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Bakgrund

Farska grodor har lagre produktionskostnad
eftersom lagringskostnader och
lagringsforluster kan undvikas.

Mal: att minska ravarukostnaden med minst
10% for substrat till biogasproduktion, genom
en kombination av farska och ensilerade grodor
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Metod

Genom fallstudier analysera
hur olika farska och lagrade
substrat bast bor kombineras
edlotais o iogas oy for att minimera

RAPPOr in et 3.proje kostnaderna, med hjalp av

forbattrade
produktionskalkyler och

OPTIMERAD LOGISTIK FOR

BIOGASPRODUKTION

Oprimi-=

en vidareutvecklad
optimeringsmodell




Fragestallningar

Hur paverkas substratkostnaden om biogasgrodor ersatts med
2:a generationens grodor sasom betblast, mellangrodor och
vall?

Kan vall och naturmarksgras med ett anpassat skordesystem
konkurrera med ensilerade grodor fran stora falt?

Hur paverkas grodvalet av pris, avkastning och markvarde?

Hur ska farska och ensilerade grodore kombineras utan negativ
paverkan pa biogasprocessen?
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Oversikt projektets delar

1.FOrut- Villkor
- Tillgang

2.Logjistik- - —Behov
Kapacitet

sattningar

Kalkyl-
forutsattningar

Systemval kostnader | 4.0ptimering

Malfunktion
Producera en given

Kostnader

5.Resultat-

3.Kostnads-

sammanstallning mangd gas analys
- Till lagsta kostnad

- Behov och tillgang
per period

- Lagrat o farskt
Substrat
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Crﬁﬂ

Kategorier av grodor

I: Grodor for inlagring
= Konv skordesystem
= Ex majs, helsad, vall

II: Specialgrodor for farsk
inmatning

= Anpassade skordesystem
= Mellangrodor, betblast,

III: Vall med utdragen skord for
farsk inmatning

= Anpassat skordesystem

ACCELERATING INNOVATION
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Covercrop, large fields, fresh

Cover crop, small fields, fresh

Grass-clover, large fields, ensiled

Grass-clover, large fields, fresh, alt-1
Grass-clover, large fields, fresh, alt-2
Grass-clover, large fields, fresh, alt-3
Grass-clover, large fields, fresh, alt-4
Grass-clover, large fields, fresh, alt-5
Grass-clover, large fields, fresh, alt-6
Grass-clover, large fields, fresh, alt-7
Grass-clover, large fields, fresh, alt-8
Grass-clover, small fields, ensiled

Grass-clover, small fields, fresh, alt-1
Grass-clover, small fields, fresh, alt-2
Grass-clover, small fields, fresh, alt-3
Grass-clover, small fields, fresh, alt-4
Grass-clowver, small fields, fresh, alt-5
Grass-clover, small fields, fresh, alt-6
Grass-clover, small fields, fresh, alt-7
Grass-clover, small fields, fresh, alt-8

Green rye, ensiled

Green rye, fresh

Landscape conservation grass, ensiled

Landscape conservation grass, one harvests, fresh
Landscape conse rvation grass, two harvests, fresh, alt-1
Landscape conservation grass, two harvests, fresh, alt-2
Landscape conservation grass, two harvests, fresh, alt-3
Maize, ensiled

Maize, fresh

Sugarbeet tops, fresh

Sugarbeets and tops, fresh

Sugarbeets, fresh

Sugarbeets, stored

Whole-crop cereal, ensiled

Whaole-crop cereal, fresh

o

5000 10000 15000 20000 25000 30000
Cost per 1 ha of each substrate in each zone (average of all zones), SEK

bstratkostna

35000

= Min av Land use cost

= Min av Cultivation cost
= Min av Harvest cost

= Medel av Transport cost
= Min av Storage cost

| Min av Pre-treatment cost



Sugarbeet tops, fresh

Whole-crop cereal, fresh

Maize, fresh

Sugarbeets and tops, fresh

Whole-crop cereal, ensiled

Maize, ensiled

Green rye, fresh

Cover crop, large fields, fresh

Cover crop, small fields, fresh

Landscape conservation grass, one harvests, fresh
Green rye, ensiled

Grass-clover, large fields, fresh, alt-8

Sugarbeets, fresh

Grass-clover, large fields, fresh, alt-7

Landscape conservation grass, ensiled

Landscape conservation grass, two harvests, fresh, alt-1
Landscape conservation grass, two harvests, fresh, alt-2
Landscape conservation grass, two harvests, fresh, alt-3
Grass-clover, large fields, fresh, alt-6

Sugarbeets, stored

Grass-clover, large fields, ensiled

Grass-clover, large fields, fresh, alt-5
Grass-clover, large fields, fresh, alt-3
Grass-clover, large fields, fresh, alt-4
Grass-clover, large fields, fresh, alt-2
Grass-clover, large fields, fresh, alt-1
Grass-clover, small fields, fresh, alt-8
Grass-clover, small fields, fresh, alt-7
Grass-clover, small fields, fresh, alt-6
Grass-clover, small fields, fresh, alt-5
Grass-clover, small fields, fresh, alt-4
Grass-clover, small fields, fresh, alt-3
Grass-clover, small fields, fresh, alt-2
Grass-clover, small fields, ensiled

Grass-clover, small fields, fresh, alt-1

42

Total cost of substrate from 1 ha, SEK/Nm3
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Substratkostnad

Al

A2

A3
A4
mAS
m A6
mA7
mB1
mB2
mB3
mB4
mB5
HB6
mB7



If_an:U

Optimering inimera

f(xspz)
S P B7

- ZZ Z Xspz CLuS + CCults + CHarvy,

s=1 p:l z=A1

Allokering x (ha); substrat s, period p, zon z
Kostnader:

Markanvandning (SEK/ha),

Odling (SEK/ha),

Skord och bargning (SEK/ha),

Transport (SEK/ton vv),

Lagring (SEK/ton ts),

Forbehandling (SEK/ton ts)
Parametrar; avkastning, metanutbyte, vattenhalt, mm



Villkor

Mota planerat produktionsbehov varje manad

Max 33% farska substrat i mixen

Generella markanvandningsvillkor i varje zon
Upp till 20% av arealen tillganglig

Specifika markanvandningsvillkor for grodor

Biprodukter (t ex betblast beroende av betodling)

Vaxtfoljdsvillkor (betor, spannmal, mellangrodor)

If_an:U



If_an:U

Scenarier

1. Referens

2. Ensilerade endast

3a. Mixat (farska och ensilerade)

3b. Mixat utan restiktioner

4a. Avancerade biodrivmedelsgrodor

4b. Avancerade biodrivmedelsgrodor
med forfruktseffekt

ACCELERATING INNOVATION
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1800 -~

:

Resultat

Referensscenario

O S
-
S © O
1 1

m Whole-crop cereal, ensiled

= Jordberga

2

600 - m Maize, ensiled

Total land use, ha

Al A2 A3 A4 AS A6 A7 B1 B2 B3 B4 B5 Be6 BY
Zone

Land use cost

Maize, ensiled

Cultivation cost

B Harvest cost

Whole-crop cereal, ensiled

Transport cost

Storage cost

0 10000000 20000000 30000000 B Pre-treatment cost
Total annual cost per substrate, SEK

42
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Scenario 3b — "mixat utan restriktioner”

(100% farska grodor tillatet)

g

g 888883

Land use for supplied substrate, ha

o

w.20
w21
w22
w23
w.24
w.25 I
w.26
w.27
w.28
w.29 |
w.30

Sugarbeet tops, fresh

Whole-crop cereal, ensiled

Whole-crop cereal, fresh

w.38 I
w.39 I
w.40 I
w41 I
w.42 I
w43 I
w.44 I
w45 [
w.46 I

w.47
w.48 I

w.49-09 I
w.10-19 I

w31
w32 H
w33 1
w.34
w.35
w.36 Il
w37 H

Period of supply

10000000 20000000 30000000 40000000
Total annual cost per substrate, SEK

m Whole-crop cereal, fresh
® ' Whole-crop cereal, ensiled

W Sugarbeet tops, fresh

B Land use cost
B Cultivation cost
m Harvest cost

B Transport cost
B Storage cost

® Pre-treatment cost



Scenario 4b — Avancerade biodrivmedelsgrodor

-+

Land use for supplied substrate, ha

N B

Q00
Vi
200
T00
B00
SO0
400
300

200

100

axtfoljdseffekt

w.27 I
w28 I
w20 I
w30 I
w31

w32
w33 I
w34 I
w35 I
w36 .
w37 I
w35 I
w.39 I
w40 I
w4l I
w.42 I
w43 I
w44 NN
w.45 I
w46 I

w47
w48

w.43-00 I
w1019 I

w20 I

w21 I
w22 I
w.23 N

w24 I
w25
w.26 I

Period of supply

= Sugarbeet tops, fresh

M Landscape conse rvation grass, one harvests, fresh
m Green rye, fresh

B Green rye, ensiled

B Grass-clover, large fields, ensiled
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Scenario 4b ]

1600 -

1200 -

1000 -

Total land use, ha

600

400

- 11

Al A2 A2 A4 A5 Bl B2 B2 B4 B> B6 B7

Grass-clover, large fields, ensiled

Green rye, ensiled

Green rye, fresh

Landscape conservation grass, one harvests, fresh

Sugarbeet tops, fresh

Zone

Total annual cost per substrate, SEK

m Sugarbeet tops, fresh

M Landscape conservation grass,
one harvests, fresh

W Green rye, ensiled
= Green rye, fresh

m Grass-clover, large fields, ensiled

= Land use cost
m Cultivation cost
m Harvest cost

m Transport cost

m Storage cost

10000 000 20000 000 20 000 000 40 000 000



4b,
1 5 3b, 4a, Advanced
Scenarios ’ ) Mixed un- [Advanced |biofuels with
Referenced| Ensiled restricted |biofuels crop rotation
values

Total annual cost, MSEK  46.9 46.1 44.3 42.0 59.2 56.5
;‘;’ Average cost, SEK/Nm3  4.94 4.86 4.67 4.43 6.24 5.95
§ Average cost, SEK/tDM 1349 1287 1274 1256 1594 1475
> Savings, % (reference) - 2 5 -26 -20
Total annual cost (MSEK) 14.7 12.3 12.2 12.1 17.2 15.7
Average cost (SEK/Nm3) 4.38 3.67 3.64 3.61 5.11 4.67
Average cost (SEK/tDM) 1101 974 969 965 1225 1119

Savings, % (reference) - 16 17 17 -17 -7



Scenario 4b Orebro — Avancerade
biodrivmedelsgrodor + vaxtfoljdseffekt

]
Cover crop, large fields, fresh Land use cost

M Cultivation cost

) B Harvest cost
Grass-clover, large fields, fresh, alt-8

B Transport cost

M Storage cost
Grass-clover, large fields, ensi
® Pre-treatment cost

-2 000 000 0 2 000 000 4000 000 6000 000 8000000 1000000012 000 00014 000 00016 000 000 18 000 00O

Total annual cost per substrate, SEK

Negativt markvarde => efterféljande
grodor har fordel av vallen

IC_ln)ﬂ



Land use for supplied substrate, ha

Scenario 4b Orebro — Advancerade
biodrivmedelsgrodor + vaxtfoljdseffekt

J00

600

500

400

300

200

100

w22 i
w23 i
w24 I
w.25 |
w.26 il
w27 I
w.28 I
w29 W
w30 il
w31
w32 1
w33 il
w34
w35

w.36 Il
w37 i
w38 i
w39

Period of supply

w.40 Il
w.41 W
w.42 1l
w.43 Il

w.44 W

w.45-21

®m Grass-clover, large fields, fresh, alt-8
Hm Grass-clover, large fields, ensiled

m Cover crop, large fields, fresh



If_an:U

Sammanfattande resultat

Vall dyrare an helsad och majs, bade i
Jordberga och Orebro

Vall dr mer konkurrenskraftigt i Orebro
jmf med Jordberga

Forfruktsvardet gor vall fran stora falt
optimalt i scenariet for avancerade
biodrivimedelsgrodor

Naturmarksgras mer konkurrenskraftigt i
Jordberga pga hogre markvarde an i
Orebro

ACCELERATING INNOVATION

Begransning till avancerade
biodrivmedelsgrodor sasom
betblast, gronrag och
naturmarksgras okar
substratkostnaden, med 26% 1
Jordberga och med 17% i Orebro

Scenarierna med avancerade
biodrivimmedelsgrodor innebar
komplext system med fler grodor,
bade farska och ensilerade

21
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Slutsatser

Optimering anvandbart verktyg for strategisk planering av komplexa
system

Om man vill 0ka produktionen av biogas utan konkurrens med livsmedel
far man acceptera okade kostnader

Mellangrodor, restsubstrat och substrat fran marginalmarker kan ha stor
potential

Nya logistiksystem kan behova utvecklas
Markvardet och odlingskostnad ar avgorande for kostnaden

Vi vet for lite om paverkan pa biogasprocessen nar mixen andras
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