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Solrad District heating
Biogas engine
Heat and power
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Biogas ¢ Start November 2015 ¢« Raw materials
Designed for around 226,000 tons - has been expanded with a new gas upgrading facility

Naturgasnettet
Raw material Solrad Biogas facility e El and heat
production
- : U pgradm%
' °::m| I to regiona
.,_L gas grid
45.000 tons .
GYLLE t {8}
nsring
90.000 tons rensn
O Gaskedel
13 rmlllbn« m’

PGK‘IIIIIESI
L bicgas

To the
190.000 tons I farmers

BIOGODNING t

70.000 tons
I.LUAI

Biomass Amount (tons) Biogas Main contribution

Manure, seaweed, other 51,000 6.0% Gas production and process stability
CPKelco: Pectin, carrageenan 95,000 59.1% Gas production

Chr.Hansen: Eluat (BioTech) 60,000 12.6% Gas production and nutrients
Biopulp (organic waste) 20,000 22,3% Gas production and nutrients

lalt 226,000
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Suppliers * Raw materials

The basic materials for the gasproduction

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

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

A number of tests has been initiated. Operation assumption:

* 320 m3 of methane per tons of dry matter
e 30 m3 of methane per tons of raw material
* or 1,060 m3 of biogas per hour

g by et el | S @ e b b

) 2013

Biogas forseg med alternativ biomasse
til Solred biogasanlag - Fase 2

Fewdh Dyene Malies
At Unrvorenx, lena S 0oy oo

L

Biogas behandling af tang, pektinrestprodukter
og husdyrgedning

Here b 84000 Motier og Dhun Py anad Ghadtam

Al 4 il

| |

Pectin

Yield in Praxis

o forseg maidd Aon pdomba 22 Toonar s ammenea teang 1d
of med foroget o o bovicsnae boogpmadin tie of proces

400 -

28 days

Mixture

FA e R e P et Bacr s s Deogaiandag |
ke prodel) hensader padesssandbold. ¥eorvic del af npperica
sppenciky med e mere Hidostporende beskrrrehe pd

S ters aking volusmen 1

w -1 ;x hoowt bosmmeacrr og stabilt pd vvimars e mad ca. %% tore!
> 3% — v et ot s
2 Slurry: 272 m2/tons VS | T
=~ coght af tadel 1
-
- 200 - Carrageenan I
o - il
- Carrageenan: 120 m2/tons VS | -
100 Seaweed [
4‘ )
__‘__ + T3401
Seaweed: 54 m2/tons VS |
0 || | | | | —C

0 20 40

—+— Pectin —@— Carrageenan —a—Seaweed=— Slurry (pig) —+— Mixture

60 80 Days
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Chorda filum - sea lace - dead man's rope
e T

Big difference in gas yield from
seaweed

e Fresh or not-fresh 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 in 2019:
1.522 tons seaweed | Nature 2000 ﬁ’a ;

e
v

. Inland Sea =&
from 1-2 km costline e .
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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

Out in the water * Machine from Halmstad
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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 redaktionen sndk@sn.dk

s
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JFE Local company

Current solution

- en del al bravnda

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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Seaweed - requlrements 201312 mg/ kg dry e

Parameters Average value

Nitrogen, total 46,340 Non
Phosphor, total 732 Non
Leed (Pb)

<3.58 120
Delivery requirements: Cd(lmil‘ll‘n (C(I) 0.52 0.80
. . . Chromium <2.40 100
e Cadmium and other below limit values Mercury (Hg)  <0.01  0.80
e No visible plastic, metal and big stone Nickel (Ni) 35 30
. n Zinc 38 4,000
e Sand maximum of 60% of dry matter DEHP <050 50
Nonylphenol 0.64 10
PAH (sum of 9) 2.41 3
LAS <50 1,300
3
Cadmium 2018 - from january to october Expected cadmium content
, Study from the bay of Koge
Jauary 4 mg cadmium per kg dry matter (mg/kg)
5 201 Limit value: 0.8 mg/kg dry matter
1,5
’ September (')’9"
1
Limit value
October Winther/Spring Summer Autumn
low metabolism high metabolism low metabolism
January, February, May, June, lulz,e November,
March, April August, September,  December

October
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Three seaweed benefits

1) Reduction of smell of rotten seaweed
2) Removal of nitrogen 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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Sadan bidrager Solrad Biogas med positive klimaeffekter.
De bla kasser illustrerer primaere effekter og
de grenne cirkler viser sekundaere effekter
af tangens cirkulaere kredslgb

Produktion
af fodevarer |

Reduktion af
lugtgener

Baeredygtigt
REDUKTION AF
e
s
AY
A\
S

\
Reduktion af \
drivhusgasser \
til atmo-
sfaeren \
1
1
RECIRKULATION AF REDUCERET
N/ARINGSSTOFFER TANGPRODUKTION
1

1
1

1
U
U
. U
Reduktion 7
af metan fra
réddent 4
tang
REDUKTION AF Ren Strand

METAN FRA og glade
Reduktion RADDENT TANG gaester
af naerings-
stoffer fra i

havet REDUKTION AF Pid

NARINGSSTOFFER =
FRA HAVET

Her produceres vedvarende energi og biogadning

Biogadn XXXXX

OStOCk 3% Uresamas tnaacs

o)

/ iterrey
South Baltic EUROPEAN UNION

Produktion

af fodevarer

Reducing Baeredygtigt

Reduktion af ) havmilje

lugtgener |\ nutrient loss

Reduktion af \”
drivhusgasser |
til atmo-
sfaeren

Nutrient LSsea At Reducing
recycling ' . A sea-weed

Reduktion
af metan fra
raddent
tang
Reduction of / Ren Strand
methane from og glade

Reduktion \ rotten seaweed gester
af naerings-
stoffer fra i

havet Reduction of

nutrients in
the sea



COASTAL O i | tWowgagy @ =
wiLerrey
Roskilde University * 13 November 2019 South Baltic EUROPEAN UNION

.EM Eutrophication status
I High

. State of Danish +
Nitrogen/Phosphorus ...

Vel i@\ ' b, (] Moderate
Helcom, 2018 A A B Poor
\2 Kattegat', M Bad
- (13) . 3 | _.. WFD coastal waters

Russia 2.9 - 0 A

Helcom, State of the Baltic Sea, 2018

Waterborne and total inputs of total nitrogen
1,400,000

R\l
'\(\Q
~ 1,200,000 2;‘,\*"a
=, W
< 1,000,000 o A
S “\'A"‘ n A
:: / s ' P " ‘
> 800,000 Ad N ¥
Q M
< : ,l Y
Z 600,000 ,n'n'a' ’
c N \
= "\I\ ’ s, o >
| g 400000 | .\ oMWY @\\QQ
s 200,000 N
Eutrophication status | = Ne?
—m
Poland 0 : ;

HELCOM 2010 . 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




Solrod B?ogas Timeline
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November

Ar 2008 2009 2010 2010 2012 2014 2014 2015

Solrad
Biogas
formed
as A/S

Bigadan

selected

as total
contractor

Subsidies
from the EU
for
preparing

Local New Inital re- Results Authority
coopera- climate search of of survey: approval
tion on plan in seaweed. Large gas 2010-14.
cleaning Solrgd Grants yield. Ad- Grants
the beach (55%). from ditionel from the
Biogas on Regional biogas Regional
seaweed Fund surveys Fund

The plant
completed

Official

Years of
genes
of rotting
seaweed

opening

plus 5
years
operation

Contract
conclu-
ded

turnkey
contracts
PDA

on the
beach

-~

Produc-
tion starts

Roskilde University

Stakeholders

- Creating stakeholder
involvement through

Research Center
o Aarhus University 1
the planning & construc- _ , Ry
tion process CPKelca Inproving food & health @#

AMUBR COMPANY

:
A\ A
Operation & Ownership: Y\ HV<E '\ BREGENTVED
- Owned by the Municipallity \ www. bregentved dk

St e S— SolredBiogas
- . istrict heating trans-
operated by VEKS pPig & cattle mission comgpany m

£

! @PKelco EREEN |\ \reps

Duproving food & kealtr

Solrgd Kommune

ANUME COMPANY

T

§
Mir%ster Mayor Commision
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Thank you for your attentlon
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