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Summary

Eutrophication threatens the flora and fauna of the Baltic Sea. It has environmental, social and
economic consequences. The use of cast seaweed in an anaerobic digestiors pffees many
opportunities of particular relevance to the Baltic Sea region as it transforms a natural resource, often
considered a waste, into a high quality renewable fuel and natural ferti{digestate), enabling the
recovery of nutrients from the ater and resulting in the mitigation of eutrophication. This solution
can contribute to the transition to a circular bioeconomgd can bringnany economic, sociand
environmental advantaged he report discusses the currestate andfeasibility of usirg algaefor
nutrients removal and related ecosystem services benefits. fotential of marine biomass bheen
analysedn each partner country-easibility studies of selected cases on existing and new biogas plants
in the partner countries and the pos# use of cast seaweed including collection,-peatment and

use in commercial biogas plans is presented within the report.




COASTAI- Report on casetsdies including feasibility studies and
BIOGAS ecosystem services benefits

Table of contents

PIETAICE. .. e 2
ST 01 =S 3
LIST OF fIQUIES. ...ttt e e st e e e e e e e e e e e e e e e n e e e e e e e nnnneeeeeas 6
LISt Of TADIES. ... e e e e 8
[ a1 oo (8o i o] o NPT PP PP PPPPPRRPPRPOS 9
I =] 1oy V= T (o I 1 =T L1110 < 9
1.1. Legal frameworkor the energy sectoin Poland...............ccccccco e, 9
11.1. The Energy Policy of Poland until 2040.............coooiiiiiii e 9
1.1.2.  Directions for the development of agricultural biogas plants in Poland fad 2202010
1.1.3. National Action Plan for renewable €NELgY........cccccvurrrriiiimiiiiiiieiieeieeeeeee e 11
1.2. Legal frameworlfor the energy sectoin Denmark...............ccooooceiiciiiciiiiiniiiinnieeeeeeee, 11
1.3. Legal frameworlfor the energy Sectoin Germany..............cccoeeeeeecinnevnnennrnnienrreeeeeeee. 12
1.4. Legal frameworkor the energy SeCtOM SWEUEN..........cooiiiiiiiieeeiiiiiieee e 12
1.5. Legal frameworltor the energy sectom Lithuania............cccccooeiiiiiiiiiiniiie 12
1.6. EU Renewable Energy DIr€CUME..........ccoooiiii it 13
1.7. Environmental protection regulations..............cccooi it iie e 13
1.8. Postfermentation waste ManagemMENL..........uuuireiieiiiiiiiiiiieieeeeee e e ee e ee e 14
2. MATKEE @NAIYSIS. ...ttt e e e e 15
P2 T 0= To (o] g I o o1 =] o1 (= PP PP PSPPI 15
2.2, RESOUrCES POLENTIAL.......cciiieiiiiiie et e e e e e e s nrrreeeeeeeaanns 17
2.2. 1. TYPES Of SBAWEEM.......eeiiiiiiiiiiieiiee et e e e e e e e e e 17
2.2.2. Seaweed collection dates and itS QUANTILIES. ...........courririiiiieeeriiiieee e 19
2.2.3. Seaweed collection and pteeatment MethodS............evvvviieiiiiiiiieeeeeee e 21
2.3, INVESLON POLENTIAL.....ceiiiiiiiiieiiie et e e e e e e e e e e e e aannes 22
3. Technical POENTIAL...........eiiiiee i e e e e e e e e e e e e e e e e e e eanns 25
3.1, State Of the Art... ..o 25
3.1.1.  Collection Of CaSt SEAWEERM..........c.uviiiiiiiie e 25
3.1.2.  PretreatMent........ccccviiiiiiiiiiee s 27
3.1.3.  Fermentation PrOCESS. ... ..uiiiiiirieeiitiee ettt e e ettt e e st e e e e st e e e s eibe e e e e bbe e e e snbneeeaanneeeens 28
3.1.4.  Fermentation reSIAUS...........uuiiiiiieiee i ee ettt e e e e 28
3.2, TechniCal INAICALOLS .. ....coiiiiiii i 29
3.2.1.  Biomass CharacCteriSatiQn...........c.ueeiiiuriieiiiiiiie ittt 29
3.2.2.  BIOQAS USE....iiiiiiiieeeee e e e e oottt e e ettt e et et et e e e e e e e aaaaaaaaaaaaaaaaaaaaaanans 30
N OF 11 IS 11 o =T TP U PR RPPPPP 31
4

B ——,,



COASTAI- Report on casetgdies including feasibility studies and

BIOGAS ecosystem services benefits
5.  Environmental ecosystem DeNefitS. ... 58
5.1, CUITENT STALUS.....eeiiiiiiiiiieiiie et e s s a e e e e e 58
5.2, ECOSYSIEIM SEIVICES......ciiiiiiiiiiee e e e e e e e e e e aaaaaaaaaaaaens 59
5.3. Drivers of change and SCENAMIOS. ......c.ccuiiuriiiiieeaeiiiiiie e e e e 60
5.4. Environmentakervices benefits in the Baltic Sea.............cccoeiiiiiid 60
6. ConClUdING FEMATKS........ooo i e e e e e e e e e e e e e e e e e e e e e e e 73
A 1 (T £ (0 £ PP PP PU PP PPPRPPP 77




COASTAL Report on casetgdies including feasibility studies and
BIOGAS ecosystem services benefits

List of figures

Figure 1 Electricity generation by technology until 2040.[1].........ovveriieiiiiiiiiiiiiiii, 10
Figure 2 The length of POliSh DOIdErS. .........oooiiii e 15
Figure 3: Coastline of MecklenbWgestern Pomeainia, Germany [2]..........ccccveveeeriiiiinieeeeennne 16
Figure 4 Seaweed at coastal line in Poland [11].................ooo i 18
Figure 5 Seaweed at coastal line in Solrad municipality. [16]..........ccooviiiiiieiieiiiiiee 18
Figure 6Seaweed collection area in Solrgd municipality.[4]......cccccvvviiiiii e, 20
CAIdz2NBE 1 wSY2@0ILf 2F f3FS dzarAy3d | .6.6.0].K2.86
Figure 8 FOrce Field ANAIYSIS..........oiiiiiiiiiiiii et a e 31
Figure 9 Fermentation tanks..............oooiiiiiiiiee e e e e e e e e e e e e e 32
Figure 10Flow chart at WWTP SWaIZEWO..........ceviiiiiiiiiiieieeeeeiiiiiee e ee e e e e e e e e e 33
Figure 11 Sequencing DAtCh OBAIS............cooiiiiiiiii e 33
Figure 12 Organic waste intake to the fireatment chamber........................o oo, 33
Figure 13 Macerator used for organic Waste-fIBRIMENT. ..........cccuuviiiieiiiiieiie e 34
Figure 14 Biogas, electricity and heat prodUCLION............uuviiiiiiiiiieiieiieeceeeeeeeeee e 34
Figure 5 Substrates used in anaerobiC digeSLION...........ccciiiiiiiiiiiiee e 35
Figure 16 BiOgas STOrage TANK..........ccuuriiiieeeeiiiiti e e e e e sttt e e e s r e e e e s e e e e s s snbrnneeeeeeaanes 35
Figure 17 ENErgy DalanCe.......oceeeeiiiiiiiiice e a e e e 36
Figure 18 Generator for heat and electricity production from the produced biagas................ 36
Figure 19 Roofed compost yard equipped with aeration channels..........ccccevvvvveeveeiiin. 37
Figure 20 Maturing compost and structural t@@al for the compost...........ccccccciiviiiiiiviiennenee. 37
CAIdz2NE um [20FGA2Y.. 2% . .  0KS. . YiLlLALSRLEL.QA..22.0.88

CAIdzNBE HH CSNXSyllGA2Y GlFyla 6A0GK..00A23L.4.38 02N> 3 S
CAIdz2NBE Ho ¢SOKy2f23A0Ftf aOKSYS 2F o0A2f23A0Fft (NS

YEFALISREQE...2.2. 0.1 0t 39
Figure 24 Hagelsrum BiOgas..........coooeiiiiiiiii et e e e e e e e e e e e e e e e e e e e e e e 41
Figure 25 One out of three submersibletagirs in the second reactar.............ccccveeeeiiiiiiiiienn. 41
Figure 26 One of four refuelling stations owned by Hagelsrum Biagas..........ccccccvvvveevveenenee. 42
Figure 27 Location of the municipal organic waste treatment plant......................ceeeeeeiiiiiinns 44
Figure 28 Layout of the municipal organic waste treatment facility............cccccovveivieeiieeeniiinnn. 44
Figure 29 Flow diagram tife municipal organic waste treatment plant...............cccccvvvvveevveennns 45
Figure 30 Sankey diagram of energy balance...............cccccoviiiiiiiicieeee e 46
Figure 31 Location of the municipal residual waste treatment plant.............ccccccvevviiiiiinennenn. 48
Figure 32 Layout of the municipal residual waste treatment facility..............cccccvvvveerreerereeennne.. 48
Figure 33 Flow diagram of the municipal residual waste treatment plant................ccccceeeeeennns 49
Figure 34 Sankey diagram of energy balancCe..............coiiii e 50
Figure 35. SOIrGA BIOGAS........cciiiiiiiiiieeeieei ettt e e e s e e e e e e e 51
Figure 36Fermentations tANKS............uuiiiiii i 51
[0 B IR @ o | [T 1T = o | RS 52
Figure 38 Gas cleaner (contain Iron ChIOLIdE)..........cccoviiiiiiiiiieiiiiieee e 52
Figure3.Ct 26 OKIF NI F.b..4.{.2.L.NDR...... A2A L A 53
Figure 410rganic waste stored in concrete tanks before fermentation process....................... 53
Figure 405eaweeds washed ashore at low tide............ccooiiiiiiiiiiiiii 53
Figure 4Bi0gas StOred tankS..........oooiiiiiiiiei e a e e e e e e e 54
Figure 435cheme of seaweed treatMent....... ... 54
Figure 44 Solrgd heating and electric diStrC............ccccoiiiiiiiii e 55
Figure 45AIgae energy DAlIANCE.........cooiiiiiiii it 55



file://///ghs023/abteilung$/EU-Internationales/20.30_EU-Vorhaben_Projekte/20.32/COASTAL_Biogas/WP5/D5.2/final/COASTAL%20Biogas_Deliverable%205.2_Report%20on%20case%20studies%20including%20feasibility%20studies%20and%20ecosystem%20services%20benefits_finalGUT.docx%23_Toc98863930
file://///ghs023/abteilung$/EU-Internationales/20.30_EU-Vorhaben_Projekte/20.32/COASTAL_Biogas/WP5/D5.2/final/COASTAL%20Biogas_Deliverable%205.2_Report%20on%20case%20studies%20including%20feasibility%20studies%20and%20ecosystem%20services%20benefits_finalGUT.docx%23_Toc98863931
file://///ghs023/abteilung$/EU-Internationales/20.30_EU-Vorhaben_Projekte/20.32/COASTAL_Biogas/WP5/D5.2/final/COASTAL%20Biogas_Deliverable%205.2_Report%20on%20case%20studies%20including%20feasibility%20studies%20and%20ecosystem%20services%20benefits_finalGUT.docx%23_Toc98863934
file://///ghs023/abteilung$/EU-Internationales/20.30_EU-Vorhaben_Projekte/20.32/COASTAL_Biogas/WP5/D5.2/final/COASTAL%20Biogas_Deliverable%205.2_Report%20on%20case%20studies%20including%20feasibility%20studies%20and%20ecosystem%20services%20benefits_finalGUT.docx%23_Toc98863938

COASTAI. Report on casetgdies including feasibility studies and

BIOGAS ecosystem services benefits
Figure 46 Fried lemon peels transported to biogas plant..............cccooociiciiiiiiiiiieeeeeee e, 56
Figure 47 Pellet conveying with an excavator DUCKETL. ..o 56
Figure 48 Pectin feeder before mixed with liquid digestate.............ccccccniiiiiiiiiiiiiiiiieeeeee e, 56
Figure 49 Cutting machine used for producing organic pellet.............cccccoiiiiiii e, 56
Figure 50 Organic fertiliser stored in plastic bags before.sale.............ccccceiviiiiiii e, 57
Figure 51 Economic costs of eutrophiCation.[Z].........cuuevveeiiiiiiiiiiiii e, 58

Figure 52 Analysis of aspects affecting the development of AD technologgafoeed digestion. 76




COASTAI- Report on casetsdies including feasibility studies and
BIOGAS ecosystem services benefits

List of tables

Table 1 Forecast of power demand and production of electricity from RES up t0.2020.......... 11
Table 2 Forecast of energy production from RES in heating and cooling up t0.2020............. 11
Table 3 List of basic information about the coastal region in individual countries................... 17
Table 4 Typical collection dates for cast seaweed in Solrgd municipality.[3]............ccccvvveennn. 20

Table 5 A summary of the basic information about coastal regions of partner countries........ 21
Table 6 An area of agricultural land and production as well as consumption of mineral and chemical

fertilisers in Poland by voIivOdShips iN 20L7............uuiiiiiiiiiiiceeiieieee et 22
Table 7 Comparison of the amount of fertilisers used in various countries..................ccceeenn. 23
Table 8Advantages and disadvantages of coastal market in individual countries................... 24
Table 9 Advantages and disadvantages of different collecting methads...........cccccvvveveeeene... 25
Table 10 Methods of cast seaweed treatment DY COUNTIES...........cocvvviiiiiiriniiiiiieee e 27
Table 11 Summary of the current cast seaweed managemembjagb partner countries............ 28
Table 12 Composition of macroalgae regarding carbohydrate, protein, lipid and ash content2d]
Table 13 Composition of various seaweeds % TS.[5].....cccocviiiiiiiiiiiiiiirieereeeeeee e e 30
Table 14 Methane yield potential from various species of macroalgae and seaweed............ 30
Table 15 Results of elemental content of seaweeds iN-2WADB..........ccovvvveeeeeeeeeeeeiiieeeieens 54
Table 16 Eutrophicated areas in South BafgioNn[8].........ccvvvevieiiiiiiiiiiiic, 58
Table 17 SUMMary Of SCENAIIAS..........coiie e e e e e e e e e e e e aaaaaeaaaeeesd 60
Table 18 Estimation of environmental services benefits in the Baltic.Sea............cccccceeevvnneee. 61

Table 19 Environmental impact assessment of the collection of seaweed in 3 scenarias......68
Table 20 Environmental impassessment of the preeatment of seaweed in 3 scenarios........ 69
Table 21 Environmental impact assessment of the processing of seaw@etenarios............... 70
Table 22 Environmental impact assessment of the utilisation of seaweed processing in 3 scéharios




COASTAI- Report on casetgdies including feasibility studies and
BIOGAS ecosystem services benefits

Introduction

Due to the inflow of huge amounts of nutrients, mainly of agricultural origin the quality of water
deteriorates. The intensifi¢@n of agriculture results in use of larger and often e&sgive doses of
mineral fertiliers in order to provide higher yields. However, crops are not able to absorb such
amounts of nutrients, so the excess nitrogen in the form of nitrates, nitrites anch@nium and
phosphorus, mainly phosphates flow to river waters and further to the seas. This is especially harmful
to the closed seas with big inflows, like for example Baltic Sea. The over fertilisation of surface waters
results in explosive growth of ag, which causes disruptive changes to the biological equilibrium
(including fish deaths). This is true both for inland waters (ditches, rivers and lakes) as well as for coastal
waters.

The proposal in the COSTAL Biogas project (Cluster On Anaerobiéodjgest/ironmental
Services and nuTrients removal) is to utilise seaweed and algae to fertilise soil in order to contribute
to reducing the demand of artificial fertilisers, while simultaneously decreasing the eutrophication
problem in the Baltic Sea.

Thegoal of this report is to provide a comprehensive overview on the feasibility, potential and benefits
of the anaerobic digestion process as a way to sgtilhuge amounts of seaweed. Furthermore,
methods of processing marine plants to obtain biogas and,\aball, a solution to recover nutrients
from the water and transfer them to land, thus contributing to the reduction of eutrophication
problem are part of the report

1. Policy and frameworks

The aergy sector is strongly dependent on the policy framewobecisioamakingprocesgs are

based on stricprocedures, priciples and specified goals. In the follagisection, the legal framework
conditionsin each project partner country are presented. They are discussed in regard to several areas
that affect the feasibility of the solutions covered by the project.

1.1.Legal frameworkor the energy sectoin Poland

1.1.1. The Energy Policy of Poland until 2040

The Energy Policy of Poland until 20E@P 2040) was issued by the Ministry of Economy and focuses
on improvingenergy security, efficiency and competitiveness.

Inthe EPP 2040 in the field of renewable energy sources (R&&hddeclares:

- 15% share of renewable energy sources in final energy consumption in 2020,

- 10% market share of biofuels in transport fuel2020 and 14% in 2030, while striving to make
greater use of secongeneration biofuels,

- reaching a 21% share of renewable energy intthal energy consumption in 2030,

- protection of forests against excessive exploitation, in order to acquire biomads an
sustainable use of agricultural areas for RES purposes,

- support for RES development (while ensuring network safety),

B ——,,
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- redudion of CQ emissions by 30% by 2081.

Figure 1 demonstrates the forecast structurkthe coverage of demand for electricity production by
the electric power sector as a result of the implementation of EPP 2040.
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Figurel Electricity generation by technology until 204Q]

black¢ optimal use of own energy resources, redevelopment of the electricity generation and transmission infrastructure, orange

diversification of gas and oil supply and network infrastructure development, yellaevelopment of energy markets,rgy- launch of

nuclear energy, greerdevelopment of renewable energy sources, blugevelopment of heating and cogeneration, violeimproving
energy efficiency of the economy.

1.1.2. Directions for the development of agricultural biogas @amtPoland for
2010¢ 2020

This document defines several goals and effects of biogas plant development:

- building 2000 installations producing agricultural biggas

- developing preliminary changes in the law to facilitate the construction of biogas installations,

- supportingfinancingas well as education@grogrammes

- increasing the supply of renewable energy carriers produced from national respues
wind, solar, aerdhermal, geothermal, hydrothermal, wave, sea currents, river, biomass etc.,

- increasing the share of dgultural biogas as a transport fyel

- increasing employment in the local communities and economic entities of the agriculture and
RES energy industries

- improving the energy infrastructure

- generating significant heat and power energy freenewableresources

- acquiring significant quantitiesf environmentally friendly, high quality, organic fegtdlis as
postfermentation substrate waste of agricultural origin

10
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- acquiring significant quantities of organic feddlis as posfermentation substrate wastefo
agricultural origin.

1.1.3. National Action Plan for renewable energy

The National Action Plan is a strategic document developed by all EU member states, clsachloyeri
ways to achieve the guantitative objectives set out in the EU climate and energy patkadéational
Action Plan indicates further directions of legislative work, aimed rabre efficient use of biomass
resources in the form of waste from agricultural production, food, sewage sludge and the service
sector. Tables 1 and 2present assumptionsegarding the expected contribution of energy from
individual technologies, to the overahergy balance (from 2018 to 2020), for electricity and heating

[2].

Tablel Forecast of power derand and production of electricity from RES up to 2020.

2018 2019 2020
Installed Power [MW] 480 730 980
Energy production [GWh] 1968 2993 4018

Table2 Forecast of energy production from RES in heating and cooling up to 2020.

2018 2019 2020
Energy production [kig] 364 408 453

1.2.Legal frameworkor the energy sectom Denmark

The most important framework for the energy sector was developed in 1996. The Energy Action Plan
G9y SNHE& swmédium ¥nd flodegeréh scenariosuntil 2005, 2020 and 2030. The basic
assumptions for the scenarios included a doubling of biogas production between 129BJ2and
2000, and a further doubling before 2005. The new Energy Agreement for the perioeBQ0&28s
prepared in 2017.
Currenty,thed 2 GSNY YSy (i Qa Sy S HBEthe follgwvRg3Pt A Y GS T2 f &
- In 2030 Denmark will meet at least 50% of its energy needs with renewable energy
- In 2030 coal will be completely phased out of electricity produgtion
- In 2050 Denmark will be a leamission society and independent of fossil fuels
- wSyS¢loftS SySNHeée Ydad | 002dzyid F2N wmx: 2F GKS
30%)
- Increase in energy efficiency by 20% for the whole of EU (The annual Danishstrgawe
1.5% of energy consumptign)
- The EU must reduce carbon dioxide emissimnat least 40% by 2030
- ¢KS 9! Ydza i NBRdzOS G201 f SYraaazya Ay GKS 9
compared to 2005
- By2030,Denmark must reduce emissions hetnonquota sectors by 39% compared to 2005.

11
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1.3.Legal frameworkor the energy sectom Germany

In Germany, energyegulation is mainly subject to the Energy Industry Act (Energiewirtschaftsgesetz

¢ hereinafter ENWG") which is Federal Law. Renewable enespurces ardavoured under the
Renewable Energy Act of 29 March 2000 and the Combined Heat and Power Act of 12 May 2000.
According to 8 3 of the Renewable Energy Act, grid owners are obliged to access energy suppliers
producing energy exclusively by wateind, solar, geothermal, natural gas, marsh gas or biomass and

to purchase the electricity generated in such plants at certain minimum rates as provided for & § 4
Renewable Energy Adt]]

In MecklenburgWestern Pomerani the Climate Action Plan of March 2010 formulated the
targets for the use of bioenergy by the year 2020 (Potenzialatlas_Bioenergie_Mecklenburg
Vorpommern 2013). Bioenergy can provide electricity, heat and fuel. As an economical engine for the
region, itis very lucrative. The federal states support this development with funding programmers.

' O0O2NRAY3 (2 (GKS FTSRSNIt 3I20SNYyYSyiQa SySNHe Lkf
generation should be between 40% and 45%. By 2035, rerlewarirgies should have a share

between 55% and 60%, and at least 80% by 2050. These targets have been included within the
Renewable Energies Act and therefaaiee legally binding on the governmeidi.[

1.4.Legal frameworkor the energysectorin Sweden

The main regulatory body for the Swedish energy markets is the Swedish Energy Markets Inspectorate
(the Inspectorate), an authority under the Ministry of Enterprise, Energy and Communicadons.
climate and energy policy was adopted by tBeedish parliament in 2009. It set a target for the
consumption of energy from renewable sources, which by 2020 should account for at least 50% of
total energy consumption, as compared to the 20% target that applies at the EUneX@45, Sweden
shallhave no net emissions of greenhouse gases and will thereafter achieve negative emissions. The
goal in 2040 is 100% renewable electricity production.

In Sweden, there is a program supporting investments that produce biogas. The payment can
amount to 40%n investment aid, and in northern Swealethe aid may be as much as?40n certain
cases. The investment aid is a part of the Rural Development Programme2P@04 The Swedish
government introduced also special support for gas from manure, a methane redwctimpensation

[6].
1.5.Legal frameworkor the energy sectom Lithuania

The Lithuanian Law on Energy from Renewable Sources entered into force on 12 May 2011. The Law
establishes the legal framework for administration, regulatand control ovethe renewable energy
sector in Lithuania. The Law sets following mandatory energy targets to be achieved by 2020:

- 20% of gross annual energy consumption must come from renewable spurces

- atleast 20% of energy consumption in transporttee must be sources from renewables

- 60% of district heating energy must be derived from renewable sources.
Lithuania suppoginitiatives to increase the use of biomass in heat production (botim&talling bie
boilers and constructingio-combinedheatand power (CHP) facilities) and promstiee use of waste
for heat production. The goal is to enable renewable energy to account for 60% of eltriadiat
production by 20207].

12
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1.6.EU Renewable Energy Directive

The original Reswable Bergy Directive (2009/28/EC) established a set target of 20%l energy
consumption from renewable sources by 2080 However, the European Union recently introduced

a new renewable energy directiveQ28/2001), which established a new binding renewable energy
target for the EU for 2030 of at least 32%, with a clause for a possible upwards revision by 2023. The
directive is part of theclean energy for all Europeans package, aimed at establishing astadéNe
legislative frameworkwhich will facilitate the clean energy transition and help the EU to meet its Paris
Agreement commitments on reducing greenhouse gas emiss#pns [

1.7.Environmental protection regulats

In order to obtain full benefits from the proposed solutions, it is necessary to develop a common
position in the field of legal regulations. Environmental laws, including marine, coastal and coastal
environments, diffein each country and are presemtén this section.

POLAND

In Poland, a large part of the coastal aredcated in the protected areBlatura 2000. The legal act
regulating the functioning of the Natura 2000 network in Poland is the Nature Protection Aét of
April2004 (Dz.U. z 2004 NMr 92, poz. 880). According to this act, the Natura 2000 does not apply any
specific list of prohibitions. The construction of new biogas plants on Natura 2000 sites may involve
the need to prepare an environmental assessment report. Depending on theofythe Natura 2000

site, responsible for functioning are:

- the director of the national parkvhere the Natura 2000 site overlaps with the park area
- the director of the maritime office in marine areas outside national parks
- the regional director of envdnmental protectiong in land areas outside national parks.

Directors of maritime offices perform the supervision of marine areas outside the borders of national
parks

DENMARK

The mainrelevant polides in forcein Denmark are Natura 2000, the Danish MarSrategy and
Coastal Protection Act.

GERMANY

In Germany, the Federal Nature Conservation Act (Gesetz Uber Naturschutz und Landschaftspflege
BNatSCHG, 2009) and Fl&iaunaHabitat Directive (92/43/EEC) deal with nature protection.

SWEDEN

Normally, pemissionto clear seaweed within nature reserves or national parks is not graintea

the county administrative board, but in some cases, exceptions are granted. In Vellinge municipality,
for example, all bathing beachase locatedwithin nature reservedyut seaweed cleaning may still be
carried out.

13
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LITHUANIA

According to Lithuanian hygiene standard HN 92:2018 "Beaches and Bathing Water Quality" approved
by the Order of the Minister of Healtmacro-algae and (or) phytoplankton on the beaches and bathing
areas need monitoring and removal from bathing areas after each storm. Further management of
marine biomass is not covered in any legal act.

1.8. Postfermentation waste management

POLAND

Detailed conditions for the use of pef@rmentation sludge are descel in the Waste Act of 27 April
Hanm 62dGd 51 d!'d T HannT NI b N eedsandfdgibaton of fOME 1T LJ
July 2007 (Dz.U. Nr 147, poz. 1033). farshentation residue has parameters that enable its use as a
natural fertiiser, however,biogas planowners can onlyapply postferment residuds to their own

fields. Currently, there is no possibility sale postfermentation sludge as fert#¢r to other farmers.

In the Act on fertibers and fertilsation, postfermentationmaterial is not included in the definition of
manure. The introduction of podermentation material as a fertder on the market requires obtaining

the consent of the minister competent for agriculture and is associated with the implementation of
the attestation procedure. According to the definition in the Act on waste, biogas plants are
installations for waste recovery. Therefore, it imposes an obligation on the investor to obtain a permit
for recovery and generation of waste.

DENMARK

Baltic Sea étion Plan and EU Nitrates Directives allowue digestate as fertiler. However, these
documents do not contain specific information on the use of seaweeds digestate assdertili
Seaweeds can be used as feggilias long as they do not contain heavy nietand comply with basic
parameters set out in the Fersr Act.

GERMANY

It is advantageous to use the digestate as fedili However, it is essential to carry out a festli
application in accordance with the requirements of the Fedid Ordinase (DUMV) and the
Fertilisation Ordinance (DUV). In accordance with federal and state regulations, no landfill of
fermentation residues from biogas plants in which only conventional substrates are fermented is
permitted on areas of organic farmin@(). Accordingly, only such areas of conventional agriculture
are available for using digestate as fes#li

SWEDEN

Baltic SeaAction Plan and EU Nitrates Directives alothie use of digestate as fertifier. However,
these documentglo not contain specific information on the use of seaweeds digestate asshattili
Seaweeds can be used as fesifias long as they do not contain heavy metals, comply with basic
parameters set out in the Fergér Act andhe digestate must be ceriid.

LITHUANIA

National law allows digestate to be used as fesilj but not from seaweeds.
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2. Market analysis

In addition to meeting legal requirements, the solutions developed by the project are justifieel to
implementedin the regionswhere there § a market and social heeBesourceand possibities are
further discussed.

2.1. Region potential

POLAND

The total length of the coast in Poland is 770 k-
(Figure 2) This length takes into account thi y
Vistula and Szczecin Lagoon as well as \ - —
Gdansk and ek Gulf. However, the total lengtt
of the coast without protected areas is 410 kn
Sandy beachedominate the Polish shor&ony

beaches which arecommon in other European sz «m
countries cannot be found The width of the
beaches does not exceed 100 m, ahdit total

area is 20 krh Beach sandnainly consists of
small grains of quartz with a diameter of @1
mm. They are often covered with minerais. P
magnette, ilmenite, rutile, monocyte, and ever R
semiprecious grenades and zirconium. The

are also sigle igneous rocks (containing
granites, porphyrites, and basalts) c.
sedimentary rocks (limestones and red pisses).

440km

| 210 km

418 km
The total length of the coast is 770 km

535 km

Figure2 The length of Polish borders.

DENMARK

The total length of the coastal in Denmark is 8,750 km of which almost 1,800 km are protected.
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GERMANY

TheGerman Baltic Sea Giianeasure,582 km in total of which 1945 km belong to the federal state

of MecklenburgWestern Pomerania. This coastline can be dividéal imer and outer coastline as
well as into flat coast and steep codseeFigure3). 60% of the MecklenburgWestern Pomeranian
coastbelongto a multitude of islands the four largest ones are Rugen, Usedom, Hiddensee and Poel
According to the&eU Water Framework Directive (WFDH the implementation of its requirements at
federal and statdevel, a direct access to the shoet the German Baltic Sea aresadue to nature
protectiononly possiblen limited stretches of beaches or harbors. Only 309 km of its outer epast
reported as tourism beads[13]. These kaches also have a good infrastructural connection and are
therefore suitable areas for a removal of seaweed.

a
Stralsund

Rostock = =

fﬂ\h Greifswald
n
Wismar
A
Ueckerminde
Island W Outer coast TITTITT Steep coast at outer
Mainland Inner coast coastline

Figure3: Coastline of MecklenburyVestern Pomerania, GermanyLp]
SWEDEN

Sweden is located in Northern Europe, in the eastern part of the Scandinavian Peninsula. The eastern
and southern coasts of Sweden liethé Baltic Sea (approx. 2,150 km). There are vast archipelagos
(over 220,000 islands) in tteoutheastof Sweden. Marine and coastal biotope complexes along the
Swedish South Baltic coast mainly consist of rocky coasts and cliffs, sandy and morainebagasts

and lagoons. The sandy coasts are especially characteristic to Skane (east coasisanthtastern

part), to the coasts of large islands in the Baltic Sea (Oland and Gotland) and to archipelagos along
several parts of the coast. Bweden the pdential for cast seaweed in Scania (the southernmost
province in Sweden) was estimated to 83,1066s/year, or rather 63,628ons/yearwhen excluding

nature reserves and natural parks. This assessment was performed using extrapolation of existing data,
since not every municipality had available data.

LITHUANIA

The study area is located on the west of Lithuania and encomgtsseastern coast of the Baltic Sea.
The Lithuanian Baltic coast relief consists of a sandy plain, which has emerged from thevgeabed
its coastline/shore has retreated, i.e. when Lithuanian coast has lifted. At preentoastline of
Lithuania, including the Baltic Sea coast of Curonian @pisists osandy or pebble beach stretches.
Lithuania has around 91.1rikdong coastlie of the Baltic Sea. It consists of the continental coast (from
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the Latviag[ A G Kdzr YAl 02NRSNJAY GKS y2NIK 2F [AlGKdzr YAl
entrance), which stretches around 38.7 km, and the Curonian Spit coast (from the solutbakwater

2F YT FALITRE 1 FNB2dzNJ SYGNryOS (2 GKS o2whiRrSNI A i |
stretches around 51.4 km. The Curonian Spit (from 0.4 km to 4.0 km width) almost cuts off the Curonian
[F322y FTNRY GKS . I fitéohr@cts{tHs ICuponi@nk &goori fvith the HalRd Jew ( NJ-

distancebetweenthe continental coast and the coast of Curonian Spit is around 1 kmtofal area
of sandy beaches difie Lithuanian coastal zone is around 10.6 km2. The area of beaches of caatine
coast is around 3.6 km2, whereas the area of the beaches of Baltic Sea coast in CuromaaSpis
around 7.0 km2. The width of beacheariesfrom 16 to 500 m. The average widththre continental
zone is around 92 m, while in the Curonian 8p&136 m.

Table3 List of basic information about the coastal region in individual countries

Parameter Poland Denmark Germany Sweden Lithuania

Totallengthwa{el (i 8750 km 2582 km 3400 km 122km
of the coast

Lengthrofthe s (ol <! - 309 km - 95 km
coast without

protected

areas

Type of sandy sandy and sandy and sandy and sandy and
beaches beaches stony beaches stony beaches stony beaches pebble beach

Width of the™ I o[oN1g! - - - 16-500 m
beaches

2.2. Resources potential

2.2.1. Types of seaweed
POLAND

The seaweed collected from Polish beaches comeise2-75% of green algae, £71% of red algae
and ;50% of brown algae as well as a small proportion of seagzasstera maringFigure4). Among
the algae present on the Polish coast, the following specas be identified

- Green alge: Cladophoraylomerata Enteromorphaspp, Ulotrixspp, Stigeocloniunspp,
UlvaflexuosaUlvaclathrata,

- Brown algaePilayelldittoralis, Ectocarpuspp,

- Red algaeGeramiumspp, PolysiphoniducoidesPhyllophorabrodiaei.
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Figure4 Seaweed at coastal line in Poland1].
DENMARK

The Solrad biogas plant receives seawddgdureb), which consists of two typg4,2]:
- Green seaweedelgrassZostera marina
- Brown seaweedPilayella littoralis, Ectocarpussp

[ T ll'i'““\‘\‘m

Figure5 Seaweed at coastal line iBolrad municipality 16].

GERMANY

The seawed meadows of the German Baltio&t are populated mainly byreen seaweed eelgrass
(Zostera maring but Fucusspecies can also be foungashedashore The seaweedprovides many
services for the ecosystem. Their roots serve as natural erosion protection for the sediment.
Furthermore, heyare ofhigh importance as a food and breeding habftata number of animaland

they can absorb excess nutrients718].
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SWEDEN

Macro algae are very common along the coast of Skane and usually occur in three groups: green,
brown, and red algae. Algae ansually associated with the negativigal bloom, but they also have

an important role in the ecosysterBladderwrack (Fucus vesiculosys naturally found in the Baltic

Sea anddue to its size;ontributesto creating complex bottom structures that function as nursery for
many of the searmals. EelgrasZ¢stera maring which is not an algae but a seed plant, also occurs

in abundant amounts on sand bottoms along certain stretches along the coast of Skane.

LITHUANIA
At the Lithuanian Balticéacoast the following algae species occur

- Green alge: Cladophora sp.
- Brown algaeFucus vesiculosus
- Red algaefFurcellaria lumbricalis

2.2.2. Seaweed collection dates and its quantities

POLAND

In Poland, saweed can be collectedom May to October. However, the largest amount of seaweed
on the be&hes is observed in August. Currently, cast seaweeds are collectetddiamhes irall cities
in Polandexclusively for clearing them.

Due to the lack of biogas plants producing biogas from seaweed, there is no accurate
information on the amount of seawekcollected from Polish beachds.OO0O2 NRAY 3 (2 ah{ Aw
Gdynia, Sopdtit is possible to collect 18096 tons of fresh mass from beaches and up to 700 tons
0% 1 OFIR hOTeal Ol I yA ldurmddnesdadon.H nmn0 FNRBY GKS ast

IO PAN estimated this number at 2280 tons per season. Theexage value for seased
collected from beaches B50 tons/season, from city beaches in Gdansk, Gdynia and Sopot. There is
no information on the amount of algae collected from other beaches in Polacdn be estimated
that approximately9,500 tons/yearof algae can be collected from Polish beaches.

DENMARK

Until 2016 the collection of seaweed along the Kgge Bay coastal line in Solrgd munickigliep)

due to the environmental permit was performed three times per yeant 1 May to 1 September by
Solrgd strand Beach Cleaning Laug. The collections approximatetydastweek each and took place
around the dates that are presesdin Table3. Since 2018he collection of cast seaweed can proceed
continuouslyduring the whole year except for several cases, such as bad weather conditions and/or
too highconcentration of cadmiun>0.8 mg/kg dry matter) in the collected seawed@¢5]].
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Figure6 Seaweed collection area in Solrgd municipfity

Table4 Typical collection dates for cast seaweed in Solrgdnimipality [3].

Collection Dates
1st From1 of June to 23 June
2nd From 1 August to 7 August
3 From 24 August to 31 August

Based orinformation froma local entrepreneur, the amount of cast seaweed collected froen3.7

km coastline in Solrad Municipality in ZDwas equal to 000 tons which correspondto 1,081
tons/year km[3,6]. Moreover, the annual average collection of cast seaweed from the entire Kgge Bay
coastline (38.6 km) has been estimated to bel8P tons/yearwhich conforns with1,141 tons/year

km. Recently, the annual quantity of cast seaweed collected frod Km of Kgge Bay coastline
corresponded to ;500 tons/yeaf3,4].

GERMAN

A density and biomass estimation of the recent seaweed population in the German Baltic Sea showed
that seaweed with a total dry matter of 11,595 ®is growingalongthe coasts of Mecklenbug
Western Pomerania and Schleswrglstein. At the end of a vetgation period, dead and toroff plant
componentsare flushed to the coasts by wind and flamduced hydrodynamic processekd]. The
amount of seaweed washeashorehighlydepends on location and exposure of the beaches akasel

acute weather events20]. According to the state parliament of Mecklenbufdestern Pomerania, an
average of 50 tons per km coastline per year wash up at the beathesrganic material is classified

as biological wasteral contrary to their value fonature; biomass at beaches is a problem within
tourist areasbecause of the appearance and the smé&htat is whytourist beachesare beingcleaned
duringthe main tourist season (Api@ctober) [L3].

SWEDEN

The potential for cast seaweed in Scania (the southernmost province in Sweden) was estimated to
83,106 torslyear wet weight or 6328 tors/year wet weight if nature reserves and natural parks are
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excluded. The clacting period is from 15 Ma¥y5 September. Note as well that biomethane
production is not the primary target but rather the nutrients removed from the sea, i.e. mitigation of
eutrophication.

To calculate the biomethane potential, an average valfid'S (Total Solids content) was
assuned to be 12.8% and the VS (Volatile Solids content) 79% of TS. The methane potential was
assumed to be 210 NhCH/ton VS.

This gives an annual biomethane potential gf64,772 Nn¥ CH corresponding to 17.6 GWh
(including nature reserves and natural pgtks
However, there are several ways to increase this number

- Extending the period of collection.

- Collecting seaweed from beaches not categatias sand (then collection probably has to be
done from the sea and not from land, e.g. rocky beaches)

- Collectingseaweed in the water and not only on the beaches.

LITHUANIA

In Lithuanig according to data of Palanga municipality, 50 tons of seaweed were collected from the
beaclesin 2018. As the length of a supervised coastline is 25 km, an average amount ctedolle
seaweed is 2 tons per km coastline during the recreational season. Howeverjrdomeation found
online statisticghat in 2010 over 400 tons of seaweed were removed from the approximately 1 km
long Palanga beach section.

2.2.3. Seaweed collection and pteeatment methods

A summary of the most important information about coastal regions in selected countries are
presented in tableb.

Table5 A summary of the basic information about coastal regioospartner countries

Parameter Polnd Denmark Germany Sweden Lithuania
Type of Green, Green, brown Green algae Green, brown Green, brown
seaweed brown and algae and red algae and red algae

red algae

Sieel sl May-October 1 Mayg 1 ApritOctober 15 Maycg 15 ?
collection September Septenber

dates
ekl purification of biogas purification of biogas purification of
the collection beaches production / beaches production is beaches
of seaweed purification of not the primary
beaches target but
mitigation of
eutrophication
Quantities of 9,500 42,000 11,595 63,628 ?
collected tons/year tons/year tongyear tongyear

seaweed
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2.3. Investor potential

There are several groups than can pefiteers of the solutions developed within the project. These
are local habitants and tourists, biogas peneénergy sector and agriculture. The investor potential
estimated on the basis of thgroductsreceivers is discussed in this section.

POLAND

Agricultural landgs percentagef land area) in Poland wasperted at 46.936 in 2015, according to
the World Bak collection of development indicators, compiled from officially recegghsourcesZ6].

In Poland, the total area of agricultural land is@Ldnillion ha and an average of @illion tons of
mineralandchemicafertilisers are consumedn 2016, the total fertiber consumption for Poland was
172.8 kg/ha (17 of phosphorous(P) fertilisers, 56 of nitrogenous (N) fertilisers and 26% of
potassium(K) fertilisers) Though Polard gertiliser consumption fluctuatd substantially in recent
years, it tended to increase through 20@QR16 periodresulting in172.8kg/hain 2016.However, due
to the high transport costs, farmers from four voivodships (Pomorskie, Zachodniopomorskie,
KujawskeLJ2 Y2 NB 1 A S | ynizuskie) Nday\ Beadifte?ested in buying natural festlis
(fermentation residue).Table 6 demonstrates an area of agricultural land and production and
consumption of mineral and chemical feddis in Poland by voivodships in 2027]|

Table6 An area of agricultural land and productiorsavell asconsumption of mineral and chemical fertiigrs
in Poland by voivodships in 2017.

Parameter Voivodships

Zachodnie Pomorskie  Kujawskoe 2 | NIWAZ
pomorskie pomorskie mazurskie
812,920 748236 106556 943184 14.6 M
[ha]
Production of mineral or - - - - 9.2M
chemical fertilsers
[t]
Production of mineral or - - - - 3.0M
chemical fertilsers in terms of
pure ingredient
[t]
Consunption of mineral or 214579 101,944 109312 109,883 20M
chemical and lime fertibers in
terms of pure ingredient
[t]
Consumption of mineral or 1345 136.2 2014 1165 1402

chemical and lime fertikers in
terms of pure ingredient per 1
ha of agricultural land
[kg/ha]

DENMARK

Agricultural landds percentag®f land area) in Denmarkmounted t062.18% in 2015, according to
the World Bank collection of development indicators, compiled from officially resedjsiources. In
Denmark, the total area ofgmicultural land is & million ha andfertiliser consumption is 132 kg/ha of
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arable land 28]. Agricultural consumption of N, P and K was in 2011/2012 (as pure nutrients): 187,024
tons N, 12,804 tons P and 42@tbns K.

GERMANY

In Germany, in 2015 47.96 of the land area were used fogrécultural purposes according to the
World Bank collection of development indicators, compiled from officially resedréources. The
total area of agricultural landmountsto 16.7 million haand fertiliser consumption is 202 kg/ha of
arable land 29]. The total agricultural land of 2.3 million ha (2017) can be divided over Mecklenburg
Western Pomerania with 2.million ha and SceswigHolstein with 1 million halhe minerafertiliser
consumption in 2013/2014 was£million tons. The level omineral fertiliserconsumption per 1 ha

of agricultural land in 2013/2014 was 144 kg (129 &drtilisers, 690 of N fertilisers and 19% oK
fertilisers) BQ].

SWEDEN

In Sweden, in 2015 thegacultural land was 7.46%f the land areaaccording to the World Bank
collection of development indicators, compiled from officially recegmisources. Theotal area of
agricultural landamounts to3.1 million ha and fertilser consumption is 96.69 kg/ha of arable land
[31]. The total consumption of mineral ferdéirs in terms of pure ingredient in 2016 was 2diDtons
(27,500tons ofKfertilisers, 198000tons ofN fertilisers and 1400tons ofPfertilisers).

LITHUANIA

Agricultural land4s percentag®f land area) irLithuania was reported at 47.98in 2015, according
to the World Bank collection of develognt indicators, compiled from officially recoged sources
[32]. Arable land and permanent crops cover around 4 million ha, 2 milli@méwander forest and 0.5
million haare permanent pastureOrganic agrictliral area of 234133 ha (in 2017) 68% consists of
arable land, 27% is grassland, and 3.4% permanent crops. The totakfectinsumption is 122 kg/ha
of arable land. Nitrogen fertiliser consumption by agriculture in 2017 exceededlQ®BTons.
Phosphous (BOs) consumption 5300tons; Potash (#O) 75700tons [33-34].

Comparison of the amount of fersirs used in various countries is shoim Table7.

Table7 Comparison of the amount of fertiiers used in various countries.

Parameter Poland Denmark Germany Sweden Lithuania
Area of 146 M 26M 16,7M 3.0M 02M
agricultural
land
LAEY
Totalfertiliser 172.8 132.0 202 96.7 1220
consumption
[kg/ha] of
arable land
Fertiliser 82.1 328 86.1 264 224
consumption
(% of fertiliser
production)

Consumption 2.0M 187,000 2.4M 240400 2965010
of mineral
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fertilisers in
terms of pure
ingredient
[t]
Consumption 140.2 71.6 144.0 79.1 64.2
of minerd
fertili sers per
1 ha of
agricultural
land
[kg]

Alist of advantages and disadvantages of market analysis in individual countries is preserabtein
8.

Table8 Advantages andlisadvantages of coastal market in individual countries

Country Advantages Disadvantages

Poland - Sandy beaches make seaweec - Large part of the coastal areas
collectioneasier located in the protected area

- Relatively large agricultural land arei - Relatively small amount of algae i

Poland compared to other countries
- Large fertilser consumption

- Algaeis collected for cleaning beache
onlyand there are no commercial biogi
plants that could use algae for methar
production

- No technology to emove algae fronm
beaches without the addition of sand

Denmark -Long coastwith large potential of - Some of the beaches are storgnd
seaweed amounts therefore seaweed collection difficult
- Already developed collection
technology minimigg the sand conten

Germany - Long coastwith large potential
seaweed amounts - Large part of the coastal areas
- large agricultural land area located in the protected area

- large fertilser consumption
- Some of the beaches are storgnd

therefore seaweed colleion is difficult
- Cast seaweed is characterised as-t
waste, which makes utilisation in biog
plants difficult
-Long coast with large potential o - Some of the beaches are storgnd
seaweed amounts therefore seaweed collection is difficul
Lithuania - Short coast

- Some of the beaches are stomaynd
therefore seaweed collection is difficul
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3. Technical potential

3.1. State of the art

3.1.1. Collection of cast seaweed

Theseaweedcollection method depends othe coastal type (sandy beach, stony beachrtpor no
beach, from water of various depghand availability/suitabilityechniques. It may be necessary to
modify existingtechniques for algae collection.

The collection of seaweed and seagrass on sandy beaches is usually carried out by tractors that
collect large piles together with sand etc. The material is loaded into a trailer and taken to another
area where it is left for a period of time in order to dry. The loss of water and volume saves transport
cost to the further facility. The collecting tegique could be improved by modified machinery. For
example, attaching a grapple fork to the loader helps with the drainage of the trapped water. Other
methods include combining grglaw loader, powerake and Beach Cleaner, which gives an
effectiveness bca. 45 nhour and approximately 26Rg/minute of fresh material. Other methods
will make use of remastered machines, such as a pea combine harvester, with effectiveness of around
500kg/minute. The collection by hand could serve as a support for otlhmiques, for examplr
placesthat bigger machinery cannot reachwhere itis permitted.In addition it is easier to separate
rubbish and sand at the first step by hand.

The grating bucket consists of a wheel loader with a pitchfork or a buckédterent sizes and
shapes and can be adjusted to seaweed collection. The machine weights approximately 10 tons and
uses ca. 16 I/h of fuel. The shaking helps reduce the sand intake. The Beach Cleaner comes as an
individual machine or one attached to a ¢tar. It uses conveyor belts with adjustable rollers to take
up the material. Brushes and shakers are constructed to reduce the sand uptake.

Table9 Advantages and disadvantages of different collecting methods

Method Advantages Disadvantages

Hand picking -proper selection from other -low efficiency

rubbish -high labour cost
-possibility of washing from the -slow process

sand at the place of gathering

-less impact on the coastline

Wheelloaderwith™a gratinome =1 U VA EET DRIl 1 -average cost of operating

-quick and simple -takes other residues liki
rubbish
-sensitive to holes or rocks
Beach cleaners -collecting material relatively -low capacity
quick if it is dry -sensitive to holes or rocks

-shaking reduces the san -fresh and wet algae might nc
intake to minimum (from dry be a suitable material
material)

POLAND

Due to the collection of algae only for the purpose of cleaning the beaches and transtiwsefor
utilisation, no advanced tools and methodsarsed in Poland. Usually, backhoe loaders are uged.
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Figure7, the backhoe iglepicted on the left and the shovel excavatoon the right. Beforethe
utilisation process of seaweei is ot necessary to remove impurities fratre biomass (water, sand,
sticks, plastic ety. Therefore no additionapre-treatment methods are applied in Poland.

Figure7wSY2 @t 2F Ff3F8 dziAy3d | ol Ol RAS t2FRSNI 2y
DENMARK

Theutilisation ofcollected seaweed depends on the heavy metal cadmium content in the seafeed.
seaweed sample is taken once a month and the resargsavailable B8 working days latenf the
cadmium content is below the limitalue of 0.8 mg/kg in dry matter, thehe seaweeds supplied to
Solrgd biogas plant. Otherwise, the seaweed is retdinto the water. Correspondingly, works are
carried out until the next measurement of the cadmium content in the seaweed.

Seaweed ipre-treated at the biogas plant. Firstlhe seaweed is put into a tank with a strong
stirrer, which separateshe seaweed from sand residue. The sand is reaaidvom the bottom of the
tank periodically Further,the purified seaweed is chopped filyein a maceratorbefore beingmixed
with other feedstock. Finally, feedstock composite is siggjihto the biogas tank (digestevja pipe
systemswhere gas formation takes plackiring the anaerobic digestion process.

GERMANY

In Germany, cast seaweed is migi removed from beaches because of recreational reasdhs.
collection is carried out with excavators or wheel loaderthe waterlinebut methods vary in different
municipalitiesIn most cases, the collected material is transported to landfills. ®féyv surrounding
municipalities collaborate with a local enterprise, where cast seaweed is utilised for compost
production.

In Germany, due to environmental protection cast seaweed can only be collected at the
waterline and on the beach, as a collectfoom the water is not legal.

SWEDEN
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Note as well that biomethane production is not the primary target but rather the nutrients removed
from the sea, i.e. mitigation of eutrophication.

LITHUANIA

Collected and stored on shore; left on the beach, expectihatthe sea will take it back.

Table10 Methods of cast seaweed treatment by countries.

Country  Method

FliilEn=n Collected and stored on shore, expected to be taken back to the sea

Poland Collected by hand and machinery, takand stored at the landfill or deposed ar
composted on a dedicated land

bz Collected from the shore with machines,-digested in biogas plants, used for s
improvement

=)\[=s[k - Collected from the shore with machines,-digested in biogas plantsised for soil
improvement, deposed and composted

€=l Collected from the shore with machines,aenposed and composted

3.1.2. Pretreatment

The core function of differergre-treatment approachess to make the organic matter more accessible
to the microaganisms by breaking down the complex biopolymers, enhancing thdigpgstibility of
the algal biomass through accessibility of microbial enzymes, disruptiosll walls and bringing out
the chemical substances from polymers into more available comp®undultimately improve
fermentation andtherefore the biogasyield. Due to the high sand contenthe seaweed should be
firstly washed. This prereatment isconductedwith a float/sink separatoand reveals thenain by
products water and sanavhich carbe returned tothe beach.

Thee are several methods to increase biodegradability of seaweed. With difféegets
of effectivity mechanical(cutting, drying), thermal(heating), alkaline(NaOH), acid (HCI) pre-
treatment or enzymatic hydrolysigcellubse or hemicellulose)can be applied In addition
combinatiors of pre-treatment methods casignificantly increase the methane production.

3.1.2.1. Chemicapre-treatment

For chemical pr¢reatment, the most common acids and bassre sodium hydroxidesulphuric, ftric,
hydrochloric, phosphoric, citric, lactic, acetic andhlic acid. The biomass is treated with different
dilutions where the lower pnes need less substance for neutsation and higher concentrations might
increase the production of inhibitgrcompaunds toxic to microorganisms, whichmight stop the
process

3.1.2.2.  Thermalpre-treatment

The goal of the process is to disrupt the chemical structure of the biomass while preserving their
constituents and minimising the hydrolg®f monosaccharide$he pretreatment temperature varies

from 80 to 130C with retention time fron 1-120 minutes. Usually the higher temperature and longer
retention time the betterare theresults.

3.1.2.3.  Physicapre-treatment

Mechanical treatment can significantly enhance accessibilitthismicroorganisms to the surface of
biomass. It an be carried out by simply using blender milling in order to obtaparticle sizeof <1
mm.
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3.1.2.4. Biochemicapre-treatment

Enzymatic hydrolysis seernts be amore economical and environmental friendly methtithn the

others. It doeshot lead tocreaton ofiinhibitory compounds and doe®t require theuseof corrosive
chemicalsThe hydrolysis is performed for a period of 24 hours. For the procedsltbeing enzymes
are used e.g. Cellulase fromichodermadongibrachiatum Alginate Lyase frorRlavobacteriunand

Celluclast®.

3.1.3. Fermentation process

The fermentation processanrun in different temperature ranges: psychrophilic 25°C), mesophilic
(35-37°C) and thermophilic (460°C). However, the majority applications is provided in a range of
30°C to 48C.Anotherimportant parameter ighe hydraulic retention time during which the substrate
has time to decay. Depending on the feedstock compositionay vary from 20 to 60 dayEhe proper
mixing is cru@l for an optimal fermentation procesasit keeps the temperature evenly distributed.
The pH should be maintained at neutral level. Dropshe pH valueto 6.2-6.5 level might cause
slowing down or even stoppingf the processEfficiency of the procedss measured several times
during the fermentation. It is calculated through different parametestgch as loss of the dry matter,
biogas and methane yield fromkp of the dry organic matter anlgydraulic retention time in which
90% of methanogenic substees is converted to bioga&naerobic digestion doawot require beach
cast to be driedinstead the high water content (around 890%) maksit suitable for wet anaerobic
digestion. Green and red algal species contain high levels of easily fermented sduch increases
the anaerobic digestion processes. Thedigestion of the cast seawedd usuallyconductedwith
different organic residuesuchas manure, communal organic waste or sewage sludge. Best methane
yield wasobtain in ratios combining fferent sourcesfor exampleB0% cattle manure and 20% cast
seaweedor 80% cattle manure, 10% sugar beet pulp an 10% cast sedieed

3.1.4. Fermentation residues

The composition of the fermentation residuetrongly depends on the substrates used in the first
place. Use of different prareatment methods might also influence the digestate composition
(decrease of NH and increase of phosphate concentrati¢h]). The digested effluents could be
potentially valuableasfertiliser. Althoughowninghigh potential the material needs to be examined
first due to possibly high level of heavy metals or different contaminations. It is assumed tk@to50
bio-fertiliser can replace kg ofsyntheticfertiliser. Currently the most popular methods of digestate
use is sjfling onagriculturalfields, separation for the solid and liquid fractiam further processing
such as drying, composting and palletising.

Table11l Summary of the current cast seaweed managemémiproject partner countries

Cast seaweec Collection Further biomass Technological Obtained
management  methods managment process product
Lithuania Collection and A compact Compos$ing Municipal Natural

removal only tractor and together with waste fertiliser
from beach other composting (after
recreational cleaner all in biodegradable plant composting)
aress, at others one waste

it is lft and

washed back

into the sea

Poland Collecton and Mainly with Disposl in  Municipal Natural
removal from grip-claw landfills or waste fertiliser
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recreational loader or by compoging composting (after
areas in May hand together with plant composting)
October other
biodegradable
waste
Denmark Collecton and Front Transporation  Municipal Biogas anc
removal only loaders, to biogas plant waste natural
from sandy beach and composting fertiliser
beactes in cleaning fermentation or plant, (digestate)
April machines, storage, industrial scale
September backhoe with compoding and biogas plant
a shovel utilisation as where
fertiliser maritime
biomass is
used as
feedstock
Sweden Collecton and Gripclaw Transporation  Pilot scale Biogas anc
removal during loader or to biogas plant biogas plant natural
summer wheel loader and where fertiliser
season with a fermentation maritime (digestate)
pitchfork biomass s
used as
feedstock
Germany Collecton and Wheel Mostly Municipal Natural
removal from loaders, quad compoging and waste fertiliser
sandy beache: bikes/sand utilisation as composting (after
during touristic buggies fertiliser or plant composting)
season disposl in
landfills

3.2. Technical indicators

3.2.1. Biomass charactestion

Macroalgae are classified into three major groups, brown algae, red algae and green algae. All of these
contain high amounts of carbohydrates (up to %), mediunto high amountof proteins (1@47 %)

and low amounts of lipids ¢B %) with a variable content of mineral ash;88 %) [2, 3]. Various
seaweed species can be founth@ng the wreckwashed ashoreThe one frequently foundat the

Baltic Sea coast areZostera maringeelgiass),Pilayella littoralisand Ectocarpusspp. (filamentous

brown algae)The C:N ratio ofallected seaweedaverage of 17.8:1} slightlylower than the optimal

range foranaerobic digestiopwhich isbetween20:1and30:1 C:N.

Table12 Composition of macroalge regarding carbohydrate, protein, lipid and ash content [4]

Compound Green Algae Red Algae Brown Algae

70 %85 % 70 %80 % 79 %90 %
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Total organic
Carbohydrate

Report on casetgdies including feasibility studies and

18%c53%
47 %82 %
25%¢50 %

Table13 Composition of various seaweeds Vg[5]

Green algae
Codium fragile
Enteromorpha linza
Ulva Lactuca

Red algae
Gelidium amansii
Porphyra tenera
Gracilaria verrucosa
Brown algae
Laminaria japonica
Hizikia fusiforme
Saccharina jponica

Sargassum fulvellum

Ecklonia stolonifera

Lipids

18
18
6.2

0-3.1
4.4
3.2

1.8¢2.4

0.4¢1.5
0.5
16
24

26 %48 %
52 %74 %
30 %60 %

Proteins

109
316
20.6

15.6-16.3
38.7
156

9.4¢14.8

5.9¢13.9
199
106
136

ecosystem services benefits

33%¢55 %
44%:66 %
30 %¢50 %

Carbohydrates

32.3
374
54.3

61.0-67.3
35.9
335

51.959.7
28.6¢59.0
445
66.0
48.6

To optimisethe process it is advised to use different feedstock sources fdigmstion. It can improve
the C/N ratioandbalance the dry matter content.

Tablel4 Methane yield potential from various species of macroalgae and seaweed

Methane yield (Nn/tons
VS)

Organic substrates

Brown algae
Brown macroalgae 140410
Laminaria spp. 260-280
Sargassum spp. 120-190
Red algae
Mixture of red filamentous beach cast algae 130-200
Mixture of Polysiphonia focoideand other filamentous red alge 80-200
Red filamentous algae 210
Green algae
Ulva lactura 162-271
Seagrass
Zostera marina 150
Terrestrial biomass
Tops of sugar beets, maizémothy, clover forage 270370
310

3.2.2. Biogas use

Due to the presence of different undesirable componetite biogas needs purificatioim form of
desulphurisation, drying and if needed £@moval. Hydrogen sulphide is a product of protein
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breakdown and the concentration usually varies from12%. Itcan be removedby biological
desulphursation Elimination of moisture from the gasan be done by cooling down and water
condenstion. There is a variety of ways of ££8@moval such as absorptipchemisorptionadsorption

or membrane separatiorAfterwards the biogascanbe used in CHP, biofuel or it could be transferred
to the gas network.

4. Case studies

The case studies were performed in each partner country. The main goal was to find muig@sible

to use cast seaweed in existing biogas plants assalstrate to the biomass usually used in the plant.

The case studies focused on technological and environmental aspects to provide specific and realistic
solution to the eutrophication prolem that will not negatively affect the processes conducted at
biogas plants. The case studies were essential in finding the problems and issues that could stand in
the way to use cast seaweed and to address them precisely.

The analysis highlights the oppunities and obstaclesf using seaweed as a feedstock for
anaerobic digestion based on the existing practices in biogas plant. It enables propdbkal of
appropriate strategythat will contribute to solvindong-duration problems such as climate change,
biodiversity losand diminish the pressure to the environment.

Figure8 presents the forces that were idéfied during the case studies.

5 4 3 2 1 1 2 3 4 5

circular economy unconsistent regional regulations

climate changes

contamination of biomass with heavy metals

need of clean beaches insufficient knowledge

soil erosion logistic issues

Eutrophication mitigation by

recycling nutreints from cast
seaweed

H OO H O

environmental policies no engagement of local authorities

eutrophication

waste management policie:

VYV VVVVY

Figure8 Force Field Analysis
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Case Study 1lWastewater treatmen

plant in Swarzewo,

Poland

/

Case study partner:
Location of the case study"

Aim of the case study:

€

4

1. Introduction

The wastewater treatment plant (WWTP)
{6 NI Sg2¢ o1 a SadlofArak
was thoroughly moderrsed in 20142016. The
technological processes were improved and the
plant has been equipped witthe new installation

for sewage sludge digestion with the electricity and
heat recovery system. Implemented solutions

significantly reduced the amount of waste and
emission of odours that can be produced along the
wastewater treatment processAdditionaly, the
discharge of the pollutants to the Baltic Sea waters
was minimsed. Moderngation also contributed to
an economic development of the facility and
surrounding municipalities.

Figure9 Fermentation tanks

The digestion systenmis based ona mesophilic
fermentation process and is conducted using two
closed anaerobic digesters. The substrates that are
used for the digestion are organic fractions from
other industrial wastewater treatment plants, local
fish factories or food factaes and two substrates
that originate from the sewage treatment process:

sewage sludge and fats that are separated from the
sewage. The process providesufficient amount of
biogas to fully covethe energy demand of the

Tability A el ®%dbrby that'in eass canbéd * ie

to the electrical grid. Moreoverthe company
produces and sells agricultural feddr that is
obtained by composting green waste and the
digestate.

2. Wastewater treatment

22 ¢t {6l NI Sg2¢ LIOPASEIESE
sewage daily duringhe summertime and around
three times less during the rest of the year. The
treatment plant is equipped witaninstallation that
enables the collection of sewage from other
wastewater treatmenplants, whichis around 5% of
the total amount of sewage processed iretfacility.
Three stages of wastewater purification process can
be distinguished: mechanical, biological and
chemical treatment. Screens and rotary sieves are
installed on the sewage inlet in order to separate
larger solid particles, part of fats and safndm the
raw wastewater. Sewage is then directed to the grit
chamber, where sand with mineral fractions are
removed and fatty fractions are collected. Initially
treated sewage is directed to the first stage
sedimentation tank, where primary sludge is
sepaated. The collected sludge is partially
dewatered in gravity thickeners and undergoes an
anaerobic digestion process, while screened
material is landfilled. Subsequently, biological

treatment is performed inside of the six sequencing
pvide cyclic flow of

batch reactors that




lsewage

screening

l [ waste

sand trapping ( landflling ) ‘
l [ fats

sedimentation
l ‘ primary sludge

biological treatment [

sedimentation biogas production

l excess sludge l | digestate
coagulation biogas upgrading green waste

l l L sco

final purification CHP composting

S |

Figurel0Flow chart at WWTP Svzawo

wastewater through the installation. Sewage is 3. Anaerobic fermentation technology
mixed with anactivated sludge that decomposes
organic material. After the treatment, activated
sludge is separated from the excess water by
sedimentation and decantation with simultanesu
discharge of excess sludge. Excess sludge is
thickened, mixed with primary sludge and added to
fermentation batch. Phosphorous compounds are
removed from the wastewater by coagulation with
iron () sulphate solution produced on the site.
Emerging iron posphate salts are removed
together with an excess sludge. Remaining excess
sludge and other impurities are finally removed in
the wastewater clarifier tanks. After the treatment,
clear sewage can be discharged into the open sea by
pipelines.

Precipitate formed in the primary sedimentation
tanks is thickened with gravity thickeners and
recirculated to intensify volatile fatty acids
production. It is mixed with the excess sludge
collected from the sequencing batch reactors.
Agitator pumps pump the feedstock stream,
consisting of sewage sludge, to the digester
Another types of substrates utiksl in an anaerobic
digestion are: sewage sludge from five different
wastewater treatment plants and organic waste
produced locally. Fish industries and ethfood
processing facilities provide higinergy waste, rich

in grease and proteins, improving an overall biogas
LINE RdzOG A2y ® tflydiQa OF LI OAGER
external origin is 2800 tons annually. For the
biogasproduction, organic pulp is dissolyewith
digestate in winter, while with excessive sludge
during summer. It is grinded in a macerator,
pumped into the intermediate storage tanks and
dosed periodically to the digesters.

Figurell Sequencing batch reactors

The wvastewater treatment plant is equipped with Figure12 Organic waste intak to the pre
modern automation and controlsystem that treatment chamber

provides optimal conditions at each stage of the
sewage treatment process.

33




Two main feedstock streasnintroduced to the
digester can be distinguished: primary with
excessive sludge and organic pulp from external
substrates. Dry matter for the entire feedstock is
around 2%. The installation consists of two
fermentation chambers with total volume of
7600n? operating at 38C. Recuperation of heat is
provided in the external spiral crofiew heat
exchanger powered by digestate. Average retention
time is 30 days, but can reach up to 60 days,
depending on theorganic waste content in the
utilised feedstock. Wastewater treatment plant
processes around ,d00 tons of sewage sludge
annually with addition of the equal amount of
organic fractions from the outside sources.

Figurel3 Macerator usedfor organic waste pre
treatment

Production of biogas/eletricity/heat
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Figurel4 Biogas, electricity and heat production
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Substrates for AD
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Figurel5 Substrates used in anaerobic digestion

4. Electricity and heat regeneration

The fcility produces an averagé 4,000 n? biogas Biogas is converted into the heat and electricity in

daily, 65% of which is methane. Biogas undergoes 1:1 ratio by two electric generators, located on the

chemical desulphurisation on an iron bed and LJX I ydiQa I NBFX gAGK LIR2gSN 27
siloxanes are removed in the columns packed with  electricity and heat produced by combined heat and

activated carbon. After the purification, it is power system covers energy requirements of the
dehydrated, cooled down to the room temperatur facility and surplus is subjected to the electrical grid,

and stored in the higipressure tank. YF1{Ay3 GKS 22¢t a{é6l NI Spg2¢ ¢

sufficient.

Figurel6 Biogas storage tank
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BIOMASS COLLECTION AND TRANSPORT

Biomass .
95 281 GJ ' |

PRE-TREATMENT

Figurel8 Generator for heat and electricity
production from the produced biogas

Biomass |
94 586 GJ |

8147 GJ

5. Digestate processing

The dgestate is dewatered with decanter
centrifuges. Leachate is reused in the process for
the organic pulp dilution, Wile solid fractions of
digestate together with green waste like grass or
leaves as a structural material, are w84l for the
Biogas Digestate compost production. Compost heaps are formed
e e with speciallydesignedheavy equipment. Material
is stored in a roofed yard wheri¢ can be easily

11369.G mixed and aerated to maintain favourable
composting conditions. Composting section is
equipped with: dynamic composting system with

forced negative pressure and pressure aeration of

compost piles, an aerated maturation area, biofilter
and automatic process control. Produced compost
28 140 GJ meets the requirements stated by the decision of
the Minister of Agriculture of Poland and has been
sold on the local market under the namef o
! f12YLXE X &A gr88chimoarbendandC S NI A f
other valuabé substances, due to ¢hdiversity of
substrates utilisd as a feedstock for an anaerobic
digestion.

9380 GJ

COGENERATION

rogis el

23975 GJ

Figurel7 Energy bance
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Figure19 Roofed compost yard equipped with
aeration channels

L5 o R o
Figure20 Maturing compost and struairal
material for the compost

6. Conclusions

WWTP Swarzewo could share digester and biogas
upgrading system for biogas production from cast
seaweed. The number of residents and tourists in
the region would provide sufficient amount of
sewage to produce sludgfor cadigestion. The
most important issue that should be considered in
the use of seaweed is to collect and prepare
biomass. The transportation cost would be low due
to the close neighbourhood of the coast. Moreover,
mostly asphalt road are advantageoder the
seaweeds transportation. The pretreatment
infrastructure is sufficient to deal with marine
biomass. The digestate produced during anaerobic
digestion is used for composting to produce -off
class compost. Since the amount of the liquid
substrates ishigh and a lot of the cocomposting
material is used, possible heavy metals present
should not exceed the threshold.
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Case Study 2¥f I A LJTRI Q&
treatment plant, Lithuania

/

Case study partner:

Aim of the case study:

A

Location of the case study:

1. Introduction

Yl ALTRI QA

¢ KS
(WWTP) was established in 1998. The plant is
located approx. 1xm from the nearest beaches

(fig. 21). Wastewater is treated using mechanical
and biological methods. Wastewater enter the plant

i KNP dz3 K
ciesalR t NA S dzf T2
YENLETE ' 3td2yTylrAx
Since 2000, the facilityhas been periodically
modernsed. Seeking to improve the biological
treatment process, the company reconstructed
aeration tanks in 2003 After reconstruction
significantly improved the treatment efficiency.
Over the last 1Q/ears,the efficiency is 989% in
terms of BOD7 concentration, 8% in terms of
nitrogen and 9307% in terms of total phosphorus.
Closed sewage sludge digestion tarfiig. 2) were

WAYLFAS

built in 2009, enabling biogas and thus
electricity/heat production.
(AP i
Figure2l[ 2 OF GA 2y 2F GKS Yfl

2 aanbol G

LINEAAdNE ySis2Ng & 0 -
WHiglre2® Fermhtafiod tankswith{bodas/sbiageA =
52@Af A S0 YIING @YK AT 23Y8 (Yt F AVSTYRIl aui

i ORI A

In 2013, the sewage sludge drying facilities were
built. This allowed to reduce the volume of the
sludge and to stabilize it. Besides many more
moderngation steps taken on a way such as
cleaning from unpleasant odours using diikers,
sand separation, scrubbers, etc., the plant was also
equipped with an automatic disinfection amdour
neutralization system using ozone in 2017. The
latest modernization in 2019 was related to the
development of a system of remote control and
management of the technological process with the
help of advanced algorithms.

2. Wastewater treatment

¢KS Yt ALTRI QA
of sewage sludge annually, which is the main
process feedstock. The first stage of wastewater
treatment is a mechanical treatment, i.e. a primary
treatment of wastewater before biological
treatment. At this tage, large sediments, mineral
(sand, slag, etc.) impurities, leachate (fats, etc.),
suspended solids and various other substances that

are ﬁﬁeﬁirabée in, o;h%r tstage are removed. Such
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equipment as manual grating, mechanical
automatic gratings, aerated sdn traps, sand
separators, primary settlers are used for mechanical
wastewater treatment. About 732 kg of sorting and
about 85 kg of sand waste are detained every day.
Detained sand and sediments are periodically taken
to a household waste landfill.

The nex secondary treatment stage is biological. In
the part of biological wastewater treatment,

wastewater is treated with the aid of activated
sludge and microorganisms present in it.

3. Anaerobic fermentation technology

¢tKS (SOKy2t23A0Ff &a®KSYS

shown in figure23.
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Figure23 Technological scheme of biological
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The sludge is digested in two digestion tanks. The
digestion process is carried out aresophilic stage,
maintaining a temperature of 387°C. Organic
matter is metabolized into ammonia, carbon
dioxide and methane gas under the anaerobic
conditions by methane bacteria. In sludge digesters,
the retention time is kept to about 22 days. Such
methane digestion obtain rotted, black, almost
odourless sludge. The biogas during the digestion
process is collected at the top of the sludge
digestion towers and supplied, after gas
purification, to the gas storage tank. This biogas is
used as fuel in cogeration plants or boiler house.
Just beforethe digestionprocessthe sludge is cut.
Primary fudge composition: dry matter -8%,
organic matter80-82%. Excess (secondary) sludge:
dry matter 0.81.0%, organic matter 80%. Digested
sludge: dry matter 3.15%, organic matter-63%.
The digesters of WWTP usually decompose only
local sludge generated in sludge removal process.
Digested and dried sludge is normally not stored. All
dried sludgeis transported to a waste incineration

aAldz 4GSR
Ay 11YSyT

4. Electricity and heat regeneration

LI |y
LI Iy

Ay YO ALTRE

The facility produces an average qD@3546 n?
biogas annually, 65% of which is methane (carbon
dioxide 3235%). Jst before storage at the biogas
storage silo, the biogas is cleaned from moisture
and sulphur compounds. The produced biogas is
used as fuel in cogeneration unit (combined heat
and power production) or boiler house to cover
energy requirements both thermaind electrical.
Three biogas generators (2 in operation, 1 as
reserve) generates abaqut 91. 5% of the electricity
required for the' entire wastewater and sludge
treatment process of the plant. The excess heat
from the generators is used for sludge drying.
Additionally, a 600 kW generator operating on
natural gas is used for sludge drying.

5. Dried sludge (digestate) processing

The digested sludge is further dried (using-tinye
flocculants) in centrifuges (remaining at about 75%
moisture) and fed to a bellype low temperature

glaisSel i S NJ |(LH) to“8§(§ slafet ayedTaldr, the dried stulige,

Whlgh c%ntams no more than 10% moisture, is
crushed and enters a 150°ndried sludge storage
tank, where is stored until it is unloaded. Finally, the
dried sludge is loaded into conters and handed
over to the final waste managerNo further
utilisation of the dried sewage sludge be used as
an organic fertilisr or compost is reported.

6. Conclusions

Yt I A LT R Yyat have atpossibility to utiks
cast seaweed in its technologigqaiocess, including
biogas production.

The number of residents and tourists in the region
would provide sufficient amount of sewage to
produce sludge for cdigestion. The most
important issue that should be considered in the
use of seaweed is to colleahd prepare biomass for
co-digestion. The transportation cost would be low
due to the close neighbourhood of the coast.

The pretreatment infrastructure could be sufficient
to deal with marine biomass. The only issue could
be additional sand content presein the collected
seaweed, which would require separation. This
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needs to be checked if currently available sand
separation system would be able to effectively cope
with extra portion of sand present in the seaweed.
Moreover, how effective the system t@move the
major part of sand is unknown. This would also
slightly increase the energy requirement. However,
the quantities of cast seaweed on Lithuanian
beaches are not high and therefore the energy
penalty would be of minor effect.

There is a possibiitto better manage the digestate
produced after anaerobic digestion. The plant could
financially benefit (extra incomes) in case of selling
the digestate, which codl be used as an organic
fertiliser. Prior to this, the examination needs to be
carried outif the quality of the produced digestate
is good enough, especially heavy metal content,
which excess above the threddoralues might limit
its utilisation potential.
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Case Study Fagelsrum Biogas plant in
Hagelsrum, Sweden

/

Case study partner:
Location of the case study:

Aim of the case study:

A

4

1. Introduction

Hagédsrum Biogas plant was established in 2011/12
by the Birgersson family, owner of the Hagelsrum
farm. The farm has 650 dairy cows, raises calves and
grows fodder crops, and has a total area of 500
hectares. The main idea behind the biogas plant was
to produce power and heat to cover the farms own
consumption and sell the excess electricity to the
grid. However, just a few a months after biogas
production began the electricity prices went down.
The Birgersson family decided to upgrade the biogas
and sell it & vehicle fuel instead. 12018,a bigger
digester and the upgrading plant were ready for
operation.

Figure24 Hagelsrum Biogas

The digestion system is based on ome-step
mesophilic fermentation process in two serial CSTR
(Continuous Stirredfank Reactor) reactors. The
first reactor is a 4,500 fnglass enamelid steel
reactor operating at 4%C, with a topmounted

agitator.
The second reactor is a 2,10C glass enamelled
steel reactor operating at 37°C, withhree

submerdble agitators

Figure25 One out of three submersible agitators
in the second reactor.

The reactors have double membrane roofs. The
maximum capacity is 250 ¥day of substrate
corresponding to approx. 20 GWh of biogase Th
substrates that are used for the digestion are cow
manure (7883%), straw bedding (3%0%) and
scrap fodder (~2%). The dry matter in the ingoing
substrate is 8% and small cutting pump is used for
pretreatment. The biogas plant is currently
processing 130m®day of substrate and the
retention time is approx. 30 days. The produced
biogas contains 57% methane and the digestate is
used as fertiliser on farmland. The biogas is
upgraded and designated as transport fuel. The
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production corresponds to 2,700 ¥day of pure
methane.

Out of the 45,000 rh of substrate processed
annually, 25,000 f are produced onsite and
20,000m® are gathered from surrounding farmers
within a radius of 2810 km. The digestate is
transported back to surrounding farms. The trucks
are always full. Picking up substrate and returning
digestate. Hagelsrum Biogas has a buffer storage of
substrate for a few days of operation and concrete
tanks as digestate storage for 8 months.

The upgrading is delivered by DMT Environmental
Technology (NL)and is based on membrane
separation. The upgraded biogas meets the Swedish
standard that requires a methane content of 97%
for the biogas to be used as transportation fuel or
injected into the natural gas grid. The upgraded
biogas is piped to the mother aion in Mallilla
through a 5 km long pipeline, and from there
trucked to additionalthree daughter refuelling
stations in Vimmerby, Hultsfred and Hogsby.

Figure26 One of four refuelling stations owned by
Hagelsrum Biogas.

The pipeline that connects Hagelsrum Biogas and
the refuelling station in Malilla operates at ~4 bar
(max 10 bar). The biogas is compressed to 200 bar
in Malilla.

2. Energy balance

Hagelsrum Biogas produces 10 GWh of upgraded
biogas from 45,000 Psubstrate annuby. 2-2.5
GWh of heat are used for heating of the substrate
and 0.7 GWh of electricity is used for agitators and
pumps per year. The power consumption for the
upgrading is in the same range as for the biogas
plant, i.e. 0.7 GWh per year. The energy neefied

transport of substrate and digestate is estimated to
250 MWh per year.

3. Economy

The total investment for the biogas production
plant including the upgrading was 40 MSEK, with a
40% support by public funding. The 5 km pipeline
costed 5 MSEK and it wagoported by 50% through
public funding. The four refuelling stations costed
10 MSEK each and the total investment of 40 MSEK
for these was supported by 70% through public
funding.

4. Lessons learned

It has been an advantage to have only one owner
who supplis most of the substrate and handles the
biogas production, upgrading and distribution
including refuelling stations. In order to keep the
costs down, the owner has done as much work as
possible. It has been a lot of administrative work to
get permissionsrad the challenge has been to find
end users willing to pay a good priceSwedenthe
transportation sectolis primarilywilling to pay the
cost. There is a tough competition from the
imported Danish biogas due to the high Danish
feed-in tariff that makes it profitable to produce the
biogas in Denmark (get the feed tariff) and export

it to Sweden where there is a tax exemption, if the
biogas is used as vehicle fuel.

The European Commission’s view on the future
transportation sector, where electricity na
hydrogen are favoured, gives a high uncertainty for
the future development of biogas as vehicle fuel.

5. Conclusions

Hagelsrum Biogas is currently running the facility
below the maximum capacity, and cast seaweed or
any other aquatic biomass could poterta
contribute to a higher capacity utilisation of the
biogas plant. The most important issues that should
be considered in the use of cast seaweed are
collection, transport, storage and ptesatment of
the biomass. The transportation cost would be
rather high due to the 60 km long distance to the
coast. Moreover, storage and pretreatment of the
cast seaweed need to be constructed. It would
probably be of more interest to edigest biomass
from nearby lakes, rivers and wetlands instead. In
this way, nutrients from leakage and ruaff from
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agricultural land in these water systems are
returned to the farmland. The digestate produced
during anaerobic digestion is used as a fertiliser on
farmland that belongs to Hagelsrum Biogas or its
neighbours. Possible heawmetals present in the
seaweed or biomass from lakes, rivers and wetlands
would not exceed the threshold for using the
digestate on farmland since these additional
biomasses would constitute a small fraction of the
total processed biomass.
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Case Study 4Municipal organic waste
plant in Borgstedt, Germany

/

Case study partner:

Aim of the case study.

A

Location of the case study

4

1. Introduction

The municipal waste AD plant in Borgstedt is
located around 20 kilometres from the coastal area
of the town of Eckernférde. It went into operation
in 2008with a capacity of 30,0000ns/year with

two CHP units for electricity and heat supply. The
plant was expanded in 2019 to include BB2 and a
further CHP unit (CHP 3). Up to 60,000s/yearof
organic municipal waste could be treated per year.
With further expansionthe capacity will be around
80,000tons/year.

The AWR site in Borgstedt has a total area of 32.2
hectares. The waste management centre itself
currently covers around 10 ha. Due to building
restrictions (for the area under a power line) it
consigs of two fermentation plants (B&BL and
BBA2), which are separated and both have their
own reception and mixing areas as well as percolate
tanks. To the west of BB& an expansion area is
currently being developed.

The amount of organic waste, which thdapt
receives, varies significantly between the summer
and winter months. The difference is typically
around 2,500 engmonth with up to 8,000
tongmonth in the warmer months (May through
October) and as little as,@00 tongmonth in the
colder months. Tisi leads to different retention
times, which along with the somewhat different
composition of the waste, results in different
monthly biogas yields. The typical retention time is
30 days.

When the fermentation capacity is exceeded, the
excess waste is treatl aerobically in the rotting
boxes.

L/ AWR Bioenergie GmbH

0 25 5 75 10 km
] I Waste treatment facilty with biogas plant

Figure27 Location of the municipal organic waste
treatment plant

0 75 150 25 300m
1

[ rermenter
[ Composting Area

Figure28 Layout of the municipal organic waste
treatment facility
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2. Anaerobic fermentation technolgg

The AD plant is a orstage dry fermentation plant
with 18 fermenter boxes (also called garage
fermenters).

BBA1 is run mesophilic while BBA2 is run
thermophilic. BBA 1 consists of ten fermenters,
seven rotting boxes, two posotting halls

(including an extension) and a bio filter. BBA 2
consists of eight fermenters, four rotting boxes,

fermenter volume is @500 ms3. Currently,
10,500m3 of which is used in equal parts by BBA
and BBA.

Both AD treatment m@nts share a gas storage
facility along with a compost storage facility. The
gas storage facility, which, in addition to raw gas
storage,is also used for lean gas utit®on, has a
usable area of 233 m? and offers a storage volume
of 2,000 m3.

three postrotting halls and a biofilter. The
BBAl BBA2
Municipal organic waste Municipal organic waste
41,000t/a 33,000t/a
 r—
" Biological treatment ,
[Dehvery ] Fermentation [ Delivery
v v
10 Digesters /30d ]* <[ 8 Digesters /30d
)
CHP Units
CHP unit1
N g

CHP unit 2 E

CHP unit 3
C =
S, \ ) £
® ®
£ ~ £
< <
S x Biological treatment , S
ol -# 7 Rotting boxes/7d Intensive rotting 4 Rotting boxes /7 d <-f----- & 2
g 8
s J s
® ‘®
£ ) Z
© H g ©
= [ 18 compost windrows / 14 d ] Blologlca! G [ 12 compost windrows / 14 d ] o

Composting
4 )

( N
Mechanical Bruimiciaye >80mm Large fraction
treatment 1,700t/a
Fine fraction
- i <12mm Compost
rum sieve 27,000t/a
Large fraction
z 3 Plastic foil
Lo
Air classifier 150t/a
v
I I Stones
Stone trap > 800t/a
. D
v

Sieve residues
2,000t/a

Figure29 Flow diagram 6the municipal organic waste treatment plant
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3. Electricity and heat generation production after the expansion of the facility also
makes it possibleatprovide thermal energy for local

Three CHP modules are responsible for converting households

the biogas into electricity and thermal energ$25

kW (2008), 550 kW (2008) and 1,208 (2019). The 4. Digestate processing
electricity produced by the CHP units is mostly fed
to the grid, but a portion is also used -@ite. The
facility has a capacity to produce nearly 25,000 m
of biogas daily, around 60% of which is methane.
Part of the heat and power geneed in the CHP
units is used for the energy supply of the facility. The
surplus generated electricity is fed to the grid, for
which the plant currently receives a feéul tariff.
Surplus thermal energy is sold to neighbouring
industrial facilities. The potdial for heat

After fermentation, the digestate is sent to aerobic
intensive rotting boxes for 7 days, followed by
days in windrow composting. The compost is then
sorted with a rotating drum filter. The compost is
sold to various agricultural customers.

Removed materials from
waste, which can be sentto a
waste incineration plant
12,000 MWh/a

Diesel: 895 MWh
Electrical energy: 910 MWh

Compost
60,000 MWh/a

Fermentation
followed by
intensive rotting
phase and open
windrow
composting Electricity to grid
20,095 MWh/a

Thermal energy for other
internal processes, industrial
and household heating
21,072 MWh/a

Municipal organic
waste
126,448 MWh/a

Combined heat
and power
generation units

Energy used in-plant for
fermentation process:
Electrical 649 MWh/a
Thermal 2,765 MWh/a

I Organic matter / digestate

I Biogas

I Thermal energy

I Electrical energy Sr:aelrngllz;; ;
’ a

[ Losses

Il Diesel

Figure30 Sankey diagram of energy balance

1 Material flow data based on Figure 3. Energy content of municipal organic waste based on values from Kuratorium fir
Technik und Bauwesen in der Landwirtschaft e.V. (KHEBEJgy content for compost and removed foreign material based

on Ramke, H., Plausibilitatskwallen in der Analytik von Zuordnungsparametern fester Siedlungsabfélle from Fachgesprach
Feststoffuntersuchung 200&lectrical and thermal energy generation based on CHP specificatigpiantrelectrical and
thermal energy use for fermentation based Bnauer, T., Scholwin, F. & Nelles, M. Maximizing the Energy Output from Biogas
Plants: Optimisation of the Thermal Consumption of Biogas Syst&¥taste Biomass ValoB, 103¢113 (2018).
https://doi.org/10.1007/s12649017-9920-2
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5. Conclusions for cast seaweed treatment

The plant attempted to use cast seaweed as a
substrate in 2009 and was not convinced that it
should be further pursued due to the large amounts
of sand and water it contained. In addition, the
input feedstock increases significantly in spring and
summer nonths, which coincide with the time that
more seaweed is collected. Therefore, a solution,
which concentrates the organic fraction and
reduces the amount of noenrganic fraction being
transported, is desirable. One possibility may be the
collection and steage of the cast seaweed with
protection from rain, in order to allow it to ferment
(butryic acid fermentation) and collect the leachate.
The leachate can then be used in the biogas plant. It
is mostly free of inorganic material and can achieve
a gas yieldimilar to maize. The nutrients can also
be recycled.

In the nearby town Eckernférde (about 20 km from
the AD site) an average of3D0tons/yearof cast
seaweed are collected, which are currently
composted. The composting plant is closer to the
beach. Ithe storage option is implemented it would
make the most sense economically for the
municipality (beach cleaner) to investigate if they
have a site near the beach for this purpose. The
municipality currently has a yearly cost of around
40,000 Euros for dposal, which could be used as a
basis to determine the economic feasibility.
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Case Study SMunicipal residual waste
plant iIn Rostock, Germany

/

Case study partner:
Locaton of the case study:

Aim of the case study.

A

1. Introduction

The AD plant, which went into operatiém 2007, is
located approx. 1215 km from the nearest
beaches. It is part of a facility that includes the
mechanicabiological treatment of residual
municipal household waste. The waste is separated
into different fractions and treated accordingly. The
residual household waste is sorted at the plémta
<60 mm organic fraction. The kitchen and canteen
waste is cut to 1 cm and pressed to obtain the liquid
fraction. The canteen waste is sent to the AD plant
along with the fraction <60mm from the municipal
residual waste. Afterwards, it is combined thvi
other fractions and treated in intensive rotting
tunnel. Finally, the waste is composted in windrows
and then dried to be disposed of as derived fuels.

I Waste treatment pant with bogas plant

Figure31 Location of the municipal residual waste
treatment plant

kVeoka Umwetservice Nord Gmbr!

Kompgas Fermentes

tten‘ai Europe New Energy Ecopower GmbH

200m [ Derived fuel indneration plant I Mechanical processing area
[0 Munkcipal waste aerobic treatment facity [T Fermenter

0 50 100 150

Figue 32 Layout of the municipal residual waste
treatment facility

2. Anaerobic fermentation technology

The waste is fermented in three singdage,
Kompogas fermenters, each with a net volume of
1,200 m3 and typical plufiow stirrersdistributed
lengthwise in the horizontal fermenter. The
feedstock is considered "dry" (average around 35%
total dry matter content) and consists @f0,000
tons/year mechanicallyprocessed waste (fine
fraction <60mm from residual household waste)
and wet wate (canteen waste). The dry matter
content of the fine fraction is between 45% and
55%, the canteen waste has a dry matter content
between 15% and 25%. The thermophilic dry
fermentation fermenters operate at approx. 50°
55°C and the feedstock has a retém time of 12

16 days.
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Residual household waste,
commercial waste (kitchen and
canteen waste) 135,000 t/a

[ Foreign substances
3 1,000t/a
[ Pre-shredding ]
M —————— l FE separation and shredding Jl
v D
[ Rotary drum screen ] >250mm -
A —» 60—250 mm ——» Separated
| fraction -
<60 mm : derived fuels
i 48,000t/a
|
[ Separation of long elements ] !
]
|
i
]
A 4 RS T T L B
: il v |
FE separation J T ] » FE metals
—_— 3,000t/a
]
|
]
¢~
[ Hard solids and NE separation J Y » NE metals
—_———b— 250t/a
|
oo :
v v
Fermenter (two weeks) \ Po#~separat{o n
~————x-— residual fraction
N\, 60-250mm)
Intensive tunnel composting || |
(four weeks) Fen ion
mass reduction
4,100 t/a
v Biodegradation
Windrow composting (six and waterloss
weeks) 15,000 t/a 4

Disposal as derived fuel
(incineration)
63,650t/a

Dashed lines represent
process simplification, which
generally appliestothe non-
organic fraction.

Figure33 Flow diagram of the municipal residual
waste treatment plant

3. Electricity and heat generation

The facility produced , 453464 m3 biogas in 2020.
Veolia oversees the process up to the production of
raw biogas and is obligated to deliver biogas with an
average annual methane content of 55%. The gas
upgrading unit is designed for a nominal output of
350 m3/h in standard conditions and the plant
operators try to distribute the gas production as
evenly as possible. The upgraded biogas

(biomethane) is stated as having >95% methane
content, but it can be assumed to be more since the
upgrading plant is an amine scrubber, which
typically has the highest levels of methane purity
(over 99%) and very little mieéne losses (less than
0.1%). In 2020 12,828\Wh or around 1,286,660 m3
of biomethane were fed to the gas grid.

Since the feedstock includes the organic fraction of
residual household waste, the digestate is
considered contaminated and is incinerated (see
below under digestate processing).

4. Digestate processing

After intensive tunnel composting along with the
rest of the residual waste, windrow composting and
drying the output (not only digestate) approx.
63,650tons/year refusederived fuel is delivered
to the immediate neighbouring plant, EBE&W
Rostock, for incineration.

Due to the fact that the biogas plant is part of a
mechanical biological treatment plant, which
means that it processes waste, which is not source
separated, it is not possible to use tdeestate as
fertiliser.

5. Conclusions for cast seaweed treatment

The AD plant does not have sufficient storage space
or facilities for the cast seaweed. The feedstock
could theoretically be used directly in the plant, but
the sand would be mixed with theontaminated
waste and would not be suitable for redistribution
on the beach. On the other hand, digestion at the
plant may remain an option for cast seaweed with
high levels of cadmium.

Another possibility is the collection and storage of
the cast seawea with protection from rain, in order

to allow it to ferment (butyric acid fermentation)
and collect the leachate. The leachate can then be
used in the biogas plant. It is mostly free of inorganic
material and can achieve a gas yield similar to
maize. Oncéhe sand is drier and free of most of the
organic fraction it can be redistributed at the beach.
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Post-separtion
residual fraction
126,672 MWh/a

Intensive
rotting phase
and

composting

Residual waste sent to
incineration plant
167,972 MWh/a

Amine
scrubber
biogas

upgrding

Biomethane fed to grid
12,828 MWh/a

Sorting Fermentation

Thermal energy to
amine scrubber
128 MWh/a

Municipal Fine fraction

residual waste 67,366 MWh/a
194,039 MWh/a

Electricity to grid
4,754 MWh/a

Thermal energy
4,645 MWh/a

Energy used in-plant for
fermentation process:
Electrical 305 MWh/a
Thermal 985 MWh/a

B/UMIN 8EZ'ET seBoig

Combined heat
and power
generation units

I Municipal residual waste / digestate
[ Biogas

I Thermal energy c |
nergy loss

[ Electrical energy 2,420 MWh/a

[0 Losses
Figure34 Sankey diagram of energy balartce

2 Material flow data basedn Figure 3Energy content of municipal organic waste basedpecific values from 2020 (approx.
58 m3/t organic fraction). Energy content for compost and removed foreign material basedRamnke, H.,
Plausibilitatskontrollen in der Analytik von Zuordgsparametern fester Siedlungsabfélle from Fachgesprach
Feststoffuntersuchung 200&lectrical and thermal energy generation based on CHP specificatigpiantrelectrical and
thermal energy use for fermentation based on Knauer, T., Scholwin, F. & NelMsaximizing the Energy Output from Biogas
Plants: Optimisation of the Thermal Consumption of Biogas Syst#taste Biomass ValoP, 103¢113 (2018).
https://doi.org/10.1007/s12649017-9920-2. Assunption thermal energy use amine scrubber 0.6 kWh_th/m3 biogas

according to BMEL Bundesministerium fiir Ernahrung und Landwirtschaft, 38hRissbericht zum Vorhaben Effiziente
Mikro- Biogasaufbereitungsanlagen (eMikroBGAA)
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Case Study6: Biogas

Denmark

Plant iIn Solrad,

Case study partner:

Aim of the case study:

.

Location of thecase study:

4

1. Introduction

G{B8R NJ . A23lat wadl buil

in 20142015. The investment was made by public
private cooperation, between Solrgd Municipality,
suppliers, outles and research institutions.
The main idea of the facility was to reduce the
problems of odour nuisances at the beach caused
by decomposing seaweed and algae by removing
the material and using it for biogas production and
thereby reduction of nutrient antent in the Baltic
Sea.The facility reduces the use of fossil energy for
electricity and heat production to cut down
greenhotse gas volumes, in this way contributing to
solving the climate problem. Residual products can
be used for fertiliser on farms to replace synthetic
fertilisers, typically produced by means of fossil
fuels.

-

-

Figure35. Solrgd Bioga

The digestion system is based on one stage
mesophilic fermentation process (421°C), using
closed anaerobic digester.

The substrates that are used for the digestion are
organic fractions from domestic and agricultural
waste (around 90%), seaweeds (ardub.5%), and
manures (around 9.5%). Dewatered digsst is
further mixed with 15% pectin, and the final
product is pellet, which goes to the farms. The
biogas produced consists of £{35%), C®©(45%)
and S@ (8ppm).

Figure36 Fementations tanks

The process provides sufficient amount of biogas
used for CHP generation. The power is sold to the
grid and the heat is supplied to the local district
heating system, whichis operated by Vestegnens
Kraftvarmeselskab 1/S and owned by 12
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municipalities as stakeholders. In Denmark, only the
biogas of methane content of 9800% can be
injected into the gas grid.

Figure37 CHP generator

2. Biogas plant

¢tKS ark{ 2t . N8 23 a¢
220,000 tons/year of biomassBiogas plant is
equipped with installations that enable organic
wastes, seaweeds collection and transporting. The
manure, farm, sea and domestic wastes, in the
proper ratio (mostly in liquid state) are introduced
into tank where biomass is heated in 708€¥ hour
and next is cooled down to 45°C.
The mixing speed is 15 rpm and the solid particles
are cut into smaller particles below Iffm. The
pretreated mixture is introduced to three

fermentation tanks, where the mesophilic process
of fermentation lasts35 days. Each of the tanks is
8,000 n¥. Sulphates present in the obtained biogas
are separated using iron chloride. The cleaned gas
can be stored in concrete tank of,Gd0 m® or

combusted. Produced energy is converted into
electricity (by a gas engine) dreat (by heat

exchanges). Biogas plant can produce
6,000,000 n? of methane, 23 GWh of electricity and
28 GWh of heat yearly. For that,

20,000 n? of water is consumed for seaweeds
washing. No heat loss from bioreactors is observed.

i

LINE OSaa

Figure38 Gas cleaner (contain Iron Chloride)

Solwrd Biogas hafive employees and their annual
maintenance costs are 4ZID0 DDK. They are
responsible for overseeing the operation of the
biogas plant, collecting and transporting seaweeds
(about 4 kmfrom coast), distribution of energy and
heat, mixing digestate with pectin and tlibution

as an organic fertilex (CP Kelo).

52




Seaweed, manure,
liguid organic waste
and farm wastes

¥

¥

[ Received tank ] ‘

Biogas production |

Sterilization,
mixing, cutting

[ Fermentation tank ]

35 days, mesophilic
fermentation,

100% organic
fertilizer
(CP Kelco)

Figure39Cft 2 ¢

3. Biogas production

Biogas plant consists of 3 reactora¢h §000n?),
2 raw material tanks (each,@D0 n¥), gas cleaning
system, 1 heat exchanger,@00kWh), 2 concrete
storage tanks for raw materials (aroung7@0 n¥),
1 CHP generator with gas gine, chimney and air
filters. The additional element is hall,here organic
fertiliser is produced.

The main reason why the biogas plant was
established was unusual problem of seaweeds on
the coast.

Figure41 Seavweeds washed ashore at low tide

OKLF NI

G{2ft NDR . A23l a

This specific raw material is collected from coast by
tractors, transported into biogas plant, washed
from sand andntroduced to the tanks. Sometimes,
seaweeds are stored in receiving tanks. The ratio of
biomass introduced into the tanks depends of
amount of seaweed. Collected seaweeds cannot be
stored longer than 3 days to prevent from
decomposition. For that reasonthe investor
decided to process other organic waste. The
amount of seaweeds in processed material is only
5%.

Figure40 Organic waste stored in concrete tanks
before fermentation process
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Figure42 Biogas stored tanks
4. Management of marine biomass

Marine biomass is collected fromthe coast
following a local vision. When medium amouwwrtf
seaweedare observed the collection of biomass
starts. Along with the collection of biomass, samples

for elemental analyzes are collected from 20 places.

Tablel5 Results of elemental content of
seaweeds in 2002013

Parameters Average Limit  value
[mg/Kg dry| [mg/Kg dry
matter] matter]

N (total) 46, 340 Non

P (total) 732 Non

Pb <3.58 120

Cd 0.52 0.80

Cr <2.40 100

Hg 0.01 0.80

Ni 35 30

Zn 38 4, 000

DEHP <0.50 50

Nonylphenol | 0.64 10

PHA (sum of 9| 2.41 3

LAS <40 1, 300

There are three stepfor the collection of marine
biomass:

1 seaweeds are picked up by tractor with
grate grad directly from water,

1 dewatering collected biomass,
9 transport to the biogas plant.

Biomass treatment at the biogas plant takes place
in four steps:

1 Seaweed is put in a tank with very strong
stirrer.

1 The stirer separates sand and seaweed.

i The sand is removed from the bottom of
the tank.

1 Seaweed is decomposed and diluted with
additional material from the biogas reactor
to make it pumpable and pumped into the
biogas reactor.

Seaweed input

_l_

f—
Hot material input from reactor

— % R

Pumpable material to reactor

I

Desanding

Figure43 Scheme of seaweed treatment

If too much marine biomass is collected in a
windy day, it is stored in tank up to 3 days.

5. Electricity and heat regeneration

Facility produces 1Q00000 n?# of methane,
25000 MWh of electricity, 300 MWh of heat.
Heat istransferred by pipes (around 1m) to the
local heat supply.
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Figure44 Solrad heating and electric district

Solwd Biogas plant:

=

=A =4 =4 =4 4 4 -4 -4 -4 4

produces 50,040MWh,

input energy: 53.00MWh,

efficiency: 94%,

raw materials: waste/residues,

water consumption: 0 tons/year,
residues in dry matter: 185.000 tons,
Used as fertitier: 100%,

Green house: 4@00 tons,

Recycled carbon:,&40 tons,
Recycled nutrient: 180 tons,

Externality costs (water, lafil and

greenhouse gases): +1Imillion $

COLLECTED BIOMAS

Biomass

45,741 GJ

PRE-TREATMENT

Biomass

41,583 GI

DIGESTION

Biogas Digestate

19,527G) 11,548G1

FERTILIZER

Figue 45 Algae aergy balance

6. Digestate processing

Digestate, the second product of an anaerobic

digestion, is mixed with pectifThe blinded material

comes from fried lemon peels and it is transported

do biogas plant by trucks. Timeaterial is unloaded

and fed into the feeder by excavated bucket in

covered hall. During the blending process, lemon

peel adsorbs the liquid digestate. Then, this pulp is

transferred into thepellet-producingmachine The

pieces of the final product ar@vVer than 12 mm.

Gt YSt2¢é A& wmserwhicRiNdgorer A O F SN
in plastic bags before comes to farmlands. In one

vear, i KS oR{ 2 A BAL a¢ HOwWSNIT (§Sa wmn
pellets. Produced plant food meets the
requirements started by the decision tife Danish
Government YR Kl & 0SSy a2fR 08¢
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/ 2 Y LJ- ¥egtibsab is rich in carbon and other
valuable substances, due to eh diversity of

substrates utilied as a feedstock for an anaerobic
digestion.

Figure46 Fried lemon peels tnsported to biogas

plant Figure48 Pectin feeder before mixed with liquid

digestate

Figure47 Pellet conveying with an excavator
bucket

Figure49 Cutting machine used for prucing
organic pellet
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Figure50 Organic fertilser stored in plastic bags
before sale

7. Conclusions

{2t NDR . A23I &fandb@gRix®S & RAIS&
cast seaweed. The seaweed is a problem to a

number of residents in the region.h& most

important issue that should be considered in the

use of seaweed is to collect and prepare biomass for

the process. The transportation cost would bevlo

due to the close neighbourhood of the coast.

Moreover, mostly asphalt road are advantageous

for the seaweeds transportation. Investment in

biogas plant has brought benefits for environment:

1 Solve problem with odours from seaweed
and algae by removing the seaweed and
use it in biogas,

1 Contribution to solve the climate problem:
using seaweed and orgenwaste from
Kelco in biogas plant will contribute to
reduce the use of fossil fuels in the energy
consumption in the area,

1 Contributing to solve problems with
marine pollution. Removing the seaweed
of the Kgge Bay will diminish the load of
nutrients, wtich today is a major problem
of the aquatic environment,

1 Contribute to useful nutrientgecovery
The residues from the gaplant will be use
for fertiliser to replace chemical fertdér.
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COASTAI- Report on case studies including feasibility studies and
BIOGAS ecosystem services benefits

5. Environmentalecosystem benefits

Costal and marine ecosystems deli a wide range of services. They are affected by the solutions
developed within the project. The changes are estimated and discussed in this chapter.

5.1. Current status

One of the main problems in the Baltic region is eutrophication. This is a result afseixpait of
nutrients into the seathat causes severalegativeeffects such aslevated growth of sea plants,
turbidity, changes in biodiversity and low oxygen leVek annual Iss of benefits resulting from these
effects is assessdd be almost 4500 million Euros in the Baltic Sea Region.

Annual loss of benefits from eutrophication

Sweden 60-92 [

Finland L2-46 I
Denmark 29-31 [
Germany 25-28 .
Estonia 21-30 -
Poland 12-13 |
Russia 11-12 l
Total annual loss
Lithuania 9-10 l in the Baltic Sea region:
3,760-4,380 million euros
Latvia 5-b .
1 10 100

Euros per person

Figure51 Economic costs of eutrophicatiofY]

According tothe HELCOMntegrated status assessment for 202016 96% ofthe Bdtic Sea area
suffers from eutrophication. In most of th®uth Balticcountries,the status of both open sea and
O2Fadlf | NBFa Aa ddpetkTRSaERmdntanciidegs 2hiee glodi B riteria
nutrient levels, direct and indirectfiects. Among the direct effects, water clarity, cyanobacterial
bloom index and Chlorophydl concentrations are taken into account. Wheréadirect effects cover
oxygen debt and macrofauna state indicator.

In Tablel6 eutrophicaked area in each country is given

Table16 Eutrophicated areas in South Baltic regi¢3]

Country Open sea [krf| Coastal [knd] Total [%]
Germany 11,300 4,200 100

29,000 17,317 99
6,200 600 100
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2,600
26,100

100
100

The total input of nutrienténto the Baltic Sea estimated by HELCOM in 2014 wa8325
tons of nitogen and 3(®49 tons of phosphorus, of which 5883 and 2273 originated from rivers
respectively Riverine iput focuses mainly omhe seven biggest riverdAbout 55 million people live
within their catchmentarea. In southern regionghe agriculturalactivity is more intense resulting in
higher nutrients input. Thavers Nemunas, Vistula and Oder show tiighestnutrient inputasalmost
50% oftheir catchment area is cultivated. Detailed analysis was performed by HE[®}OMthe
currentstatus is preserved, further nutrients income is expected.

5.2.

Ecosystem services

Ecosystem services are all the goods material andmaterial that human benefit from ecosystems
for free. Marine ecosystem services (ES) can be divided into provisioningakuupporting and

regulating. There are 24 ecosystem services classified in the UN Millennium Ecosystem Assessment

that are used in the analysis.

Provisioning:

P1
P2

P3
P4

P5

P6
P7

food ¢ fish, algae, etc.

non-food goods; rocks, sand, industris
water

energyg waves

waterways and area ¢ shipping,
platforms, wind turbines

chemical substances¢ medicine,
biotechnology, cosmetology

other resources, amber, seashells
genetic resourcesDNA

Supporting:

S1
S2

S3

S4

S5

S6

geochemical cyclesN, P, C, O, H20
production ¢ algae from sunlight anc
nutrients

food chain ¢ formation of
phytoplankton, decomposition of dea
biomass

biodiversity C variety of
microorganisms, plant, animals
habitats ¢ environment of living for al
the species

resilience ¢ ecosystem resistance t
changes

Regulating:

R1| climate and air¢ oxygen production,
CO2 absorption

R2| sediment retentiong sediments reduce
risk of erosion

R3| eutrophication ¢ N and P uptake b
organisms

R4 | biological regulationbalance between
species , cohabitation and symbiosis
R5| pollutants ¢ degradation or storage ir
the sediments

Cultural:

C1| recreation¢ swimming, sports, fishing
tourism

C2| aestheticx; water, beaches, scenery
C3| education and sciencec data for
environmental studies ahmuseums
C4| cultural heritage ¢ historic finds,
wrecks, villages

C5| inspiration- art, music, film, literature
C6| legacyc for future generations

59

g ——



COASTAI- Report on case studies including feasibility studies and
BIOGAS ecosystem services benefits

5.3. Drivers of changand scenarios

Drivers of ecosystem services are defined as humduaced factors thacause change in ecosystem
and resulting services.

The main direct driver of activities proposed in COASTAL Biogas project in eutrophication
that is a major concern in the Baltic Sea. Eutrophication though is a result of a surplus of nitrogen and
phosphous in water originating from emissions mainly from agriculture. Another driver is therefore
improper fertiliser and land use as well as growing resource consumption. This is not only a result of
population growth, but rather of technology changes, econgragxial, cultural and political changes
and most of all welfare and economic prosperity. All those factors cause increase in energy use and
climate changesTherefore,research on new effective methods of energy production and on new
resources is extensly conducted.

Environmental services benefits assessment was performetthfee scenarios. Scenario 1
presents current state when excessive marine biomass is not used for biogas production. This is the
initial state to which scenarios 2 and 3 are compafzknario 2 is based on the sesed use for biogas
and fertiliser production, whereas in Scenario 3 biomass issadlin anaerobic digestion producing
biogashowever,digestate is gasified instead of used as fadili The Scenario 3 is relevant when the
digestate cannot be used in the field according to high heavy metals content.

Table1l7 Summary of scenarios

Scenario 1 Scenario 2 Scenario 3

Eutrophication reduced Eutrophication reduced
Clean beaches Clean beaches

Clean air Clean air

Tourism increased Tourism increased

Biogas produced Biogas  produced,  syng:
produced

Mineral fertilieers replaced Mineral fertilisers used

fertili sers with digestate

5.4. Environmental services benefits in the Baltic Sea

Besides improvement of environmental services directly in the Baltic Sea that are described below,
there are additional benefits resulting from scenarios in a wider perspective tf Bagion.
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Table18 Estimation of environmental services benefits in the Baltic Sea
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t - Increase in service
; - Decrease in service
- No impact

PROVISIONING

Foodc fish, algae, etc.

The consequences caused by increased nutrient load in the Baltic Sea are Bmbadced pelagic
primary production decrease secchi (photic) depth, thayg bxygen conditions can be found in both:
water column and seafloor. Thghenomenonaffects marine habitats and the fish stocks negatively.
The dominating fis species in the Baltic Sea &, herring, sprat and they constitute around 80% of

the total fish biomass. Those species provide importamiimmnmental services, they are human
source of food and constitute significant element of marine environnj&@}. The number of Total
Allowable Catches (TAC) was proposed by European Commission basing on the scientific advice. Fish
stock of Baltic Sea is atarming situationthe fishing opportunities are decreasing especially for the
main target fishing species such as cod, herring2620,TAC proposed for Western Cod is 3,065 tons
and was reduced by 68% comparing to 2019, western herring catch tofab34 tons and has
decreased by 71%Eastern cod can only be fogch. For herring reduction come to 25%]. Using

the cast seaweed for biogas production, could decrease the number of algae in coastal areas and
lowering the hypoxic level in the water reservoir, providing the fishersuitable living conditions.

Non-food goodg; rocks, sand, industrial water
Eutrophication or seaweed collecti@oes notinfluence rock or sand sources.

Energyq waves
Since waves are mostly dependent on wind ant its direction, algae blooms doesveamanpact on
it.

Waterways and areg shipping, platforms, wind turbines
TheSEOS&aaABS LIKeG2LIX Fyli2y o6f22ya Yzatée 200diNB Ay
Seaweed doesot affect platforms or wind turbines.

Chemical substancesmedcine, biotechnology, cosmetology
Chemical substances produced by algal blooms in the Baltic Sea are not commonly use in medicine or
in biotechnology. Algae used for these purposes are sourced by specialized cultivations.

Other resourceg amber, seashells
Excessive marine biomass does not affect amber, seashells resources.

Genetic resourcesDNA

The extensive algal biomass load in the B&gadiminishes DNA resources and alter biodiversity.
Habitat deterioration associated with oxygen depletion, pdighting conditions and increased
nutrient load disrupt biological conditions of the Baltic Sea. Eutrophication contribute to species die
off and as a result exert a negative impact on ecosystem, lowering the DNA variation. Genetic diversity
is crucial foradaptation of ecosystem to changing conditighg]. Reducing algae biomass in coastal
areas would improve water conditions of Baltic Sea.
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SUPPORTING

Geochemical cyclaesN, P, C, O, H20

Natural nitrogen removal process is nubially mediated and leads to;Nas formation, allowing
nitrogen to escape the water column to the atmosphere. In the process both oxic and anoxic conditions
that are needed, so usually denitrification takes place in the sediments. Sediments in hypasc ar
release and accumulate nitrogen as ammonium instead of removing the nitrogen. Eutrophication
increases inorganic and organic carbon content and ratio of total dissolved organic carbon to microbial
available organic carbon increase [4]. It is assassih#itat in 20th century the pelagic primary
production increased by 300%, and sedimentation of organic carbon by1BD%I[5]. Increased
primary production also impact oxygen cycle, the deposition of organic material and its decomposition
leads to higheboxygen consumption at the seafloor. Oxygen debt increased from around 8mg/l in 1952
to 12mg/l in 2010 and has artdency to increase, indicatimtpteriorating oxygen conditions. In anoxic
condition phosphorous can be released from sediments, increasiogritentration in the water body

and leading to further eutrophication advance [6]. Removing algae biomass could improve
geochemical cycles, by increasing the oxygen availability and by removing nutrient content in coastal
areas. Moreover, using digest frobiogas production as laiofertiliser could close the nutrient cycle
environment, by reducing usage of mineral feséilis.

Productiong algae from sunlight and nutrients

Highavailability of nitrogen and phosphoroiurscreases the supply of organic mattarthe sea, which
stimulates the growth oprimary producersand causes excessive phytoplankton blooms. Such water
condition provides all important factors for algae to grow like: sunlight avalibility in the top water layer,
carbon dioxide or nutrient feilisers. The algae production can be expressed through increased
chlorophylta concentrations in the wateas a proxy of phytoplankton biomasBaltic Marine
EnvironmentProtection Commissioevaluated the average chlorophyl concentration in surface
water between 2011 and 2016 and determined threshold values. For most of the Baltic Sea regions
the threshold value ofhlorophyltawas failed, hence the status of Baltic Sea is not goodextmnple,
chlorophylta concentration value in Gdansk Basin fol PQvas above 2 g land had increased to
above 5 pglin 2016 with threshold value 2.20 pg IThe good status was achieved only in Kattegat
which is the one of 17 assessment uit8]. Removing algae from coastal areas could improve the
status of Baltic Sea and mitigate the consequences of phytoplankton blooms.

Food chaing formation of phytoplankton, decomposition of dead biomass

Eutrophication distrupt food chain syste@iatoms and dinoflagellates, as primary producers, have an
essentialrole infood web dynamics of the Baltic S€Ehe changes in amount and in ratio of those
phytoplankton groups may affect the nutrition of zooplankton and have an impatiteproductivity

of higher trophic levels in all pelagic habitatExtensive phytdankton bloomsinhibit large
zooplankton grazing, causinmass mortality of zoobenthos and consequently reducing food
availability for different fish species, such as cddelongterm trend of zooplankton biomass and
mean size in the Western Gotland Basias assessed as a useful measurement of the status of the
pelagic food web. This biodiversity core indicator evaluates the zooplankton community structure and
asses the status of the pelagic habitats. Zooplankton biomass decreased framg@®©din 1989to
below 200mg/m?in 2016, mean size of zooplankton was also reduced below the threshold[¥4lue
Using seaweed as a biogas could improve coastal water quality and reducingthasbmortality.
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Biodiversityc variety of microorganisms, plant, animals

Due to extraordinary salinity gradient, Baltic Sea consist various habitat types and the diversity of
species is higher than expected in such low salinity conditions. Nitrdigjag cyanobacteria blooms

in summer are a natural phenomenon in the Baltic Sea. However, the phytoplankton blooms occurs
more often and are more extensive. The biological diversity of coastal ecosystems decreases with
increasing nutrient enrichment process arilere are a few species that can benefit from
eutrophication. Bluegreen algae take an advantage of high nutrient content, most of other aquatic
the species are in danger due to habitat deterioration caused by excessive phytoplankton blooms.

The number 6zoobenthic species in the Gulf of Finland was asseSgaties richness and abundance

of benthic animals significantly decreased from arour&D6 individuals per &in 1996 to below D00

AY HAamMn® ¢KS O0A2RAQGSNEAUGttEYNE | ONR X O dzr 2 NJOR Y & bz
evaluated that accounts proportion of sensitive and tolerant species, species richness and abundance
of benthic animals. The rapid decrease of benthic quality index can be noticed irjf1B)9Benthic
communieties are negatively affected by eutrophication, aldgabims makes water less transparent,

and reduces light intensity in the bottom water causinigrer perennial macroalgae disappeard

lower their growth. The benthic communityon hard substrates is dominated by brown and red
seaweeds and the abundance leénthic community have decreased, contributed to habitat loss of
zoobenthos populationLost in essential spiecies liketdderwrack macroalgae, that transforms bare

rock into living environments, influence other aquatic species altogefi®]. Reducing the
opportunist algae from coastal amecould enable other species to develop and to survive, hence
improving the biodiversity of Baltic Sea.

Habitats¢ environment of living for all the species

Exceed algal blooms enhance the oxygen consumption at the seafloor followed by increase deposition
of organic material. The oxygen deficiency and production of toxic gases (like hydrogen sulphide),
produced byphytoplankton speciescan result in oxygen depletion areas in the bottom water, so
called dead zones. Poor bottom conditions lead to the abanddoss of habitaforming species such

as: bladder wrack, eelgrass, stonewort. Tiisnomenorchanges the oxygen and light conditions and
reduces the availability of benthic habitats. Benthic macrofauna provide important ecosystem services,
they are a ommon component in the fish diet, they have an ability to form habitats for fauna and
facilitate the mineralization of settling organic mat{@6]. Oxygendepleted bottom water contribute

to habitat loss and decline of population of benthic macrofaunahé Baltic Sedead zones areas (i.e.
concentrations boxygen below 2 mtY) increased from around,800km?to over 60,000 krhin over

past century{17]. Removing seaweed from seashore could reduce the Xigamnes of Baltic Sea and
improve quality of benthic habitats in coastal areas.

Resilience; ecosystem resistance to changes

Algal blooms reduce water circulation and increase sedimentation of organic matter. Reduced
circulation influence the natural mogen removal process, which ecosystem service mitigating
eutrophication and has significant impact on specimindance Biodiversity losses angenetic
diversitymake Baltic Sea more vulnerable to changing environments, since homogenic ecosystems are
less resilient to changes. The dependence betweember of species, ecosystem productivity and
stability over time is undeniablé/ariety of species is important for ecosystems function effectively,
since lack of highly specialized and key species agatinely influence ecosystem function, increasing

its sensitivity to anthropogenic and natural perturbatidi8][12]. Reduced amountf algae in shore
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areas could improve water circulation and water gwifification processes, reducing biodiversity
losses and making Baltic Sea more resistance to changes.

REGULATING

dimate and aiig oxygen production, CO2 absorption

Phytoplankton congdtute the largest biomass responsible for oxygen production through
photosynthesig19]. However, due to eutrophication, the consumption of oxygen in the water body
significantly increase. The increasedtrient load, thus increased organic matter production and
reduced water exchange lead to the oxygen deficiency in the water body. Bacteria responsible for dead
plants digest, use oxygen for digestion purposes and release the carbon dioxide. Before
industrialization the water partial pressure of carbon dioxide, which is proportional to the CO
concentration, were slightly above atmospheric values. With increasing industrializationSgalttoe
emissions were above the g&bsorption and ir2002,the annua release was evaluated to be around
30% higher than uptake. Following years confirm that the net effect is a net release, ¢6 €@
atmosphere. However, there are large variations between years and the Baltic Sea alternates between
being a sink and aosrce[20]. The C@didribution depend on seasonal variation in light availability,
weather conditions and alkalinity. G@issolves in water, forming weak acid, decreasing the pH value
of the Sea. C{production of Baltic Sea caused by eutrophication contributes to the gleaahing
problem and sea acidificatid1]. Algae collection could decrease deposition of organic matter and
oxygen uptake by microorganismsgmonsible for algae digestioBQ emissions from Baltic Sea would

be reduced andts impact on global warming would be lower.

Sdiment retentiorg sediments reduce risk of erosion

Soil erosion is a natural process responsible for shaping the physical lantscagh thedistribution

of weathered materials produced by geomorphic preses. However, when soil erosion occurs in an
accelerated rate due to anthropogenic activities, wind or water, deterioration or loss of the natural soil
functions is likely to ensue. Soils perform a range of key functions, including food productionestorag
of organic matter, water and nutrients cycling, and habitat quality for a huge variety of organisms.
Preserving soil resources through erosion prevention is a safeguard procedure to protect the ecological
environment and the ability of soils to contrituto ecosystem functionindReduction from water
additionalamountof algae could help prevent the coastal before erosion.

Eutrophicationg N and P uptake by organisms

Nitrogen and phosphorous are limiting nutrients for phytoplankton to growth, some sjglies can
benefit with increased nutrient concentrations that alter primary production. The nitrogen and
phosphorous loads increased and the peak was noticed in 198fnisequencethe nitrogen and
phosphorous uptake by phytoplankton increased 6.5 &ntmes, respectively. Internal fluxes of
nitrogen and phosphorus increased, due to high nutrient uptake by primary producers and intensified
pelagic nutrient regeneratiof22]. Excessive algae blooms disrupt nutrieytling incoastal areas and
causes the nitrogen and phosphorous to be more available for marine organisrogeBing the algae
number in the shore, the better nutrient cycling would be achieved. Reducing nitrogen and
phosphorous availability for organisms would reduce nutrient uptake in thetiemg.

Biological reglation- balance between specjeohabitation ad symbiosis

Ongoing coastal eutrophication has significant influence on variability among living organisms in the
Baltic Sea, including species that are responsible of maintaining ecosystem structure. Domination of
diatoms and dinoflagellates during anrwgae bloom, disrupt functioning of other coastal species
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like mussels or benthic seagrass. Marine species relay on benthic spétiedance thatare
responsible for providing habitats and suitable conditions for adult and juveniles organisms. Seagrass
meadows also provide suitable living conditions and enhance growth of microbial community that is
responsible for nitrogen and phosphorous cycling. Proper nutrient regeneration is crucial for seagrass
to grow and survive. The symbiosis between seagrassbanteria plays important role in marine
ecosystem dynamics, this relationship is also responsible for organic matter flow in the marine food
chain[23]. However, benthic communities are highly vulnerable for changing conditions and hard to
recover once lost. Occurring hypoxia in coastal area causes anaerobic bacteria to dominate in bentho
pelagic processes and leads to deterioratidtvottom sea level. The abundance of seagrass decreased
significanty, macroalgal species. the HELC® report, integrated biodiversity status for benthic
habitats was assessed and only 31 % open sea areas show good statusltiottsaithabitats[14].

Algae in coastal areas disrupt the biological regulation, so its collection would help to maintain the
natural balance between species.

Pollutants¢ degradation in the sediments

Increased growth of shodived macroalgae enhance its sedimentation. Marine sediments are rich in
organic matter, whiclis degraded by microbial activity, leading to high consumption of the oxygen in
the bottom waters. Absence of oxygen facilitate the releasplmsphorous from the sediments that
stimulate further primary productionln addition,the contaminant sedimentation can occur during
algae blooms, increasing contaminants uptake in the marine food chain. This extensive sedimentation
affects natural pro@sses of water purification bgffectingthe ability of sediments of bounding the
contaminants. Hydrogen sulfide is produced in anaerobic processes and can be found in the bottom
waters in highest concentrations. Usually, Fe(ll) in sediments is respofwiliinding the sulfides,
produced by microbial activity. In anoxic regions #o reactive irorconcentrations, free sulfides
accumulated in the sediments and bottom waters. Hydrogen sulfide toxic effects on aquatic
organisms in concentrationigher than 14umol/dm?, when hydrogen sulfideoncentrations in Baltic
waters vary from several to several hundred umolfdi24]. Sediments have an ability to sink heavy
metals. High concentrations of: copper, zincleads insediments aremostly caused by discharges
during industrial period. This ability of sediments to accumulate heavy metals is a threat for benthic
habitats that are exposed for high concentrations of toxic substaj2&gsCollection of algae in coastal
areas would decrease the sedimentation and enhance the watgfigation processes, like ability of
binding sulfides. It could also reduce heavy metal content in the Baltic Sea, by removing contaminated
algae.

CULTURAL

Recreation¢ swimming, sports, fishing, tourism

Large amounts of marine biomass lead to high kethutrients in water bodiesThe consequence of

this is accelerated growf algaeand cyanobacteria blooms, which lead to two serious consequences.
The first is a cyanobacteria bloom, which causes toxins to appear in the reservoir, thus making it
impossble to use the water tank for recreation. The second is the decreasingdkeerygenin water

for aquatic organisms and their subsequent death. These two causes will discourage tourists from
visiting the region. Seaweed harvesting, will mitigate eutiogtion and thus encourage tourists to

visit the region and enjoy its attractions.
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Aesthetics; water, beaches, scenery

Clear water antbeaches create unique scenery that makes people often visit coastal places. Algae and
seaweed floating on the watesurface discourage tourists from enjoying the sights in such places. In
addition, the decomposing matter itself emits an unpleasant odor and is an electrode that deters
potential visitors. The collection of dumped marine biomass contributes to maintaimipleasant
coastal atmosphere for tourists, reducing nutrient inputs to the water and coastal erosion.

Education and scienaedata for environmental studies and museums

Algae are a source of research owing to tlyeir undiscovered properties. Sorspecies are becoming
extinct while others are yet to be discovered. Eutrophication in environmental terms is still an
unresolved and unfavorable problem. It is therefore necessary to educate the public about the threats
posed by algae, but also about thergfits they can bring.

Qultural heritageg historic finds, wrecks, villages

Algae have been present in the culture of coastal settlements since the beginning of time. They were
used for healing, cooking, and making items such as nets. Sunken shipsl afeskaweeds and
bacteria. They provide new information about the organisms living in the deep sea and the conditions
that exist there.

Despite its biological charms, the marine biome constitutes a certain stream of inspiration in art. It is
described baht in scientific publications and in popular adventure or fantasy books. In tiersesit

is usually presented as a source of energy that will be used in the future. In movies, marine biomass is
presented as a threat to humanity. In music, you can firedstound of algae moving through the water,

or in advanced musical works, the story of their life. If one were to combine all these works into one,
it would create a drama with a moral. The COASTAL biogas project is a substitute for what can be
achieved timough joint collaboration.

Legacyc for future generations

Management of marine biomass is still a problem for many countries. Along with raising people's
awareness of environmental issues, it is also necessary to introduce new legal provisions orirggh ongo
basis so that the potential of seaweed is released and it is no longer just waste.
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Table19 Environmental impact assessment of the collection of seaweed in 3 scenarios

Aspect Size of impact  Frequency (B) Local
(A) environment
©)
Collection
Emission: 1 2 2 2 2 2 2 1 1
Sewage: 1 1 1 1 1 1 1 1 1
Waste: 1 1 1 1 1 1 1 1 1
Soil pollution: 1 2 2 2 2 2 1 1 1
Raw resources 1 2 2 2 2 2 1 1 1
consumption:
Other  (noise, 3 2 2 2 2 2 2 3 3
radiation, etc.):
where:

Column 1 in aspects is scenario 1
Column 2 in gpect is scenario 2
Column 3 in aspect is scenario 3

A Size of impac8 ¢ significant, 2moderate  marginal
B- Frequency3- Continuous, 2Periodic, 1 Never

G Local environment3 ¢ High, 2 Moderate, 1- Low

D- Local Society3 ¢ High, 2 Moderate, 1¢ Low

The aspects is considered as significant if greater than 6.

X¢ aspect not significant

Local society

PR R R R

(D)

N N N =

PR R R R

N PR R RPN

|AXxBxCxD|

ARPRP RN

24

AP EPLDN

24 Unfavorable

Significance
(|JAXxBxCxD| > 6)

X X X X X
X X X X X
X X X X X

Noise related with machinery usage
appearance anc (backhoes, tractors etc.) might k
odors of the disturbing for flora, fauna and people :
seaweed at the the beach. Collecting the algae by whe
beach isa problem loaders could have a negative impact:
for local society landscape appearance.

and visitors.
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Table20 Environmental impact assessment of the pteeatment of seaweed in 3 scenarios

Aspect Size of impact
(A)
Emission: 1 2 2
Sewage: 1 2 2
Waste: 1 2 2
Soil pollution: 1 1 1

Raw resources 1 3 3
consumption:

Other (noise, 1 2 2
radiation, etc.):

where:

Frequency (B)

=

-

N

=

Column 1 in aspects is scenario 1

Column 2 in aspect is scenario 2
Column 3 in aspect is scenario 3

N

[EEN

A Size of impac8 ¢ significant, 2moderate 1 marginal
B- Frequency3- Continuous, 2Periodic, 1 Never
G Local environment3 ¢ High, 2 Moderate, 1- Low

D- Local Society8 ¢ High, 2 Moderate, 1¢ Low

=

]

Locd
environment
©)

1 1
1 2
1 2
1 1
1 1
1 1

The aspects is considered as significant if greater than 6.

X¢ aspect not significant

Local society
(D)
Pretreatment
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 2 2

|AXBXCxD|

o A~

[EEN

N

=

X X X

g —,
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Significance
(|JAXxBxCxD| > 6)

X X
Effluent produced during cleaning
process in a float/sink separator.
Sand residue separated from biomas:
X X
Resources such as: chemical reagen
(acid, bases) are needed to increase
biodegradability of seaweed or sourct
of energy for hightemperature
processes.
Odors may appear during chopping,
mixing and heating the biomass and
potentially can be problematic for loca
society.
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Table21 Environmental impact assessment of the processing of seasvge3 scenarios

Aspect Size of impact  Frequency (B) Local Local society (D, |AxBXCxD|
(A) environment
©)

Processing
Emission: 1 1 3 1 1 2 1 1 2 1 1 1 1 1 12 X
Sewage: 1 2 2 1 2 2 1 1 1 1 1 1 1 4 4 X
Waste: 1 2 2 1 2 2 1 1 1 1 1 1 1 4 4 X
Soil pollution: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 X
Raw resources 1 2 3 1 2 3 1 1 1 1 1 1 1 2 9 X
consumption:
Other  (noise, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 X
radiation, etc.):

where:

Column 1 in aspects is scenario 1
Column 2 in aspect is scenario 2
Column 3 in aspect is scenario 3

A Size of impac8 ¢ significant, 2moderate * marginal
B- Freqiency. 3- Continuous, 2Periodic, 2 Never

G Local environment3 ¢ High, 2 Moderate, 1- Low

D- Local Society8 ¢ High, 2 Moderate, 1¢ Low

The aspects is considered as significant if greater than 6.
X¢ aspect not significant

g —,

Significance
(JAXxBxCxD] > 6)

X X X X

Gas emissior
during the gas
formation
process.

X

X

X
All the resources
that are necessan
for gas formation
process from
biomass.

X
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Table22 Environmentalimpact assessment of the utilgion of seaweed processing in 3 scenarios

Aspect Size of impact  Frequency (B) Local Local society (D, | AXBXCxID Significance
(A) environment
(©

Products utili@tion

Emission: 1 2 Uncleaned biogas emissions conte

Sewage: 1 2 3 1 2 2 1 1 2 1 1 1 1 4 12 X X Liquid waste
produced after
gas formation

N
N
[
N
N
[
N
[
N
N
[
o]
o
x

process.
Waste: 1 3 2 1 2 2 1 2 1 1 1 1 1 12 4 X Digestate may X
contain heavy
metals or their
compounds  that
may need to be
removed.
Soil pollution: 1 3 2 1 2 2 1 2 1 1 1 1 1 12 4 X Biomass producec X
from codigestion
of the cast seawee
and used as a bic
fertiliser may
contain low levels
of heavy metals.
Raw resources 1 1 2 1 2 2 1 1 1 1 1 1 1 2 4 X X X
consumption:
Other (noise, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 X X X
radiation, etc.):
where:
Column 1 in aspects is scenario 1
Column 2 aspect is scenario 2
Column 3 in aspect is scenario 3
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A Size of impac8 ¢ significant, 2moderate I marginal
B- Frequency3- Continuous, 2Periodic, 1 Never

G Local environment3 ¢ High, 2 Moderate, 1- Low

D- Local Society8 ¢ High, 2 Moderate, 1¢ Low

The aspects is considered as significant if greater than 6.
X¢ aspect not significant

Report on case studies including feasibility studies and ecosystem services benefits
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6. Concluding remarks

The amounts of cast marine biomass vary significantly in Baltic countries. Still there is a need to remove
it from beaches to ensursafety, health and aeketic values of the region. The potential of using cast
seaweed is dependent of theesidence time, litter amount and sand conteiteasibility analysis
reveled that the one of the most important stepsutilisation of case seaeed fornutrientsrecovery

and biogas production is the collection process. Beach cleaning operations can be performed using
different machines, whiclgive different results in terms of garbage collection and sand content in the
biomasswhich is the majoconcern in thgprocessMoreover,heavy nachines can alter the coastline.
Therefore, their use must be carefully planned.

Pretreatment of collected biomass requires first of all sand removal and further fragmentation
which can be followed by thermal, cheral or mixed treatment to increadgoavailabilityof biomass.

If the biomass is collected fresh, from shallow water no specific additional equipment is needed in the
biogas plant. If the sand is present it can be separated in a cone shaped stirred tank.

In general,the amounts ofmaritime biomassnable its use directly after collection and no
additional storage space is required. In case of heavy winds and enhanced biomass input to the
beachesthe amount of seaweed should not be more than to cowee or two days of storage and in
most cases have enough storage space at site.

The maritime biomass can be used as asubstrate and it is known from éhexperiments
conducted within Vérk Package 4 othe COASTAL Biogas project that is does not affect the process
negatively ensuring optimal addition and acceptable heavy metals level.

Resulting digestate cave furtherprocessed fothe production of rictin carbon nitrogenand
other valuable substances, due to the diversity of substratesedilas a feedstock faan anaerobic
digestion.

Taking into account factors affecting the feasibility of using cast seaweed for the recovery of
nutrients using anaerobic digestion, maritime biomass can be a valuable source of carbon and
nitrogen, whickcan be relatively easy mandling if appropriate method of collection and pretreatment
is applied.

As a conclusiom Figure 52f aspects affecting the development of AD technology for seaweed
digestionare presented andtrengths, weaknesses, threats and opportunities for tise of cast
seaweed are specified below
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