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The Importance of
Phosphorus

“We may be able to substitute
nuclear power for coal power,
and plastics for wood, and
yeast for meat, and
friendliness for isolation, but
for phosphorus there is
neither substitute nor
replacement.”

Isaac Asimov




THE PHOSPHORUS CYCLE
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http://www.kirksville.k12.mo.us/khs/teacher_web/alternative/ecology.html

The phosphorus cycle in
terrestrial and aquatic
environments. Recycling of
phosphorus is slow because no
important form of phosphorus
exists in gaseous form.
Phosphorus that becomes part
of the marine sediments may
take millions of years to solidify
into rock, uplift as mountains
then erode away to become
available to living things.



THE NATURAL PHOSPHORUS CYCLE

from Filipelli, 2002...
Quantities in Tg (10*? g) and Fluxes in Tg per year







The Local Phosphorus Cycle ST

Input to Soil
Loss from Soil
Animal

Manures
and Biosolids Crop Harvest Atmospheric

Deposition

Plant

Mineral
FEHGIES

Fertilizers

Runoff and
Plant Uptake erosion

Primary Minerals
(Apatite)

Weathering Mineral

Surfaces
Organic Immobilization soil Solution (Clays, Fe and
Phosphorus

SR ) Al oxides,
osphorus Desorption carbonates)

Adsorption

e Microbial . - :
N Mineralization : :5%;1
¢ Humus :
Dissolution Organic
Phosphorus
Precipitation (CaP, FeP,
MnP, AIP)

Leaching
(usually minor)




@ 2007. Her Majesty the Queen in Right of Canada, Natural Resources Canada. / Sa Majesté |la Reine du chef du Canada, Ressources naturelles Canada.



MODERN HUMAN IMPACTS...




GLOBAL PHOSPHORUS CYCLE
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Wastewater and Sludge are Significant Contributors to the Global Phosphorus Cycle



Why Recover Phosphorus — The Big Picture
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Phosphorus (MT/a of P)

Why Recover Phosphorus — The Big Picture
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e Increasing dependence on phosphate

rock mining as primary source

e Alternative source can reduce this

dependence

SOURCE: CORDELLETAL, 2009

e Resource availability and price security

e VVolatile market
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A safe operating space for humanity
FOREWORD BY PRESIDENT BILL CLINTON

Climate
change

PROSPERING WITHIN PLANETARY BOUNDARIES

JOHAN ROCKSTROM.ZMATTIASKLUM
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Phosphorus Recovery

e Production of soil amendment product

e Meet stringent effluent phosphorus targets
(reduce P in recycle)

e Operational benefits (e.g., reduce/eliminate
struvite formation)

e Mitigate limitations on beneficial biosolids
use (reduce agronomic P loading)

e Improved environmental stewardship
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BEYOND REMOVAL - P-RECOVERY
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P-RECOVERY FROM INCINERATOR ASH

FLUIDIZED BED
FEED REACTOR
INJECTION
(ALTERNATE) REACTOR
‘ FREEBOARD

Deposit in
dedicated
site for

NJECTION
IALTERNATE)

future

FEED
recovery wiECTIoN FLuoze
|ALTERNATE) BED
AlR
2 DISTRBUTION
PLATE

ASH OR
PRODUCT
DISCHARGE ;

- AR

f9) — PREHEATER

WINDBOX g

e FLUIDIZING
AR BLOWER

WASTE HEAT
BOILER
{OPTIONAL |




WASTEWATER TREATMENT PHOSPHORUS FOOTPRINT
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Potential Impact of P Removal and
P Recovery
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What About Carbon
Footprint?

14

=
P

Normalized Impact (Pt - Global Basis)

=
Pt

[

0.01to 0.025

=i=Eutrophication-P  =@=Global warming

0.025 to 0.05

0.05to 0.1
Effluent P

0.1to 0.15

0.15t0 0.3

Black &
Veatch




The Transformed IRRF in a Circular Economy
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INTEGRATED RESOURCE MANAGEMENT
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INTEGRATED RESOURCE RECOVERY
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CONCLUSION - THE BIG 3 FOR WASTEWATER TREATMENT

e\Water Footprint
(Depending on Locality)

ePhosphorus Footprint
eCarbon Footprint
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In order of Influence for Wastewater
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