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Problem

Eutrophication — a body of water becomes overly enriched with minerals and
nutrients which induce excessive growth of plants and algae.

Algae blooming A dead zone - Cast seaweed in the K¢e bz
©Riku Lumiaro/SYKE ©Baltic Eve S.Ghimire (2015, 12, 31). Denmark. ©Solrgd Strands

Strandrensningslaug
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Interreg Baltic Sea Region

Russian
Federation

https://www.interreg-baltic.eu/about-the-programme/area.html
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Possible solutions?

""s"c“{"s‘fsw e Offshore = = =
W{ Pilayella 5% :
f littoralis : o o
Onshore p s
Zostera marina - Washing Anaerobic Biogas
\ Collection digestion
Seaweed Pre-treatment @

Biomethane

Digestate Fertilizer

Figure 1: Aquatic biomass handling chain
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Examples

Smyge biogas plant, Solragd biogas plant,
Trelleborg Municipality, Sweden Solrgd Municipality, Denmark
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Smyge pilot biogas plant Solrgd biogas plant
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Smyge biogas plant

Prehistory & Background

EU-financed projects:

« WAB — Wetlands, Algae and Biogas, (2010-2012),
http://wabproject.pl/index.php?ver=en

« BIOGASYSS, (2010-2015), , https://www.biogassys.se/

« Bucefalos” (2012-2015), www.malmo.se/bucefalos

Aim of the projects: investigation of reduction of eutrophication via the pathway of
removing maritime substrates from coasts and test aquatic biomass suitability for
biogas production.

Smyge was trying to answer three main questions, which were raised as a result of
previous experience:

e How to get the biogas process stable without chemicals?

e Could the digestate be used as a fertiliser on agricultural land?

e How to find the most effective way to collect algae from the coast?
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http://wabproject.pl/index.php?ver=en
https://www.biogassys.se/
http://www.malmo.se/bucefalos

Investments: 180,000 Euro (mostly to hire and operate the plant)

Smyge biogas plant

The pilot biogas plant was constructed, operated and owned by Norup AB in 2014.

Figure 2: Smyge pilot biogas plant

The biogas plant consists of two parallel hydrolysis tanks, each of 150 m3 in volume,

methane filters, a buffer tank, and a gas boiler.

This biogas plant was rented for one and a half year period (from 15t June 2016 to

315t December 2017) by the municipality of Trelleborg
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Seaweed collection

Two collection areas identified:

* Collection area 1 represents the area from shore to 1 m depth into the sea;
e Collection area 2 represents the area in the sea with 5-12 m depth.

Area 1: along shore to 1 m depth into the sea

Coastal types Technology Collection Cost for
)\[ef" Collection technique/method where collection  modification for capacity, collection,
can be done algae collection m3/hour euro/hour
. Sandy beach
Grating Bucket (el s No 80 97-145
Pontoon Machines Harbour No 4-12 145-194
Large and Small Beach Sandy beach s T i
Cleaners (beach)
: : : Sandy beach
4. gggséuctlon with Collection (beach) Stony Moderate 2—7 194-290
beach (beach)
: Sandy beach
g /ater Pressure Pump with (beach) Stony Moderate 212 194-290
Collection Barge
beach (beach)
WG skimmer Machines Sea/water Major - 97-194
Suction Dredging Harbour Major 10-40 97-145
Area 2: the sea with 5-12 m depth
Mammoth Suction Sealwater Moderate 10-30 390-970
2 DM Truxor 47000 Sea/water Minor - -
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. . . . L _ Figure 6: Monstret Figure 7: Beachcleaner
Figure 5: Pontoon machine (Limnocombine): (a) — side view; (b) — backside view

. . Figure 10: A scheme of a mammoth
Figure 8: Truxor with pump Figure 9: Ford model of a snow blower suction machine

Partners / \ » . . = Funded by European
25 ke * A ‘ Universitat = Regional
k v | Development
U F N R GDI‘)‘PTSEIE::NN%’E('J‘S\‘!TV BEIC Roskilde University ROStOCk e LITHUAKIAK ENERGY slol:tehrslaﬁi% e Fund



Summary of aquatic substrates collection techniques

Despite a number of available algae collection methods tested in Trelleborg

Municipality, many factors still influence the collection process:

e Examine and inspect every beach sediment bottom prior to collection (large
and small beach cleaners);

e Most of the proposed prototypes require a change/maodification to handle the
large quantity of algae collected from the coastal area of Trelleborg
Municipality;

e The salt in the sea water can affect the machines by corrosion and thus can
shorten their life expectancy. Periodic washing and checking of parts is
required;

e No technique can deliver a substrate that is 100% clear of sand.
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Collected seaweed pre-treatment

Why?
Remove sand and coarse particles

How?
Mechanically (sieving) and/or washing

Sand fraction accounted up to 80% of the
volume

Figure 11: Pre-treatment of algae with a sieve
Around 90% of the sand fraction was

reduced from the algae fraction

Major disadvantage: some sand left +
costs (cleaning cycles)
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Anaerobic digestion and biogas production
The tests were separated into 3 stages, where 3 different batches of algae were used:
e 1ststart-up batch — % of stored algae with high sand fraction (sand 80%/20% algae) and ¥z of ensilage.
Digestate volume 35 m3. The production of biogas was very low from the period of July to October 2016.

e 274 batch with a volume of 105 m?3 was loaded with pre-treated stored algae and a mixture of residues
from the big tomato industry in Trelleborg and small amounts of horse manure. The process was stable
running with a high methane content of 70 %.

o 3" batch was loaded in January, 2017. A mixture of fresh algae, chopped sugar beets and stored
harvested grass. The digested volume was 110 m3. The CH4 content was high and the process was

stable. m’ gas per month
2016-2017
1st start-up batch 2nd patch 3d bateh

A A

April
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@
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Figure 12: Biogas production during the project time
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Digestate

Cadmium

Cd, mg/kg |mgCD/kg
TS

BI[cS eI  35/14.0 220 39 5 1.7 1666

pllscei=] 105/20.9 1317 1646 329 0.2 13.3

plls[ciseiicre] 110/50.6 837 483 873 0.5 31.9

Nitrogen | Potassium |Phosphoros

Batch

Concluding remarks:

« Maritime substrate should be co-digested with other organic substrates;

« Maritime feedstock should be free of sand;

« Maritime feedstock should be collected out in the sea;

« Recirculation of nutrients back to arable land from the sea closes nutrient
cycles.
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Solrgd biogas plant

6 million m*/year
23 GWh/year
28 GWh/year

Investment | approx. 11.6 millionEur ____|
approx. 4.2 million Eur
EVEZEL 0.5 million Eur

approx. 4 million Eur

Heat capacity: 2.8 M)/s
Power capacity: 2 MW

Motor/generator | Elec

Condensate
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Fortilizer for Heating
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PR Figure 13: The Solrgd biogas plant

uantit Share of biogas, %
C df Chr. Hansen (Lactic Seavx(/)eed
ast seaweed from acid and yeast slurry) 05%
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e |
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Type of seaweed

« Green seaweed: eelgrass (Zostera marina)

« Brown seaweed: Pilayella littoralis, Ectocarpus sp.

Collection until now!
1.500 tons seaweed
Now: aorund 1-2 Km
Later on: 8 km coastline

B Now, this year
BN Expected new are

~ — T —— ——

Nature 2000 “=

Inland Sea <\ : .

Seaweed collection area, dates and its quantities

From the 1st of June to the 23 of June

From the 1st of August to the 7" of August
From the 24t of August to the 315t of August

Quantities of seaweed

Length of Kgge Bay coastline 38.6 km
approx. 42,000 tons/year which
corresponds to 1,141 tons/year km
In some coastal areas up to 1,500
tonslyear.
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Seaweed collection and pre-treatment methods

mg cadmium per kg dry matter (mg/kg)
20 T Limit value: 0.8 mg/kg dry matter

Collection methods

On shore, in water

=

Winther/Spring Summer Autumn
low metabolism high metabolism low metabolism
January, February, May, June, July, November,
March, April August, September,  December
October

The cadmium content in the seaweed

Figure 14: The prototype of seaweed harvester: (a) — front view; (b) — side view

30 m3/hour, sand content 23-40% wi/w (dry solids)

Figure 15: (a-c) — loader tractor, (d) - backhoe with a big shovel in front, rinsing of the sandy seaweed
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Pre-treatment methods

Figure 16: (a) — iron plates; (b) — drum sieve

Around 90% of seaweed can be collected with less than 50% of sand.

Figure 17: (a) — a tractor (b) — a dump truck and a seaweed collecting machine clear the ruts of seaweed

* Seaweed delivered continuously to the biogas plant instead of lying on the beach;
* Unpleasant odour is being reduced and biogas production is improved;
* Seaweed can be supplied in a continuous flow.
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Seaweed pre-treatment in the Solrgd biogas plant

2"d pre-treatment step at the plant:
» Purification: separation from sand residues;
» Purified seaweed chopped;
« Mixed with another feedstock

Methane potential

Figure 18 Seaweed Supply in a receiving tank Wth a Stirrer +PL‘L‘“I1 +[".I.rrll.gL'l.,'!'lll.l'l. +1£L‘|grll.!-i!-i +I}Ig manure +MiKILlrU
500
—4
400

—
M
-

5300 —9
-

& 200 - =
e

oo - ——&

0 | . .
0 20 40 ] 80 100
Time (Days)
Figure 19: Methane production potential of seaweed, pectin,
carrageenan, manure and mixture of these feedstocks
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Bio-fertiliser from the Solrgd biogas plant

Table 1: Nutrients contained in bio-fertiliser produced in the Solrgd biogas plant.

Bio-fertiliser harvest 2018
Total Nitrogen (N), JAmmonium (N),|Phosphorus, |Potassium,|Copper,|Magnesium, | Sulphur,

kg/ton kg/ton kg/ton kg/ton | g/ton g/ton g/ton
August 4.45 3.15 0.58 0.99 2.45 143 161
September 4.60 3.23 0.68 1.38 2.15 151 160
October 4.90 0.78 1.38 3.08 170.2
November 5.75 3.96 0.60 1.08 1.60 93 163
December 5.77 4.04 0.70 1.31 2.10 117 218
January 4.69 3.27 0.64 1.16 1.80 158 197
February 4.79 3.30 0.78 1.20 2.63 200 210
March 471 3.30 0.50 1.01 1.85 111
April 3.94 3.00 0.57 0.95 133 178.6
May 4.33 2.85 0.67 1.03 1.85 80 175
June 3.86 2.80 0.64 0.91
July 4.14 3.05 0.44 0.83 1.65 92 183
Average 4.66 3.27 0.63 11 2.12 132 183

Degassed biomass (bio-fertiliser) is returned to agricultural lands, thus,
closing the nutrient loop.

Partners

25 JAHRE

W FN

GDANSK UNIVERSITY

OF TECHNOLOGY BEIC

‘0’ :1'1‘ Universitat (@

Rostock “uily/

Roskilde University

m

LITHUANIAN ENERGY
INSTITUTE

Funded by

eirreg
I‘ South Baltic

EUROPEAN UNION

European
Regional
Development
Fund



References

[1] IEA Bioenergy Task 37 “Energy from Biogas”: Solrgd Biogas — Towards a circular economy, 2015

[2] Stambasky, J., Wellinger, A., Scheidl, S.: Biogas Action Brochure on Best Regional - Integrated Biogas Plants, 2016

[3] Solrgd Kommune: Solrad Biogas — Conception, project development and realisation, 2014

[4] Lybeek, R.: Aguatic biomass for biogas plants - Realistic feedstock source or an academic idea - incl. full scale experiences from Solrgd biogas plant, 2016, p. 13
[5] Solrgd Strands Strandrensningslaug. Facebook page, since 2012 [2019-03-18]

[6] Irini, A., Dimitar, K., Alvarado-Morales, M.: Anaerobic Co-digestion of Cast Seaweed and Organic Residues, Kongens Lyngby, Denmark, 2017

[7] Kjeer T.: Seminar Scandic Triangeln Pre-BASIC Biogas, Solrgd Biogas, Malmd, Sweden, 2016, p. 20

[8] Fredenslund, A. M., Christensen, T. B., Kjeer, T., Danielsen, S., Mgller, H. B., Kjeer, L. L. Fafner, K.: Utilization of cast seaweed and waste from pectin production
of anaerobic digestion, , Proceedings Sardinia, Thirteenth International Waste Management and Landfill Symposium, 2011

[9] Fredenslund, A. M., Christensen, T. B.: Environmental Perspectives on Using Cast Seaweed for Biogas Production, 2012

[10] Murphy, J. D., Drosg, B., Allen, E., Jerney, J., Xia, A., Herrmann, C.: A perspective on algal biogas 2015

[11] Eredenslund, A. M., Gudmundsson, E., Mgller, H. B., Fafner, K., Hjort-Gregersen, K., Kjeer, L. L., et al. Udnyttelse af tang og restprodukter til produktion af
biogas. Solrgd: 2010 .

[12] Solrgd Strands Grundejerforening. Editor Jens Bang Liebst. Strandsiden. Medlemsblad for Solragd strands grundejerforening 2015; March:28

[13] Solrgd Strands Grundejerforening. Editor Jens Bang Liebst. Strandsiden. Medlemsblad for Solragd strands grundejerforening 2017; March:52

[14] Solrgd Strands Grundejerforening. Editor Jens Bang Liebst. Strandsiden. Medlemsblad for Solrgd strands grundejerforening 2018; June:28

[15] Lybaek, R., Kjeer, T.: Enhancing identified circular economic benefits related to the deployment of the Solrgd biogas plant. Engineering and Applied Science
Research 2017, 44:97-105, doi:10.14456/easr.2017.14

[16] Solrgd Strands Grundejerforening. Editor Jens Bang Liebst, Strandsiden Medlemsblad for Solrgd strands grundejerforening 2016; March:28

[17] Start undervisningen - Solrgd Biogas — Scheme:https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/ [2019-03-18]

[18] Start undervisningen - Solrgd biogas - Radnetank. https://solrodbiogas.dk/raadnetank/ [2019-03-18]

[19] Start undervisningen - Solrgd Biogas —Biogaslagerne:https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/biogaslager/ [2019-03-18]

[20] Start undervisningen - Biogadning til landbruget - Solrad Biogas: https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/til-landbruget/ [2019-03-
18]

[21] Biogadning - et veerdifuldt restprodukt - Solrgd Biogas: https://solrodbiogas.dk/hvad-er-biogas/biogoedning/ [2019-03-18]

[22] Start undervisningen - Gasrensning - Solrgd Biogas:https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/gasrensning/ [2019-03-18]

[23] Solrad Biogas fortseetter succesen - Solrad Kommune:http://www.solrod.dk/kommunen/nyheder/pressemeddelelser/2018/apr/solroed-biogas-fortsaetter-
succesen [2019-03-18]

[24] Solrgd Biogas. Facebook page,: https://www.facebook.com/solrodbiogas/ [2019-03-18]

[25] Report of biogas project Smyge Trelleborgs kommun, 2018-01-29

[26] Technological Solutions for the Collection and Removal of Algae from the Beach, Sea and Coastal Strip in Trelleborg Municipality

[27] WAB project: http://wabproject.pl/index.php?ver=en [2019-03-18]

[28] Silage quality at varying intensity of mechanical crop treatment — comparison between ensiling in bale, silage bag and silo. Martin Sunderg, Thomas Pauly,
Institutet for jordruks — och milijoteknin, 2006, http://www.ensilagenytt.se/densitet.htm

[29] Tatarchenko, O.: “Assessment of macroalgae harvesting from the Baltic sea from an energy balance perspective”, Master thesis, Stockholm 2011,
http://www.diva-portal.org/smash/get/diva2:579473/FULLTEXTO1.pdf [2019-03-18]

[30] Danhl, A., Siversson, B. and Persson, E.: Utredning avseende uppstart av befintlig biogasanlaggning pa Smygehamns avloppsreningsverk for rétning av tang
och alger. 2009

[31] Mdller, M. (ed.), 2008. Case Study Trelleborg — Integrated Coastal Zone Management at the local level in the Baltic Sea through geographical mapping and
scenario analysis: http://www.baltseaplan.eu/downloads/fallstudie T_GB_4sep.pdf [2019-03-18]

[32] Davidsson, A.: Biogas production from seaweed and waste. In: 2nd Nordic Biogas Conference. Malmd, Sweden, 5-7 March 2008.

Partners = Funded by European
25 JAHRE ‘ ‘ U n|vers|tat = L. Regional
stock | ok Development
v F N R GDA‘:’?&‘:,NN{;’ESS{,TY BEIC Roskilde University O 0 L'THL:;;‘!,‘T:DETN;RM Slcl:ﬁtl;alcti!c’ EUROPEAN UNION Fund



https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/
https://solrodbiogas.dk/raadnetank/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/biogaslager/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/biogaslager/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/biogaslager/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/biogaslager/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/biogaslager/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/biogaslager/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/biogaslager/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/biogaslager/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/biogaslager/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/til-landbruget/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/til-landbruget/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/til-landbruget/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/til-landbruget/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/til-landbruget/
https://solrodbiogas.dk/hvad-er-biogas/biogoedning/
https://solrodbiogas.dk/hvad-er-biogas/biogoedning/
https://solrodbiogas.dk/hvad-er-biogas/biogoedning/
https://solrodbiogas.dk/hvad-er-biogas/biogoedning/
https://solrodbiogas.dk/hvad-er-biogas/biogoedning/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/gasrensning/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/gasrensning/
https://solrodbiogas.dk/undervisningsmateriale/start-undervisningen/gasrensning/
http://www.solrod.dk/kommunen/nyheder/pressemeddelelser/2018/apr/solroed-biogas-fortsaetter-succesen
http://www.solrod.dk/kommunen/nyheder/pressemeddelelser/2018/apr/solroed-biogas-fortsaetter-succesen
http://www.solrod.dk/kommunen/nyheder/pressemeddelelser/2018/apr/solroed-biogas-fortsaetter-succesen
http://www.solrod.dk/kommunen/nyheder/pressemeddelelser/2018/apr/solroed-biogas-fortsaetter-succesen
http://www.solrod.dk/kommunen/nyheder/pressemeddelelser/2018/apr/solroed-biogas-fortsaetter-succesen
http://www.solrod.dk/kommunen/nyheder/pressemeddelelser/2018/apr/solroed-biogas-fortsaetter-succesen
http://www.solrod.dk/kommunen/nyheder/pressemeddelelser/2018/apr/solroed-biogas-fortsaetter-succesen
http://www.solrod.dk/kommunen/nyheder/pressemeddelelser/2018/apr/solroed-biogas-fortsaetter-succesen
http://www.solrod.dk/kommunen/nyheder/pressemeddelelser/2018/apr/solroed-biogas-fortsaetter-succesen
https://www.facebook.com/solrodbiogas/
http://wabproject.pl/index.php?ver=en
http://www.ensilagenytt.se/densitet.htm
http://www.diva-portal.org/smash/get/diva2:579473/FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:579473/FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:579473/FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:579473/FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:579473/FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:579473/FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:579473/FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:579473/FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:579473/FULLTEXT01.pdf
http://www.baltseaplan.eu/downloads/fallstudie_T_GB_4sep.pdf
http://www.baltseaplan.eu/downloads/fallstudie_T_GB_4sep.pdf
http://www.baltseaplan.eu/downloads/fallstudie_T_GB_4sep.pdf

Summarized and compiled at:

A report on operating biogas
facilities utilising anaerobic
digestion of cast seaweed

Avallability: https://www.coastal-biogas.eu/
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Thank you!
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