first-serve basis increases the costs of waiting
and initiates earlier introduction of SRC. A first-come-first-serve-basis allows

furthermore setting an upper limit on maximal spent. It also does not require
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market interventions such as price floor. It might hence be seen as a complement to
an increase of the EFA weighting factor.

4 Conclusion

SRC cultivation provides multiple environmental advantages and benefits to the
transition process towards renewable energy. However, farmers’ adoption of SRC
is the crucial bottleneck from a policy maker’s perspective. In particular, high sunk
costs related to planting, harvesting, and final reconversion of SRC, as well as risk
during the lifetime of a SRC plantation are crucial for this adoption decision. Our
comparison of policy instruments based on a number of efficiency metrics, i.e.
increase in produced bioenergy, effect on farm income and governmental
expenditures, allows for a comprehensive analysis. Yet a final decision about
policy measures and their intensity requires setting out priorities among these
metrics which is beyond the scope of our paper.

We find the policy instruments’ efficiency and performance to differ by intensity of
the measures and metrics used to assess their effects. A low price floor is attractive
due to low governmental expenditures per unit of additional bioenergy produced.
However, its effect on absolute increase in bioenergy production is rather limited.
Moreover, both a price floor and a guaranteed 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. A guaranteed price, overall
the least efficient policy instrument, is advantageous only in triggering immediate
introduction of SRC. A planting subsidy, recently introduced in our study area, is
found to be indeed an effective policy instrument with regard to increased
bioenergy production by reducing irreversible costs related to SRC planting and in
terms of transfer efficiency. It turns one Euro of governmental expenditures into up
to 90 cent of additional farm income. Generally, we found that farmers have high
incentives to postpone the SRC planting decision due to the large uncertainties in
the returns from this investment. Thus, the incentives to introduce SRC caused by a

planting subsidy could be additionally increased if the total amount of subsidies is
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restricted or/and if it is granted for a limited period of time, i.e. if the option value
to wait is reduced.

However, increasing the EFA weighting coefficient is superior because no
governmental expenditures are required. Since the policy instrument only reduces
the competition for land resources between SRC and annual crops, addressing
neither sunk costs nor risk associated with SRC cultivation, it might be combined
with other policy instruments, in order to achieve even larger positive effect.
Overall, our results suggest that supporting SRC cultivation by the different policy
instruments analyzed is a relatively cheap option to increase bioenergy production
compared with the governmental costs for renewable energy from different sources
currently required by the German Renewable Energy Act, while also leading to

environmental benefits.

Our results also underline that taking into account uncertainties and their effect on
investment decisions is essential for a proper policy analysis of perennial energy
crops. As discussed on the example with a guaranteed price, neglecting fluctuations
might obscure the effect of managerial flexibility on investment behavior.
Although a high risk related to SRC cultivation is often discussed in the literature
as one of the main factors preventing SRC, our results underline that upside risk for
SRC can be beneficial if it can be exploited by managerial flexibility. Its reduction
or complete elimination might hence lead to reduced planting of SRC.

This paper focuses on policy instruments targeted at farm level. Our findings
improve understanding of farm-level decisions on SRC and can inform policy
makers for a larger scale perspective. Expansions of the framework presented in
here in various directions can be envisaged. 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. Finally, the model results could be up-scaled and
integrated into modelling efforts to quantify the effect of bioenergy policy on

traditional agricultural crops and energy markets, including international trade.
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Appendices

Appendix A. Overview of the results assuming the correlation coefficient between prices of SRC biomass and gross margins of

annual crops being equal to +0.2

intfr?/lfi(r:‘l);ion BAU Planting subsidy, €/ha Guaranteed price, €/t DM Price floor, €/t DM Increasing the EFA coefficient

Intensity 500 1000 1200 1500 50 55 60 40 45 50 05 0.7 1.0
Farm income (net present value over 24 years), 1000 €

Max 932431 967.189 1001.946 1015.849 1036.704 856.853 856.771 860.971 932.431 932.431 932.431 932.431 932.431 932431

Expected 643.002 646.761 652.118 654.700 659.201 634.561 640.172 645.829 643.113 643.251 645.565 646.537 649.867 654.587

Min 500.708 500.708 502.589 502.589 502.589 500.708 509.937 511.988 500.708 500.708 503.513 502.589 503.602 508.843

Probability of planting SRC

Immediately 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00

In one year 0.19 0.27 0.34 0.37 0.47 0.00 0.00 0.00 0.25 0.30 0.38 0.29 0.43 0.48

In two years 0.21 0.32 0.30 0.32 0.29 0.00 0.00 0.00 0.18 0.16 0.28 0.26 0.30 0.29

In three years 0.21 0.22 0.25 0.25 0.21 0.00 0.00 0.00 0.26 0.26 0.34 0.26 0.25 0.21

Never 0.39 0.19 0.11 0.06 0.03 1.00 0.00 0.00 0.31 0.28 0.00 0.19 0.01 0.02

Land under SRC, ha

Max 75.00 75.00 75.00 75.00 75.00 0.00 15.00 15.00 75.00 75.00 75.00 75.00 75.00 75.00

Expected 5.61 8.90 12.24 13.04 16.60 0.00 4.60 7.65 6.08 6.11 7.85 6.44 6.57 5.69

Min 0.00 0.00 0.00 0.00 5.00 0.00 5.00 5.00 0.00 0.00 5.00 0.00 0.00 0.00

SRC bioenergy production, GJ
Max 33942491 33942491 33942491 33942491 339424.91 0.00 67884.98 67884.98 33942491 33942491 33942491 33942491 339424.91 339424.91
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Expected 30466.78 48313.74 66484.29 70832.32 90152.39 0.00 25004.30 41536.56 32998.89 33202.54 42647.61 34974.34 35680.35 30905.77
Min 0.00 0.00 0.00 0.00 16971.25 0.00  22628.33 22628.33 0.00 0.00 22628.33 0.00 0.00 0.00
Change in bioenergy production compared with BAU, GJ (including energy absorbed by annual arable crops)

Expected - 17689.22 35697.37 40008.32 59152.11  -30197.50 -5414.20 10971.94 2509.05 2711.58 12073.17 4467.72 5167.49 435.11
Age of SRC plantation, years
Expected 20.00 20.00 19.98 19.98 19.91 0.00 20.00 20.00 19.92 20.00 20.00 20.00 20.00 20.00
Expected area under alternative crops, ha

More

profitable 83.93 83.79 81.71 81.77 78.68 80.01 89.86 88.12 84.59 84.96 87.42 86.17 88.34 87.22
arable crop

Less

profitable 8.79 6.03 5.00 421 3.83 17.21 453 3.60 7.81 7.48 3.79 6.19 412 6.53
arable crop

Set-aside 1.67 1.27 1.05 0.98 0.89 2.79 1.00 0.63 1.53 1.45 0.94 1.19 0.97 0.55
Catch crops 6.83 6.42 6.05 5.66 5.44 7.38 8.74 6.90 6.84 7.06 7.06 4.32 2.78 1.16

Total governmental expenditures, €

Max 0.00  37500.00  75000.00  90000.00 112500.00 0.00  74993.40 99825.67 9935.02 17620.94  43334.95 0.00 0.00 0.00
Expected 0.00 5337.75 14735.50 18795.00  30104.25 0.00 7323.19 23672.29 592.38 2118.48 7549.51 0.00 0.00 0.00
Min 0.00 0.00 0.00 0.00 7500.00 0.00 -42384.29  -91348.48 0.00 0.00 0.00 0.00 0.00 0.00

Governmental expenditures per 1 GJ of increase in bioenergy production compared with BAU, €/GJ (only states-of-nature with increase in bioenergy included)

Max -
Expected -
Min -

0.45
0.20
0.11

0.89 1.07 1.00 0.00 1.33 1.89 0.39 0.70 1.18
0.39 0.41 0.44 0.00 0.70 0.97 0.11 0.25 0.48
0.22 0.27 0.33 0.00 -0.05 -1.13 0.00 0.00 0.00
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Appendix B. Overview of the results assuming the correlation coefficient between prices of SRC biomass and gross margins of

annual crops being equal to -0.2

in tfr(\)llfi(r:‘l);ion BAU Planting subsidy, €/ha Guaranteed price, €/t DM Price floor, €/t DM Increasing the EFA coefficient
Intensity 500 1000 1200 1500 50 55 60 40 45 50 05 0.7 1.0
Farm income (net present value over 24 years), 1000 €
Max 830.556 862.941 895.327 908.281 927.712 832519 833.697 837.897 830.556 830.556 831.752 835.066 835.066 851.629
Expected 643.462 647.205 652.233 654.884 658.771 636.230 641.841 647.701 643.290 644.439 646.115 647.490 650.052 655.820
Min 497914 497914 493.233 494.092 495.381 495.122 502.246 516.402 497.914 496.994 500.742 492.957 496.976 503.370
Probability of planting SRC
Immediately 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00
In one year 0.23 0.20 0.30 0.35 0.35 0.00 0.00 0.00 0.20 0.23 0.43 0.25 0.36 0.42
In two years 0.20 0.29 0.28 0.30 0.32 0.00 0.00 0.00 0.22 0.25 0.26 0.30 0.32 0.34
In three years 0.27 0.25 0.27 0.30 0.28 0.00 0.00 0.00 0.29 0.34 0.30 0.33 0.32 0.22
Never 0.31 0.25 0.14 0.04 0.06 1.00 0.00 0.00 0.29 0.17 0.01 0.13 0.00 0.02
Land under SRC, ha
Max 75.00 75.00 75.00 75.00 75.00 0.00 15.00 15.00 75.00 75.00 75.00 75.00 75.00 75.00
Expected 5.98 8.73 10.50 11.53 12.56 0.00 4.80 7.90 6.24 6.50 7.97 7.09 7.20 6.25
Min 0.00 0.00 0.00 0.00 0.00 0.00 5.00 5.00 0.00 0.00 0.00 0.00 5.00 0.00
SRC bioenergy production, GJ

Max 339424.91  339424.91 339424.91 339424.91  339424.91 0.00 67884.98  67884.98 339424.91 339424.91 33942491 339424.91 339424.91 339424.91
Expected 32498.80 4741540 5703244  62642.00  68232.33 0.00 2604520  42916.89  33867.82  35303.58  43273.85  38486.26  39101.75  33915.34
Min 0.00 0.00 0.00 0.00 0.00 0.00 2262833  22628.33 0.00 0.00 0.00 0.00  22628.33 0.00

Change in bioenergy production compared with BAU, GJ (including energy absorbed by annual arable crops)
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Expected - 14750.91 24179.95 2974753 35147.42  -32180.86 -6354.62 10380.74 1346.89 2783.74 10676.90 5957.26 6570.35 1435.39
Age of SRC plantation, years
Expected 20.00 20.00 20.00 19.97 19.99 0.00 20.00 20.00 19.93 19.96 19.91 20.00 19.97 20.00
Expected area under alternative crops, ha
More
profitable 84.63 82.92 82.98 83.49 82.41 80.20 89.79 87.97 84.77 86.09 86.99 86.54 87.97 86.99
arable crop
Less
profitable 7.78 6.88 5.24 3.99 4.04 16.94 4.44 3.52 7.44 6.08 4.04 5.21 3.82 6.15
arable crop
Set-aside 1.60 1.47 1.28 0.98 0.99 2.86 0.98 0.61 1.56 1.34 1.00 1.17 1.01 0.62
Catch crops 7.21 6.68 6.24 6.13 5.56 7.14 8.61 6.73 7.15 7.40 7.33 4.22 2.62 0.90
Total governmental expenditures, €
Max 0.00 37500.00 75000.00 90000.00  112500.00 0.00 83059.97 105891.24 8076.75 16771.97 32327.14 0.00 0.00 0.00
Expected 0.00 5238.50 12602.00 16624.20 22622.25 0.00 8210.59 25989.43 442.85 2079.53 7392.52 0.00 0.00 0.00
Min 0.00 0.00 0.00 0.00 0.00 0.00 -38837.36  -50795.99 0.00 0.00 0.00 0.00 0.00 0.00
Governmental expenditures per 1 GJ of increase in bioenergy production compared with BAU, €/GJ (only states-of-nature with increase in bioenergy included)
Max - 0.33 0.67 0.81 1.01 0.00 106.68 115.14 4.44 4.88 1.16 - - -
Expected - 0.21 0.36 0.40 0.49 0.00 2.81 3.26 0.31 0.27 0.43 - - -
Min - 0.11 0.22 0.27 0.33 0.00 -127.78 -0.51 0.00 0.00 0.00 - - -
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