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Nitrogen cycle

Source: imagenesmi.com

Earth sciences

BIOSLURRY USE AND COMPQOSTING

- @% AUPP &\ ALPP
Nitrogen Cycle

*Step 1- Nitrogen Fixation- Special bacteria convert

Nitrogen Cycle

* Step 3- Ammonification- After living organisms
nitrogen gas (N,) to ammonia (NH,) which the have used nitrogen, decomposers convert the
plants can use. nitrogen-rich waste compounds into simpler ones .
*Assimilation * Step 4- Denitrification- Final step in which other

*Step 2- Nitrification- Nitrification is the process bacteria convert the simple nitrogen compounds
which converts ammonia into material which the back into nitrogen gas (N,), to be released into the
plants can use as nutrients. atmosphere
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Anaerobic digestion

= Collection of processes by which microorg:

break down biodegradable material in the absence
of oxygen

An a e ro b I C d Ige St I O n = Natural process, spontaneous

= Field conditions — absence of oxygen
WITH INPUTS FROM
MARISKA RONTELTAP (IHE), ALSEADI ET AL (BIOGAS HANDBOOK),

= Intestines
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Good management = key

= Selection of substrates
* Biogas potential
* Digestibility

= Link to digester type

= Management indicators
= Organic Loading Rate (OLR)
= Hydraulic Retention Time (HRT)
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Learning more

WHAT IS ANAEROBIC DIGESTION?
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Four steps

= Combination of processes

‘complex organic matter
amohydrate? o fato.

@ hydrolysis
(2) fermentation

= Simultaneous

soluble organic molecules
Joars. aming acids. fatty acids.
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= Reacting to each other
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Conditions

= Temperature

* Mesophylic (35 °C)

* Thermophylic (55 °C)
[ pH
= Mixing / movement

= Stoppers
= Acidification, foaming
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Performance
= Organic Loading Rate Br=m*c/Vy
* Amount of BOD or chemical . i
oxygen demand (COD) applied organic load [kg/d*nr’]

mass of substrate fed per time unit [kg/d]
concentration of organic matter [%]
digester volume [m’]

per day per cubic metre of
digester
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Performance

= Hydraulic Retention Time
(HRT)

= Average time interval when HRT=Vy/V
th bstrate is kept insid;
the digester TS HRT  hydraulic reeation time [days]
Vi digester volume [m’]
v volume of substrate fed per time unit [m*/d]
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Feedstocks

WHAT IS ANAEROBIC DIGESTION?
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Common feedstocks

Animal manures — cattle, pigs, chickens

Field residues — stover, stalks, leaves

Processing waste — rice bran, coffee pulp / mucilage
Household waste — vegetables, food, cutting rests
Slaughtering waste — hides, intestines, blood

Toilet waste
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Feedstock composition

= Total Solids
= Residues remaining when water is evaporated
and dried under heat
= Volatile Solids
= Those solids in liquids that are lost on ignition
of the dry solids at 550°C.

= BMP - Bio-methane potential
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Contaminants
*Biological contaminants
* Pathogens and weed seeds

*Physical contaminants
* Inert materials or larger digestible pieces

*Chemical contaminants
* Heavy metals and persistent organic pollutants

Source: Drosg et al. (2015)
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Sanitation
Bacteria AD system Untreated slurry system
35°C 18-21°C 6-15°C
©ays) |23 E (A (weeks) (weeks)
Salmonella typhimurium 2.4 0.7 2.0 5.9
Salmonella dublin 2.1 0.6 - -
Escherichia coli 1.8 0.4 2.0 8.8
Staphylococcus aureus 0.9 0.5 0.9 7.1
Coliform bacteria 3.1 - 2.1 9.3
Group D streptococci 7.1 - 5.7 21.4
Streptococcus faecalis 2.0 1.0 - -
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Yield

WHAT IS ANAEROBIC DIGESTION?
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Theoretical yield

= Proteins
* Energy content

= Polymers (sugars, cellulosis)
= Energy content

= Lignin
= Other materials
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Yield data

= Manures

Organic dry.

= Crop residues e

= Household waste |, o

[ 450 55

= Processing waste | “"*

(™ e %
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C/N ratio

= Nitrogen content of the material

LSDyo=26.18

= Sources of nitrogen
= Proteins - leaves
= Leguminosae — groundnut, soybean

= Optimum value

= Variable over time
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Hydraulic Retention Time

= |deal value depends on material

= Too long

HRT=Vp/V
= Full decomposition . o
= Low gas production HRT hydraulic retention time [days]
Vr digester volume [m”]

= Too short v
= Uncomplete decomposition
= Low gas production

= Other

volume of substrate fed per time unit [m*/d]
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Bioslurry composition varies strongly

 Species and age of the animal from which dung was drawn
» Quality of water used in mixing the dung

* Type of digester

» Type of Feed and Feeding rate of the animals

» Use of urine/not along the dung

 Storage, treatment and application to the field

* Environmental factors

Bioslurry compostion

Product Unit Value
Total Solids % of Fresh Matter 2-46
Volatile Solids % of Total Solids 39-75
pH 7=9
N Total % of Dry Matter 3-14
idem % of Fresh Matter 0.12-15
Nitrogen NH, % of total N 35-81
Total phosphorus % of Dry Matter 0.2-0.35
idem % of Fresh Matter 0.04-0.26
Total potassium % of Dry Matter 0.19-4.3
idem % of Fresh Matter 0.12-1.15

Source: adapted from Nkoa (2013; cattle manure)
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Bioslurry compostion: coffee pulp

Digestate from coffee pulp Unit Value
pH 6.8
N Total mg/| 70
Nitrogen NH, mg/| 17
Potassium (K,0) mg/| 314
Phosphorous (P,0s) mg/| 20
Magnesium (Mg) mg/| 7
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Nutrient availability

= Nitrogen
= Organic nitrogen, nitrate, ammonium
= 80% availability

= Phospate
= 50% availability

= Potassium
= 50% availability

= Other
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Feedstocks and digestate quality

oy T 2:::::1:‘32 Dedicated crops
Mancre handling + HH+ e+t
NHé+/total N ratio + 4t e+t
oH ++ ++ ++

0 44 e+
Nitrogen use efficiency 0+ +44+
Phorphorus availability 0 0 0
Heavy metal availability 0- 0- 0-
Cropgrowth 0 ++ tH+
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Advantages of Anaerobic Digestion

v Provides cheap and safe fuel

v Reduces need for chemical fertilizers
v Sanitation of animal manure

v Improves the structure of your soil

v Soil and plant health will benefit

w5 @% AUPP
What to remember

*Potential yield depends on material composition
(energy, fibers)

*Performance depends on management (feeding
frequency, retention time, C/N)

* Anaerobic digestion kills pathogens, but not all
contaminants

*Digestate is a powerful organic fertilizer but
requires safe handling
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HE WHO
ASKS A QUESTION
f 00L

ES

Questions?

HE WHO

DOES NOT ASK
FOOL

FOREVER.
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Thank you

For further information, contact me at:

hans@biomassresearch.eu

+31652058537




