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Production of mineral phosphate fertilizer from a secondary source with a filamentous bacterium

/Motivation

* phosphate is essential for all living being!!]
* Europe has no primary phosphate sources!?! - local secondary sources demanded
* aim: production of 15000 ta-! phosphate from secondary sources in Germany

Pig slurry as secondary source
éz% availability in North Rhine-Westphalia through high density of pig farmsl’]
|ﬂ[|l]u provides a quantity of 30600000 ta! with a potential of 85680 ta! phosphatel*]

.,
& eutrophication due to over-fertilization with raw slurry can be counteracted!>!

e
t 1 ecologically beneficial through closed loop recycling management

Press screw separator
« throughput: raw slurry 500000 ta!
* separates in 90 % liquid and 10%
solid fractionl®]
solvation of 87 % phosphate
into liquid phasel”]
thick slurry processed in

storage tank for
bioreactor

m

sterilized and

Phosphate separation by Beggiatoa leptomitoformis

phosphate uptake from sterilized thin slurry by
B. leptomitoformis

T=28°C,t=72hY =75 Gogphate K& bacteria

N
’

separation of phosphate-depleted thin slurry from
bacteria with phosphate globules

filling up the tank medium and heat to 48 °C, hold for 4 h;
polyphosphate globules are released back into the medium
as phosphate

Microscopic image of the strain
B. leptomitoformis sp. nov.
D-402T: Scale bar size: 10 !

separation of phosphate-enriched medium from bacteria
without globules

o phosphate-enriched medium refills container in step II for
\() phosphate accumulation until 6wt.-%o

Beggiatoa leptomitoformis:

*  species name Jeptomitoformis means in

Greek "shaped like a narrow filament

(deutsch: “Faden’)", from which the
concept name PhosFad is derived!?]

B. leptomitoformis
from Seed Train

+ mixotrophic freshwater sulfur

biogas plant
£33 b solid-depleted
slurry

Sterile filtration
* retention of contamina- slurry filtration 1
ting microorganisms 500 000 t a-! s

* 82 % remaining phos- 'y
phate of raw pig \ (

slurry for ] thick slurry
fermentation(®!]
« pore size 0.2 pm screw press separator
thin slurry

bacterium(?!
B. leptomitoformis phosphate B. leptomitoformis * incorporation of
without globules uptake/ with globules polyphosphate globules!!!]

release
* re-release of the globules in
case of heatl!!]
o Itivation takes pl
filtration 3 | 7| filtration 2 culva lon. axes p ace,
separately in Seed Train

Product quality phosphate-
enriched medium

=T

1 790 ta! per plant of liquid
& fertilizer

phosphate
6 wt.-% by recirculation fertilizer tank

the product stream

éy product price 9 €1

i achieving a mass fraction of

119000 ta'

diluted phosphate
fertilizer

CO, — Balance in total

Logistics
* slurry transport by truck
* 586 t CO,-EQ per year

@ Biogas plant
L_'] * 161t CO,-EQ per year

co—0=

Break-Even analysis

* plant amortises after 5 years

* target quantity is reached by 20 plants
* cost for 20 plants!'3!

Revenue / Cost [ mio. €]

phosphate-depleted

* Investment costs: 2640 mio. € : :
* Variable costs : 600 mio. €a™! Time [Year]

thin slurry Gantt-Chart for
r 1 .
storage tank phosphate separation
for biogas
plant « three process lines operate

combined heat

parallel with 24 h offset in
and power plant A
slurry every plant (20 plants in total)
mixture
32.25GWh a'! ) )
* three bioreactors per process line
fermenter lectrici
electric .
feity  cach bioreactor has a volume of
digestate 500 m?
storage tank for
digestate « 22 charges per year and plant
414 589 -l » one charge every 15 days with overall product
of 5400 m? phosphate fertilizer
digestate fertilizer
Time [Days]
0 1 2 3 4 5 6 7 8 9 10

Process line 1

step 1

fill up with filtr. 2
thin slurry

fill up
idle time + /, with medium

Process line 2

cip ~  +heating
<

filtr. 3 + phosphate
pumping time  pejoase

Process line 3

Biogas plant

_ N\ processes waste stream 0 wet fermentation (solid fraction is
Ko
R r:(fa/t& éﬁ L or423000 ta under 10%)U12]
Source Revenue [€a!] ¥ 15000 ta?l pure phosphate C H 12.9 mio m* biogas with fermentation sludge used as digestate
Phosphate fertilizer 1307 mio. v 119000 m? phosphate fertilizer 4 60% methane fertilizer
Digestate fertilizer 98 mio. -1
e ¢ v yield of 56.5% generates 32.25 GWha —
Electricity 77 mio. -> supply of whole plant ‘Qty PhosFad-plant operates CO,-neutral
z 1482 mio. v local resource in Germany - excess fed into power grid
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