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Further operation of flexible biogas plants -
realisable bid prices in the EEG 2017
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With the tendering procedure of the Renewable Energy Sources Act (Erneuerbare-Ener-
gien-Gesetz, EEG) 2017, the opportunity was created to transfer existing biogas plants into a
10-year follow-up remuneration through new commissioning. A detailed analysis of possible
revenues and costs can be an advantage when placing bids. Thus provide clarity about the
economic situation of a biogas plant during the follow-up period. The aim of this paper is to
demonstrate that there are potential economic options for selected existing biogas plants in
Germany in the electricity market. Namely to switch to the tender design under EEG 2017
and to take advantage of the 10-year follow-up remuneration. For now, the tender corridors
beyond 2022 are not determined yet. But in the course of an upcoming amendment of the
Renewable Energy Sources Act it is likely that there will be a notable corridor volume from
2023 onwards. In addition to the ability to operate flexibly, the decisive factor for the econom-
ic operation of a plant beyond the 20-year EEG remuneration period is the levelized costs of
electricity (LCOE). Or more precisely the LCOE that can be realized in the follow-up period. If
a subsidy charge can be achieved that, combined with market earnings, exceeds the average
LCOE in the follow-up period, economic operation is ensured. Otherwise, additional sources
of revenue or cost reduction potential must be tapped.
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In the context of the energy transition, electricity feed-in from volatile regenerative energy sources
has increased significantly in Germany since the millennium. As a result, the residual load in the
electricity system is subject to rising fluctuations at short intervals, resulting in a growing need
for flexible provision capacities to compensate for the residual load fluctuations. The EEG has been
encouraging the demand-based provision of electricity from biogas via direct marketing and the flex-
ibility bonus since 2012. Direct marketing already being mandatory for certain new plants since the
EEG 2012. The EEG 2017 tendering procedure created the possibility of transferring existing plants
into a 10-year follow-up remuneration. Through new commissioning in accordance with § 39f EEG
2017 plants could extend their operation. In order to be able to participate in the tender and thus
ensure the economic continuation of operation after the expiration of the 20-year EEG remuneration
period, yearly power generation is limited to 50 % of the installed capacity. So biogas plant operators
must maintain at least twice the output of a combined heat and power unit (CHP) in relation to the rat-
ed output. In the case of existing biogas plants, the investment in flexibilisation should be financed by
the payment of the flexibility bonus. The flexibility bonus is paid for up to 10 years over the remaining
term of the first EEG remuneration period for additional installed electrical capacity or decreasing the
rated power. The complete discontinuation of the previous EEG remuneration after 20 years can be
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partially compensated for the subsequent 10-year follow-up funding. In addition, a successful switch
into the tender design entitles the operator to a flexibility surcharge of 40 euros per kilowatt and
year for installed electrical CHP capacity in accordance with § 50a EEG 2017. Whether the continued
operation of existing biogas plants via this follow-up remuneration represents an economically viable
concept, must be determined individually for each biogas plant. In addition to the legally stipulated
support via the flexibility bonus and flexibility surcharge, the minimum bid price that the plant can
achieve while covering the annual costs incurred in the follow-up period plays a decisive role. Thus,
a reasonable bid price range can be identified, which is determined by the system-specific cost-cover-
ing minimum bid price and the maximum bid price of the tender. This offers biogas plant operators
the opportunity to estimate the extent of possible profits in the EEG follow-up tariff and to exploit the
continued economic operation of their biogas plant by submitting a well-founded bid.

In the third tender for biomass plants under the EEG 2017 as on April 15t 2019, the available
tender volume of 133.3 megawatts (MW) in total was again not exhausted. Among the 19 subsidised
biomass plants with a total installed capacity of 25.5 MW were 15 existing plants (> 150 kW installed
electrical capacity) with a total installed capacity of around 22.5 MW. They were able to bid at a max-
imum bid price of 16.56 EUR ¢t kWh ! (2020: 16.40 EUR ct kWh,1), set in accordance with section
§ 391 (5) no. 3 EEG 2017, with the weighted average bid value being 12.12 EUR ct kWhel‘1 (BNETZA
2019a). After the first three tenders under EEG 2017, a total of 83 existing biomass plants (> 150 kW
of installed electrical capacity) with a total installed capacity of around 89.3 MW have already been
awarded a contract to switch to the tendering regime under the EEG 2017.

Making a biogas plant more flexible by increasing the installed electrical capacity to at least twice
the rated capacity or reducing the rated capacity to half of the already installed electric capacity are
fundamental prerequisites in line with § 39h (2) EEG 2017 for receiving payments after a successful
tender. However, in addition it is necessary to more precisely specify how the plant should ideally
be configured in order to be able to serve the most attractive segments of the electricity market after
flexibilisation. Of the seven indicators for flexible biogas plants described in (DOTZAUER et al. 2019),
not only the power quotient (ratio of installed capacity and rated capacity) is relevant here, but also
the reaction speeds in the form of load ramps, as well as the time periods at high and low load, which
are largely determined by the mode of operation and the available gas storage (LAUER et al. 2017).
These show that flexible operation is the most lucrative under the current framework conditions, in
which all CHPs of a biogas plant form a virtual power block which is operated in start-stop mode.
Existing plants can transit into the tendering regime under EEG 2017 in case of a successful bid par-
ticipation. After the public announcement of the acceptance of the bid a time range for the actual tran-
sition opens, starting from 12 months until 36 months after the announcement in accordance with
§ 39f (2) EEG 2017. After the latest amendment of § 28 (3) EEG 2017, the tenders take place twice
a year on 1 April as well as 1 November. This means that if participation takes place more than 36
months before the end of the first EEG remuneration period, even if successful, the plant would lose
its entitlement to subsidies for part of the first remuneration period. In case of participation in a ten-
der with less than 12 months before the end of the first remuneration period, the plant would neither
be able to claim the existing nor the auctioned payments from the tender for a certain amount of time
and therefore temporarily only was able to generate the revenues from the European Power Exchange
(EPEX Spot). In order to ensure a seamless transition, participation in a tender should therefore take
place in compliance with the above-mentioned transitioning deadlines.
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As a result of the act to amend the Renewable Energy Sources Act (Energiesammelgesetz) of
17 December 2018, the total amount of additionally installed electrical capacity remunerated via the
flexibility bonus that is installed after 31 July 2014 and reported to the register for market master
data (Marktstammdatenregister) of the Federal Network Agency (Bundesnetzagentur, BNetzA) will
be reduced from 1,350 MW to 1,000 MW. This cap was reached at the end of July 2019, which means
that a 15-month transition period until 30 November 2020 has now come into force, during which the
first-time use of the flexibility bonus beyond the cap is still possible (BNETZA 2019b). Once this tran-
sitional period has expired, existing biomass plants will no longer be entitled to gain the flexibility
bonus under the EEG 2017.

The ten-year extension within the tender design results in several additional costs for the operators
of existing biogas plants. In particular, these can be investments in additional technical components
within the framework of flexibilisation and their integration, technical and structural maintenance
and repowering measures on the existing plant as well as new (approval) legal ordinances, regula-
tions and laws. In order to ensure that these additional costs can be compensated, additional sources
of revenue should always be considered in the follow-up period.

In particular, the optimised use of heat from on-site electricity generation plants is catching at-
tention. Today, there are numerous examples in practice on how this can be implemented, not only to
optimise heat utilisation but to increase revenues as well. These can be aspects of the seasonal shift in
heat supply and consumption via large heat storage facilities, including possible seasonal feeding of
substrates, the expansion or new development of additional heat sinks, the provision of higher-value
process heat and the expansion of heat supply quality in the form of full supply including peak load
coverage (WELTEKE-FABRICIUS 2018). However, there are considerable differences in Germany regard-
ing the willingness to pay for the purchase of heat for heating and hot water supply. For household
customers with a basic supply contract for natural gas, these were on average 6.99 EUR ct kWh'!
(thermal) in 2016 and 6.64 EUR ct kWh'! (thermal) in 2018 (StaTisTA 2019). The average willing-
ness to pay for the purchase of heat from a biogas plant in the same year was only 2.2 EUR ct kWh'!
(thermal) without a guaranteed full supply and 3.90 EUR ct kWh! (thermal) with a corresponding
full supply (FACHVERBAND BioGas e.V., 2016). As a possible explanation, STROBL (2017) mentions
cross-subsidisation through the CHP bonus of the EEG 2004 and EEG 2009, an unfavourable choice of
location for the biogas plant, which makes it more difficult to develop a valuable local heating market,
as well as insufficient marketing on the part of the biogas plant operators to attract customers with a
higher willingness to pay for heat.

Due to the focus of this paper on the economic efficiency of plants in the electricity market, no
separate investigation of heat optimisation and its individual challenges will be made at this point. In-
stead, reference is made to further specialised literature, e.g. (HERBES et al. 2018, KARSCHIN and GEL-
DERMANN 2015, DOTZAUER et al. 2016). From a technical point of view, there are various options for
flexibilisation in the electricity sector, e.g. through pumped storage, battery power plants, supercaps
(STERNER and STADLER 2017) or through demand-side management. There is no in-depth explanation
of flexibility options in the electricity sector provided here, due to the legal framework conditions
under EEG 2017 for the flexibilisation of biogas plants via the flexibility bonus and surcharge.
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Materials and methods

The methodology used in order to determine the feasible bid prices, which need to at least cover the
LCOE of a biogas plant during the follow-up period, will be described in this section: first the calcula-
tion tools, then the methodological principles, afterwards the selected practical plants and at last the
derivation of the flex scenarios.

Description of the tool box “BioFlex”

The basic procedure for the economic analysis of biogas plants has been implemented in an update
of the “BioFlex” tool box. “BioFlex” has been developed at the German Biomass Research Centre
(Deutsches Biomasseforschungszentrum, DBFZ) for several years and allows economic efficiency cal-
culations based on the annuity method according to the guideline of VDI 2067 “Economic efficiency
of building services installations - principles and cost calculation” (VDI 2000). The tool box consists
of a total of six calculation modules, which are created as individual Microsoft® Excel® files and
exchange data with each other via Visual Basic for Applications (VBA) scripts. Furthermore, some
modules also contain VBA scripts to perform automated internal calculations and display results
graphically. The basic functional diagram of the “BioFlex” tool box in its previous version, which has
already been used for a study by the Agency for Renewable Energy (Agentur fiir Erneuerbare Ener-
gien, AEE) (DoTzZAUER et al. 2018), is shown in Figure 1. For the present study, the economics module
has been adapted in such a way that the different observation periods (EEG 1.0, EEG 1.1, EEG 2.0),
which are explained in Chapter 2.2, can not only be considered and evaluated individually but also
together, which was not possible before.
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Figure 1: Functional diagram of the “BioFlex” tool box, divided into input, modules and output

First, relevant technical and economic parameters of the biogas plant are entered into the data
storage (module 02) using a form (module 01). Furthermore, heat load profiles are created based on
real-time weather data from the German Weather Service from the reference year 2017 (module 03).
The generation of the CHP schedules in Module 04 is performed by optimizing the hourly prices of the
EPEX Spot on a daily basis using a price ranking methodology based on price data from 2017 (EPEX
Spot) (EPEX Spot SE 2018). Apart from the available electrical capacity of the installed CHP plants,
no further technical restrictions are assumed. In order to ensure a gentle flexible CHP operation, the
direct marketer usually considers restrictions. Foremost the daily start-stop operations are limited
to a maximum of two to three daily starts or stops, minimum running times after a start, as well as
minimum downtimes after a stop when creating flexible schedules in practice. A simplification of
the flexible mode of operation is provided by so-called double humps, whereby in the morning and
early evening hours, hours with on average higher electricity prices on the power exchange are run
in a continuous block. The lengths of the power generation blocks depend on the additional electrical
power. Furthermore, it can be stated that especially on working days and in the winter months, high
electricity prices prevail and a corresponding concentration of CHP plant operation in these periods
can lead to additional revenues compared to a continuous operation (STROBL 2018).
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Basics of the economic analysis

The economic analysis comprises five operational biogas plants, each with three scenarios in terms of
different power quotients (Qp) of the CHP at constant rated capacity. The three scenarios are roughly
based on power ratios of Qp = 2 (flex-scenario A), Qp = 3 (flex-scenario B) and Qp = 4 (flex-scenario C)
of the installed electrical CHP power.

In the following, the adaptation of the methodology for the economic efficiency calculation in mod-
ule 06 “economy” of the “BioFlex” tool box is described in detail. The economic analysis includes a
dynamic investment calculation in the form of the annuity method, which is based on VDI 2067. This
method was adapted to the time sequence of investment measures typical for the flexibilisation of an
existing biogas plant. This means that the biogas plants considered in this contribution have each
reached about half of their 20-year remuneration period or are already in the second half of their EEG
remuneration phase and are investing in technical extension for flexibilisation at this point in time.
As shown in Figure 2, these investment measures are divided into three chronologically staggered
sub-sections: EEG 1.0, EEG 1.1 and EEG 2.0. As a result of the economic analysis, the annuities for
revenues and costs of the biogas plants over the respective periods are given and based on this, the
LCOE for a 10-year period after the end of the first remuneration period are given in cents per kilowatt
hour. The total annuities of the three subsections can be interpreted as average annual profit or loss.

A
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Figure 2: Scheme of the economic analysis depending on the sections of the investment project

Section EEG 1.0 reflects the status quo of the plant without investment in flexibilisation, where the
plant is operated in its current form only until the end of the 20-year EEG remuneration period. In the
context of this paper, it is assumed that the decommissioning of the biogas plant does not result in
costs due to the dismantling or revenues due to a residual value. Even if in practice provisions for the
dismantling of a biogas plant should normally be made in accordance with the legal requirements for
approval. Provisions amounting to about 5 % of the investment in the new plant or the initial invest-
ment can be calculated here (HoFFSTEDE et al. 2018). For the cogeneration units, a general overhaul is
considered after 65,000 operating hours and a replacement investment after further 30,000 operating
hours (total lifetime expectancy of 95,000 hours). The basic annuity of the biogas plant is determined
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over the entire EEG remuneration period of 20 years. In order to apply the annuity method, it is neces-
sary at this point to transform all historically accrued subsequent investments to their present value
in the period t = 0 using the discount factor.

The annual consumption, operation and other costs of the year 2017 were requested from the
biogas plant operators. Since the annuity method takes a constant price increase into account, start-
ing from the beginning of the observation period, the adjusted methodology initially calculates the
annual costs back to the price level of the first year of operation of the plant before calculating the
price-dynamic annuity with the underlying price change rate. The annuity is then calculated over the
entire 20-year EEG remuneration period using the price-dynamic annuity factor.

Section EEG 1.1 maps the period from the investment in flexibilisation to the end of the 20-year
EEG remuneration period. In addition to the basic annuity of the existing plant, additional costs and
additional revenues are incurred due to the flexibilisation. The investment in flexibilisation is fully
distributed over the remaining term of the 20-year EEG remuneration and thus increases the LCOE in
section EEG 1.1. There is therefore no residual value for the investment in flexibilisation at the end of
the 20-year EEG remuneration period.

The EEG 2.0 section looks at the 10-year EEG follow-up remuneration, depending on a successful
participation in the tendering procedure under EEG 2017, assuming that the transition to the fol-
low-up remuneration will take place exactly when the 20-year EEG remuneration expires. In addition,
a simplified and flat-rate revaluation of the biogas plant is carried out. In the economic calculations of
DANIEL-GROMKE et al. (2020) a fixed period from 2020 to 2030 was specified for the EEG 2.0 section
and the reinvestment factors were drawn up on due to structural and technical components. On that
basis, an average reinvestment factor of 20 % of the initial investment volume is used in this paper,
which is intended to cover the costs of comprehensive plant renovations for the planned extension
of the plant’s operation. The CHP units are not part of the revaluation, since costs for overhauls and
replacement investments are calculated within the operation lifetime of the CHPs as described above.
In addition to the revaluation, the current costs and revenues of the existing plant and of the flexibi-
lisation are considered.

Figure 2 shows a schematic overview of the adapted methodology of the economic analysis de-
pending on the three time sections of the investment project. The cost reduction in the EEG 1.1
section results from the reduced running times of the flexible CHPs compared to the reference sce-
nario and the associated lower maintenance and repair costs. In the EEG 2.0 section the biogas plant
generates market revenues, which consist of the average electricity revenues on the EPEX power
exchange (monthly average), the additional revenues achievable on the power exchange through elec-
tricity price-oriented operation, and possible heat sales to external customers. To cover the total costs
determined, the flexibility surcharge and the market premium, which corresponds to the bid price in
the event of successful participation in the tender, minus the monthly average on EPEX, are granted.

With the introduction of the mixed price procedure, the legal framework for the provision of bal-
ancing power in 2018 was changed by the BNetzA. These are currently being critically questioned by
many market participants (BEE 2019). As a result of these changes and further foreseeable adjust-
ments to the legal framework, the revenues to be generated in future from the provision of balancing
power by biogas plants are subject to a high degree of uncertainty from today’s perspective. There-
fore, these revenues from the provision of balancing power are not included in section EEG 2.0. Due
to the complete abolition of the former bonus system and the annual degression rate of the maximum
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bid price limit of 1 % in the tender design under EEG 2017, cost recovery for biogas plants will become
much more ambitious in the future and will depend strongly on the level of the LCOE of the individual
plants.

Taking into account the revenues and costs incurred by the plant flexibilisation, the extension of
the period under consideration by ten years as well as the inclusion of the later valid funding condi-
tions, the LCOE of the biogas plant can be determined for the follow-up period. First, it can be calcu-
lated whether the LCOE of the plant in the follow-up period, after deduction of the additional revenues
described above, are below the maximum bid price limit and whether the respective plant is therefore
eligible at all for participation in a tender under the condition of a continued economic operation in
the follow-up period. In a further step, it is also possible to estimate how the overall profitability of the
biogas plant will develop in the follow-up period depending on the remuneration within the EEG 2.0.
On the one hand, the achievable revenues in EEG 2.0 can be described by the possible maximum
bids. However, it is also possible to determine the payment tariffs in EEG 2.0 with which the LCOE
of the biogas plant are covered exactly. This therefore represents the minimum bid price with which
the chances of an award of contract can be increased in the case of oversubscribed tenders and under
which the plant can be safely transitioned to the follow-up remuneration. Even if that means, that the
potential for additional profits is left behind, since the award of contract is carried out according to
the pay-as-bid procedure and operators of biogas plants only receive the payments as offered as bids
when the contract is awarded.

The expansion of existing heat utilisation concepts is not taken into account in the calculation, but
could have further positive influence on the economic efficiency in the EEG 2.0 section and should be
considered in practice.

Selection and description of the investigated biogas plants
For this contribution, a total of five agricultural biogas plants in Germany were selected, which are
located in the three federal states of Brandenburg, Saxony or Thuringia. All plants were monitored
within the framework of the research project ,Biogas-Messprogramm III - Teil 1: Faktoren fiir einen
effizienten Betrieb von Biogasanlagen; Teilvorhaben 1: Energiebilanzierung, Flexibilisierung, Oko-
nomie“ (Funding reference number: 22403515, Project Management Agency: Agency for Renewable
Resources [Fachagentur fiir Nachwachsende Rohstoffe e. V., FNR]). A one-year plant monitoring was
carried out, including the recording of energy flows from the biogas plant, regular analysis of biolog-
ical process parameters and the acquisition of economic data. The plant monitoring was divided into
two periods (2016/2017 and 2017/2018), in which a total of 30 biogas plants were examined.
The following criteria played an important role in the particular selection from the total of 60 bio-
gas plants examined:
= Existing data quality regarding economic indicators,
= The age of the biogas plant and
= The differentiation of the plants with regard to installed electrical output, substrate use, heat
concept and considerations of the particular plant operator regarding flexibilisation including
an extension of operation through participating in the tendering procedure under the EEG 2017
In particular, the focus should be on plants, which currently have no or very little flexibility (BGP 04)
and have reached about half of their 20-year remuneration period. As the flexibility bonus is granted
for a maximum of 10 years, this timeframe should be used most effectively for the refinancing of the
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flexibility-related investments in section EEG 1.1 and to therefore provide an economic relief for sec-
tion EEG 2.0. If the remaining life of a plant is significantly shorter, this would have a negative impact
on the overall economic result in section EEG 1.1, since an ineffective utilisation of the flexibility
bonus makes it more difficult to refinance the flexibility investments and can therefore also burden
the following period (EEG 2.0) in terms of costs.

To take care of gas storage drift caused by changing gas conditions, mostly temperature oscilla-
tions, 80 % of the available gross gas storage volume is used for the conversion from gross volume
to usable net volume for all five existing biogas plants. Temperature fluctuations cause changes in
volume of the gas trapped in the gas storage (non-adiabatic or quasi isobaric changes of state), which
reduce the net storage volume. For this purpose, it is assumed that at an annual mean temperature
within the gas storage tank of 40 °C, a maximum daily temperature fluctuation of 30 Kelvin can occur
(e.g. from 25 to 55 °C). Approximately 20.7 % is required for this temperature-induced expansion of
the biogas (LAUER et al. 2017).

In the following, the five biogas plants (BGP) are briefly described in more detail with regard to
their construction, technical design, substrate input and gas utilisation:

BGP 01 is located on the premises of a cattle and pig fattening farm in Brandenburg. The plant con-
sists of a fermenter with a usable volume of about 1,500 m?, designed as a circular reinforced concrete
tank with an internal submersible agitator, a double membrane gas storage roof and an overflow into
the secondary fermenter. The secondary fermenter with a usable volume of approximately 2,080 m*
is also built as a circular reinforced concrete tank with a double membrane gas storage roof and two
submersible agitators. Digestates are pumped into the open digestion tank, which has a storage vol-
ume of 2,650 m°. The total gross gas storage volume at the plant is 1,450 m°.

Since commissioning, no major refitting has been carried out on the plant. As solids, maize silage,
pig manure and on site ground rye meal are fed directly into the fermenter via a 32 m® feeder. The fed
manure consists of approximately 90 % pig manure and 10 % cattle manure. The biogas is converted
in a CHP and the generated heat is used to heat the pig fattening stables and the social building at
the site.

BGP 02 is located on the premises of an agricultural enterprise in Thuringia. The plant consists of
a fermenter with a usable volume of 2,001 m?, designed as a circular steel tank with central agitator,
as well as a circular reinforced concrete tank as secondary fermenter with a usable volume of approx-
imately 1,300 m® and an integrated foil gas storage tank with a gross gas storage volume of 600 m?>.
Two submersible mixers are used in the secondary fermenter to homogenize the fermentation sub-
strate. The digestives are stored in two circular reinforced concrete tanks with odour-reducing cover,
each with a storage volume of 3,500 m®. The plant was planned for the use of renewable raw materials
(maize and grass silage) as well as for animal excrements (cow dung). The plant is categorised as a
dry fermentation plant, i.e. the average dry matter content in the fermenter is between 12 and 14 %.
The solids are premixed by a mobile feed mixer and dosed by a moving floor feeding system. The
substrates are fed into the fermenter by a progressive cavity pump using recirculated material from
the secondary fermenter. Furthermore, an additional shredder with a separator for heavy material is
integrated in the feeding system. The fermenter is operated in the mesophilic process temperature
range (40-45°C). The substrate reaches the secondary fermenter and subsequently the digestion
tank via overflows. The biogas is converted into electricity on site in a CHP. In addition to covering
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the company’s own requirements, the heat generated is transferred as useful heat (process steam) to
a neighbouring commercial enterprise.

BGP 03 is located on the site of a cattle fattening plant in Saxony and consists of two fermenters op-
erated in parallel, each with a usable volume of approximately 1,300 m®. The fermenters are designed
identically as circular reinforced concrete tanks with foil gas storage and are each equipped with
two long-shaft agitators. The secondary fermenter is also a circular reinforced concrete tank with a
usable volume of approximately 1,500 m®>. It contains a long-shaft agitator and is used as an interme-
diate storage for digestives in addition to an open digestion tank. The liquid substrate cattle manure
is pumped directly from the barn into the fermenters. The solid substrates maize silage and grass
silage are fed by a wheel loader into the dosing tank with mixing function and from there they are
fed alternately directly into the two fermenters. The operation takes place in the mesophilic temper-
ature range (40-43 °C). A central pump is used to pump the fermentation substrate to the secondary
fermenter and from there to the digestion storage. The biogas is utilised via a CHP. The useful heat is
supplied to the administration building, the workshop and the milking and calving area as required.

BGP 04 is located on the premises of an agricultural enterprise in Thuringia. The plant consists
of a fermenter with a usable volume of approximately 1,600 m® and a secondary fermenter with an
usable volume for digestion storage of 5,100 m>. Both tanks are built as circular reinforced concrete
tanks with submersible agitators as well as foil gas tanks. A long-shaft agitator is also integrated in
the fermenter. A manure tank with a gas-tight cover is located upstream. The solid substrates are fed
directly into the fermenter via a stationary dosing mixer using a screw conveyor system. A central
pump transports the liquid manure to the fermenter and the fermentation substrate to the secondary
fermenter. In addition, a shredder with contaminant separation is integrated in the pumping section.
The fermentation is operated mesophilic at 42-44 °C. Biogas utilisation takes place on site in two
CHPs.

BGP 05 is located on the site of a cattle fattening facility in Saxony. The plant consists of a mixing
tank made of reinforced concrete with a useful volume of approximately 240 m® and submersible
agitators. There are two fermenters operated in parallel, each with a usable volume of approximately
1,400 m® and a secondary circular reinforced concrete fermenter with a storage volume of approx-
imately 3,400 m® with submersible motor agitators. The liquid substrate cattle manure is pumped
directly from the barn into the mixing tank. In accordance with the plant concept, the emission-tight
mixing tank acts as a hydrolysis stage. It is connected to the gas and substrate systems of both fer-
menters by compensating lines. The solid materials cow dung, maize silage and grass silage are fed
into the mixing container by a receiving storage and screw conveyor system. In addition to the com-
pensating lines, a central pump transports the fermentation mixture alternately to the fermenters
and to the secondary fermenter. Furthermore, there is an overflow from the secondary fermenter into
the digestion storage. Foil gas tanks are located on both fermenters and on the secondary fermenter.
The gas is utilized by two CHPs. The relevant characteristic data for the five examined biogas plants
are summarised below in Table 1.
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Table 1: Characteristics of the five biogas plants

Biogas plants Unit BGP 01 BGP 02 BGP 03 BGP 04 BGP 05
Installed electrical power Py ;¢ kW 265 537 540 540 562
'1I'h§reof installed electrical power CHP KW 265 537 170 190 370
el,CHP 1
;hereof installed electrical power CHP KW B B 370 350 192
Pei,chp 2
Maximum rated power electrical Pg,, kW 252 510 513 420 534
Power quotient OP* 1.05 1.05 1.05 1.29 1.05
Existing gross gas storage volume Vg m® 1,450 600 630 700 970
Commissioning BGP 22.12.2011 01.12.2006 01.08.2007 18.12.2009 21.06.2007
. approx.
Start of flexibility bonus - - - since July from mid
2017 2019
Actual flexibile operation no no no no no
Flectricity output fed into the grid KWh 2,031,529 4,269,951 4,071,712 3,644,635 4,476,479
Substrate use 2017 Mg FM a~! 6,973 9,024 23,946 29,218 18,557
Thereof cattle or pig manure % 59 9 67 76 62
Thereof maize silage % 38 76 25 14 31
Thereof grass silage % - 14 8 6 6
Thereof other input materials % 3 1 - 2 2

" The static power quotient is calculated as the quotient of the power installed at the biogas plant P, plant in kilowatts and the maximum
rated power P, in kilowatts
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Derivation and description of Flex Scenarios
In the following the data on investment requirements for flexibilisation depending on the perfor-
mance quotient (Qp) of the three scenarios are presented (Table 2).

Table 2: Expansion and investments of the examined biogas plants in Flex-Scenario A (target value: Qp = 2)

Biogas plants Unit BGP 01 BGP 02 BGP 03 BGP 04 BGP 05
Additional installed electrical power *
kW 300 600 600 355 800 (600
Flex CHP 1 Pe Flex cHP 1 (600)
Power quotient after conversion Qp 2.24 2.23 2.22 2.13 2.18
Expansion of gross gas storage me 1.250 4500 4.175 2 600 6.000
volume Vg ’ ’ ’ ’ ’
Expansion of heat storage volume 3
Viy m 150 100 100 150 50
Investment Flex-CHP 1 EUR 271,783 442,432 442,432 305,926 525,000
'fg‘éﬁf't;me”t In new gas storage EUR 45,196 79,129 76,364 61,448 151,028
Investment in additional heat
storage tank EUR 105,000 76,821 76,821 105,000 54,314
Other investments EUR 195,000 195,000 195,000 195,000 401,000
Investments Total EUR 616,979 793,382 790,617 667,375 1,131,342

* For BGP 05, the operator has already purchased a Flex CHP with an installed electrical output of 800 kilowatts and operates it in throttled
mode at 600 kilowatts (electrical).

Scenario A (Table 2) aims at doubling the electricity generation capacity. For this purpose, the
acquisition of an additional CHP unit is considered for all of the five biogas plants. The size of the
CHP unit depends on the product range of the manufacturer from whom the existing units of the
respective biogas plants already came from. Where price data on CHPs were available in the form of
non-binding price information from the manufacturers, these were taken as the costs. Otherwise, a
cost function was used from an internal data collection at DBFZ from 2013 that included a CHP man-
ufacturer survey). The cost function is based on price data for 38 biogas CHP units from a total of ten
manufacturers. A flat-rate price increase of 10 % was applied to bring the prices into line with today’s
price levels. The modified cost function for CHP is shown in equation 1:

Coyp = 4,481.4 Py %27 x 1.1 (Eq. 1)
Cenp specific costs CHP in EUR kW'

P, installed electrical power in kW

el

The additional gas and heat storage capacities are generated in the “BioFlex” tool box following
the schedule generation and intersection in modules 04 and 05. Taken into account are the capaci-
ties already installed at the biogas plant on the one hand, and on the other hand, the capacities to be
provided for the scenarios. Analogous to the flexible CHPs, price information from gas or heat storage
manufacturers was used for the economic calculation if possible. If no price information was availa-
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ble, values were determined either by literature research or by using a cost function (BARCHMANN et
al. 2016). The figures for other investments are generally derived from literature (WELTEKE-FABRICIUS
2018) and essentially comprise costs for planning and approvals, grid compatibility testing, the plant
certificate in accordance with the Medium Voltage Technical Connection Rule (VDE-AR-N 4110) as
well as other technical and structural adjustments in the area of the transformer and the grid con-
nection as well as biogas lines and compressors. For BGP 05, cost estimates were obtained from the
operator for further plant-specific investments for a flexibilisation of the plant, which were therefore
included into other investments.

For the threefold increase of power generation capacity in scenario B (Table 3) and the fourfold
increase of capacity in scenario C (Table 4), the calculation methodology for the additional capacities
for installed electrical output, as well as gas and heat storage capacities is the same as for scenario
A. It should be noted that, depending on the product range of the CHP manufacturers, the additional
installed capacity in scenarios B and C is provided by one or two units. The costs for the necessary
capacity expansions at the biogas plants were also determined analogously to scenario A.

Table 3: Expansion and investments of the examined biogas plants in Flex-Scenario B (target value: Qp = 3)

Biogas plants Unit BGP 01 BGP 02 BGP 03 BGP 04 BGP 05
éﬁ}i‘%‘;{r‘;';gf‘:?ﬂi”‘ca' power 525 400 1,200 355 800
élde?(lté%n;IZI?’j?::jCT_:EZtncaI power KW _ 600 ~ 355 400
Power quotient after conversion Op 3.14 3.01 3.39 2.98 3.30
Expansion of gas storage capacity Vg m?® 2,500 7,300 5,675 4,200 9,000
Expansion of heat storage volume Vy, m® 150 100 100 150 50
Investment Flex-CHP 1 EUR 402,790 332,701 720,229 305,926 525,000
Investment Flex-CHP 2 EUR - 442,432 - 305,926 332,701
Investment in new gas storage facility = EUR 60,389 100,231 88,502 76,579 171,734
LTZ‘?EZ‘EQ?Q&'” additional heat EUR 105000 76,821 76,821 105,000 54,314
Other investments EUR 273,000 273,000 273,000 273,000 499,750

Investments Total EUR 841,179 1,225,186 1,158,552 1,066,432 1,583,500
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Table 4: Expansion and investments of the examined biogas plants in Flex-Scenario C (target value Qp = 4)

Biogas plants Unit BGP 01 BGP 02 BGP 03 BGP 04 BGP 05
él‘ii't(';"H”F?'{?,Ztlitjxdcis‘i”"’a' power 800 400 1,560 530 800
élcéc)i:té%n:I2|r|1)zt|,allljfci:§ztr|cal power KW _ 1.200 ~ 530 1,169
Power quotient after conversion Qp 4.23 4.19 4.09 3.81 4.74
Expansion of gas storage capacity Vg m? 3,000 7,300 6,275 5,300 9,000
Expansion of heat storage volume Vy, m® 150 100 150 150 80
Investment Flex-CHP 1 EUR 541,600 332,701 866,110 405,483 525,000
Investment Flex-CHP 2 EUR - 720,229 - 405,483 707,099
Investment in new gas storage facility = EUR 65,526 100,231 92,976 85,606 171,734
ivestment in additional heat storage  gyp 105,000 76,821 105000 105000 67,870
Other investments EUR 375,000 375,000 375,000 375,000 588,500
Investments Total EUR 1,087,126 1,604,983 1,439,086 1,376,571 2,060,203

Results and discussion

The results of the economic analysis were embedded in the “BioFlex” tool box. Table 5 shows im-
portant information for the transition of the biogas plants into the EEG follow-up period (EEG 2.0).
It shows the tender dates, that represent the optimal window of opportunity for participation in the
tenders to ensure a seamless transition to the follow-up period for the respective plant.

Table 5: Time frames for the participation in a tender under EEG 2017 for the examined biogas plants

Biogas plants BGP 01 BGP 02 BGP 03 BGP 04 BGP 05
ng‘l;j EEG remuneration 5 49 903 31.12.2026 31.12.2027 31.12.2029 31.12.2027
Possible tender dates 2029 /2030 2024 /2025 2025 /2026 2027 /2028 2025 / 2026

maximum bid price
(Gmax,el) under EEG 2017 14.85 / 14.70  15.76 / 15.60  15.60 / 15.45 1530 / 15.15  15.60 / 15.45
in EUR ct kWhg™!

Taking into account the transition periods pursuant to § 39f (2) EEG 2017, this period includes
the tendering dates that are two or three years before the end of the 20-year EEG remuneration peri-
od. With regard to the annual degression rate of the maximum bid prices of 1 %, participation in the
tendering procedure under the EEG 2017 at the earliest possible date, in combination with the best
possible utilisation of the remuneration phase EEG 1.1, should be considered. For BGP 04 and in par-
ticular for BGP 01, the relatively late expiration of the EEG remuneration means, that the maximum
price degression for these biogas plants makes it difficult to continue operating them economically
sufficiently, even at relatively low costs in EEG 2.0.
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Table 6 shows, according to current knowledge, the minimum bid prices for the biogas plants, that
they would need to acquire in a tender, to ensure a continued operation at a cost-covering level during
the period of the EEG follow-up period. In conjunction with the maximum bid prices of the respective
tenders, the following ranges for the submission of bids result.

Table 6: Bid prices in the tender for a cost-covering operation in the period EEG 2.0

Biogas plants BGP 01 BGP 02 BGP 03 BGP 04 BGP 05

cost-covering minimum bid price*
scenario A 15.89 16.08 12.34 15.52 14.35
in EUR ct kWh,!

cost-covering minimum bid price*

scenario B 15.40 15.68 12.07 15.25 14.07
in EUR ct kWh;™!

cost-covering minimum bid price*

scenario C 15.18 15.51 12.03 15.21 13.72
in EUR ct kWh!

*Deduction of revenues from heat sales and additional revenues from flexibilisation from the LCOE in EEG 2.0

It can be observed, that BGP 01 would not be able to participate with its minimum bid price in
any of the optimal tender dates. For BGP 02 and BGP 04, participation in the earliest possible tender
would only be economically viable with a performance quotient of Qp = 3 or higher. If these plants
wait another year before participating in the tender, the further degression of the maximum bid price
means that BGP 02 can only submit a cost-covering bid with a power quotient of Qp = 4 and BGP 04
cannot even submit a cost-covering bid at all. For BGP 03 and BGP 05, all scenarios result in bid price
ranges that are below the maximum bid price for any of the possible tenders. Therefore, these two
biogas plants have the opportunity to bid successfully by submitting a bid below the highest bid price,
even in a highly competitive tender, and thus to switch to the follow-up remuneration.

A closer look at the results in Figure 3 below shows that the biogas plants, which can be transferred
successfully to the follow-up period in all scenarios while covering costs, are already operated with
comparatively low LCOE in EEG 1.0 remuneration period. For BGP 03 and BGP 05 these are 14.11 EUR
ct kWhy ! and 14.93 EUR ct kWh,!. BGP 01, on the other hand, has LCOE of 17.79 EUR ct kWh,!
in that period. High LCOE do not necessarily mean an economic loss situation in a possible follow-up
period, as can be illustrated by the example of BGP 02. Here the LCOE, excluding credits from heat
marketing, total 19.49 EUR ct kWhe]‘1 in the EEG 1.0 section. However, these are largely compensated
for by heat revenues, which means that the biogas plant is economically much better positioned than
BGP 01, which does not acquire external heat revenues.
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In general, it can be stated that in the remuneration period EEG 1.1, a significant increase in both
revenues and costs can be observed for all five biogas plants compared to the remuneration period
EEG 1.0. This is due to the fact, that the costs for flexibilisation are depreciated during this period.
In addition, the use of the flexibility bonus will increase revenues, in some cases significantly. In the
follow-up period EEG 2.0, the revenues and costs of all biogas plants reduce. Revenues get smaller in
particular due to the discontinuation of the flexibility bonus, whereby part of this can be compensat-
ed by the flexibility surcharge. In addition, the maximum bid prices limit the revenues that can be
generated through electricity marketing. In all the biogas plants, there is still potential for increasing
the use of external heat marketing, which could generate additional revenues. On the cost side, as
explained in Chapter 2.2, the expenditure on flexibilisation is limited to maintenance in the follow-up
period EEG 2.0. However, the biogas plants are reassessed due to structural and technical replace-
ment investments, that are 20 % of the initial investment volume.

Figure 4 shows the annuities in the EEG 2.0 section of the five biogas plants in the three consid-
ered scenarios. The annuities represent the average annual surplus or deficit that the biogas plants
generate over a specific time frame. In this case, the period under consideration comprises the 10-
year follow-up period after the end of the 20-year EEG remuneration period, assuming a seamless
transfer and successful participation in the first possible tender with submission of the maximum
bid price. For all plants, a more positive economic picture emerges in the scenarios with increasing
electrical capacity of the CHP. This is primarily due to the economies of scale of the investment in
flexibilisation, especially for the CHP units, so that the additional revenues from the flexibility bonus
and flexibility surcharge in the scenarios B and C have a greater impact on economic efficiency than
the corresponding additional costs. This effect has already been observed in similar investigations,
whereby certain series of CHP manufacturers in certain dimensions show an economic optimum
in the magnitude of P, = 2 MW (WASSER 2018). Only two of the biogas plants under consideration
(BGP 03 and BGP 05) can expect an average annual surplus in the follow-up period in all of the three
scenarios. For BGP 02 and BGP 04, the effects of the economies of scale described above result in a
positive total annuity in the follow-up period only for the scenarios with at least a threefold oversizing
of the electrical output of the CHP. By submitting the maximum bid price on the first possible tender
BGP 01 cannot continue an economic operation in any of the scenarios under the framework condi-
tions assumed in the calculation.
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Figure 4: Total annuities of the biogas plants in the EEG 2.0 period in the case of successful participation in the tend-
ering procedure with submission of the respective maximum bid price

In the following, the presented results will be classified critically within the context of the meth-
odology of the economic analysis. As part of the economic analysis the existing CHP units undergo a
general overhaul after 65,000 hours of operation and are replaced by a new CHP unit with the same
installed electrical output after a total of 95,000 hours of operation. This procedure is not very practi-
cal, especially for smaller engines. Especially in the case of high CHP capacity, it is quite conceivable
that a small CHP unit will be taken out of operation at the end of its technical lifetime without a re-
placement investment. In this case, the total freed-up power generation capacity can be transferred to
the relatively new and more efficient CHP units in flexible operation mode, which should simultane-
ously increase the total annual electricity output and thus the efficiency of the biogas plant. Through
the decrease of the power quotient Qp, the biogas plant will, in this case, lose part of the flexibility
surcharge corresponding to the capacity of the phased out CHP. There is also a negative effect on the
additional revenues that biogas plants can generate at EPEX Spot. As the daily scheduled operation
of the CHP unit increases in time with a smaller CHP, electricity is then provided proportionately at
less expensive prices, which slightly reduces the additional revenue.

The costs for the CHP units are calculated without residual value at the end of the considered peri-
od. However, as they are operated in a flexible mode of operation, the technical lifetime of the existing
CHP units or their replacement units and the flexible CHP units can exceed the usual depreciation
period of 6 to 8 years. The operating hours and thus the wear and tear of the technical components
therefore remain much lower, which is why a residual value for the corresponding CHP units could
still be taken into account here.

Conclusions

It can be generally stated, that for all five biogas plants, on the basis of the calculations carried
out and under the current legal framework conditions, the fourfold oversizing of the CHP capacity
(Qp = 4) should be preferred against flexibility options with a lower OP, as this is the economically
most viable option. This is mainly due to the higher additional revenues from state subsidies in the
form of flexibility bonus and flexibility surcharge, with comparatively fewer investment requirements
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for flexibility due to the degression of the specific costs for the CHP plants. Operators whose biogas
plants already have high electricity generation costs will find it very difficult to realise an economic
operation of their plant in the 10-year follow-up period under the given maximum bid limits. This is
mostly due to the below-average size of such biogas plants or the use of expensive substrates, and the
inability to refinance the flexibilisation of the additional CHP capacity via the flexibility bonus.

By switching from expensive renewable raw materials to cheaper agricultural residues and waste
materials and by increasing the external use of heat, there is potential scope to improve the profit-
ability of the plant in terms of both revenues and costs. A generally good structural and technical
condition of a biogas plant, as the necessary reinvestments as well as maintenance and servicing
intervals have already been permanently taken into account during the 20-year remuneration period
(EEG 1.0 and EEG 1.1), prevents high maintenance investments at the beginning of the follow-up peri-
od EEG 2.0, which also increases the economic sustainability of the biogas plant. Possible legal tight-
ening regarding the operation of the biogas plant in terms of plant safety, more frequent maintenance
cycles including their official controls, stricter threshold values with regard to engine emissions etc.
have a cost-driving effect.

In general, it should be emphasised that the calculations were based on the maximum bid prices
from the earliest possible tender of the respective biogas plants. In particular, for those biogas plants,
that are eligible for later tender participation than those plants considered in this paper, a successful
switch to the tendering regime under EEG 2017 could become impossible due to increasing competi-
tion in the tendering rounds and the tender corridors that have not yet been legally established until
after 2022. Depending on the future design of the bid volumes, it may be necessary to bid significant-
ly below the minimum bids presented in this paper in order to ensure that the bids are successfully
awarded. This uncertainty should always be considered in a risk analysis for the continuation of
operation of a biogas plant. However, as there are currently no legal requirements regarding the max-
imum tender volumes for biomass plants after 2022 (cf. Section 28 (3) EEG 2017), no reliable analysis
of this problem can be made at this stage. In order to circumvent this problem and to increase the
chances of winning a contract, it is still conceivable that biogas plants will bid in a tender even before
the optimal participation period. If a successful bid is submitted and more than 36 months elapse
between the announcement of acceptance of the bid and the end of the 20-year EEG remuneration pe-
riod, a change to the follow-up remuneration must be made ahead of time. In this case, the shortening
of the EEG 1.1 remuneration period leads to the loss of remuneration claims from the 20-year EEG
remuneration. In the context of a diversification of entrepreneurial risks, it can therefore be derived
that operators of a biogas plant should always include possible alternative business areas for further
operation in their planning.

Another legal development is the new version of the Renewable Energies Directive (RED II). This
EU directive, which was adopted in 2018, will come into force in June 2021. In general, it can be
stated at this point that RED II provides for an extension of the sustainability requirements for the
future electricity and heating sectors (DANIEL-GROMKE et al. 2020). The recast generally stipulates,
among other things, that at least 32 % of energy consumption in the European Union in the electrici-
ty, heating and transport sectors should come from renewable energies by 2030. Annex VI of RED II
already contains standard values for greenhouse gas savings in the supply of electricity from biogas
(RENEWABLE ENERGY DIRECTIVE 2018). These innovations thus go beyond the previous regulations
and legal requirements based on the currently valid EU RED. In general, RED II does not define any
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explicit criteria regarding the operation of (flexible) biogas plants and air pollutants apart from the
proof of a defined GHG reduction. Currently, RED II still has to be transposed into national legislation.
Which concrete measures, e.g. in the form of structural or technical retrofitting, will have to be taken
by biogas plant operators in the future remains to be seen.

According to a new decision of the Clearing House EEG of 17 September 2019, the flexibility of
satellite locations of biogas plants can still be increased. The position of the Clearing House EEG is
that a newly added flexible CHP unit at the location of the satellite CHP unit is part of the system and
thus forms a joint system within the meaning of § 3 no. 1 EEG 2017. This means that the flexible
CHP unit is currently entitled again for the flexibility bonus (CLEARING HOUSE EEG 2019). Previously,
in April 2019, the Regional Court of Frankfurt/Oder had decided that the flexibilisation of satellite
locations of biogas plants through the expansion of CHP capacities is generally not permitted. Since
the ruling of the Regional Court of Frankfurt/Oder does not constitute a legally valid decision, grid
operators and auditors can use the decision of the Clearing House EEG as a basis. A decision by the
supreme court on this issue is currently still pending, which is why, according to the recommenda-
tion of the Clearing House EEG, each operator should carry out an individual case examination. This
should be carried out with the responsible grid operator before the start of the measure in order to
ensure that the flexibility bonus is paid out permanently until the end of section EEG 1.1. A final
agreement in this matter on making satellite locations of biogas plants more flexible would create
the greatest possible degree of legal certainty and binding force for both biogas plant operators and
network operators. If a decision by the highest court were to result in a contrary view to that of the
Clearing House EEG in the future, this would only apply to future flexibilisation projects (NEUMANN
2019). The current legal framework conditions must be seen as a potential investment risk, as the
claim to the flexibility bonus under the EEG 2017 for the flexibilisation of satellite locations for biogas
plants could be dropped in the future. This risk should therefore be considered by each operator at an
early stage in investment planning.

Furthermore, the continued operation of a biogas plant over the 20-year remuneration period must
always be considered in the context of the entire agricultural business. Even in the case of a marginal
economic loss in the biogas sector, the positive effects, for example from the processing of the liquid
manure produced or the use of heat at the site, can represent an economic advantage in the overall
balance of the agricultural business. For example, possible cost savings in manure spreading or op-
portunity costs for heat supply must be taken into account, which may compensate for the deficit in
revenues from EEG remuneration.

Ultimately, it should be noted that, without a continuation of the tender corridors beyond 2022 in
the course of a new amendment to the EEG, it is currently not possible to make a reliable statement
on the future procedure for determining subsidies. The biogas plants under consideration would have
to participate in the tenders in the second half of the 2020s for a seamless transition to the follow-up
remuneration under the current regulations. At his point in time, it is not possible to make a final
assessment as to whether these will still take place in their present form or on what legal basis remu-
neration subsidies for biomass plants will be granted in future.
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