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Comparison of Forage Types (o

== _,O\- ;
Jvbjmo =

W Fresh forage ( @ Dry hay (\ﬁ) Standard silage

Dry Matter
00 Loss (%) 5-15% 20 -40% 8-15%
Metabolizable
@) Energy 11.0-12.5 8.0 -10.0 10.0-11.5
(MJ/kg DM)
Comparison of Key Metrics
@ Dry Matter Loss (%) B Metabolizable Energy (MJ/kg DM)

NS Weather & Climate 50
Rain risk, temperature, 1.5 -~ 12

000  humidity
E Ry

Supply Chain

Harvest window, transport,
storage

Dry Matter Loss (%)

Facility, additives,
compaction

/\EI Storage & Management

w Fresh forage @ Dry hay a Standard silage

@ Proper harvest timing, appropriate conservation method, and good management are key to maximizing forage quality and animal performance.

Es

Metabolizable Energy (MJ/kg DM)
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Epiphytic Bacterial Community of Fresh Corn Forage (Case Study)

Others

6.97%

Uncultured/Unclassified «=——__

8.14%

Enterobacteriaceae

51.16%

Acetobacteraceae

9.30%

Staphylococcaceae

10.46%

. A s S F



Enterobacteriaceae

-o‘

MAIZE FORAGE MICROBIOME

B *DURING ENSILING - L

: ; Fresh forage

Mixed epiphytic
microbiota

Diverse
microbiota
Aerobic conditions
and plant surface
exposure

Ensiling
Sealed environment
Exclusion of oxygen

Anaerobic fermentation

LAB dominance

LAB fermentation
Production of organic
acids and other
beneficial metabolites

\Z

Stable silage
Preserved nutrients
Improved quality
and aerobic stability
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Dynamics of Biological Fermentation Phases in Silage

Aerobic Phase Fermentation Phase Stable Phase Feed-Out Phase
(Days 0-2) (Days 2-10) (Days 10-45) (Days 45-60)
¢ Oxygen declining e Lactic acid bacteria rise e Low pH o Silo opened
e Plant respiration e Rapid pH drop e Anaerobic stability e Oxygen rising
e High aerobic bacteria e Minimal activity e Yeasts increasing

e Spoilage risk

Days after ensiling

mmmm Aerobic Bacteria wmmm Lactic Acid Bacteria wwwm Yeasts wmmsm Oxygen wssm pH
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in Lactating Dairy Cows

Fermentation Acids and Dry Matter Intake (DMI)

Jl! I 120

Relative DMI

(% of Balanced
Lactic Acid)

Silage Acid Profile Influences Intake and Palatability

FAVORABLE
* High Lactic Acid
* Low Acetic & Ethanol

100%

S

Balanced Lactic Acid

MODERATE PENALTY
* Elevated Acetic Acid
* Moderate Impact

65%

High Acetic Acid

STRONG NEGATIVE EFFECT
* High Ethanol
« Marked Reduction in Intake

35%

High Ethanol

-

PALATABILITY

t @

High Palatability
(More Intake)

10

Low Palatability
(Less Intake)

N

Balanced lactic acid fermentation promotes palatability and maximizes DMI.
Elevated acetic acid reduces intake moderately, while high ethanol has a strong negative effect.

J

Source: Adapted from dairy ngtf{{ion research



ADVERSE EFFECTS OF BIOGENIC AMINES IN SILAGE

Major compounds, precursors, target sites, and harmful effects in cattle

BIOGENIC AMINE AMINO ACID PRECURSOR TARGET SITES MAJOR ADVERSE EFFECTS ‘ PRACTICAL SIGNIFICANCE

HISTAMINE

TYRAMINE

PUTRESCINE

CADAVERINE

TRYPTAMINE

PHENYLETHYLAMINE

Histidine

Tyrosine

Ornithine
and Arginine

Lysine

Tryptophan

Phenylalanine

Brain, blood
vessels,
gastrointtestinal
mucosa

Nervous and
cardiovascular
systems

Feed sensory
pathways,
gastrointestinal
tract

Feed sensory
pathways,
gastrointestinal
tract

Brain, nervous
system;
gastrointestinal
tract

Brain,
cardiovascular
system

Reduced feed intake; vasodilation;

hypotension; inflammation;
gastrointestinal irritation

Vasoconstriction; altered blood
pressure; increased heart rate;
neurological disturbance

Foul odor, reduced palatability;
feed aversion; gastrointestinal
irritation

Putrid odor: reduced palatability:

feed aversion; gastrointestinal
disturbance

Altered appetite; neurological
disturbance; impaired
gastrointestinal motility

Sympathomimetic effects;

altered behavior, increased heart rate;

cardiovascular stress.

May impair animal health
and performance.

May disrupt cardiovascular
regulation and behavior.

Associated with poor
fermentation and reduced
dry matter intake.

Indicates extensive amino
acid decarboxylation and
poor hygienic quality.

May contribute to reduced
intake and abnormal
behavior.

May intensify neurological
and cardiovascular
disturbances.

0

Poor fermentation —> Amino acid decarboxylation —> Biogenic amine accumulation —> Reduced intake and impaired animal ainf performance

KEY MESSAGE Biogenic amines indicate undesirable protein degradation during silage fermentation. Their effects depend on

concentration, combined exposure; ruminal degradation; abscrption; and detoxification capacity.




Root nodule
Site of symbiosis
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Buffering Capacity of Silages

Symbiosis with
Rhizobium

4

Photosynthates
from alfalfa

Rhizobium fixes
atmospheric N,

2
N

Nitrogen for
plant growth

Buffering
Capacity
(mEg/kg DM)

Relative Level

Impact on
Silage pH

Take-Home
Message

(mEq/kg DM)

‘ ) Alfalfa (Lucerne)

Silage

220-300

\}“'
\

Very High

©

Much Higher

Higher pH
(Slower Acidification)

High buffering capacity -
monitor and manage

Corn Silage

30-60

Low / Ideal

Lower (Ideal Range)

4

Lower pH
(Faster Acidification)

Low buffering capacity -
ideal for stable silage
27
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Co-ensiling

®e @05

Yy !
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Intercropping

\

My
3

Corn silage
(stalks & leaves)

Resource i . , NS : Ji e Lo N (e 77 oy hicee o > | Crop residues
sharing A et AN R 22 B ol 9o o 7. 3 (e.g., husks, stover)
by legumes | ©) AL A e oA BN S |
_ =y 4 \ i ¢ Y74 N 5 DRI

Nitrogen fixation |



Tassel

Lower

Leaf Nitrate Concentration

Lower concentration
in upper plant tissues

Silk

Husk

Ear

Greatest accumulation
in the lower stalk

Stalk

Higher
Nitrate Concentration

Distribution is relative; actual nitrate concentration depends on fertilization,
drought, plant maturity, and harvest conditions.

33



‘Corn Stalk Nitrate test
|

Sampling
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Flgure 1. For a nitrate test, remove a segment of cornstalk from six to 14 inches above Figure 2. Your sample should be an eight-inch segment of the cornstalk, with sheaths
the ground. (Photo by Jeremy Milander) removed. (Photo by Jeremy Milander)




CORN SILAGE HARVEST MATURITY & MILK LINE PROGRESSION

Use milk line to identify the optimal harvest window for maximum yield and quality

KERNEL CROWN
o Soft Dough
' 5% Yellow (Starch)
95% White (Milk)
— 0%
e Early Dent e
") 25% Yellow (Starch) [— 50%
75% White (Milk) [~ 7%
— 100%
f 0%
e €© 50%MilkLine |
from Crown ) 50% Yellow (Starch) [~ 50%
T base 50% White (Milk) [ 7%
L — — 100% |
f - - i 0% 1
O 25% Milk Line [ 2
) 75% Yellow (Starch) [~ 50%
25% White (Milk) [~ 7°%
L — 100% |
50% Milk Line
e No Milk Line within a kernel
. 100% Yellow (Starch)
v 0% White (Milk)
KERNEL BASE
( 2

Milk-line percentage indicates advancement from the Kernel Crown toward the Kernel Base.

50% Milk Line: 50% yellow starch above, 50% milky endosperm below.

Confirm harvest timing by measuring Whole-Plant Dry Matter.

Common bunker-silo target: approximately 30-35% Whole-Plant Dry Matter.

o0
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Effluent (Seepage) Loss (Liters / Ton of Forage)

160

Impact of Corn Silage Dry Matter (DM %) at Harvest
on Effluent Production and Fermentation/Compaction Quality

e Effluent Loss (L/t)

’ - —— ~ == = Fermentation & Pack Quality

- 100

| Early Harvest: - ~
140 » Severe Effluent Loss , : ~ ~
* Nutrient Leaching, ~ L g0
* High Clostridig) fisk \\
120 4 N
N
AN - 80
\\
100 4 / N
V4 N\ - 70
7 : \\
801 OPTIMUM \
30% - 35% DM \\ - 60
60 - Late Harvest: N\
* Poor Compaction \
* Air Pockets (Oxygen) N - 50
* Yeast & Mold Risk \
40 -
- 40
20 4
30
0+
T T T T T T T 20
20 25 30 35 40 45 50

Corn Silage Dry Matter at Harvest (DM %)

39
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Where Does the 3.2 L of Air per kg DM Come From?

A step-by-step interpretation of porosity in corn silage at 40% Dry

STARTING ASSUMPTIONS Fresh silage density Dry Matter Solid DM volume
~ kS
1,000L=1m?3 450 kg/m? 40% 160 L
Assumed true DM density: 1.125 kg/L
STEP WHAT IS CALCULATED? CALCULATION WHAT DOES IT MEAN:
Dry Matter mass 450 kg x 0.40 = 180 kg The 1-m? silo contains 180 kg of actual
Dry Matter.
Water mass and volume 450 — 180 = 270 kg The water naturally present in the forage
270 kg water =~ 270 L occupies about 270 L.
Air-filled pore space DM solid volume: 180 = 1,125 =160 L Apout 570 L of the silo volume is not
1,000 — (160 + 270) =570 L occupied by solids or water; it is pore

space initially filled with air.

Air per kg of DM 570 L+ 180 kg DM Each kilogram of Dry Matter is associated
= 3.17 = 3.2 L/kg DM with about 3.2 L of air-filled pore space.

SEMINAR TAKE-HOME MESSAGE IMPORTANT CLARIFICATION:

A value of 3.2 L/kg DM indicates substantial air-filled pore space. More retained The 570 L represents pore air—not
pure oxygen. At normal air compo-

air can delay anaerobic fermentation and increase heating, yeast and mold activity,
and Dry Matter loss. sition, oxygen is only about 21% of that

*The 160-L solid volume is an assuimed estimate. The result describes this example and changes with packing density, moisture, chop length, and particle structure. 2010 DM



Dry Matter Losses During Ensiling

Effect of Management Level and Practical Loss-Reduction Measures

'; - \T#“!j,“lr‘r»]\,.
Loss Source Excellent \ ﬁ‘" "}" o5 Poor Key Management Measure
Management ! l,; ne ,@w # Management

5-10% Rapld filling, immediate
o packing and sealing

Respiration <1% < 2%

Harvest at proper DM;
promote rapid lactic fermentation

Fermentation < 3% 3-5% 10-15%

Effluent 0% <1% > 5% Avoid ensiling overly wet
forage; control harvest DM
High packing density,
oxygen-barrier film and
airtight sealing

Storage 3-5% 5-6% 10-30%

Integrate harvest, packing,
sealing and feed-out
management

TotalbMLoss  8-10% 11-15% 20-40%

it & & &> (O

@ Better management can reduce total Dry Matter loss from as much as 40% to about 8-10%. ]

o Ranges are management-oriented estimates; total loss is not necessarily the arithmetic sum of row maxima.

@ Adapted from a silage-management table presented as Kung (2010); ranges should be interpreted as extension estimates.
41



—— Silage vs Grain: Different Breeding Goals, Different Plant Traits ——

BREEDING FOR SILAGE

Grain Hybrid Silage Hybrid

Better animal performance

@e®

O - ¥ 4 wm N g0 W B A ¥

HARD, VITREOUS KERNELS Leafy canopy for high SOFTER, FLOURY KERNELS
SHiff stalks Dense, duradle, and dry fast DI FFERENT biomass production More digestible starch
for standability = ) v
( 2 BREEDING -
\ A GOALS J
High eer _ \_ - N
placement > S A
\ = = Flexible stalks for
OPPOSITE higher whole-plant LONG HARVEST WINDOW
Protective husk QUICK DRY-DOWN PI.ANT digestibility More flexibility in harvest timing
and hard kemnels Fast moisture loss for safe harvest == s
7\(,_)/ TRAITS EH . -
Pt § High Total-Plant
: ? } g ¢ WHOLE-PLANT HARVEST ” nll:henihillq s
Excellent > 5« Chop entire plant
drought tolerance ' e Floury Starch
and S'!Ialyﬂffen ¥ é@ g o Lower ear O for Ruminal
to fill grain ¢ placement Digestibility
GRAIN HARVEST 5P Digestible Fiber
Low moisture for storage * x g;[lx:'::;urcn
& . Stay-green for a ENSILING PROCESS
High Test Weight long hal i
g harvest window F ion preserves i Long Harvest
2] Window
A * e il K
.
GRAIN AND SILAGE ‘ ) (@) Eermemation:
Low Moisture Ty - el
C\ at Harvest BREEDING GOALS i
COMPACT & TRANSPORTABLE S
_— EfcHck & ifore i b ARE LARGELY TMR FEEDING & MILKPRODUCTION g Supports

OPPOSITE

& Machanical Drying -

Durable Fast Stiff High Ear Compact, High Total-Plant Floury Digestible Long Harvest Fermentation- More Milk
Kernels Dry-Down Stalks Placement Transpor:‘ablo t i Digestibility Starch Fiber Window Friendly Production
Starc i

Y DIFFERENT GOALS. DIFFERENT TRAITS. BETTER PERFORMANCE WHERE IT MATTERS. &

&l » Gasc Grain glaHybrid 4S5 ,sb4; :Silage 5 Grain gl sasbz ol )3 sl Hybrid (o Seilodds duylio
JS adgs gl Silage sla Hybrid aS Jl> )5 caiload dings 05550 Cudils g @y o S (Cdew sladils audgs
Aloads 2ol 3ael)lS yueds g Pawlio Cudly 6y Saudn i b ¢ diwlis Lmaakan
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Silage containing crushed and crushed corn

kernels makes it easier for microbes to access

the starch, for its rapid decomposition and

the production of large amounts of lactic
acid for a rapid reduction in pH.

impossible for microbes to access the starch, its
slow decomposition and the production of Small |
amounts of lactic acid are produced (much slower
pH reduction and greater opportunity for growth |
L ‘ of alkali-loving clostridium).

) (D AAE (A2>50 ¢ Lw CJ).S Lthbd.ll.b Lgl)l.) 331.3’.‘»
Wil d g 9,5 Oyd gladils glhls HMw y -

. ’ 393 5 Of sl a3 @inlis 4 g S
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oL palde adgi g ol a3 (¢l ) s e I 1
g0 PH gy GialS gl sl SiS (Cawgd 52L3)




CORN SILAGE PROCESSING MATTERS

Better Processing = Better Fermentation =% Better Nutrition for Dairy Cows

DESIRED: WELL PROCESSED SILAGE i UNDESIRED: POORLY PROCESSED SILAGE |
Chopped stalks, broken kernels, uniform particle size Whole kernels and cob pieces, long stalks

More microbial access ¢ Active fermentation ¢ Higher feed value Limited microbial access » Slower fermentation ¢ Lower feed value

ACTIVE FERMENTATION
3

Uniform length for Microbes easily access Lactic acid bacteria thrive, Long particles and Intact kernels and cob Less lactic acid bacteria,
better packing starch and fiber for lower pH quickly, whole kemels reduce limit microbial entry higher pH, greater risk of
and rumen function efficient fermentation preserve nutrients packing density to starch nutrient losses
\k J - J L _J ) LL NG S _— )

WELL PROCESSED SILAGE % POORLY PROCESSED SILAGE
MORE MILK, BETTER HEALTH, HIGHER PROFIT LESS MILK, LOWER HEALTH, LOWER PROFIT
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Silage Additives

Bo >

[1) Mlcroblal ] [ 2) Ch\c;nical J [3) Enzymatlc ]

Inoculants Additives Addltlves

‘
5 e d 06 @

enzymes

Homofermentativej Heterofermentative Organic acids Acid salts Fibrolytic Sugar release
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Corn Silage Density Targets

Silage System Type

Recommended DM

As-fed equivalent

Management Notes

Density (kg DM/m3) at 35% DM (kg/m3)
Horizontal, Bunker, Pack in thin layers, maximize
& Pile 224 - 240 640 - 686 tractor weight, quick sealing
Trench / Pit 224 - 240 640 - 686 Ensure sloped walls for safety,

compact tightly along edges

. _ 3 Monitor venting, maintain

Bag Silo 200 - 250 57114 | (| Hcieientohs e
Baled Silo Min 180 Min 514 AP el Sl St

UV-stabilized plastic, avoid punctures




OXYGEN EXCLUSION IN BUNKER SILAGE: STRUCTURE & CONSEQUENCES

(¥) CORRECT OXYGEN CONTROL

AIRTIGHT SEAL « LOW OXYGEN + STABLE & PRESERVED

OXYGEN ENTRY « HEATING ¢ SPOILAGE + NUTRIENT LOSS

W ES) + ) =5 - INADEQUATE WEIGHT
GRAWGS ; =2 Va DISTRIBUTION
: S " . }
, RS
DURABLE OUTER l ; ':..l. « D 48 e & SINGLE LOOSE
POLYETHYLENE COVER ' : \ = ‘?4» % PLASTIC SHEET
ULTRA-LOW OXYGEN - I L A N N TEARS, PUNCTURES
BARRIER FILM = # - AN = Ly & POOR SEAMS
P AN v %J . i,
TIGHT CONTACTTO —=¢ ok, M T " \ & UNSEALED EDGES
SILAGE SURFACE 2 ; : AR S by PO S & SIDEWALLS
_‘T'- 3 e “ X ’\4 J 5\
: DENSELY COMPACTED OXYGEN CHANNELS CREATE A7 0 Frd
SIDEWALL FILM < ; %, = ILAGE FACE
o ~INTHIN UNIFORM LAYERS AEROBIC DETERIORATION Dty R
e~ e . e ;
AIRTIGHT SEAL +~ € Minimal oxygen (< 2%) High oxygen (> 10%) b, WA
ATWALLS & Cool and stable (10-20°C) 20°C Heating (20-40°C+) SN .
& Low dry matter loss (< 5%) High dry matter loss (20-40%+) SO ’A g
& 4 High nutrient preservation Nutrient & energy loss SR, |\ Ny
-— i -"- Q:‘ X \
A— poris SRS S L D e G G s ’ N N I
RAINWATER DRAINS J N Se e ::;fi
AWAY FROM BUNKER = =
- = s q ‘ ’ - -/ ® \ B
/ g 7\ 1.0XYGENINGRESS Q \ 2.YEASTRESPIRATION /& " '\ 3. HEAT GENERATION  \ 4.MOLD GROWTH 5. SPOILAGE & DM LOSS
=2 o ;‘ﬂ Through tears, seams, » | Yeast consumes oxygen ! . Temperature rises, o '~ ] Molds colonize, Nutrient loss, foul odors,
’ sidewalls & face / and feed sugars Y, accelerating spoilage \{3 3 - ) further degrading silage reduced feed value
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Plastic Cover

Vertical Air

Silo Face Channels

Longitudinal
Air Channels

Air Pockets

O, Infiltration
Mold Growth

Yeast Growth

Well-Compacted Zone

Poorly Compacted Zone
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Plastic Cover O, Infiltration

Air Channels

Silo Face

Mold Growth

Yeast Growth

Air Pockets

Well-Compacted
Zone

Poorly Compacted
Zone
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OPTIMAL COMPCATION POOR MANAGEMENT IMPRER EXTRTACAPAON
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(Bunker Silo)

—— —

ws

(6ldousS (gokuus | By gty sy ik
(Bag Silo) (Baled Silage)




| A

o7 = Concrete

Bunker Silo
(Bunker Silo)

1 Trench Silo

Bag Silo

4 Baled Silage

DECISION PRINCIPLE: Minimize cost per tonne of preserved dry matter—-not merely construction cost.

SILO STRUCTURE SELECTION GUIDE

Based on Climate, Rainfall, Temperature Variation, Production Capacity, and Farmecohomics

CLIMATE

RAINFALL

Dry to moderate
climates

Dry site; stable soail

Adaptable; protect
the plastic

Good for separate
forage lots

Requires cover and
drainage

LIMITED

Avoid high water
table

SUITABLE

Use a well-drained

Puncture increases
spoilage risk

TEMPERATURE
VARIATION

Il

| CONDITIONAL

Large feed-out face
may heat

Seal and manage
the face

el

N

FIASALA

1 B 1 ]
AALEARBAA )

~

Small exposed face

SUITABLE

Stable when wrap is
intact

LARGE SCALE » _J BUNKER SILO * [l SNELPPNG SITE » »‘];)_] | CONCRETE

TRENCH SILO

PRODUCTION
CAPACITY

Very high; large
farms

SUITABLE

medium-large
farms

SUITABLE

Flexible modular
capacity

LIMITED

Low—medium;
small farms

a BAG SILO

FARM ECONOMICS

High capital;
low unit cost

SUITABLE

Excavation and
drainage costs

CONDITIONAL

Low capital;
recurring plasti¢ cost

High cost per stored
tonne

BALED SILAGE

DECISION PRINCIPLE: Minimize cost per tonne of preserved dry matter-not merely construction cost.
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SILAGE EFFLUENT DRAINAGE & GAS SAFETY

HIGH-MOISTURE FORAGE _

= 9

e g #
OXicGas g B . Ffmms
NO ENTRY Y EST AIR

> SEALED COLLECTIO TANK s

.v\g_ (T e T
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a
MULTIPLE DEPTH MONITORING
Probes installed at different depths
to track fermentation and stability
throughout the silage face. =

.

THERMAL CAMERA
Conlinuously scans the
silage face surface
temperatout pattern,

9)

FIRE DETECTION SENSORS

‘ & Early warning system for
temperature anomalies
and fire risk.

., WEATHER STATION
Eg‘ Montors environmental
== Conditions that impact

-

silage fermentation.

=

AUTOMATION &
MONITORING CENTER

@~ Temperature
@~ Moisture
@ pH

G- 02

©- NH3

@- Lactic Acid

®- VFA

Javd




Multi th/Multi Sensor Probe

Multi-sensor probes installed at different

Weather Station sactions behind the silo face. These probes
have different lengths, allowing them to
Monitors real-time penelrate to different depths and continuously
weather conditions ’ monitor localized conditions in different parts
including temperature, ol : nathe silo at multiple depths.
humidity, wind speed T
f and rainfall.

|

Temperature |

Thermal Camera

High-resolution thermal |

camera scans the silage face |
| 2417 Eary hot spat detaction |

helps prevent spailage

and reduce losses,

Environmental sensors
detect abnormal heat
patterns. Visual and
audble alarms alert
staff immediately.
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S0%m |- 2

Temperature = s,

. = _ Stainless
Moisture -.**.._..,_‘\‘ i b7 et e— Steel Body

 oH L e : “
! ) - e . Vi : ¢ j ¢ : U 0,
Oxygep ~-————~—~\. ' : NH;

Lactic Acid

Ammonia (NH-) ;

VFA

Lactic Acid =i © 8
Volatile Fatty Acids -:——-—0 -:‘( Real-Time Data.

ey Solar Powered Multi Depth Better Insight
Smarter Decisions.

Long Lasting Multi Sensor ‘ al Stronger Silage
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SILAGE EFFLUENT TREATMENT AND REUSE

From Polluted Runoff to Valuable Resource

MAIN POLLUTANTS REMOVED AT EACH STAGE - ~
N s \ Ie T, W | \
RAW SILAGE SCREENING EQUALIZATION pH ADJUSTMENT | | ANAEROBIC DIGESTION | AEROBIC TREATMENT CONSTRUCTED BIOCHAR FILTER || DISINFECTION | | TREATED EFFLUENT | | REUSE OF TREATED EFFLUENT
LEACHATE WETLAND ‘ '
. BOD «TSS/TS + pH Fluctuation « Low pH « BOD +BOD +TSS/TS - Remaiing COD « Pathogens * Low BOD & COD
- coD @ + Large Solids + Load i . C y - COD - cop TN STSS/TS + Viruses +LowTSS /TS IRRIGATION WATER
«TSS/TS @ « Fibers & + Sedimentable « Volatile Acids + Organic Acids + NHa-N + NH4-N - TP/ PO4-P - Bacteria + Low TN & TP
: L:,_N oy « Plastics "; Solids « Odor + Lactate + Organic Matter < TP/POLP + Micropollutants - Odor + Low Pathogens
| «TP/POLP & + Sand/ Grit ¢ + Acetate + Odor + Organic Matter + Odor 8 + Neutral pH
|+ Organic Acids « Odor ,? @ « Odor 5 fe) o ) + Low Odor
+ Lactate = & ¢ Sic ° D o, R + Reusable Water | »
 Acetate ﬁ 203 “*x g/{_\% 2 Tk L5 O \ o > ‘g\‘e R 5
. Potasgium ) 2 \I’..’?"_ & 5 O 8 4 - e (("/
+ Pathogens. ./ © &= (®) \% ﬁ "5 7 ( /@\ FERTILIZER RECOVERY
. Odor . )\ s - \ 3 Le ) ey \4,/
« Low pH 5 l P —
NUTRSENT
ANAEROBIC AEROBIC SOLUTION
_ SILAGE BUNKER EFFLUENT EQUALIZATION pH DIGESTION TREATMENT CONSTRUCTED BIOCHAR  DISINFECTION

WETLAND FILTER TREATED

@ EFFLUENT
(? 0 STORAGE | |
SUBSURFACE DRIP
? : \ f i IRRIGATION
e R "

COLLECTION PIT SCREENING TANK ADJUSTMENT T o

; i
SILAGE BUNKER
RUNOFF
(DARK BROWN,
ACIDIC, HIGH : : ]
ORGANIC LOAD) ' | BUND CONTAINMENT (PRIMARY CONTAINMENT) [~ === ===~ === === —g ==
¥

OVERFLOW [EEEN A  LEAK S sa s o O GAs RS R = SLUDGE
PREVENTION [F58 e .. VENTING T REMOVAL

COMPOST MOISTENING

7 ONLINE MONITORING & CONTROL

TEMPERATURR pH EC FLOW LEVEL BOD SENSOR COD SENSOR
@ Monitors process Ensures proper pH Monitors electrical Measures flow rate @ Monitors tank levels ! biochemical @ M hemical
temperature for for treatment conductivity for process control to prevent overflow oxygen demand oxygen demand
optimal performance efficiency {salinity) and balancing and ensure balance in real time in real time LEGEND 1
— - R . T - . " =%  Raw Effluent / Sludge
' ENVIRONMENTAL PROTECTION RESOURCE RECOVERY SAFE & SUSTAINABLE OPERATION ) —>  Liquid Flow
" —— Biogas [ Gas
Reduces pollution load to Protects 4@y  Controls odor . |
Recovers water i biogas Bund i Real-ti itori Shidge | i fi
3 surfaca groundwater oy Sollheatthand ® *-> and greenhouse O Y 3 “ - | Containment / Safety
A for beneficial use for agriculture (energy) prevents spills ensures refiabllity for safe di
and groundwater ecosystems gas emissions bometl ‘ [ O Instrument / Sensor
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atile Loss

MS = MApparentDM i MWater 4 MVOI

ilage

M Vol = MSilage & (MApparemDM +M Watel')

Oven Drying Dean-Stark Calculation atile Loss

MS ’ MApparent DM » M i

Water

ilage

My epy = M, w T My,

pparent D atile Loss




Corrected Dry Matter in Silage:
Oven Drying and Dean—Stark Distillation

Correction for volatile compounds lost during oven drying

N ovcn Drying Dean-Stark Distillation
-

Initial silage mass = M, [ 105°C | - e

Cooling water out

Water + ,T‘L_,
volatile “ )
compounds | & : Toluen phase —upper layer
lost { S
= _4/ ,._2 R Collected water —lower layer

Volatile compounds remain
mainly in the organic phase

Read collected water volume, V,

Silage = Apparent DM 4+, Water + Volatile Loss

‘ DM = Dry Matter | My =M;—M,—M,

True DM = Apparent DM+ Volatile Loss v

1 /A Over drying underestimates
DM when fermentation faure lost.

Water mass: M, = p, x W

At ordinary laboratory temperat,
pu= 100 g/mL)1, I, n = hg

Volatile compounds remain mainly

Use representative, well-mixed subsamples . R in the organic phase
KB Volatile Loss B3 Corrected (True) Dry Matter Mass EX Corrected Dry Matter Percentage
Mi=M,— (M, +M,) Miueom=Ma+M,=M;—M,, True DM (%) = [Ms—M,,]/ M x 100
DM = Dry Matter Mrue DM=My+ M, =M —M.—M, M, = oven volatile loss

True DM = Apparent DM + Volatile Loss

M = initial silage mass M, = apparent DM mass after oven drying M, = water mass measured by Dean-Stark M, = oven volatile loss
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Dean-Stark Moisture Determination in Silage

)
B -—:i/’j[ﬂ Fﬁf_‘.’ — Cooling Water Out
//V : ; E t Water-Cooled
Water-Toluene ( | =4 Condenser
Vapour {1 i
M ( :t L
=2k ' \ ;ﬁ - «—— Cooling Water In
is— "
“' ol \ kv;v,f Condensate
bl \i Tl
[ | ‘ Q.18
Distillation Flask ] "! ‘ N S Graduated Receiver /
) | \ AP Dean-Stark Trap
R L
, ‘ Toluene _—Igo
Silage Sample 4 Returns to Eas . Toluene
+ Toluene Flask I (Upper Layer)
=30

Heating Mantle

Separated Water
(Lower Layer)

Read Water Volume
Directly (mL)

Mass of collected water

e

o Heat silage

with toluene

e Water and

toluene
co-distil

e Vapours

condense and
separate

o Water collects;
toluene
recycles

Moisture (%) =

| e |

Mass of silage sample

Assuming water density ~ 1.0 g/mL,
water mass (g) = collected volume (mL).

e ||
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Dean-Stark Moisture
Determination in Silage

Condenser

A T N —

\..

Cooling Water entering

Gradu;::g)Tube —JD

Toluene ——! -

Water
(H,0)

Core Sample
(Silage Sample)

Solvent
(Toluene)

Electric Heater
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T (5.5 031031 1 39 (Karl Fischer) yiwd J U sig

ol id S5 by H,0 + 1, + SO, + Base + Alcohol —
lodine b paitus jsbas Stable Products

:Sulfur Dioxide ;a.a> ;>
Alcohol G 4 Base <G

lodine )L\Eo RELS S lg
Ji2a | 02805 e

I, + SO, + H,0 — 2HI + SO,

S0, + Alcohol — Alkyl Sulfite

2 o0 &

H,0 I, s0, S0,

.Ca.w'&,o.is__vi O

Ogseolyagd ot Opsliss Joboe b LS yme g 2,53 i ALl gty Beb) Sulel andeo
b Jls (oga 25 slagai 5

(Volumetric) ax> gy ;5 :(Coulometric) (s a9lsS (A, 5o
: > 3

oo 1y OF jlais Ygona olius

[ Water (mg) =V x F ] Yoo en ety S g8 )35 M L PG e 2
F = (mg H,0 / mL) 20 ;558

= S T |
[ Q=laxt; |

V x F) x 100 } W = digas 039 (¥95) SoasUl L = Q

() 0Ly =1
(aal) ploy =1t

BT OEEETE
| g Matrix Effects 59 )5l
e b el gla sty

l Water (%) = (

(%) T &0y3 b mg '-;“-’)-’ o Jlaie =;-1‘e3 ;-‘?3:5
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¥

Rl Jgame 5)S5kS 12 55 (9550 Ui S50 g
SILOPLUS sk 539381

Lactobacillus buchneri
Lactobacillus plantarum
Bacillus licheniformis
Pediococcus pentosaceus

Lactobacillus casei

Lactococcus lactis

Microbial total count (CFU/kg): 1 x 10*

500,000 CFU/g silage

®
®
S
0.,

SiLoPLus

L& Jgaxe 55508 1B )3 (a3l G $380 Slse
SILOPLUS w9k (339381

Alpha-amylase
Endo-1,4-beta-glucanase
Endo-1,4-beta-xylanase
Endo-1,3(4)-beta-glucanase

Glucose oxidase

S pus)lg Sue j 0
9:5L0,90 -0

S e 8519 ySu0

S puniB)lg S0 72
wol> e

350,350 g >

S 0O
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® (|nitial microbial

My (Growth)

population)

il

i )8 sy 516
(Logarithmic growth phase)

#5056
(Lag phase)
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(Inoculant microbial population)
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Chopper with a silage additive
tank and dosing system

sl (0981 SLL pl>
& a0 199 a9

114



Silage additive tanks and dosing system
D i 399 il s 9 gl (999 331 SOSIL
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