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Effects of biogas production on inter- and in-farm
competition

Arlette Ostermeyer and Franziska Schénau

Annotation: Biogas production is one of the influential innteas of recent decades in German
agriculture. Due to high guaranteed energy pricexyds production led to distortions in
agricultural and land markets. This paper provigdesghts in effects of biogas production on
farms, farm structures and rural areas for theoregiltmark, Germany, for the period 2012-2026
by using the agent-based simulation model AgriRoli§riPoliS enables to simulate agricultural
structural change and impacts of policies based bnear programming approach. To maximize
the household-income, farm agents can invest, p@dnd compete against each other on the land
rental market. To analyse effects of biogas pradncthiogas plants, possible substrate mixtures
and feed-in remunerations are introduced in theahdd our analyses, we focus on 1) the choice
of production of farms, 2) the competition betwéarms, and 3) impacts on rural areas including
environmental issues and labour market. Our sinmratesults show that biogas production
provides especially for farmers with high managen@pabilities and large farms a profitable
income opportunity. On average, biogas farms camusease their profitability. As result of an
increased value added through biogas productiorhagidcompetition among farms, rental prices
increase and thus a high share of the value adsl@écamsferred to the land owners. Biogas
production leads to an intensification of land wesnecially to increases in cultivation of grasg an
maize silage instead of meadows and other cropk,irafivestock production. This may cause
negative environmental effects. On the other hanth,bthe intensification and the biogas
production have positive effects on the labour rearis biogas farms have an additional
workforce demand.

Key words: biogas production, agricultural production, ageased model AgriPoliS, land rental
prices.

1 Introduction and Background

Biogas production is one of the most influentiahomations of recent decades in German
agriculture. Supported by guaranteed feed-in taafid priority connection to the electricity

grid regulated by the Renewable Energy Sources (fcGerman: Erneuerbare-Energien-
Gesetz, EEG) (AEE, 2012a) farms were able to rgpatlapt to the new opportunities.

Between 2006 and 2011 the total number of plant®hléa while the capacity even increased
to more than two-and-a-half times. In 2011, mom@ntf,000 biogas plants with an average
plant capacity of 402 kW produced renewable energyermany (AEE, 2012).

Because of the guaranteed feed-in tariffs for 2frg/@nvestments in biogas plants promise to
be secure and very profitable for farmers, paraidulif manure is available. On the other
hand, the high profitability leads to new dynanocsland markets. Several studies show that
the higher the biogas production in a region thensfer is the increase in land purchase and
rental prices. For example, Braun, Lorleberg andt¥@ga2007) found that biogas producers
in North Rhine-Westfalia (West Germany) have a mhigfner willingness to pay for arable
land and especially grazing land than food produdarmers. Kilian et al. (2008) find that
high shares of biogas production led to higheraleptices in Bavaria. Habermann and
Breustedt (2011) detect differences of impactsiofds production between West and East
Germany. They examine in their spatial economeamalysis that “agricultural biogas
production, measured as the share of acreageataliwith energy crops, increases the rental
rates in Western Germany significantly” (Habermand Breustedt, 2011), but that does not
hold for Eastern Germany. Habermann and Breustedlai@ the insignificance in East
Germany by referring to the average larger siz&adt German farms, which causes less



pressure to rent land for growing biogas substrdtes more recent study, Huttel et al. (2012)
demonstrate that biogas production measured in &A\spb-district has a significant positive

impact on sales prices of auctioned land in Sax@mlyalt, East Germany. As an interim

summary, effects of biogas production on land lem@rkets may vary for different regions

and farm sizes. Nevertheless, increases in remiz¢gpmight be at least partly driven by
biogas producers as they need feed for their biptgags and are able to bid high prices for
land because of the high guaranteed feed-in tafifsally, biogas production may also lead
to a different production structure of farms. Femud food production are increasingly

displaced by renewable energy crops such as maikéeg. Furthermore manure is a cheap
co-substrate, but it needs cattle and thereforefak.

Besides many effects on agricultural structuresdaaetlopments, also rural areas are affected
by the new dynamics. On the one hand, biogas pmogdarms can serve as an employer in
rural areas and, furthermore, the newly createdjdsobranch generates jobs for selling,
building and maintaining biogas plants (O’'Sullivat al., 2012). On the other hand,
monocultures, ploughing-up of grassland to growzeaand increasing traffic (transport of
substrates and digestates) might affect the envieoh and the living conditions of rural
inhabitants.

While impacts of biogas production on land marlaetd, thus, farm competition with regard
to rental prices have been analysed in the pagacta on farm competition and cultivation
with focus on East German agriculture are undeessprted. The present paper seeks to fill
this gap by studying impacts of biogas productiorihe East German region Altmark. The
Altmark region is one of 25 selected German biogyetegions (‘Bioenergieregionen’,
BMELYV, 2012a) because it offers a huge potentiabioinass from several sectors. Among
them is the agricultural sector with a high profortof specialized dairy farms and grassland.

The present paper analyses in the first place impEdiogas production on agriculture. The
focus is on three aspects: Firstly, on the competiess of production activities within a farm
(we call this in-farm competition), secondly on #te@mpetitiveness of farms within a region
(we call this inter-farm competition) and thirdiy ¢he impact of biogas production on rural
areas, including environmental issues and labouket& Different to other studies we use in
our analysis an agent-based simulation model, naAgliPoliS, which enables simulation of
agricultural structural change and the impact dicpes on agriculture. The simulation results
enable to examine in-farm competition by comparegenue shares of production branches,
as well as cultivation sizes and livestock keepBegsides, we analyse profits of biogas and
non-biogas farms, rental prices for arable andiggaland as well as farm size developments
which represent the inter-farm competition. Theigation size of different crops, number of
animals and the annual working units employed amg$aprovide information about the
impact of biogas production on rural developmentinment and labour market.

The paper proceeds as follows. The next sectiondotes the agent-based model AgriPoliS
together with the case study region Altmark. Intisec3 simulation results for a time period
of 15 years are analysed and discussed. The pagemégth conclusions in section 4.

2 Methodological approach and case study region

To analyse the impact of biogas production we use agent-based model AgriPoliS
(Agricultural Policy Simulator, e.g. Happe et &006). In this chapter we describe the model
features and the study region Altmark in East Geyna

2.1 The agent-based model AgriPoliS

AgriPoliS is an agent-based model which enablesrtmlate regional agricultural structures
and their developments over time in response feréifit policies (see Happe, 2004; Happe et



al. 2008, Sahrbacher et al. 2012). A detailed d@ation of the current version can be
found in Kellermann et al. (2008), and a protoamlofving the ODD standard (Overview,
Design concepts and Details) is available in Sativbaet al. (2012a).

In AgriPoliS a number of individual agents acts ahsb interacts in an environment which
maps agriculturally related regional and structatadracteristics. First, the region has to be
initialised by adapting the model to the real regidhis happens on two levels. On the one
hand, statistical data about regional agricultund data of individual farms (usually data
from the farm accountancy data network (FADN))ased to map the regional characteristics
of agriculture regarding number of farms, farm ty@&d farm orientations, amount of arable
and grazing land, number of livestock in the regisize classes in hectares and number of
livestock per farm. In a programming approach basethe method of Balmann, Lotze and
Noleppa (1998) and further developed by Sahrba@d£)3), typical farms are identified from

a large number of individual farms. By minimiziniget deviation between the sum of the
weighted characteristics of individual farm typesl @he overall characteristics of the region,
it is determined how often the different farm tymé®uld be weighted to map this region as
accurately as possible. Apart from a farm’s fad@odowment and size, farms differ in the
management skills, which influence the variabletxo$ production processes, and in the age
of machinery, buildings. The management skills #relages are varied randomly to ensure
heterogeneity among agents.

On the other hand, the organization, i.e. posgibdeuction processes and investments, of the
selected typical farms is projected by adapting ehddrms to the selected real farms.
Therefore, a linear programming model is builtwihich the selected typical farms’ data on
factor endowments (quota, facilities, labour, capitand, etc.) is incorporated. Furthermore,
various production and investment alternativeseatered, from which the farms can choose
to optimally utilize their factor endowments. Apptions must be typical for the region and are
calibrated such that in the beginning of each satnorh, the derived model farms choose
nearly the same production processes as the meas they represent. For the different types
of production, each farm can choose between a nuaibevestment alternatives of different
size to capture size effects due to decreasingstimant costs and labour requirements per
unit.

Besides deciding on products and investments, farams also extend their capacities by
renting agricultural land, buying production quotasd employing workers. Furthermore,
capital can be borrowed on a short- and long-temsish In contrast, capacities can be set free,
e.g., land rental contracts can expire, quotasbearented out, hired labour can be dismissed
or family workers can be employed outside the faFuarthermore, liquid assets may be
invested outside the farm. All decisions on progust investment and redundancy of
capacities are based on a one period mixed-integggramming. In case of renting land
farms compete for free land via an auction on #mel Irental market. Generally, it is assumed
that each farm operates independently to maxim&edividual household income or profit
in case of legal persons. The resulting decisiohabeur of the agents is rational, but
myopic. Strategic decisions considering future gesnin the technical and economical
conditions are currently not included in the modedrms are assumed to expect constant
environmental conditions for future periods anduatljtheir price expectations adaptively
from period to period. Policy changes are anti@daine period in advance and included in
the decision.

Finally, farms can also leave the sector if they #lrquid or expect a lack of coverage of
opportunity costs.



2.2 Case study region

The case study region is the Altmark region withtwo districts Stendal and Altmarkkreis
Salzwedel. The Altmark is located in the GermanefaldState of Saxony-Anhalt, approx. 50-
150 km west of Berlin. In this structurally wealgi@n, agriculture is of high importance for
the rural development. By offering jobs to 6 % aimoyed people, farms are considerable
employers, especially because income opportundigside the farms are scarce and the
unemployment rate is above 10 %. Bioenergy prodoatbuld save existing and create new
jobs. Altmark is, not only therefore, a predestimegion to study effects of biogas production
on farms and rural areas. Being characterized tgelarable farms as well as large mixed
farms with livestock, Altmark is a good represeintatof East German agricultural regions.
The importance of livestock production is emphasibg the fact that around 40 % of the
dairy cows and 53 % of the specialised dairy famfSaxony-Anhalt were located in Altmark
in 2007. The proportion of grassland is comparatitiegh (nearly 27 %).

Since 2009 the Altmark is one of 25 so-called bevgy regions (BMELV, 2012a) in
Germany because it offers a huge potential of bgsnieom several sectors. In the long run,
one aim of this initiative is to generate regiomalue added by the extension of bioenergy
production to support sustainable developments airalr areas (Regionale
Planungsgemeinschaft Altmark, 2012). With a higbpprtion of specialized dairy farms and
grass land, agriculture provides many possible esad biomass for energy production, e.g.
biogas. Many farms already invested in biogas pctdn in recent years: in 2010 a total
number of 65 biogas plants produced energy, whet@afiere owned by regional investors,
mainly farmers or agricultural cooperatives. Besideny positive synergy effects of biogas
production regarding, e.g., energy recovery inlibcaiseholds there are also critical voices in
society concerning the building of biogas plants.al SWOT analysis of the “bioenergy-
region Altmark”, Regionalverein Altmark e.V. (2008)entioned acceptance problems in the
public as well as conflicts, fears or resistance local level which may prevent the
implementation of bioenergy projects. However, ¢hsrless potential for conflicts in the field
of biogas compared to other areas of renewablegmsesuch as wind power plants. Despite
all prejudices and reservations against bioendhgre have not been any serious conflicts in
the Altmark so far. Problems with existing biogdanps have only concerned individual
cases. But from the perspective of nature and enwiental protection, there are more and
more critical arguments against further extensiobi@energy, such as negative effects due to
ploughing up of grassland, cultivation of agricaelumonocultures and increasing pressure on
the use of sensitive areas (cf. Regionalverein Attoe.V., 2008).

2.3 Modelling Altmark region in AgriPoliS

To capture the regional agricultural structure asdgas possible, typical farms for the
representation and their weights have to be idedti#s described in section 2.1. Therefore,
most recent available statistics on regional atjrical characteristics (e.g. number of farms,
livestock, farm size classes etc.) and FADN dateegfonal farms are used (cf. Balmann et
al., 2010). Because agricultural statistics west &vailable for 2007, we also used FADN
data for 2006/07 and start simulations in 2006. Tpescaling procedure resulted in 33
typical farms which represent with their weights898odel farms. The 968 farms differ in
their type of farm, available capacities, managenmmapabilities, which influence their
variable costs, and in the age of machinery anidiipgs.

Model farms are able to produce crops and livestdtle assumptions for those different
production processes come from data bases of batioh margins of crops (LLFG, 2009) as
well as feed and livestock (MLUV, 2008). The refeze year to which the region is calibrated
is the financial year 2006/07.



Focus of this paper is biogas production. Thusgdmsagproduction is introduced in the model.
Farms can choose between different options of @a@s and substrate mixtures. Overall,
three plant capacities (150, 450, 800 kW), andetnextures with different shares of maize
and grass silage, liquid cattle manure, and rydangeme offered. Table 1 shows the
assumptions on the biogas plants with their reveriteen feed-in tariffs, the investment and
calculated substrate costs as well as the needekingotime to operate the plant. The
investments costs per kW are assumed to decreéisenaieasing plant size. Investment and
production data for biogas production were takemfiKTBL (2010); the guaranteed feed-in
remuneration, consisting of a basic payment andiges) is based on the EEG 2009 and 2012
(BMJ, 2008, 2010 and 2011).

Table 1. Assumptions on biogas production from 2012 to 2026

150 kw 450 kW 800 kW
Feed-in tariff in 1,000 208-213 544-579 935-992
Euro/year (dep. on mix)
Investment costs in Euro 850.000 1.825.000 2.6%0.00
Investment costs in Euro/kW 5.667 4.056 3.313
Calculated substrate costs in 74 -92 202-256 341-431
1,000 Euro/kW (w/o costs for
manure)
working hours (dep. on mix) 894-1.064 1.344-1.581 1.839-2.227

Source: Own assumptions according to BMJ (2011 BK{2010).

In reality the basic remuneration is oriented ta¥gathe time of building of the biogas plant.
Accordingly, a plant built later receives lower lgafeed-in tariffs. For simplification we did
not consider such a dynamic degression of feeauiffs. Background is that in reality not
only remuneration would decrease but it can alsadseimed that investment costs decrease
because of efficiencies, e.g., by up to 5 % acogrdo Prognos AG (2010). Therefore, we
assume constant remunerations during the perio@ 2012026 according the EEG 2012.
Both, the decreasing investment costs and degeessiauneration would in reality more or
less neutralize each other. Furthermore, we havenmmemented a minimum use of lost heat
so far.

Table 2. Assumptions on substrate mixtures from 2012 to 2026

Mix 1 Mix 2 Mix 3
Maize silage 20 % 60 % 20 %
Grass silage 20 % 10 % 20 %
Whole-crop-silage - - 40 %
Cattle manure 60 % 30 % -
Rye grain - - 20 %

Source: Own assumptions according to Grundmanh €Q06), KTBL (2010).

In reality the Renewable Energy Sources Act changed012. This is considered in the
model as well. From 2006 to 2012 the former EEG9280applied, from 2012 assumptions
shown in Tables 1 and 2 are considered. The méfiereince of the EEG 2012 to the EEG
2009 lies in the allowed shares of substrates.Olh22a maximum limit of 60 % of maize
silage, corncob mix and grain kernel was introdudéds limitation is also used in the model



as can be seen in Table 2. From 2012 on, farmsluamse between three mixtures to produce
biogas. With Mix 3 it is even possible to operatei@gas plant without cattle manure. More
common in reality is the use of manure and maizgesi(see Mix 1 and Mix 2).

To illustrate the effects of biogas production, @npare a biogas scenario with a reference
scenario. In the reference scenario farms cannastnin biogas plants while in the biogas

scenario biogas production is available. In boténacios, farms have the same conditions
apart from the availability to invest in biogasmikin the biogas scenario. No model farm has
been given a biogas plant as capacity in the beggrof simulations, i.e. in 2006, because the
most substantial growth began first in 2005/06rafte EEG was revised and statistical data
about existing biogas plants in the Altmark regim2006 were not available.

3 Results and Discussion

As illustrated above, biogas production offers bibtieats and opportunities for farms and has
impacts on land markets as well as on the cultaradlscape. We analyse impacts of biogas
production on farms and the rural area in the Atkiragion while focusing on three aspects:
1) the choice of production of farms, 2) the conimet for land between farms, and 3)
impacts on environment and labour market. With #gent-based model AgriPoliS we
simulate two scenarios: the biogas scenario anddfegence scenario. Simulations start in
calendar year 2006. Our analyses were made fqrathed 2012 to 2026.

3.1 In-farm competition

Before we present results regarding the choice rodyction of farms, we introduce
characteristics of biogas and non-biogas modeldam2012 (Table 3).

In general, not every farmer is able to invest ini@yas plant. Size, management capability
and resources such as capital and labour are pisiteg to invest and succeed. Because
biogas production is a knowledge-intensive and dhelimg business, farmers need high
management capabilities to be successful in tregymtion branch. Thus, only model farms
with a high management capability invest in biogints. On average, model farms which
invest in biogas have due to higher managementsstal. 1.8 % less variable costs in all
production processes, i.e. also in biogas prodagctidnile all other farms only save ca. 0.8 %
on average in 2012Biogas farms are on average also larger than fmyab farms. In terms
of European size units (ESU) biogas farms are ypean times as large as other farms. The
farm size in ha is 3.7 times higher, they keep nmoke cattle, and have because of their size
more equity capital.

In the biogas scenario in 2012, 108 of the 741 mtatens (i.e. 14.6 %) own 282 biogas
plants with a total capacity of 45 MW. That meansrg biogas producing farm owns on
average 2.6 biogas plants in the model with anaaeeimstalled capacity of 160 kW per plant
or 416 kW per farm. Compared to reality, model farimvest in more but smaller biogas
plants. This is due to the fact that model farms oaither choose intermediate sizes, e.g.,
between 150 and 450 kW nor cooperate and shatéiésciFurthermore, model farms do not
have the opportunity to buy substrates from othen$ yet. Therefore, model farms’ sizes are
mostly too small to invest in larger plants. Thea#lest farm which invests in a biogas plant
manages 290 ha and 240 dairy cows plus offspring.

! The reduced variable costs result from a farm iipemanagement factor. During the initializatiori a
simulation, every farm is assigned a randomly chasanagement factor between 0.8 and 1.2. Accotditigis
management factors the variable costs of everyymtazh activity are proportionally increased or aesed.
The fact that on average the management facto®12 2s less than 1.0 is based on the endogenaudstil
change between the initialization of the model 28006 and 2012. l.e., that in general farms with rpoo
management factors (>1) exit earlier than thosh higgh management skills (<1).



Nevertheless, the results fit to real observatiegarding the total installed capacity per farm
and for the whole region. For example in 2011 fapraluce 40.95 MW in the model while

real production resulted in 41 MW in the Altmarlgi@en (2011 is the latest available data;
LLFG, 2011). Average plant capacity per model famm@011 amounted 369 kW; in Germany
it reached at the same time 402 kW on average.

Table 3.Characteristics of biogas and non-biogas farmbkerbiogas scenario 2012

Characteristics Biogas Farms Non-biogas Farms
Number of farm 108 633

Average farm size in ha 996 272

Average farm size in ESU* 661 69

Variable cost saving dueto 1.78 % 0.84 %
management capability

Number of cattle 500 29

Equity capital in EUR 1,133,071 235,320

* ESU means European size units, one ESU equdl6® Euro standard gross margins.

Source: Own simulation results from AgriPoliS.

Figure 1 shows the further development of plantd @ueir total installed capacity between
2012 and 2026 in the model. Accordingly, model Itssaupport expectations that biogas
production will increase further, in particular digea rise in the installed capacity per farm.
During the simulations, farms grow because otheris farming. This offers potentials to
invest in larger plants (450 to 800 kW) as welleTdimost stable number of plants, while at
the same time increasing installed capacity, indgaising plant sizes. Starting in 2012 with
an average installed capacity of 416 kW, biogasigaincrease their capacities to 943 kW per
farm in 2026.

MW Biogas producing farms
120 4 200
- 180
100 A L 160
30 | - 140
- 120
60 - 100
- 80
40 L 60
20 | - 40
- 20
0 - -0
2012 2014 2016 2018 2020 2022 2024 2026 year

s Biogas producing model farms —8—total installed capacity of biogas plants in MW

Source: Own simulation results from AgriPoliS.

Fig. 1.Number of biogas producing farms and their insthtlapacity in megawatt in the biogas scenario, 2012
2026 (model results)



Due to these developments the structure of the Sfaproduction changed. According to
Brendel (2011) one megawatt electrical power rexpuiabout 550 ha of energy crops.
Furthermore, the cultivation of energy maize neeush grassland as well as fallow and
abandoned land (Brendel, 2011). The simulationlteswpport this. The amount of fallow
land decreases and cultivation of maize increasee Fig. 2). Furthermore, the use of
grassland is intensified as the usage changesrireatdows to grass silage. Only the increase
in suckler cows hinders a stronger decrease of avemadnd even higher intensification. But
grass and maize silage are not only cultivatedlii@ct use in the biogas plants. To use liquid
manure for bioenergy production, more cows are kephe biogas scenario (see Fig. 3) and
demand grass and maize for feed as well. Also Eheanet al. (2012) see this connection:
Because maize is predominantly cultivated as feeeistock may contribute significantly to
the maize production.

Maize m REFERENCE

Root crops m BIOGAS

Grass silage
Fallow
Meadows
Rapeseed
Grain

T T T T T T T { ha
0 20000 40000 60000 80000 100000 120000 140000

Source: Own simulation results from AgriPoliS.

Fig. 2. Cultivation size of different crop types in théemnce and biogas scenario, 2020 (model results)

Dairy cows B REFERENCE
mBIOGAS
Suckler cows
Heifers
T T T T T T T 1 heads
0 5,000 10,000 15,000 20,000 25,000 30,000 35,000

Source: Own simulation results from AgriPoliS.

Fig. 3. Number of cows and heifers in the reference andds scenario, 2020 (model results)

Biogas producing farms do not only change theidpotion because of the demand of the
biogas plant but also increase their dependenay foaiogas revenues. Fig. 4 shows the
composition of average revenue per ha of various tgpes in the biogas scenario. At first it

can be shown that revenue per ha differs highlywéen farm types: feed/cattle farms have
with 809 Euro/ha on average the lowest, feed fawite biogas production (feed biogas

farms) with an average 2,821 Euro/ha the highestmee. Interesting is, furthermore, the

contribution of the farm branches to the revenudil®/pig breeding/fattening farms and

arable farms receive their main revenues from thacial fields, feed/cattle farms are highly
dependent on direct payments. Compared to feedsfawithout biogas production, feed

biogas farms have high revenues in cattle prodactiod additionally the revenues from

biogas production. They are far less dependenti@ttdpayments. All other biogas farms

(arable biogas farms) have on average absoluteehigivenues than non-biogas producers.
Furthermore, the dependency on revenues from cnoppag production of arable biogas

farms is reduced while biogas production contribi® % to total revenues of those farms.
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Note: Feed biogas farms are feed farms with bigasduction, arable biogas farms are mixed, arablpi@
breeding/fattening farms with biogas production.cAs be seen the other farm types do not producmbi

Fig. 4. Composition of revenue of different farm types ur& per hectare in the biogas scenario, averagez- 20
2026 (model results)

Summing up, farms with biogas production gain anmmaart of revenues from this new
branch. Not only revenues absolutely increase iogds producing farms, also the
composition of total revenue changes on averagepaced to similar farm types such that
biogas production takes over a big part of revesargribution.

Overall, biogas affects the in-farm competition thie different branches significantly.
Because of the complementarity, biogas productitersosynergies for cattle production, but
at the same time there are competitive effectsottver production activities which are
substituted. Due to the fact that land is scarakthe biogas plant has to be fed constantly
with maize and/or grass silage, a biogas farmertdasorient his production to the crops
which deliver more biomass per ha to avoid feeddrécks. That results in both, reality and
model to intensification: fallow land and extensiwee of grassland decrease while maize
cropping and production of grass silage increase.

3.2 Inter-farm competition

Biogas plants have to be fed with energy crops Zenaind grass silage) and manure from
livestock which also needs feed. Thus, biogas fameed land. At the same time, the total
amount of land is limited and can only in rare saBe expanded in Germany. Thus, biogas
increases competition for land and land (rentabgsr might rise. Furthermore, biogas farms
are not only heavily dependent on land, they ma&p d&lave above average management
capabilities (i.e. lower variable production cosiayl receive high remuneration payments for
delivered energy. Huttl (2012) stated that becaofs¢he high feed-in remuneration for
electricity from biogas, in some places the fooddpiction oriented agriculture is already
displaced by the new energy producers. According Bi@ndel (2011) these high
remunerations cause that traditional farmers mag leental contracts after expiring to
biomass plant operators because the latter canhoffieer prices per hectare.

Our simulation results confirm the advantage ofgh® producers: the average rental prices
for rented arable and grazing land of those farmghvproduce biogas in the biogas scenario
are higher in the biogas scenario than in the eefsg scenario (Fig. 5 and 6). At the same
time non-biogas farms have to pay in both scenaxéasly the same (see Fig. 6).
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Fig. 5. Average rental prices for rented arable land iroEper hectare of biogas and non-biogas farms in the
model region Altmark between 2012 and 2026, refezeand biogas scenario (model results)
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Fig. 6. Average rental prices for rented grassland in F@mohectare of biogas and non-biogas farms in the
model region Altmark between 2012 and 2026, refegeand biogas scenario (model results)

Furthermore, Fig. 5 particularly shows that prit@srented arable land of biogas farms are
also higher in the reference scenario. l.e., fawhgh invest in biogas production have in



both scenarios a higher ability to pay more fordlan and these farms also have higher
management capabilities (cp. Table 3). Therefamd, qf the increase in the rental prices must
be independent from the development of biogas mtomlu The management capabilities to

save variable costs play a role as well. Duringusitions less successful farms exit and more
and more farms with better management capabilié@sain in the sector and grow. The

ability of good managers as well as of farms wtegploit economies of size allows paying

higher prices for land and leads in both scenddascreased rental prices of their farms.

In general, rental prices for land have an impacthe resulting profits of a farm. The more
money is forwarded to the land owners, the lessaypoemains for the farmer. Indeed, our
simulation results show that some biogas produtangs can increase their average profits
between 2012 and 2026 compared to the referencearsogsee Fig. 7). Those benefitting
biogas farmers have generally better managememtbddies and are larger in hectare size
than less successful biogas producers. Howeveunré-ig shows as well, that not all biogas
farms benefit. Quite some biogas farms lose profitscomparison to biogas farmers who
gain in the biogas scenario, the losing biogas éasnihave on average lower management
capabilities and are smaller. After investing iiagas plant they are highly dependent on
land to produce substrates for feeding the biodast.pBecause of the high competition for
land and the resulting increases in rental prittesse biogas farms lose their initial advantage
from biogas. This finding is also supported by Feg@. Accordingly, the variance of the
biogas farms’ profits increases significantly comgghato the same farms’ profits in the
reference scenario. This means that competitiomngsires the potential profits of biogas very
quickly. Only those farms with a real comparatilvantage benefit while other investors
even lose.

A) Profit per hectare in Euro B) Profit per farm in 1,000 Euro
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Fig. 7. Average profit A) per hectare and B) per farmwfvészing farms between 2012 and 2026 in the refegen
and biogas scenario (model results)
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Interestingly, Figure 7 shows for the non-biogasi&in contrast no clear disadvantage in the
biogas scenario. Some of them even increase thditgpper ha as well as on the farm level.
However, in general, total profits of surviving bas farms are much higher (between two
and six hundred thousand Euros per farm). Thisiepplso to farm size. Biogas farms have
more land than non-biogas farms (cp. Fig. 9).
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Fig. 9. Average farm size of surviving biogas and non-a®farms between 2012 and 2026 in the reference and
biogas scenario (model results)



Fig. 9 also shows that all farms with more tharD@,8a produce biogas. One explanation for
that is that a minimum size is needed to be abfedd a biogas plant with enough substrates.
Only large farms have enough capital and resourcésiild and feed biogas plants. Another
important aspect is the better management skilteebiogas farms which allow them to have
lower variable costs also in biogas production carag to non-biogas farms. Once invested,
biogas farms have the potential to grow faster tb#rer farms because they generate
additional money with biogas production and bidhieigrents on the land market. The model
results show that indeed farms with biogas produacgrow in the biogas scenario by ca. 77.5
% to 1,484 ha between 2006 and 2026 while non-Bidgems can increase their size on
average by ca. 46 % up to ca. 275 ha on averageeV#s, in both scenarios the speed of
growth of both farm types is rather similar. In tleéerence scenario farms which invested in
biogas production in the biogas scenario grow by/@a% up to 1,479 ha on average and the
other farms by ca. 38.5 % up to 261 ha on aver@ipwiously, biogas farms do not only
compete with non-biogas farms but rather with othergas-farms. This finding may be
specific for Eastern German conditions, where al#&ufo of the land is farmed by farms
larger than 1,000 ha and some further 23 % by favittemore than 500 ha (BMELV 2012).

In the following, we analyse the stability of farmsing the equity ratio to compare the risk of
insolvency of biogas and non-biogas farms. A hilgars of equity can help to cover losses
and survive in low price periods. On the other siddould be considered that a reduction of
the equity ratio and a simultaneous increase ofitpréead to a rise in return of equity
(leverage effect). In general, the farms which stve biogas plants during simulations have a
lower equity ratio than other farms in both scem&rirhat means biogas farms are less stable
than other farms. Biogas farms even worsen thabilgty when investing in a biogas plant:
they have an even lower equity ratio in the biog@enario than in the reference scenario (cp.
Table 4), where the same farms are not able tostnvea biogas plant. That comes as no
surprise, given the fact that the investment castsvery high and require a large amount of
loan capital. Although biogas farms have a lowabity, farm exits of biogas producers are
up to 2024 less often in the biogas scenario thahd reference scenafio

Table 4.Equity share and return of equity of biogas farmthe reference and biogas scenario (model results)

Scenario 2012 2016 2020 2024
Equity ratio in % Biogas 35.0 37.9 38.6 39.5

Reference 49.1 53.7 58.8 61.4
Return of equity in %  Biogas 12.3 14.1 111 5.3

Reference 14.5 14.3 13.3 9.5

Note: Biogas farms in the reference scenario arsettiarms which invest in biogas plants in the &sogcenario
(they do not produce biogas in the reference sa@nar

Source: Own simulation results from AgriPoliS.

As mentioned before, borrowing capital offers posisies to increase the return of equity

when a farmer can increase profits as well. Inr@stt the simulation results show that biogas
farms are on average not able to increase thdiitadndity in the biogas scenario compared to

the reference scenario. This holds also regardiegdturn of equity (Table 4).

Summing up, biogas farms are highly dependent ensuwcessful they manage their biogas
plants. The potential benefits of high feed-inftamesult in strong competition among farms.
As a result, biogas producing farms pay on avehagjeer rents, they increase the amount of

% In the years 2024 and 2025 three more biogas faams and in 2026 six more biogas farms exit theosén
the biogas scenario compared to the reference soeRait reasons of those farms are illiquiditya824 and
2026, and opportunity costs in 2025.



debt capital and have to pay interest for thesdsddlhus, instability of biogas farms in the

biogas scenario is higher. Nevertheless, biogagugtmn is not the only driver for increasing

rental prices and changes in farm size. In the #r@management capabilities of a farm play
a major role. Only good managers can operate aabig@dant successfully, i.e. only they

succeed to generate higher profits on average ith#éime reference scenario. Moreover, the
comparative advantage of biogas within the farmsdpction opportunities has a strong

impact regarding the question whether a farm benéfom biogas compared to a scenario
without this opportunity.

3.3 Impacts on rural area, environment and labour market

Until now, we discussed the impact of biogas préiducon farm level and inter farm
relations. But there is also a lively public dissios on how biogas production affects rural
areas and the environment. Some argue that biegés to a critical rise of the share of maize
within the crop rotation: Succow (2011) even c#iis a serious maldevelopment in biomass
utilization. ‘Maize encourages erosion, destroyes shil fertility and humus, requires a lot of
pesticides and artificial fertilizer, in additiom provides habitat only for few organisms’
(Succow, 2011). The increase of maize croppindss aupported by our simulation results
(cf. Fig. 2). While in reference scenario farmsduce mainly rapeseed and grain and feed
their livestock with meadow grass farms intenstigit cultivation in the biogas scenario
while producing more maize and grass silage. Anagffect of biogas production is that idle
land is partly brought into production. To sum bmgas production leads regionally to an
intensification of production from meadows and gras maize and grass silage. Besides the
maize cultivation also livestock is growing, beaabsogas provides an additional income for
feed farms as the by-products can be utilized. Fghows the increase in livestock. A vicious
circle seems to establish: On the one hand, thgoption of maize increases because silage is
used as substrate for the biogas plant. On ther dihad, biogas production provides
additional incentives for livestock production besa of the synergies (i.e. manure use). This
rise in livestock again drives the demand for maitage. However, Karpenstein-Machan and
Weber (2010) state that a narrowing crop rotat®nat a new, bioenergy specific problem:
‘Due to specialization and intensification of agttare since 1980 and the focusing on only a
few economically interesting and marketable prosiuthe appreciation of healthy crop
rotation and the observance of principles of cropation has apparently become less
important’ (Karpenstein-Machan and Weber, 2010-312).

Not only crop rotation is affected. As already nmemed, more fallow land is used. By

reducing fallow land, large scale habitats are learrand connecting habitat structures for
wildlife and plants are lost (Brendel, 2011). Buere are also arguments for a positive
environmental effect of biogas production: Biogasdoction has advantages for the use of
manure. It not only enables a carbon cycle managerbecause after fermentation the
digestate can be used as fertilizer, moreoverdidpestate has higher nitrogen availability and
a lower aggressiveness than raw manure (Fultoh, &04.1).

Another fact is that biogas production influencles tural development. In Saxony-Anhalt,
1.5 % of employees already work in the field ofeenable energy production, whereof the
bioenergy sector became the third largest emplafter wind and solar energy (Ulrich et al.,
2012). Therefore, biogas production can ensure@nagiincomes as well as employment and
promotes the development of rural areas (Fultoal.et2011). The increase of agricultural
employees is also shown in our simulation resuws Eig. 10). Accordingly, the biogas
scenario leads to an increased employment of 2@ &, partly because of more cattle-based
and intensified production. Especially biogas faremsploy on average up to 37 % more
annual working units (AWU) in the biogas scenahart in the reference scenario.
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Fig. 10.Total number of annual working units (AWU) in biegand non-biogas farms including family workers
between 2012 and 2026 (model results)

With regard to the effect on the employment inwille rural area (besides agriculture),
Berenz et al. (2007) mention an important aspadhéir model calculations it is shown that
dairy farming has a much higher area-based effeenaployment than biogas production.
Extending the observation to the downstream atessetdifferences in labor input are even
growing. ‘The biogas plant produces electricitgadable product, which requires hardly any
jobs in the downstream area. By contrast, dairgpcts and animals for slaughter have still
to be processed much further to become finallyl@sagood’ (Berenz et al., 2007: 10).
Conclusions on environmental aspects cannot berddinectly. But it can be said that
employment of workers in agriculture, number oébtock and the number of land under
usage increase. Therefore biogas production catniloote to the development of rural areas
as it provides income opportunities for farmersvai as job opportunities. On the other
hand, it may imply environmental risks due to aemsified agriculture.

4 Conclusions

We analysed impacts of biogas production regardgg production choice of farms, the
competition between farms, and impacts on ruralasrencluding environmental and
employment effects. The analysis is based on teatdazpsed model AgriPoliS which enables
to simulate regional agricultural structures angirtlevelopments over time. Our case study
region is the Altmark region in East Germany beeatlsis region is characterized by
significant biomass potentials and a high degreeuddlity. Agriculture has a considerable
share in employment and, thus, agricultural develms may strongly affect the regional
development. For the analysis two scenarios argpaced: In a biogas scenario it is assumed
that farms can invest in a highly subsidized biggasgluction, while in the reference scenario
biogas investments are not possible.

Our analyses showed that on the farm level biogadugtion provides especially for large
farms and with high management skills a profitabt@®me opportunity. Biogas farms gain a



main part of revenues from this new branch. Notealyenues absolutely increase, also the
composition of total revenue changes such thatasigggoduction takes over a significant part
of revenue contribution. It implies an increasingpendency of the whole farm on their
biogas plant(s). Furthermore, the whole productgiructure of a farm changes. Our
simulation results have shown that biogas prododegads to an intensification of land use,
especially to an increase in cultivation of graitsge instead of meadows, maize instead of
other crops and to an increase in livestock pradonctThe proportion of maize increases
because silage is used as substrate for the bulgas and as feed in cattle keeping. In
general, biogas production provides additional miges for livestock production because of
the synergies (i.e. manure use). As result of ameased value added through biogas
production and high competition among farms, reptates increase. This may be a threat
particularly for biogas farms which are smaller drae less management capabilities. On
average, biogas farms do not increase their pholittyg while the variance of the biogas
farms’ profits is significantly higher. The mainason for these effects can be seen in the fact
that a significant share of the value added issfieaned via increased rental prices to the land
owners. These rental prices are driven by the makdiand rents of the most efficient biogas
farms.

Looking at the impacts of biogas production outsidgriculture we find that the
implementation of biogas plants can offer new emmplent potentials in biogas production as
well as livestock keeping. Therefore biogas proimctan contribute to the development of
rural areas as it provides income opportunitiesfdomers as well as job opportunities. But
biogas production also causes public concerns degathe impact on the environment. The
detected intensification in the agricultural progimie may imply environmental risks.

Summing up, we conclude that biogas production iges/opportunities especially for larger
farms with high management capabilities and for legmpent in rural areas. It can be a
profitable option in times of increasing uncertgiahd volatility of agricultural prices due to
globalization of the EU agricultural markets.

The development in the bioenergy market is polidyesh. Therefore, the market conditions
and developments are distorted as the demand dgasiis raised artificially through the
guaranteed feed-in tariffs. Long-term effects afficdlt to be estimated exactly. As we have
shown in our simulation, biogas farms gain a maan pf revenues from this new branch
which means that also the dependency of farms emitbgas production, specifically on the
guaranteed feed-in tariffs and therefore on paliticlecisions is growing. Therefore,
reservations and discussions exist on the sidéefbn-biogas farmers who fear for their
(future) competiveness particularly on the land kagras well as on the side of the biogas
farmers who are concerned about the stability ditipal decisions. This is embedded in a
public discussion on impacts of biogas productiareavironment and quality of life in rural
areas.
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