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1 Introduction

The management of a biomass can be done in various ways prior gasification in a biogas plant.
The design of the supply chain will depend on factors such as harvest time, biomass composi-
tion, and biomass stability during storage and also time of use in the biogas plant. There are
many supply chain opportunities but only few are optimal based on economic and environmen-
tal aspects. The aim of this project named Biochain is to develop a dynamic value chain model
which will work as a decision support tool for consultants and biogas producers when as-
sessing establishment of biogas plant. The overall result is an advanced mathematical model.
The research activities are organized in six closely linked work packages which are shown in
figure 1.
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Figure 1: The interactions between the work packages in the Biochain project

In work package 0, all coordination and dissemination will be carried out whereas work pack-
age 3-5 focus on providing information and models needed to assess biogas production, envi-
ronmental benefits and costs associated with each unit of the supply chain. The information
from these work packages will be integrated and validated on existing biogas plants in work
package 2. Work package 1 integrates the different information and sub-models gained from
the other work packages into an advanced dynamic value chain model. The Knowledge Centre
for Agriculture (KCA) is responsible for work package 5. The aim of this WP is to provide sub-
models to optimize the logistics of harvest, storage and transportation of biomasses for biogas
plants. This will be economically evaluated by estimating the costs associated to each unit op-
eration and the income based on the expected biogas potential of the biomass by using some
specific biomasses as substrate in biogas plants. Based on that, the supply chain can be opti-
mized.



2 System boundary

An excel model is developed which can optimize the logistic of harvest, storage and transport
of large amounts of biomasses and also evaluate the economy. The model which KCA are de-
veloping, focus on the economy in each unit operation from field to plant based on seven dif-
ferent biomasses as listed below:

Manure

Deep litter
Wheat straw
Rapeseed straw
Meadow grass
Beets

Whole crop corn

The supply chain of the biomasses is very diverse. Among others can be mentioned the har-
vest method, the management of the biomass and the stability of the biomass during storage.
The boundary of the supply chain for the biomasses is similar to each other. The supply chain
of the biomass initiates with the production and harvest and ends with storage of the biomass
at the biogas plant site. An exception is the supply chain of straw where production and harvest
of the straw is not included as those operations are allocated to the grain. Hence, the supply
chain is initiated with collection of the straw. In appendix 1, some scenarios of the value chain
for straw is presented.

Manure and deep litter are residual products from the animal production. The supply chain of
manure initiates from collection of the manure from the manure pre-tank at the animal house
and finish off by delivering the manure to the biogas plant in the pre-tank. As concerns deep

litter, the supply chain initiates by collection of the deep litter at a site near the animal house

and ends by storing the deep litter in stack at the biogas plant.

3 Model structure

The contribution to the model work by KCA is made in Excel.

3.1 Transport and logistical model

The model is organized so that it consists of 7 sub-models — one for each biomass. Each sub
model consists of an assumption sheet where all assumptions are listed. It includes dry matter
%, hourly rate of different machines and vehicles, capacities, time consumption, transport dis-
tance, efficiency in gas engine and price for electricity and heat. All these values are variable
and can be changed. If the user changes the values, the model sheet will automatically recal-
culate new results. The model sheet where the results are presented is categorised in the fol-
lowing categories:

e Biomass (e.g. yield in field, field size, dry matter %)

e Production and harvest (unit costs and machine- and work costs)
e Transport (time consumption - loading, on road and unloading)

e Storage (storage methods)

e Potential pre-treatment (briquetting and extrusion)

e Gas yield and gas engine efficiency



The costs are stated in kr. per ton of biomass, so that the costs are comparable to each other.
The model is corrected so that limited capacities of vehicles and storages are taken into ac-
count. For instance, the costs (kr. /ton) for storage will vary depending on the utilisation of the
capacity of the storage facility. The lowest cost level is gained when the capacity is fully uti-
lised. It is not taken into account that other biomass may utilise free capacity which will reduce
the storage costs if the capacity is not utilised.

The costs of using the machines and vehicles are given in an hourly rate based on price levels
from a contractor. In these prices, the manpower, insurance and depreciation of the machinery
are included. The time consumption of each operation is likewise based on experiences gained
from contractors. The model also estimates the expected biogas potential for each biomass,
treated and untreated prior gasification. Biomasses which will require some kind of pre-
treatment is straw, deep litter and meadow grass. The pretreatments are limited to extrusion
and briguetting. It is possible to pre-treat the straw by briquetting or extrusion. Meadow grass
and deep litter can only be extruded to this point. The intension is to try to pre-treat meadow
grass by briquetting.

The biogas potential is based on experiments performed at Foulum Research Centre, Aarhus
University. The biogas yield is converted into an income in form of sold electricity and heat by
conversion in a CHP. Another option is to upgrade the biogas for the purpose of selling the gas
to the gas grid. However, this is not modelled to this point. In appendix 2, an example of a sub
model is shown. In figure 2, the conclusions of total costs or transport costs for the supply
chain for straw (untreated and briquetted) is shown in relation to the driven kilometres. The
model is still being in the process of modification.

Scenario: 60.000 tons of straw Transport costs by transport of 60.000 tons of straw

o 8ig bales.

o Briguet station (n
a =] average 10 km from

@ Big bales
S50 n field

> Briquettes

Transport costs, krfton
<

50 100 150 200 250 300 350 0 50 100 150 200 250 300 250
Transport distance, km Transport distance, km

Figure 2: Total- and transport costs for the supply chain of straw, untreated or briquetted in relation to number of
driven kilometres. It is presumed that 60.000 tons of straw can be collected in a radius of 25 km from origin. Within
this circle, one briquette station is placed. In the calculation behind the curves it is assumed that there is a distance
of 10 km in average from each supplier to the briquette station.

The model will be integrated in the larger dynamic model made by DTU which can calculate dif-
ferent parameters in a given case such as greenhouse gas emissions when using wheat straw
as substrate in a biogas plant

3.2 Storage model

The input of biomass to a biogas plant requires optimization of which biomasses that is availa-
ble and when the biomasses are going to be used in the biogas plant, so the plant can adapt
the production of biogas and avoid different kind of inhibitions such as substrate inhibition and
ammonia inhibition. The biomasses are only available few months every year and the quality of
the biomasses may be impaired since harvest. For that reason, KCA are working on a model



called an annual wheel for the chosen biomasses. The annual wheel will function as stock
management model from where the biogas plant can adjust the input of biomass to the plant
and hence optimize the gas production and the utilisation of each biomass. In a longer run, the
model will be developed so it can correct for a quality change in the biomass during storage as
a function of time. At present, the model is organized in weeks so each week has a sheet. In
each sheet the storage stock is given for the stock left the week before, the input this week, the
output this week and the stock left at the end of the this week. This amount corresponds to the
initiated amount the week after. There are cells where the input and output can be entered
each week. The stock is given in wet weight, dry weight, volatile solids, total nitrogen, phos-
phor, potassium and methane. This is showed in appendix 3.

Hence, the model provides an overview of which biomass and how much biomass in total, that
is fed to and taken out of the storage on weekly and yearly basis and also a graphical presen-
tation of the gas production and biomass compaosition, so that an undesirable substrate com-
position can be observed quickly by a predicted decreasing gas production. The decrease in
gas production can then be traced back to the composition and substances in the biomass.

4 Storage and quality

There are many different ways to store biomass depending on the composition of the biomass.
Some storage methods are ensiling in plan silo, wrapping of bales, storage in building or out-
side and also storage in tank. The choice of storage method depends among others of the dry
matter content of the biomass.

4.1 Ensiling

Biomasses with a low DM content corresponding to 20-45 % is most efficiency stored by ensil-
ing in order to avoid growth of fungus or another impairment of the biomass. Ensiling is normal-
ly done in plan silo where the biomass is compacted to a degree where anaerobic conditions
are achieved. The process of ensiling takes at least 4 weeks. The time span of ensiling de-
pends on the buffer capacity of the biomass. During ensiling pH drops during formation of ace-
tic acid and lactic acid. A high level of lactic acid ensures a good preserving. The relation be-
tween lactic acid and acetic acid should be at least 3:1 and preferably 5:1 (Attermann et al
2003).

Figure 3: To the left: ensiling of corn silage in plan silo. To the right: Ensiling of grass.

Whole crop corn has a dry matter content of 30 %, and thus ensiling is required. During ensil-
ing, pH drops to below 4.3 in order to achieve a good quality of the ensiled corn silage. Corn
has to be stored quickly after harvest in order to avoid any loss and preferable within 2-3 hours.
If aerobic conditions occur a lot of the energy in the biomass is lost as CO,.



Beets have lower dry matter content than corn silage (20 %). For that reason, beets also need
to be ensiled if stored in a longer period. Beets can be stored as whole beets in plan silo or as
pulp in a tank or lagoon.

In some cases, it is also necessary to ensile meadow grass. However, it depends on the dry
mater content of the grass which varies a lot. The critical pH value depends on the dry matter
content. If the dry matter content of the grass is 20 %, pH has to drop to below 4.2 in order to
achieve a good quality of the ensiled biomass whereas pH only has to drop to below 4,8 if the
dry matter content is 45 % (Attermann et al 2003). Figure 3 shows a plan silo with corn silage
and with grass silage.

4.2 Wrapping

It is necessary to wrap biomasses with a dry matter content of 45-85 %. A biomass is not stor-
age stabile before the dry matter content reaches 85 %. It is not suited to ensile biomasses
with a DM content of 45-85 % in plan silo because it is not possible to maintain the degree of
compaction needed to maintain anaerobic conditions and oxygen will sink in between the bio-
mass and initiate degradation to CO,. The microbial processes happening after wrapping is
similar to those when ensiling in plan silo. Anaerobic conditions are made and the biomass
gets preserved after some time.

Figure 4: Grass wrapped in roundbales and stored on the
flat surface

Wrapping will only be relevant in relation to meadow grass as the DM content of meadow grass
can be within this range. Wrapped round bales have to be stored on the flat surface because a
thicker layer of plastic is present there, see figure 4 (Attermann et al 2003).

4.3 Storage in hall or outside

Storage in hall or likewise is especially suited for dry biomasses such as wheat straw in order
to keep the stability of the biomass during storage. Straw has a DM content of 85-95 %. There
are nearly no loss of energy during storage of dry biomasses in a hall. Straw is often pressed
into big bales. However, big bales are not suited to be stored outside in a longer period of time
because the way big bales are pressed allows water to penetrate into the big bale.



Figure 5: To the left: straw in big bales stored under roof. To the right; Grass in round bales stored outside on the
round side.

The DM content of meadow grass varies a lot and depends on the area where it is harvested.
In some meadow areas, the grass has DM content close to 85 %. In such a case, the meadow
grass will be left on the field after harvest to dry until the grass is storage stabile and pressed in
bales afterwards. Meadow grass will be pressed in round bales due to the vulnerability of
meadow areas against heavy traffic (Bertelsen et al 2012). Experiments made with meadow
grass from Ngrreadalen showed an average weight of round bales of 280 kg (Hay, 2010),
whereas big bales have a weight of approximately 550 kg. It will not be necessary to store
round bales inside as straw in big bales because water cannot penetrate into round bales to a
degree seen in big bales if round bales are stored on the round side as seen in figure 5.

4.4 Storage in pre-tank

Liguid biomass such as manure is stored in the pre-tank on the biogas plant. In some cases,
deep litter is mixed with manure in the pre-tank. However, it depends on how systematic the
deep litter arrived to the biogas plant and also how the relation between manure and deep litter
is. If deep litter arrives steady during time and in small amounts, the deep litter are stored
mixed with manure. If the amount of deep litter is higher than what is pumpable, the deep litter
will be stores on a site with drain outlets to the pre-tank with manure. A small number of biogas
plants have a mixing- and shredding tank to deep litter with the purpose to get the deep litter
more liquid so it can be pumped directly to the pre-tank or digestor. Den average retention time
in a pre-tank is 4-7 days.

4.5 Quality change during storage

During storage qualitative and quantitative changes will happen in the biomass. There are
small losses of energy in spite of the preservation of ensiled biomass. There is a loss of app.
7% DM during storage of whole crop corn silage (Farmtal Online 2013a). Laursen (2011) from
KCA has made an experiment on 4 farms where the loss of DM from corn silage during ensiling
was found to vary from 0.7-6.4 % with average 3.1 % loss of DM.

The storage loss is 7 % of DM from grass silage (Farmtal Online 2013b). Laursen (2011) made
similar experiments with storage of grass as for corn silage and he found losses from 0.5-6.7 %
DM on the 4 farms with an average loss of 3.7 % DM in the grass silage.

The loss from wrapped bales will be even higher than from biomass ensiled in plan silo due to
higher surface area in proportion to the volume. For that reason, a larger amount of the bio-
mass will be exposed to oxygen.

The loss during storage of beets is not investigated yet but experiments for this purpose are
planned in 2014. There is a loss of 9 % of DM during storage of fresh beets in clamp (Farmtal
Online 2013c).



During ensiling the biomass is depolymerized leading to formation of lactic acid and small
amounts of CO.. In the anaerobic digestor, lactic acid will be degraded in a fermentation pro-
cess and create CO, and reduced compounds. The biogas potential after storage will decrease
because a part of the biogas evaporates in the form of CO2 during storage. However, the me-
thane potential of the biomass will change insignificant after storage and the biogas will have a
higher methane %. However, the overall production of methane will not be higher due to the
loss of DM.

During storage of deep litter, the biomass will compost and thus loose some of its energy when
oxygen is present. According to Sommer (2001), there is a loss of 48.5 % carbon during stor-
age of untreated deep litter from dairy cattle stored in 132 days. It corresponds to app. 55 %
loss of the volatile solids after storage. However, deep litter used for biogas will only be stored
up to 14 days on the biogas plant before used in the digestor which is why a smaller loss is ex-
pected. In general, the size of the loss depends on where the deep litter originates from (cattle,
calves or pigs). The loss is lower in deep litter from cattle than from calves because the deep
litter from cattle is much more compacted and oxygen will not penetrate into the deep litter.
More straw is used to the calves and the deep litter is more loose which gives more access for
oxygen. In order to minimize the loss from deep litter, the biomass should be moved as little as
possible because every time deep litter is moved the biomass is oxidized (Mgller & Jgrgensen
2003).

Manure is stored in 4-7 days prior used in the digestor. The pre-tank, where the manure is
stored, is not temperate. For that reason the temperature varies from app. 5-20 degrees de-
pending on the season. Mgller et al (2004) have investigated the loss of carbon from manure
during storage and they found an accumulated loss of 1.8-3.8 % carbon after 5 days of storage
at 15 degrees. The loss is calculated based on the degradable volatile solids which are present
in cattle and pig manure. The highest loss was observed from storage of cattle manure and the
lowest from pig manure. The losses are modest after short-term storage which also will be the
case in the model. The content of volatile fatty acids increases within 5 days of storage but the
actual distribution between the different volatile fatty acids is constant within the same period of
time (Mgller et al 2004). Hence, there is a modest substance and energy loss.
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Appendix 1

The figure below presents possible supply chains for straw from field to storage at biogas plant.
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Appendix 2

This appendix shows some print screens of the model from Excel.

A

Wheat straw

Biomass

Yield of wheat straw, tons/ha

Dry matter, %

Yield in dry matter, tons DM/ha
Density of wheat straw, tan/m3
Weight, big bales, ton/bale
Density of briquettes [bulk), ton/m3
Field, ha

[T R T, R S TT R N e

s
Ll =]

12 |Time of harvest:

13
14
15 |Collecting at field
16

17 |Straw turning and collecting
18 Turning/collecting, krikg

19 |Turning/collecting, kr/ha

20 |Capacity, ha/hour

21 | Turning/collecting, kriton
22

23 |Straw balingin field

24 |Baler, big bales, krfkg

25 | Capacity, bales/hour

2& |Baler, big bales, krfton

27

28 | Loadingwith tractor with front loader
29 |Number of bales, bales/ha
30 | Tractor cost, krfhour

31 |Loading and unloading of bales, hours/ha N

32  Loading and unloading of bales, kr/ha
33 | Leading, krfton
34
35 | Totol costs for fieid work, kr/ton
36
37
38
33 Storage
40
41 Barn with fixed floor
42 | Pricefloan, kr
43 |Capacity, m3
44 | Utilisation of barn, %
45 |Storage capacity, m3
4& |Mumber of big bales, stk
47 Service life, years
48 |Interest, %
49 |Fee, krfyear
Elﬁee, kr/ton/year
51
4 4 » ¢ P Wheat straw model

=]

3,5
85%
3,0
0,14
0,55
0,45
17142

Just after harvest of
Erain.
August/September

0,15
24
-149

6,4
625
0,5

-313
-89

1.816.500
5.000
90

4. 500
1.145

30

4%
-105.048
-168

Assumptions, straw

" L

Barn with gravel ground
Price/loan, kr

Capacity, m3
Utilisation of barn, %
Storage capacity, m3
Number of big bales, stk
Service life, years
Interest,

Fee, krfyear

Fee, krfton/year

Straw model in graphs Beet model

Assumpfions - beets

1.391.500
5.000
B0%

4. 500
1.145

30

4%
-80.471
-129

Background model data - beets

5] H

Phonomidata

Bjargning, kr/ton -308
Lager, krfton -93
Forbehandling, krfton -140
Lager til briketter, krfton -60
Traktor med frontlasser, kr/time -625
Lastbil med lad, krftime -525
Lastbil med tipvagn, kr/time -600
Barn "Staklade"

Price/loan, kr Y 1001500
Capacity, m3 5000
Utilisation of barn, % o0
Storage capacity, m3 4. 500
Mumber of big bales, stk 1.145
Service life, years 30
Interest, % 4%
Fee, krfyear -57.917

Fee, krfton/year I -53 .I

Meadow grass model

Assumptions - meadow grass

Barn for briguettes with fixed floor

Pricefloan, kr 1.816.500
Capacity, m3 5000
Utilisation of barn, % B0
Storage capacity, m3 4000
Service life, years 30
Interest, % 4%

Fee, kriyear kr.-105.048
Fee, kr/ton -£0

Backaground data - meadow arass

Deep
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Pelletising in field, mobile
Cost price, kr

Semice life, vear

Interest, &2

“Yearly fee, krlyear

“Yearly fee, kiltan

Cperation costs, fan
Curency, kil

Cperation costs, kiltan
Capacity, tonfhaur
Capacity, tonfyear

Cizts at maw capacity, kiltan
Fotaf casts, kefton

Transport

Transport scenario 1

Transpont of bales from field to biogas plant
Distance to biogas plant (and back], km
Truck vehicle, krlhour

Speed, kmthaur

Capacity, big balesilaad

Mumber of laads, ha-1

Time cansumption, loading, hoursfload ™
Time consumption onraad, hourslload
Time consumption, unlaading, hours!load
Time consumption, tatal, hours!load
Caostz, krllaad

Caostz, krtha

Lasts, krftan

5 069,400
20

5 5%
~474.204
7

-4

75

358

25

4 B0
~443
450

=0
-5£5
45
2d
0.7
0.25
1
0.25
161
-545.3
-2

Briquet plant

Cormall hammer mill, straw convever, straw bale breaker,
Currency

Cormall equipment, kr

Briquet plant, kr

Capacity of briquetter, tonlyear
Mumber af plants, stk

Briquet plants, kr

Cither things (installation ete. ], |
Tatal price for plant, kr

Imterest, ¥

Service lite, vear

‘Yearly fee, kilyear

Fee, kitan

Maintenance casts, krltan
Energy price, krlkiwh
Energuuse, k'whiton
Cperation costs, kilton

& hire building, krlvear
Imsurance, krlyear

Siaff, krlyear

Depreciation,

Depreciation, krlyear

Lasts Erftan

Transpon of bales from field to briquet station
Distance to biogas plant [and back], km
Truck vehicle, krllhour

Speed, kmihour

Capacity, big balesiload

Mumber of laads, ha-1

Time consumption, laading, hourslload
Time consumption on raad, hourslload
Time consumption, unlaading, hours!load
Time consumption, total, hourslload
Caostz, krflaad

Costz, krlha

Lasts, kefton

41.000
T.435
3.064.005
1.250.000
10.000

B
1.500.000
50.000
10.936.755
5.aw

]
-1.450.555
-24

-40

-0.4

60

-2d
-120.000
-50.000
-1.860.000
105
-1033.676
- M

10
525
45
24
0,27
0,25
0,22
0,25
0,72
-374
-1

Extruder

Extruder, miser, cormeyer, kr 2,500,000
Service lite, vear 10
Interest, 2.9
Fee, krivear kr. -T23.673
Fee, kilton -73
Cperation costs, kiwhitan A -123
Capacity, tonlyear 10.000
Maintenance casts, kr'tan A =25
Erergu price, krlkiwh 0.4
Cperation costs, kilton -43
Depreciation, » 02
Depreciation, kritan -55
Costs at max capacity kritan -147
Lasts krftan -7

Transport scenario 2

Loading of briquettes to tipper

Hourly rate for tractor with frantloader, krthour -625
Time consumption for loading, hoursiload 033
Capacity of tipper, m3flaad a0
Capacity of tipper, tonfload 27
Costz, kifload =205
Lasts, keftan -&

Chain crusher

Pricefloan, kr

Semvice life, years

Interest,

Fee, kriuear

Fee. kriltan

Equipment, intensive treatment, kiltan
COperation, krlton 1
Capacity, tonlyear

Ciazts at max capacity, kiltan
Lasts, knftan

b

Transpon of briquettes from briguet station to biogas plant

Distance to biogas plant, km

Truck with tipper, krfhour

Speed, kmthaur

Capacity, m3flaad

Capacity, tonflaad

Mumber of laads, ha-1

Time consumption, loading, hoursfload ™
Time consumption on raad, hourslload
Time consumption, unloading, hoursflaa:
Time consumption, tatal, hourslload
Castz, krlload

Casts, krtha

Lasts, knftan

2 319,314
10

5 55

ke, -307 638
5

11

-3.08
27,300

-5

-2

4a
-600
1]
1]
2T
013
0.3
0.8
0.08
118
-T0g
-3¢
-Z8



A | B | c l D

103

104 Biogas potential and income

105,

106 Untreated straw Briquetted straw Extruded straw
107 Potential, m3 CH4/ton VS 197 * 221 Y 229
108 VS5 af DM N 95% 80% 87%
103 |CH4, m3/ha 556 526 593
110/CH4, m3/ton 159 150 169
111 Energy in CH4, kWh/m3 10 10 10
112 Energy, kWh/ton 1589 1503 1693
113

114 Gasmotor:

115 Electricity, % 40% 40% 40%
116 Heat, % 50% 50% 50%
117 Electricity, KWh/ton 636 601 677
118 Heat, kWh/ton 795 751 847
113 Price of electricity, kr/kWh 0,79 0,79 0,79
120/ Price of heat, kr/kWh 0,25 0,25 0,25
121|Income from electricity, kr/ton 502 475 535
122 Income from heat, kr./ton 199 188 212
123

124 Income in total, kr/ton 701 663 747
125|

126|

127

128 Total costs

129: Untreated straw Briquetted straw Extruded straw
130 Costs, Kr/ton:

131 Scenario 1, barn with fixed floor -541

132 Scenario 1, barn with gravel floor -501

133 Scenario 1, Staklade -465

134 Scenario 2, barn with fixed floor -431

135 Scenario 3, barn with fixed floor -743
136 Scenario 3, Barn with gravel floor -703
137 Scenario 3, Staklade -667
138 Scenario 4, barn with fixed floor -541

139 Scenario 4, barn with gravel floor -501

140 Scenario 4, staklade -465

141

182

143 Profit

144/ Untreated straw Briquetted straw Extruded straw
145 profit, kr/ton:

146 Scenario 1, barn with fixed floor 160

147 Scenario 1, barn with gravel floor 200

148 Scenario 1, Staklade 236

143 Scenario 2, barn with fixed floor 232

150 Scenario 3, barn with fixed floor 4
151 Scenario 3, Barn with gravel floor 43
152 Scenario 3, Staklade 79
153 Scenario 4, barn with fixed floor 122

:_154' Scenario 4, barn with gravel floor 161

155/ Scenario 4, staklade 198

156



Appendix 3

The structure of the storage model is shown below for two weeks — week number 2 and week number 3. The end-stock from week 2 is equivalent to the initial stock in week number 3. The pattern continues until week 52.
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Weck Z
Stmck, start Dutput Stuck, th
Typeof biomarr Amount Donrity | Dey matker Valatile rolidr Hitroge Fhorpharur Sar poential, CHY Amount Denrity |Ory makor Yalatile ralide Hitroge Fharpharur Gar potential CHd Amount Denrity |Drymateer Vol atile rolidr Hitroge| Fharphorur Garpotential, GHd Amaount Donrity ol atile rolidr Hitrogen —— horur | Garpatential, cH |
kanr m3 konrims |3 konr o konr kaftonr [kanr kafeorr |tonr mifkon VS m3 konr m3 bonrdm: [ konr 7 konr kaftonr [kanr legftonr | konr mifkonm3 konr m3 konrdmd | kans K konr kafeors | tonr kaftors [tonr mEfkan U m3 konr m3 Eonrim i konr kqftons | tonr L 3/t nfhar.r Imkﬂnn VS| m3
Skd. pigrlurry, mized, 354 0M | | 4,00 HEx 245 EFd 19,8 351 2% 35 e 0,0 47T 200 LY 1,00 HEx 1,5 FRd 252 35 3,18 o9 77 30 #2318 2| 20| 1,00 35 7,00 28 560 35 i nE5 ) R S T 1.401) 1.401) 00| Lkl 8 3923 35 4,52 n#5 H
Std. pigrlurry, mized, 4,02 TS 1314 1301 1l die 5 k| Exd dz i 4,00 52 0,90 1,18 30,0 12ETE 1818 1200 101 d0 Tel e 542 4.0 127 0.9 1,64 300 19193 08 505 Son 100  doce] E0E0)  zEsl 1616 4,00 2,02 0,90 045 3000 5333 22T 10 105F  Haw) Sd0 dn0f 1059 0,90 £7.741]
Skd. pigrlurry, mized, 4,54 0M 2.245 Z.2i1] 1,02 4,5x 0,0 4 2,5 420 9,43 q00 2,25 0,0 ZT2E] 2550 250 1,02 450 143 N 937 42| 0 10 2,55 30) 3092513 e 00 1,02 45 1377 Hixw|  112E 4,20 1,29 1,00 o a0l T 4454 401 1,02 20| 3w 18497 d20] %85 1,00 54,441
Skd. pigrlurey, mized, 50 0M 2296 £.151 1,03 G0x 419 %} LR 335,% 400 3610 1,05 &3] 0,0 LTS | 2355  £E00) 1,03 G0 dd g q0x| 3543 4,3 09 1] 9,20 30 MEYZ5E 4k 450| 1,03 EX A 40%  1%5d 4,20 1,99 1,05) (UG L) I ) A\ 18 15201 1,03 40 d,0%) ETLED d,20]  TEEn 1,05) ZE1.EZE
Sed. piqrlurry, mized, 554 OM EA 00| 1,04 55+ M7 b 127 3 410 Az 0 A1) Rk 00 45213 4056 a0 1,04 G5x| 2R : 1745 4] 8%z 1] 4] 20| Baak iz Lxid 400 1,04 £1,4% d1,13] 4,10 ERE| 1,10 103 00 454 redl] i) 1,04) 4 dd) ETdEd 410f 2554 1,10 EET) 200 LE 20|
Skd. pigrlurey, mized & 0 0M [Akx] LA | 1,05] LA 0,0 B 04,0 425 269 0,80 570 FE00 00 T.2d6 ko0 1,05 CECN ELIR 4,3 079 [ £, 52| 30 MATEDE 914 10 1,08) 54,31 4% 25 4,25 XL 0,80 mEEl  EE00) 14400 ZEEd] 1206 1,05) TED) d8%] K0T ET d25] 5E 8 a0l 140 Fa00]  E0mgas)
Slurry  [Sed. Cakblorlurey, mined, 70l SEEZ 5.147} 1,401 T 296 3 L4 217 S0l ey 0,30 4,53 250,01 Tazed| £330 GEng) 1,101 448 & 3573 ] I L 0.3 5,10 Z50 £9320 714 £5d| 1,10 5,36, dn 24 2,30 3] 030 055  #5o0) 10.07Z Hazz| 10243 1,101 T4z G x| E3d05 230 373K 030 4,08 Z50,0) 153
Sed. Cartlerlurry, mined 20 5114 4.451] 1,15 HEr 4137} L 63T L] 30 4,09 Z50,0 ET13E S.5zg  d.Eng 1,15 452 & F X ] I [k 4,dz] Z51 Ted5i LUK 350 1,15 350 21,13 50 141 nE wEe| eEg0) 5.2 10z3e)  Fa0) 1,15 ) FE4 53| S3Td0 350 RN nE #19] 500 13434
Std. Caktlerlurry, mixed, 92 D 9,061 T.551] L I X P #15 5§ Ti|  E5zd 00| 33563 (K1 1,25 Falin] 127005 9240 7700 120 Exan? L1 00 3419 0,3 1,39 2] 1397043 150 150 1,20 L] 12,9 2,70 06T 0E0 01d) 200 2.7E 18421 15901 iz0f  90x 1eF  Texa0d 73 270 6705 0F0] 14,50 2ol 273993
HMinkrlurry E3ET) 5. 76| 1,10 TEx 4753 Gl g0z 1500 9506 ool dzET ZE00 e 46 3 EEQE 00 1,10 4950 F96 0 A5,0) 9] AL I R ) I k4| 24| 1,10 19,30 153 1500 XL 2,00 WEx  eda0)  d.435 1zet3 1521 110 15 450 b0z Teo3alF 1500 190 1 gl 2535 o0 2z o
Dooplittor, cakkls 104 12| L I NP 0,2 FLE 24,2 F50 LK 30 0 200 EET5 Sno|  GEEE (L) I 5 1 P I FUY #5 4,25 % 2,400 20 ZTE) 20 22 L R £ | 240 4,30 £50 47 nE0 L ] . B 1 54 £ 48| L I ATl 24 0e] 3944 50 4,84 nE0 e 200 20|
Dopp littor, pig Z51 279 [ A k2% 20 SoE 110 Z,TH 1T LK Z50,0 1z LI UL A e BT 0 320 17 5 Z50 15120 S0 Sk nanl eme] A0 zoEel 1012 1100 11,55 1,70) 09 enm0)  25E S01 S8 nan| 25 0x) 125 2ol w0140 1100 551 1,70) 0,25 Z50,0) Z5.351)
Foulery manure Edi Tz 080 ZEa0w 205 1} 35 FEEN LN 1x31) 120 A5 80,0 k2zzd| moal T 090 320w FRdal 3d4Tel  2d3) | 14,54 7.2 5,04 20 E20E] L1 ET a0l o] daE0] 34T oEd] 20TV 1,25 120 03 z2a0) Gid 1egd)  AdEd nan|  3E 0w dinf” 24 vl ddd 22 2077 ZeEn 120 9,2 300 12455z
Chicken manure 501 B2 g déEn ZEE 0 EEx] ) Ea 7T A0 do TEN R ZE0 Eal 4500 1.157,5 i) deZie] dEaal ZRde| 2R e0E 19T T2 LRz 30 G905 450] 563 nE0l diFe] B0RFE| ERdi] f0ME0l 20TV 2,25 120 Hedl  eEag0) E8zEd) 1001 1251 nEn|  di 3 de3f Erdi) ERdZEl EOTT| Z0,7Y 120 il &0 BETEY
Docplitter [Horre manure # i 090 280 Z2,7) 21 17,0 50 L] 1,75 0, 14] v ZE9E) LI 11,1 090 280 cdll B0 e, &5 0,85 ik LNk Al 5701 i) rd 080 230 S0l 210 d.20 250 0,17} 1,75 004 1700 T 161 174 o0 2&0x d5F 10w 333 50 1,37) 1,75 0,24 v 5.7d%)
V4
kT 4.791 d.221) O] g6 A1z 3 Tra|  FT0d2 Sogl 234k 70 3,25 ZE0,0 LI | G000 0| 25,744 2 O] e 0] 3000l TR TN ] AL 7] 2,50 ZE0) A00Ez0g 2100] 1.500,0] ogtd) gk fEnen) VT 4m] 16X G4 500 1,05 L 05|  zend] 4z.zen 4. 531[ 64,4357 O] R0 22d0f 77 4ifT.415 64 L I Th | L L &0 1#?*0
Evctr P 4.0} L I 50,2 15 515 4 5,0 14,01 q00 230 FE0,0 1553 ool dEE5T Wi E00i] km0dl  18de| SEE N S0 1500 10 00 60 19ETEQ P A ool Ewb] dogin)  fEde] 330 500 1,00 1,00 wEn]  Eea0) 13.2dd %01 E00dd L A AAEQF A% di] 030, 55 AL = 1,00 S8 600 1o}
Tocofbeetr | 1001 [ IR EXPA 1ze 2| 15| 102 2 5,0 51 1,00 0,70 dE0,0 CEERLY 10000 1424 a0 120 1300 dEx] 1453 50 5,00 10 1,00 4z E123E 000 dede 0ol dEow] Sdon] fdex|] 434 5,00 1,50 1,00 a30]  dzan) 1337 " Z.001,d LN . R 252 Adex] Z0d 27 5,00 o 1,00 1,40 420, £5.742
Meadow grarsr (havl 261 E36d O1d] 350 F16 4| #rf TT6 0 5,0 dy&1) 80| 5% ZE0,0 EOTEE] 1.500 0] 107143 o) 350 12TEN S0 2L 50 7,50 [ 1,30 60 Fd9EE Sdodf E5T ogid) &5 dS% 0w Fide| d36 05 500 AL nEd wEe]  zea0) 13373 1421 1,d) Oyid) &5 0] 1833 #0 g 1.55121 5,00 481 nEd 1,15 0] dodd)
Clgugrararr 81 2.E07) 0150 {90 74,3 AT EE 4 5,00 1,96 060 0,23 SE0,0 2139k 1.000,0] &6EET 0150 f9,0:]  fa00f AT 4s[ 4740 50 5,00 0.8 0.0 20l SdTEd e0] 4066 7] 0450 f90:] 415900 47| d0d,24 5,00 2,05 L] 037 B0 37l T#| 520 050 19,0: gl 47,1 13355 5,00 2591 L] yﬂﬂ 0 dE. 736
Cornrilage L 4101 L IR P 12 iz o) i bl I L X | Tyl 264 q00 3Ry 40,0 ELELEL] 45000 5o won) 330w MERal  Hdel A4 L I AT 10 4,50 o) d4T9EED kel ) LT nanl o] 2ev 0| dm] 25394 700 GET) 1,00 | 00| 63 7381 szotd] wpan] o] edml mdelecimad L I 1,00 it Fdogd] e T4
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Tutal £3.199 93912 10725 9292 0 il ZE1%.042] T1.17] 15675 12.49E] 0. 744 41z] #2| 3050829 2160|1633 | A5 1.405 44| hil| 12, 957] 126 THE] 195.208 0 6d £1.559 18672 T2 14z] 5.255.913|
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Brnual cyele of binmarser
< W ek >
Stmck, rrart Dutput Semck, the snd
Ty of binmars Amaunt Donrity |Dry matker TR — Fharpharur Gar patontial, CHA Amaunt Donrity |Dry matter Valskileralidr |Hitrage Fharpharar Gar patential, CHA Amount [Dcgfity [Dry makter Valakileralidr [Hitrage Fharpharur Gar patential, tHY Amaunt Donrity |Dry matker Valatileralidr |Hitrage [Fharpharar Gar pakential, CH
tons m3 tw tonr kaftonr |konr nr |kons mEton VS m2 tons m3 torodm3 @ tons “ tans kqftons [tonr kaftonr [konr maftan Y m3 tonr m3 | m3 [ tonr “ tanr kaftons |konr kaftonr [konr m3fton ¥ m3 tonr m3 tonrdm3 [ tonr “ tanr kaftonr |konr wﬁtnm konr m3tton V5[ m2
Std. pigrlurry, mized 356 0M 1.401 1.401) 3 49,0/ A 9,2 51 4,92| 0, 1,19 30,0 12445 500 Ao 1,00 5] 15 8] 52| 5 ALY 0,9 0,77 330 B31E) 200 i 1,00 7,00 8 5, E0] 551 0,70 05| 0,17) F30,0) 1343 2.101) Z.101) 1,00} 3,55 i 8 5283 3,51 7,27 LR:E] 1,79 230,01 19.0
Sed. pigrlurry, mized 4,04 TS EEET) % 1,01 108 1 e #4)1) A, 1051 oan] Sl 00 27741 1813 1500 1,01 4,0 T2 e 52| 4,0 TET) 9] 184 E0) 19193 0 Gng| | 10 20 2 EE I L 4,00 20| 040 045  E20,0) B33 2.4 .40 1,01 A0 153 Hew|  12e 0y 4o 157 i /55| 30,0 418
Skd. pigrlurry, mixed, 4,5 0M 4.4%9 .40 1,02] 02,0 4 165,10 420 1335 1,00 4,49 10| EEEE] 2550 2500 1,02 452 M43 EN e 43,7 42| 107 10 2,55 30| E092EAZ 3\1* 00 1,02 1377} N . 4,20 1,29 1,00 nEl 00 2TH| L NEx] LA 1,02 4,5x 303 Hin|  2d7dd) 20| 282y 1,00 LN 30,0 #1E
Sed. pigrlurry, mized, 5,0 0M 1. 1301 1,03 £39,5 Ll ET18 430  TEEd 1,05  ATE I3 EERZE £355 #6000 1,03 ddz 4 dy0x] 3543 4.3 %04 id 2,30 30| 163256 d 451 1,03 £3, 14 dyix] 1554 4,50 1,89 1,05) o9 FE00)  &41H Z5.135] 2d.451 1,03 50 1.254] dyi] 1007, 3% d30] gz 1,05) 26 dd| 300 33E.
Std. pigrlurry, mized, 5,5 0M medl E.001 1,04 2z 3 a4z 2T 6 4,10f 2559 1,101 2T 30,0 H0EZ 0] 3058 3.900 1,04 2231 d,d 178 S a1  1eE3 11 d,dE| 330 SEEez Az w 936' Q00| 1,04 51,4 4,4} 1,13 4,10 3,24 1,10 1,03 F30,0) 13541 9381 9.001 1,04 5,5 515 A a1t d,10) 3838 1,000 10,0 230,01 135.%
Skd. pigrlurry, mined, b0 2 OM | #2664 12061 1,05 5% il E0T4 4,26 GBI 80 14,40 00 Lk T.2d5[  &.400 1,05) d4z47 digx] 3T 4,3 vl 9] 5| IE0) 47RO 414 70 1,05) £4,4| dign] 4z e 4,25 HEH 040 gl FR00) 44.470) 18996 12091 1,05 gl 114 diEn] 9Ty 426 #073 naal A7 A0 200 300
Slurry  [Std, Cattlorlurry, mixed, 73 .22 10293 1,10 92,6 Gl E3d,0 | 80 9,0 250,10 154 G230 500 1,10 A48 & ELT 3| 2105 0,3 AL 25| T4 &5 1,10 S, 2% A 3,30 2,37 LR 0,58 2R00) i0.07E 16933 15434 1,10 T0x 1184 GExr| 951,04 a0 GEnd L - 2E00  2F7)
Std. Cakklorlurry mixed % 380 10236 3.901 1,15} 8394 5| 5374 3,60) =5 %3 0,20 314] 250,01 13434 5520 4500 1,15 452 E| G 289 E 550 19,37 0,3 Tzd50 a0z =50) 1,15 330 5,2 21,13 3,50] 141) LKL 0,22 Z50,0) 5.283 15. 354 13351 115§ B2 1.259) G2 H0607) 60| 5374 LUR:LT] N 250,01 01!
Sed. Cableslurry, mised @40 1421 5.4 1,20 16204 T 130d 7 el 705 g0l 44,50 di | 27299 azdal  7.700 1,0 328 TExw| EEGH i AELTLER] 120 50| 1,0 1% 20| ot . AL 370 ET] 00 LAE| 2100 272 T4 2265 1,20 i) 2.dde TEx| 145705 00 g5 n3al 217 oio@l 410
Minkrlarry 12,673 1521 1,10 950,5 Gl Teodl 500 190,40 2,00 2535 280,10 1290 EEQD[ K000 1,10 4951 L L 15,0 Hogen 264| 24 1,10 19, 20| b0 A58d] 15,00 XL 2,0 0,53 2300|4435 19.004) 17,241 1,10 TEx 1426 by 440,558 A5 00| 235 14) PR 2E00 9.2
y 4
J
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Diouplitter, cattle 531 oae] 00 a3 ede] fe0a sl dadl  osl  ode]  eses]  szon ) 150, fzo0]  ws] a2sl o[ odel el zrem sl sl waal seoe] enool el veee[ ssol sl wwl  o2d esool sk T3 seal  wool coonl  endl cam werddl wsel eed” ezl sl zoal 4
Depp likkor, pig 501 557 1, 30| 125,32 20| 1014 11,00 5,51 1,70 0,25 250,01 25351 L 3333 0,49n) 75,0 0,7 10 20 1,7 0,51] 250 15140 50 S| L1 2 1250 Enzy 10,12| 11,00 0,55 1,70 0,09 Z50,0) 2530 751 334 a0l 250 1ggf zogzx| 152,00 11,00 8,26 1,70} 1,28 250,01 3.0
Foultry manurs 123 1423 8| ang,4 FEx| A4d ¥l 07T 2K EQ) TEN 2] ZE0,0 12455z ol T LRl Zzd i FLER engl 14,54 T2 50| ZE) E30E] L3 ET) LRl i e A I | I 1,25 7,20 o4z zR00) 5334 1921 FRED| L) AP LS e A L Ay L KT Toenl i3 E3 200 e
Chicken manure 1001 1.251) & 463,5 2 eedEl 2077 @07 TEN 7,21 280,10 L E ag0@ 11875 LR 49,4 efz engl 197y 72| LRL| 2| Ga5Ed 450] Eix] mghl  diZe| 20E3E| 2Rdul d003al 2077 9,35 7,20 Hedl  es00) 2d.2zd) 1.501 1376 [ R:L LA R95F 22dw] FReEf 2077 3T Teal ) 230,0 ad.|
Decplitter (Horre manure 161] 74 (L 45 1) s kXK 3,50 157) 1,75 EH 1700 57d# 008 1,1 UL 30 210 &5 &5 13 LAE: iTn 570 bt il gl EE 0] Seal  20x] 4,20 3,50 LA 1,75) 2,04 70,0 k| 24| £63] [L) A ETI E10i LR 50 Z,05] 1,75 ,dz] 1708 £
\
\
\
gy \ .53 £33 AL F2xa7 il T4IE T Eonl 479 2,70 L e 19E30d) S.onguf 36,744 3 [AE] 42000 FET00 50| 2500 i 50 ZE0) gEz oy 210,0] A5 0 LAE] demenl 77 d4x| 16264 5,00 1,05 0 0] ze0.0 d42.260 4.2T[ 10z.6500 O] 60 12.354F 77 4] 11423 15 G| TEE L - 60| 3920
Evctr GE0 .00 7| ez i I L EL Sl 2&00 1,00 GE| 60,0 T 0@ 42857 0, &N, G520 G0 1500 10 00 60)  19ETEN congl 2857 0 dn il dEde] 368 5,00 1,00 1,00 w20l 00| 13.2dé A0 20014 i 200w 16308 1%,dx| 1.545,7% AL 1,00 &40 LT -
Tocofboekr 1401 .0 LA L) I E A 2522 152] £id 3 5,0 0] 1,00 1,40 dE0, 0 2 10000 1dedEf LA N 0 N ) O Pt N 5,0 500 10 d00 qEn| E123E o0l ded e 07 Sdoal  idgx] dx7d) 5,00 1,50 1,00 030l dEdn) 15T A1) Ea0dd L) I E AT ITE AdErx]  E0E I Sonl 05 1,00 10 deol 128k
Meadow ararr (havl \1‘]21 12721 0,14 25,00 16329 &1x| 1551, Z| 5, on) 4,81 0,60} 1,15 ZE0,0 3214 1.5000] 10714 3 (1% |3 = 1 O o 5,0 7,50 0,6 0,90} 20| 314925 Sd0,0) 3557 1) 004 &Gl g5a00f ogw| 43605 5,00] 2,70 LR 0,22 ZEO0) 13373 .83 Z0.5TEE 014 25,00 2439 308x| 2376 d) 5,00] 1,41 nED| 1,73 ZEON)  E0dE
Clower arans \5.20? o15) 19,00 42,4 7] 123 8] &, 4 e 2,47 a0, 4272 10000 EEek T (0% 1 N I 1] % I 50 50| 08| e | G4vzn E10,0] .08 7 005) A9 MBS0 17| 10424 & 00 2,05 e 027 ER00) 3374 14T TE0E T o45) 19,00 22zl AT dx|  Eeg2d) 5, 53] & 2,70 20,0 LERY
Corngilag T34 .20 [ L) Ik A £d357 e I ) Tl 5167 1,00 T3 (i T35 74| 45000 50000 gl FEow] 1dES0)  Fdi]  1di0 70 50 10 4,50 3d40) dT4E55 bl 1T nag|  FRowx] ZET M) EHde] E5E9d| 7,00 SET] 1,00 | Fd0,0] 36 F3H .07 1201 oggn) 330w 3EEEF Fldie] Ed4T0,TH T TT50 100 1107 00l 11500
Flant
biomarr
Tutal 126.756) 19%.205 21.559 18.672 Tzd 14z 5.255.913] T1.717 115675 12.49z2) 10.7 24| a1z 3z Z.050.529) £.440) 16 597 1.74z] 1.472] 51 11 Az a1z 190033 297138 ,Ed| 32,309 Z7.98d 104 213 T.ETED




