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Abstract

Background: Utilization of energy crops for biogas production has been controversially discussed in Germany due
to negative environmental effects and the “food vs. fuel” debate. This led to a search for alternative substrates
focusing on material from landscape management measures. Aquatic biomass is harvested during water body
management, yet it has not been considered for energy generation.

Methods: The information where and which amount of biomass is collected by aquatic de-weeding operations in
rivers and lakes was gathered via a nationwide survey. In addition to that, the amount of aquatic plant biomass
potentially available in water bodies was estimated exemplarily for the flowing waters of Baden-Wurttemberg—by
using data from the European Water Framework Directive surveys.

Results: The survey revealed 172 locations of de-weeding operations in flowing waters and 93 in standing waters.
These locations are concentrated in lowland rivers of the North German Plain as well as the Upper Rhine Plain.
Standing water de-weeding operations were reported mainly from the foothills of the Alps. The overall amount of
biomass harvested per year is 36,244 t of fresh biomass. Taking into account missing data, a maximum of 100,000 t
of fresh biomass per year can be estimated for Germany. The case study on plant biomass de-weeded from waters
in Germany revealed that only a small part of the total aquatic plant biomass is actually harvested.

Conclusions: The amount of biomass harvested and removed from water bodies in Germany is considerably lower
than the harvest of other substrates from landscape management measures such as mowing of meadows or
trimming of trees and hedges. However, larger amounts are accumulating locally, concentrated in some regions or
at specific water bodies, e.g., reservoirs, for which regional value chains could be established. In order to make the
exploitation of these local potentials economically viable, changes regarding the economic and technological
framework are required.
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Background

Due to climate change, limited fossil fuels, and rising energy
demand and prices, renewable energy from the wind, the
sun, water, and biomass has been strongly promoted in
Germany. Since the introduction of the Renewable Energy
Act (REA) in 2000, the generation of electricity from re-
newable resource has been increasing continuously and so
has the installation of biogas plants [1]. However, the culti-
vation of energy crops, especially maize, for the utilization
in biogas plants is often discussed controversially. Main
points of criticism are environmentally adverse cultivation
methods and extensive land consumption [2]. This has led
to a search for alternative substrates, such as material from
landscape management [3].

Regardless of whether land management material is
needed to achieve German renewable energy targets,
such substrates can put pressure off agricultural produc-
tion sites [2, 3]. There is still a huge and unused poten-
tial of biomass from landscape management basically
suitable for energetic use. However, the sustainable and
economically viable use of this type of biomass is prob-
lematic due to its partly high water content as well as
the high efforts for harvesting and logistics. Up to now,
few studies have shown that aquatic biomass from water
body management and maintenance is a suitable sub-
strate for biogas generation.

The growth of aquatic plants is basically influenced by
the streamflow regime, the stability of the sediment, the
availability of nutrients, and especially sunlight [4-6].
Providing favorable conditions, aquatic plants can grow
excessively. Mass occurrence of aquatic plants in rivers
can reduce the river flow considerably [7] and lead to
impairments of energy generation from hydropower, as
well as threaten flood protection. In lakes, water sports
and recreational activities, like fishing or bathing, can be
hindered. Thus, biomass has been removed mechanically
for decades in Central Europe [8, 9]. Mass occurrence of
aquatic plants can be found mainly in anthropogenic
disturbed waters. Here, shallow water depths and lack of
shading of the waters are significant factors. Reduction
of nutrient inputs therefore does not prevent mass oc-
currence at first. Especially for flood protection reasons,
rivers will have to be de-weeded in future.

Various studies have shown that the aquatic macrophyte
biomass is basically suitable as a substrate in biogas plants
[10, 11]. The biogas yield depends on various factors: In
addition to the mixture of aquatic plant species in the bio-
mass and the harvesting time [12, 13], biomass logistics
(harvested amount, storage, transport) are highly relevant.
Freshly harvested biomass contains a very high amount of
water, which is decreasing quickly while stored on land
[14, 15]. The time for storage and transport affects the en-
tire process of the energetic use of these substrates. In
summary, the substrates have high nutrient content and
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low concentrations of heavy metals at harvest time [13].
The storage and ensiling of the substrates is possible
under certain conditions [10, 11]. Thus, the basic suitabil-
ity of the substrates for biogas production has been dem-
onstrated but is not yet practiced on a large scale.

To further evaluate the feasibility of using aquatic plant
biomass as a substrate for biogas production, it is neces-
sary to know the location and amount of biomass that is
currently collected during aquatic de-weeding operations.
Data for a few single water bodies can be found, but a
comprehensive overview does not yet exist for the rivers
and lakes in Germany. Thus, the aim of this study was to
investigate all de-weeding operations and the amount of
aquatic plant biomass harvested in Germany.

The study focused on de-weeding by boat, such as
mowing boats or amphibious boats (Fig. 1). Mowing
from land by excavators or tractors with a mowing
bucket, which is usually used for ditches and trenches,
was left out for the following reason: while mowing with
mowing buckets, often the beds of ditches are cleared,
too. The plant material could then be mixed with high
amounts of sediment, and this would a priori question
the usability of such substrates for biogas production.

In addition to collecting data on the fresh biomass
quantities that are harvested today, an analysis of the
amount of biomass of aquatic plants potentially available
in the water bodies (standing crop) could widen the view
on the quantities that could be harvested in the future.
Reliable sources for the production of biomass of water
plants for a region or a state in Germany could not be
found. Therefore, a second goal of this study was to esti-
mate this amount by using existing data of the distribu-
tion and quantities of macrophytes.

Methods

Research and compilation of de-weeding operations data
in flowing and standing waters

There are no official statistics on aquatic de-weeding op-
erations and the fresh biomass harvested in Germany, so

Fig. 1 Mowing boat on the river Niers (North Rhine-Westphalia, Germany)
.
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this information had to be collected firsthand from insti-
tutions responsible for water body management and
maintenance in Germany. Due to the federal structure
in Germany, there are no uniform administrative struc-
tures within the water authorities. Therefore, for data
collection, the responsible authorities and offices were
first researched. Afterwards, a semi-structured question-
naire was sent to those contacts via e-mail between
January and May 2015. The following items in the sur-
vey were relevant for achieving the abovementioned
objectives:

e Name, type, and location of the de-weeded water
body

e Reasons for the aquatic de-weeding

e Frequency of the aquatic de-weeding

e Amount of aquatic plants collected

e Current path of utilization or disposal of the
biomass

The contact information and responses were collected
in a database. The spatial data was captured and analyzed
in a geographic information system (GIS). Unfortunately,
a representative spatial distribution of responses within
Germany could not be achieved with the e-mail survey,
even though the response rate was 36.3%. To increase the
coverage, non-repliers were subsequently interviewed by
phone, especially federal state authorities and regional
water boards. The results were supplemented with data
from reports of de-weeding operations in newspapers,
using the databases “WISO” and “Library Pressdisplay,”
along with the Internet. With these complementary means
of data acquisition, the response rate could be increased
to 50% (Table 1).

Table 1 Results of the survey of water bodies de-weeded in
Germany

Type of institution Contacts  Responses
Federal authorities 40 25
Federal state authorities and companies 123 84
District administrations 242 151
Municipal administrations 377 86
Municipal companies 36 15
Regional water boards and joint water 258 201
management authorities

Associations (esp. fishing, nature conservation, 43 16
recreation)

Planning and engineering offices 7 3
Private companies (esp. water body 79 26
maintenance, production of energy,

recreation, fishing)

Universities and other scientific institutions 12 1
Total 1217 608
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Estimation of biomass potentials in flowing waters

For an indication of the approximate order of magnitude
of biomass potentially available in flowing waters in a re-
gion (standing crop), data of the European Water Frame-
work Directive (WFD) surveys were used. This data exists
nationwide and is managed by the federal states.

The WED lists aquatic macrophytes as one of the bio-
logical quality elements required for assessing the eco-
logical status of surface water bodies [16]. The
monitoring sites in flowing waters are located in a way
that they represent the surface water body, which is a
stretch of flowing water that is as uniform as possible.
The sites generally have a standard length of 100 m and
are surveyed by wading. Among master data, such as the
streamflow and width of the reach (each classified), the
“plant mass” of each species is estimated by eye, using a
5-level estimation scale (1 =rare, 2 = occasional, 3 = fre-
quent, 4 = abundant, 5 = very abundant), which refers to
Kohler and Janauer [17]. Additionally, the estimation of
the total cover of all aquatic plants (plant cover) in the
reach in percent is mandatory in most of the federal
states. The WFD data cannot only be used for ecological
assessment, but also for the analysis of the spatial distri-
bution and indirectly for the estimation of the water
plant biomass growing in the monitoring reaches. Thus
watercourses and regions with high macrophyte biomass
can be identified, and the results of the reaches could be
extrapolated to the total length of flowing waters in a
region.

In this study, the WFD data of the federal state of
Baden-Wiirttemberg was analyzed exemplarily. Baden-
Wiirttemberg is located in southwestern Germany and
contains central mountain areas and lower regions in
the Rhine Valley. Records for 549 monitoring reaches
from the year 2012 were provided by the State Institute
for the Environment, Measurements and Nature Conser-
vation Baden-Wiirttemberg (LUBW). This data is repre-
sentative for 158 surface flowing water bodies (according
to the WFD), which in Baden-Wirttemberg are based
on water catchment areas, and not on individual sec-
tions of flowing waters, as in other federal states.

The mapping methods in the WFD are based on an
ordinal scale of coverage. This is typical for scales in
vegetation science. The methodology allows only indir-
ectly the determination of fresh or dry biomass quan-
tities. According to Janauer and Heindl however, there is
a direct correlation between Kohler’s “Plant Mass Esti-
mates” (PME) and the plant biomass. To overcome the
problems related to the analysis of ordinal data [18],
Kohler’s PME were transformed into “plant quantities”
(representing a cubic measure), using the function
y = &°, where y = plant quantity and ¥ = PME [19]. These
“plant quantities” have never been related experimentally
to plant dry biomass (in gram dry matter per square
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meter). However, the relation between plant cover and
dry or fresh biomass has been investigated, albeit only in
very few cases [6]. The biomass also depends on a few
other parameters (for example, water depth and different
structure of aquatic plants). Nevertheless, a derivative of
the biomass of values to plant cover seems possible,
although there should not be very high expectations on
the accuracy of such a relationship [6].

Since the estimate of plant cover was available only for
a subset of monitoring reaches of the 2012 WFD dataset
for Baden-Wiirttemberg (n =118), the relationship be-
tween coverage and summarized or total PME (TPME)
per reach was assessed for all monitoring reaches by
means of a correlation analysis (¥ =0.79, p =0.0001,
[6]). The TPME were then assigned to mean cover levels
(in percent) in five stages, as shown in Table 2.

The relationship between plant cover and dry biomass
was estimated based on data measured by Krausch [20]
using a simple linear model. Sites dominated by aquatic
mosses showed significantly lower biomass levels at
similar plant covers than sites dominated by aquatic vas-
cular plants (Table 3). Thus the dry matter (DM) per
square meter for each monitoring reach was calculated
with the regression coefficient f =3.25g DM/m* for
sites dominated by aquatic vascular plants and § =1.41
g DM/m? for sites dominated by aquatic mosses (DM,
[g/m2] =f [g/mz] * mean plant cover e, [%]; for both:
* =0.98, p <0.001).

These data were extrapolated to the known area per
monitoring reach ([DM,eacn = DM,,” x standard leng-
thyeach X mean width eaer, With DMieaen, = dry matter in
grams; standard length,e,., and width,e,, in meters).
Assuming that the 549 monitoring reaches are represen-
tative for the macrophytic colonization of rivers and
brooks in Baden-Wiirttemberg, the sum of all dry
weights per reach was extrapolated to the total length of
flowing waters of Baden-Wiirttemberg. The information
on the total length of flowing water bodies was extracted
out of official geographical data provided by the LUBW
for Baden-Wiirttemberg (the AWGN—Amtliches Digi-
tales Wasserwirtschaftliches Gewdéssernetz).

Table 2 Total plant mass estimates (TPME, as summarized PME)
with assigned mean cover level

Total plant mass estimates (TPME) Mean cover [%)]

<60 25
60-100 50
100-180 300
180-340 750
> 340 100.0
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Table 3 Relationship between plant cover and biomass of sites
dominated by aquatic mosses and sites dominated by phanerogamic
macrophytes (Ranunculetum) in a river according to Krausch [20]

Mean Biomass [g DM/m?] Biomass [g DM/m?] dominated by
cover dominated by mosses phanerogamic macrophytes

(9]

25 325 76

15.0 19.0 450

375 525 1125

625 87.5 187.5

87.5 125.0 300.0

Results and discussion

Biomass potential from de-weeded waters in Germany
Spatial distribution over Germany

The results of the nationwide survey of de-weeding opera-
tions in Germany are shown cartographically in Fig. 2 for
flowing waters and Fig. 3 for standing waters. There are 172
spots for de-weeding operations in flowing waters and 93 in
standing waters. Some spots on the map represent more
than one body of water. It should however be noted that
the questionnaire was completed for a set of water bodies
maintained by an institution, especially when only the total
yearly amount of fresh biomass (FM) harvested was known
for all the water bodies managed by that particular
institution.

The Figs. 2 and 3 show considerable differences in mow-
ing activities and the yearly amount of FM in the spatial dis-
tribution between flowing and standing waters.

Rivers de-weeded by boat are mostly located in the
lowlands, especially in the natural regions North
German Plain and Upper Rhine Plain, where the stream-
flow of the rivers is low. For the Central Uplands and
the Alpine Foreland, de-weeding operations were only
reported for the Danube and the Rhine and their
tributaries.

Referring to the federal states, de-weeding operations and
the biomass harvested are concentrated in Mecklenburg-
Western Pomerania, Lower Saxony, and Schleswig-
Holstein.

Standing waters, de-weeded by boat, were mainly re-
ported for the Alpine Foreland and the Central Uplands
as well as for the transition from the Central Uplands to
the North German Plain. These water bodies are often
of artificial origin, such as reservoirs, excavation pools,
or ponds in parks.

The gathering of information was problematic, since the
data is not centrally captured and sometimes not even re-
corded at all. Furthermore, it can be assumed that the data-
base for standing waters has more gaps than for flowing
waters. Often, tenants, like fishing associations or operators
of camping sites and bathing areas are responsible for the
maintenance of standing water bodies such as ponds and
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lakes. Obtaining contact information from them was much
more difficult than from authorities officially responsible for
flowing waters. To remedy this, district and municipal ad-
ministrations were requested to forward the survey to rele-
vant contact persons—an intermediate step with varied
success.

Amount of aquatic biomass harvested
In our survey, the amount of biomass was stated ei-
ther in units of volume or weight, referring partly to
fresh biomass, or more or less dried and compressed
biomass.

The fresh biomass (FM) is often stored on-site for a
certain time after removal and weighed later, e.g., when

passed to a composting plant. During this time, the pile
of biomass loses a significant amount of water and thus
weight and volume, respectively. The loss of water con-
sists of adhesive water and water contained in the plants.
The latter ranges between 85% and 90% for aquatic
plants [12, 14].

To convert units of weight into volume (and vice
versa), a value for density is needed, which depends on
the seasonal time of harvesting and the mixture of water
plant species. For drained and compressed samples of
the western waterweed (Elodea nuttallii (Planch.) St.
John), an average density of 350kg FM/m?® was deter-
mined [21]. Analysis of mixed samples from the river
Niers in North Rhine-Westphalia resulted in an average
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Fig. 3 De-weeding operations in standing water bodies in Germany
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density of 250kg FM/m® [14]. Another study showed
even lower density rates [22].

The amounts of biomass were mostly given in units of
weight, so the units of volume were converted with an
average density of 250 kg FM/m? into tons. The total
sum of fresh biomass harvested per year that was re-
ported in this study amounts to 36,244 t FM/a.

However, quantitative data was only provided for 52%
of the de-weeding operations in flowing waters and for
44% in standing waters. Considering the missing quanti-
tative data and the questionnaire/interview response rate
of 50%, the total biomass of aquatic plants to be har-
vested in Germany can be estimated to two or three
times higher than the total amount (minimum of 72,000

t FM/a and a maximum of 100,000t FM/A) reported in
this study.

The amount of fresh biomass harvested is differing
considerably depending on the types of water bodies.
For standing waters, small amounts of biomass, less than
10 t/year, are frequently reported (Fig. 4). These bodies
of water are often de-weeded to enable bathing, fishing,
or recreational boating. Therefore, only small areas have
to be de-weeded.

In flowing waters, de-weeding is necessary to guaran-
tee a certain water runoff to ensure flood protection.
Thus, the whole water body has to be de-weeded on a
certain length, leading automatically to larger quantities
of harvest. More than 50% of the records for flowing
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Fig. 4 Biomass harvested by de-weeding boats in flowing and standing
waters in Germany

waters are above 50t/year. In some cases, amounts
above 1000 t/year were reported as a sum for several riv-
ers in the area of one water maintenance authority.

For both standing and flowing waters, these amounts
of biomass are only a small proportion of the plant bio-
mass growing in the entire water bodies.

For the shallow water zone (depth up to 6 m) of the
Cospudener See, a post-mining lake in the federal state
of Saxony with a size of approx. 440 ha, an amount of
approx. 3000t FM/a of total fresh biomass was esti-
mated, using data originated from diving explorations
and determination of biomass in August 2016 [13]. The
amount of biomass harvested for standing waters re-
corded in the survey is between 1 and 250t FM/a, with
an average amount of 24 t FM/a.

In the Kemnader See, a reservoir in the river Ruhr in
the federal state of North Rhine-Westphalia, only
between 10 and 25% of the biomass are removed by de-
weeding [22].

For a stretch of 27 km of the river Schutter in the fed-
eral state of Baden-Wiirttemberg, characterized by slow
stream velocity and a mainly muddy riverbed, a dry mass
of 39 t was estimated for summer 2011. With a supposed
dry matter content of 10%, this would result in a fresh
mass of 14t per 1000 m [6]. In the survey, 1 t of fresh
mass harvested was reported for summer 2013 for a
similar stretch of 500 m downriver, hence only 14% of
the total biomass.

There are some more aspects of aquatic macro-
phyte biomass, which could not be analyzed quanti-
tatively in this study. In addition, there are plants
that could, for technical reasons, not be harvested or
gathered during the de-weeding process. For ex-
ample, plants may not have been collected because
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they were much lower than the mowing boat’s cut-
ting depth, or they were suppressed by the bow wave
of the boat. Alternatively, plants that did get
mowed—such as water-starworts (Callitriche
genus)—may have gotten stuck at the embankments
or drifted under collecting gear and thus not re-
corded. For the river Niers, 10-20% of the mowed
water plants get stuck at the riverbanks and about
25% are not caught at the collection facilities [14].

During rapid water runoff, after storms, or naturally in
fall, remaining water plants would root out and catch up
as flotsam at rakes of dams or wash ashore at lakes and
ponds. Between 500 and 1200 m® of flotsam is removed
on monthly average during the month of September to
December at the rakes of the hydroelectric power station
of the Harkortsee, another reservoir in the river Ruhr
[23]. Thus, it must be assumed that this biomass is more
contaminated by garbage and driftwood.

Frequency of de-weeding

The growth of biomass in water bodies is fluctuating
yearly, e.g., depending on the progression of temperature
and streamflow during the year [4], resulting in a yearly
fluctuating amount of biomass harvested. In some years,
de-weeding can even be omitted.

For the river Hegauer Aach in Baden-Wiirttemberg,
a time series was provided with the questionnaire.
Here, the amount of fresh biomass harvested varied
from 756 up to 5490 m® for the years 2004 to 2015
(factor of 7) [15].

For half of the records of standing waters, the in-
formation of the frequency of de-weeding—yearly or
not yearly—was not available (Table 4). That applies
mainly to records extracted from press articles.
Those incidents are often reported as single events.
Even if articles for several years for a special water
body were found or the reference that a special
water body is de-weeded “again,” it could not be as-
sumed, that this means yearly de-weeding. Neverthe-
less, the percentage of standing water bodies not de-
weeded vyearly is higher as compared to flowing
waters.

This can also be explained by the reasons for de-weeding
and the type of institution initiating the de-weeding. Tenants
of ponds and lakes, like fishing associations or operators of
camping sites and bathing areas often do not have the finan-
cial means for de-weeding initiatives and have to seek (finan-
cial) help from their local municipality. Those de-weeding
operations have to be approved by district administrations,
especially from the perspective of nature conservation.

The obligation for maintenance of flowing water bod-
ies is assigned to the responsible authorities, like federal
state authorities or regional water management author-
ities, by law. These institutions are equipped with the
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Table 4 Frequency of de-weeding in flowing and standing waters in Germany

Type of water Total number of water

Number of water bodies

Number of water bodies not ~ Number of water bodies, frequency of

body bodies de-weeded de-weeded yearly de-weeded yearly de-weeding unknown
Flowing water bodies 172 144 19 9
Standing water bodies 93 30 22 41

necessary capital and manpower. Their de-weeding ac-
tivities are conducted within the scope of proper water
maintenance practice.

Utilization of aquatic biomass harvested

Multiple answers were provided for the utilization and
disposal of plant biomass, respectively. Composting is
dominating in the questionnaire with 72% of the cases.
In 20% of the cases, the biomass is transported to a
landfill or left on-site. In two cases, the biomass was not
even removed. Only in three cases was the (attempted)
utilization listed as “biogas plant.” Significantly, more
than 90% of the harvested biomass is therefore not used
for bioenergy. The reason for this is mainly due to the
unclear legal status of substrates from de-weeding opera-
tions in water bodies according to the German Renew-
able Energy Act (REA). The second reason is certainly
the lack of experience for storage and ensiling of the
substrates.

Regional biomass potentials in flowing waters

According to the analysis of the dataset from the Euro-
pean Water Framework Directive (WFD) for the federal
state of Baden-Wiirttemberg, 52% of the 549 monitoring
reaches were moss-dominated. Vascular plants were pre-
dominant in 42%, and 6% of the reaches lacked macro-
phytic vegetation. The degree of coverage derived from
the estimated total amount of macrophytes (TPME) is
equal or less than 5% in more than half of the 549 reaches
and above 50% in only 16% of the reaches, representing
approx. dry weights between zero and 325 g/m”.

A submersed mass stock is usually formed by one or more
species belonging to five submersed vascular plant genera:
pondweeds (Potamogeton), water crowfoots (Ranunculus
subgenus Batrachium), water-starworts (Callitriche), water-
weeds (Elodea), and watermilfoils (Myriophyllum). However,
no species from these five genera was present in more than
13% of the 549 reaches. As a consequence, a quantitatively
significant biomass is only to be expected in about one third
of the reaches. These reaches are located mainly in the
Upper Danube and its tributaries from the Jurassic of the
Swabian Alb and from the moraine landscape in Upper Swa-
bia as well as in the lower reaches of many tributaries of the
Rhine River (Fig. 5). These findings are in line with the re-
sults of our survey. De-weeding operations in rivers in
Baden-Wiirttemberg were reported especially in these re-
gions (Fig. 2).

Summing up the biomass per reach (DM,e,) for all
monitoring reaches in Baden-Wiirttemberg, a total of
34.77 t dry matter has been calculated. The dataset of the
AWGN (Amtliches Digitales Wasserwirtschaftliches
Gewissernetz) of the federal state of Baden-Wiirttemberg
(as of March 2017) contains more than 18,400 water-
courses with a total length of 38,600 km. Based on this
total length, the entire biomass (standing crop) in the
flowing waters of Baden-Wiirttemberg is about 24,500t
dry matter—respectively 240,000 to 360,000 t fresh matter
(with 10-7% dry matter content).

The deduction of mean plant cover and dry matter per
reach from WFD data is subject to numerous shortcom-
ings and uncertainties. This also applies to the estima-
tion of the entire biomass of aquatic plants in Baden-
Wiirttemberg.

Even though the monitoring sites were investigated in
a period between mid-June and the beginning of
October 2012 (June, 82 sites; July, 155; August, 158;
September, 147; October, 7), the amount of total biomass
must be estimated for a certain point in time. It is there-
fore not an annual estimate of the amount of biomass
harvested and removed. An anew growth of biomass
after de-weeding is not taken into account.

The sites were classified only in the two categories—
dominated by mosses or dominated by aquatic vascular
plants. The latter were not further differentiated accord-
ing to the dominant species of aquatic vascular plants.
Some plant stocks had higher amounts of dry matter, for
example, numbers up to 1,3 kg/m?> dry matter were mea-
sured for single-species stands of western waterweed
(Elodea nuttallii) [12].

Furthermore, the relation between summarized plant
quantities (TPME) and mean cover should be verified
with WED data of federal states, where the mean cover
must be estimated on site.

The amount extrapolated to the federal state of Baden-
Wiirttemberg varies with the used total length of the flow-
ing waters. The AWGN is continuously updated, so the
numbers change continuously as well. The reference scale
of the AWGN is 1:10,000. Only permanently flowing wa-
ters with a length greater than 500 m are registered [24].
Information on the mean width and depth of the water-
courses is not provided. However, the AWGN is this data-
base for the WED surveys in Baden-Wiirttemberg. The
monitoring sites are located in brooks with a mean width
of 1 m up to rivers with a mean width of 300 m.
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Despite being a rough estimate, the results show
that the biomass removed from water bodies is only a
fraction of the entire biomass in a region. The survey
revealed de-weeding operations for 12 rivers in the
federal state of Baden-Wiirttemberg. Data for the
amount could only be ascertained for seven of these
rivers, resulting in a total amount of fresh biomass
harvested and removed of 1269t FM/a. Even if the
missing data of the survey is taken into account, the
biomass removed is only approx. 1% of the entire
biomass of aquatic plants in flowing waters in Baden-
Wiirttemberg.

To make statements for other federal states or the
whole of Germany, the WFD data of the other federal
states must be analyzed. This would imply a consider-
able effort, as the data is kept decentral and in different
formats.

Conclusions

The study described provides for the first time a com-
prehensive overview of the de-weeding operations in
Germany. An indication of the spatial distribution and a
magnitude of the amount of fresh biomass harvested
and removed from water bodies could also be given.

The total amount of biomass harvested and removed
in Germany has been estimated at 100,000 t fresh matter
per year. This is little in comparison to other substrates
from landscape management measures such as mowing
of meadows or trimming of trees and hedges [1, 3].
However, larger amounts are accumulating locally in
some regions, e.g., for reaches of rivers de-weeded in the
federal state of Mecklenburg-Western Pomerania. An
energetic use of the harvested biomass is therefore cur-
rently only possible in these regions. Other possible sites
for biomass use are the reservoirs and mining lakes with
mass occurrences of submerged macrophytes. Locally
larger amounts of biomass accumulate here. Another
obstacle for the energetic use is the yearly fluctuation of
the biomass production, e.g., depending on the progres-
sion of temperature and streamflow over the year.

The amount of biomass potentially available in the
water bodies (standing crop) was exemplarily esti-
mated for the rivers and brooks in the federal state of
Baden-Wirttemberg by analyzing data of the
European Water Framework Directive (WFD) surveys.
An amount of 240,000 to 360,000t fresh matter only
for this federal state has been calculated. It can be as-
sumed, that the WFD surveys provide representative
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data of the colonization of water plants in flowing
waters in this federal state: The monitoring sites are
spread like a net over a region and are located in
brooks with a mean width of 1 m up to rivers with a
mean width of 300 m. For standing waters, such data
is not available, as only standing water bodies with an
area larger than 50ha have to be officially surveyed.
This applies only to 24 lakes of natural and artificial
origin in Baden-Wiirttemberg [25].

Yet, the example of Baden-Wiirttemberg shows, that
referring to the total amount of biomass of macrophytes
in the flowing and standing water bodies in Germany,
the potential for an energetic use must be considerably
higher than the one based on current de-weeding opera-
tions. Climate change may severely alter the risk of
hydrological extremes over large regional scales [26].
This may increase the need to secure the flow of run-
ning waters.

With changes in the economic and technological frame-
work (different mowing technology, usability of the sub-
strates, etc.) this potential could be exploited to a larger
extent. This applies especially to standing water bodies
with mass occurrences of aquatic plants, which are de-
weeded only partly due to financial reasons [22, 23, 27].

For recent de-weeding operations, regional value
chains for the energetic use of macrophytes should be
established already today—especially for regions with
hot spots of de-weeding operations (Mecklenburg-West-
ern Pomerania, Lower Saxony) or single sites with huge
amounts of biomass harvested (e.g., reservoirs in the
river Ruhr, river Niers—all in North Rhine-Westphalia).
Basically, the interest of local biogas operators in using
the harvested biomass is high. In our survey, 30% of re-
spondents said they would consider using biomass in
biogas plants. This is in contrast to the previously low
use of the substrates. The reasons for this were, in
addition to the lack of experience with the storage of the
material, above all the wunclarified status of the
substrates.

Still, changes in the legal framework are necessary.
Since most of the biogas plants in Germany run on re-
newable resources, it is important to clarify the legal sta-
tus of substrates from de-weeding operations in water
bodies, especially whether they are renewable resources
according to the German Renewable Energy Act (REA)
or not [28]. Algae and submerged macrophytes are not
part of the list of substrates from landscape management
of the REA. The operators of biogas plants endanger
their bonus for renewable raw materials or the approval
of their plant, if they use the biomass of submerged
macrophytes as a renewable resource [28].

Table 5 summarizes the supporting and inhibiting fac-
tors for the use of biomass from de-weeding operations
in biogas plants. It is obvious that in addition to the
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Table 5 Summary of arguments for the use of substrates from
de-weeding operations

Sources
Supporting factors
Nutrient contents of the substrates are comparably  [12, 13]
high
Storage and ensiling well possible under certain [10, 111
conditions

Based on our
survey

Substrates are essentially disposed of today

Based on our
survey

Regionally, large quantities of the substrates are
harvested (e.g., Mecklenburg-Western Pomerania)

Biogas yields are high in combination with other [13]
substrates

Based on our
survey

In the flowing and standing water bodies there are
high quantities that were not harvested

Inhibitory factors

Based on our
survey

The amount of harvested biomass can vary from
year to year

The costs of mowing and harvesting are quite high  [26]

Legal status of substrates from de-weeding [27]
operations is not clear, especially whether they
are renewable resources

Based on our
survey

In semi-natural or natural water bodies, conflicts
with nature conservation can occur

The use of the substrates can endanger the [27]
approval of biogas plant

Cost efficiency also depends on the development of [26]
new machines for mowing and harvesting

biomass potential, economic, administrative, and tech-
nical factors are important.

In addition, further research is needed regarding the
amount of water plant growth depending on the mix of
species, the seasonal fluctuation, and the ability for re-
generation after de-weeding.
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