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Solrad District heating

B Combined heat and power \ &) X : 4 Biogas engine
A Waste incineration - CHP R, | Heat and power
== Transmission network \
® VEKS district heating supply area
® Central Copenhagen supply area

Northwest Copenhagen supply area

District heating on steam
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Biogas ¢ Start November 2015 ¢« Raw materials

Designed for around 220.000 tons - will be expanded with a new fermentor

RAVARER SOLROD BIOGAS
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79.400 tons

PEKTINREST
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60.000 tons

ELUAT -

Gas-
rensning

biogas

10 millioner m3

EL- OG VARME-
PRODUKTION

e

=y Fjernvarme
28 GWh

Gaskedel

190.000 tons
BIOG@DNING . |

LANDBRUGET
Biomass Amount (tons) Biogas Main contribution
Manure (cattle, pig) 44,200 9.5% Gas production and process stability
Seaweed - local beach 7,400 0.5% Nutrients and improved water quality
CPKelco: Pectin, carrageenan 79,400 75.0% Gas production
Chr.Hansen: Eluat * 60,000 15.0% Gas production og nutrients

lalt

191,000
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Suppliers * Raw materials

The basic materials for the gasproduction

Agricultural deliver slurry and receive CP Kelco deliver residual products of the
degassed biomass from Solred Biogas pectin production to Solrgd Biogas

Solrod Kommune
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Supply from CPKelco - around 75% of gas

The basic materials for the biogas production

1 Lemon
(200 g)
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Lemon Juice

(100 g)

Dried Peel Pectin

(100 g) (13 9)
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Lemon Oil
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79,400 tons to Solrad Blogas-
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Tests of raw materials

Test of different raw materials and combination of different raw materials e ———
Henrik B. Mgller, Foulum / Arhus Universitet and Roskilde Universitet

2013

Biogas forseg med alternativ biomasse
til Solred biogasanlag - Fase 2

A number of tests has been initiated. Operation assumption: ——
* 320 m3 of methane per tons of dry matter e
- Biogas behandling af tang, pektinrestprodukter
* 30 m3 of methane per tons of raw material of basdyrgadning
* or 1,060 m3 of biogas per hour ————
Yield in Praxus
1 | | |
Pectin —— p e i ot et
400 - 28 days —— ey e e L
: Mixture Pektin: 340 m2/tons VS S
% : e oo ot
> 300 ey malll B e
& Slurry: 272 m2/tons VS |
~ ’ revoads af tabel |
-7
200 - Carrageenan s .
5 g . 4 ann..m-. | Anadel | vargt
- Carrageenan: 120 m2/tons VS | | -
100 - Seaweed [
Seaweed: 54 m2/tons VS |
0 - T T T T L ————
0 20 40 60 80 Days

—+— Pectin —@— Carrageenan —a—Seaweed=— Slurry (pig) —+— Mixture
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Chorda filum - sea lace - dead man's rope
e T

Big difference in gas yield from
seaweed

e Age of seaweed (methane loss already)
e Type of seaweed

- =
R T e

Gas potential for seaweed (28 days)
Nml CH4 / g VS

300
225
150

75

Zostera Fucus Fucua Chorda Pylaiella Cattle Pig
marina serratus vesiculosus  filum littoralis manure  manure
Eelgrass Type of Wrack Sea lace  Thin algae

[Alegraes] brown algae [Bleeretang] [Strengetang] [Dunalger]
[Savtang]
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Collection of Seaweed
Seaweed after storm and offshore winds

Main Issue

e Minimum amount of sand

e Separation of plastic, metal, etc.
e As fresh as possible
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Collection until now:

2,000 tons seaweed

Now: aorund 1-2 Km
Later on: 8 km coastline
B Until now

I aastup
[:] - So'tholny
. o Malmo
3P0
5 By [y
pired Strand
vwed A
Kage Bay ) e
Koge Yatrn Gosvie 1
170 JEFE 708 |
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Collection - The first attempts _ . GRS

On land and at the seashore

‘ In the water edge
v;j‘m -
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The next attempt | S \
)

Out in the water * Machine from Halmstad =i
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Other solutions

Sorting of sand and seaweed on the beach
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Several other attemps

Sorting of sand at the beach

Kampen for sandfri
tangopsamling

Solrad - 26, juri 2014 k. 1400

Kontokt redoktionen sndk@sn.dk
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Three steps in the collection

First step
The seaweed on the beach is collected with a grab and
thrown into the water's edge to reduce the content of sand

Second step
The seaweed are picked up with a grate grab

Third step
The seaweed are transportet to the plant -
as fresh as possible
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Three steps in the collection

The first step

The seaweed on the beach is collected with a grab
and thrown into the water's edge

to reduce the content of sand
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Three steps in the collection

The second step
The seaweed are picked up with a grate grab
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Three steps in the collection

The third step
The seaweed are transportet to the plant -as fresh as possible
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itional material from the biogas reactor to make
able and pumped into the biogas reactor

~

Seeweed input N
| Hot material input from r
reaktor _

Pumpable material I'I'I'I_I'I'I'I S
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Seaweed and cadmium Expected cadmium content Measurement

Measurements in November 2015 to Study from the bay of Koge 2009-2013 - mg/Kg dry matter
October 2016 of the collected seaweed 4 mg cadmium per kg dry matter (mg/kg) Limit

20T Limit value: 0.8 mg/kg dry matte
Monthly measurements dadml 3 Parameters Average value

Nitrogen, total 46,340  Non
Phosphor, total 732 Non

Ly Leed (Pb) <3.58 120
1,50 s Cadmium (Cd) 0.52 0.80
Chromium <2.40 100

Mercury (Hg) <0.01 0.80
Nickel (Ni) 3.5 30

>
Winther/Spring Summer Autumn .
E | low metabolism high metabolism  low metabolism Zinc 38 4,000

i A Avgt Sepember, - Decemier [ DEFIP e

Octo Nonylphenol 0.64 10

PAH (sum of 9) 2.41 3
LAS <50 1,300

0,90 Limit value: 0.8 mg/kg

0,60 Delivery
requirements:
Solrad Strand Beach

2 Cleaning Laug is
responsible for comply
with the limit values

0 :

i for cadmium and
e eNovember 2015 - April 2016 eeeeeeMay 2016 - October 201600 e o :
Collected: 1.500 tons + 200 tons others components

1,20
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Three seaweed benefit

1) Reduction of smell of rotten seaweed
2) Removal of nitrogen and at the sea
3) Biogas (energy, fertiliser)

The benefit
Solrgd Biogas

+ Environment
+ Energy
+ Economy

= Circular economy
Operation & maintenance ° Q Transport in/out +
Slurry: 41.500

Biogas plant G| Husbandry o
Salary @ Raw materials Pig/Cattle
Kelco: 79.400 *

Chr.H: 60. 000

191,000 tons
Product Based

Gas production:
- tBased |
o @ Food and ingredients

Total N: 848 tonnes

@ Of this NH4-N: 614 tonnes @
Phosphorus: 102 tons
Potassium: 234 tons The field: 3.100 tons

The carbon: 8440 tons

Crop Production
Input follow production

Excipients,
energy

Excipients,
energy

Excipients,
energy

9,3 mio. m3

2

Annual number

) : Organics. 11.900 tons
Economic benefits .
in million Danish kroner Removing nutrients
75tonsN+85tons P

Quota price:
61 kr/tons

Consumption / use

Excipients, ‘
Food & Ingredient

energy

El/heat: 29.200 tons

El-production:

Removing nutrients
69-80 tons N, 8,5ton P

Greenhouse gas - net:

43.700 tons

22.580 MWh

Seaweed: 7.400

Recipient / beach 1

(Aquatic environment)

Heat-production:

27.540 MWh

Energy: 6 mio m3 metan - Biogas net: 55.100 MWh

Standard
calculation:
180 kr/tons
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Y Eutrophication status

I High
B Good
[] Moderate
) Poor
M B:ad

.. WFD coastal waters

State Of Da Nn is h _,{.r"’ Skagerrak

Nitrogen/Phosphorus | ...
Helcom, 2018

Eutrophication Status

B Good status
B Not good status

The Sound

Helcom, State of the Baltic Sea, 2018

Waterborne and total inputs of total nitrogen

1,400,000
1,200,000

1,000,000

800,000

600,000
‘ “ J\

400000 | 1. . o.’*

200,000

Waterborne N input (ton yr1)

0 J ] ] | T I
1900 1920 1940 1960 1980 2000
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Triple helix - creation of local involvement

e Authority (municipality)
e Enterprises (energy, etc.)
« Knowledge institutions

The municipality
Three main roles

Triple helix: Sutonity
- * State Representative
e not created in advance e Entrepreneur
* but developed through  Energy producer and consumer
the proces

See the timeline and the
Involvement schemes at
next page:

Biogas
Seaweed
Action

Companies

e Private companies e Knowledge institution
e Municipal company e Advisors

e Associations —l/ \r e R&D institutions (univer-
sities, etc.)

Knowledge
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SolrgdBiogas Timeline

;:If )‘.4]?4.’ “(4‘.;1‘

Ar 2008 2009

November

2010 2010 2012 2014 2014 2015

Local

Years of
genes
of rotting

New Inital re- Results Authority
climate search of of survey: approval
plan in seaweed. Large gas 2010-14.
Solrgd Grants yield. Ad- Grants
(55%). from ditionel from the

Biogas on Regional biogas Regional
seaweed Fund surveys Fund

coopera-
tion on
cleaning

Subsidies
from the EU
for
preparing

Solrgd
Biogas
formed

Bigadan
selected
as total
contractor
plus 5
years
operation

The plant
completed

Official

seaweed
on the
beach

—

Stakeholders

S (_:reating stakeholder % ReseFaJSn, ﬁfnter é BIGADAN
involvement through Aarhus University ]
the planning & construc- , - f"“i&/‘ h sy
tion process C PK el Impfo&’l"‘ﬂ '3

Operation & Ownership:
- Owned by the Municipallity

:
i-."; \ /—',lc W S BREGENTVED
\ d www. bregentved JK
- Operated by Bigadan A/S
- Biogas engine owned and Lo_cal farmers District heating trans- SO| rzd BIO as
operated by VEKS pPig & cattle mission company
- felt natunliat

the beach

as A/S
turnkey

contracts
PDA

opening

Contract
conclu-
ded

Produc-
tion starts

Roskilde University

F;

Landbruget
: e [ CHRHANSEN | \
Solrad Kommune ‘WP CPKelco ™= VvErs .. h

il

Commision
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Thank you for your attentlon
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