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Phosphorus and Nitrogen in Synthetic Fertilizer
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Historical Sources of Phosphorus Fertilizer 

Liebig discovers 

role of Phosphorus 

in crop yields 

Green Revolution Fueled By Phosphorus Rock 

Human excreta, a rich source of 

phosphorus, have been used by 

Chinese for 5000 years 
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The Remaining Countries with Phosphorus Rock
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Worlld population with and without synthetic niitrogen fertilizers .. Estlimates of the global populatLon reliant on synthetic nitrogenous fertilizers, produced via the Haber-Bosch 
process for food production_ Best estimates pmject that just over half of the global population co1.1 d be sustained 
without reactive nitrogen fertilizer derived trom the Haber-Bosch process. 
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Source: Erisman et al (2000); Srnl {2002); Stewart (2005) 

1980 2000 

- 7 _38 billion World population

2015 

3.84 billion World population 
supported! without syntlletic rertiltler 
3.54 billion World population fed by 
synthetic fertilizer 

OurWorld I nData.orglhow-ma:ny-people-does-synthetic-fert�izer-feedl .. CC BY 



Years of fossil fuel reserves left 
Years of global coal, oil and natural gas left, reported as the reserves-to-product (RIP) ratio which measures the number of 
years ,of production left based on known reserves and annuall production levels in 2015. Note that these values can change with
time based on the discovery of new reserves, and changes in annual production 
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Urine is the 

main contributor 

of Nitrogen in 

Wastewater at 

Amsterdam WWTP 



400,000 eptlc ta.nk systeM In Irela.ncl o.re a.clcllng nitrogen 
Into the grouncl water. The prevention of grouncl wa.ter 
pollution with nltro. tes Is now a. requlreMent of EU Directive 
2006/118/EC. Uncler this Directive every effort should now 
be Ma.cle to protect the grouncl wa. ter pollution f roM nltro. tes, 
'we shoulcl a.lso be preventing the we.sting phospha.tes 

'vie rely on No.turo.l Go.s o.nd Coo.l to 
Mo.ke Nitrogen fertilizer. These fossil fuels 
however contrlloute to cllMo. te change. 
No. turo.l Gas Is a. finite resource and will 
lnevlto.loly loecoMe excessively expensive \ 

Phosphor-us Is a.nether- finite ,.W 
Phosphorus rock loo.sed f ertlllzer FD

) Is o.lso projected to loecoMe expensive 
over the coMlng deco.des and unless 
It Is recycled we will loe facing food 
price Inf lo. tlon o.nol o. growing supply crisis 

Percolation Pl es under round 

The eMptying of the 
Septic T o.nk Sluclge 
will reMove or recover 
only o.loout 5¾ to 15¾ 
of the total nitrogen 
o.nd often only 201/. 
of toto.l phosphorus 

P□□R 

RECYCLING 
□F NUTRIENTS
FROM SLUDGE

Aerobic 

'wo.ste 
'wa.ter 
Treo.tMent 

Toilets 

Nitrogen 8. 
Phosphorus 
froM hUMO.n 
excreMent 

GROUND 'w ATER POLLUTION 8c THE 'w AS TING □F THE FINITE 
RESOURCES NEEDED TD GR□V DUR FUTURE F□□D CROPS 

Between 85 1/. to 951/. of 
reMo.lnlng nitrogen Is lost 
a.ncl we.steel In the grouncl. 
Unless It Is o.clequo. tely 
clllutecl In grouncl wo. ter, It 
will a.lso loecoMe a. polluta.nt. 

Between 65 1/. o.ncl 951/. of 
phosphorus� we.steel or 
lost In goocl percolo. ting soil. 
It ca.n a.lso loecoMe a. polluta.nt 
In nea.rloy surfa.ce wa.ters where 
there Is poor percola. ting soils 

HD\./ SINGLE HOUSE 

SE\JAGE TREATMENT 

SYSTEMS ARE 

\JASTEFUL □F DUR 

"FINITE RESOURCES" 

Herr L ta 2019 



PLANETARY BOUNDARIES 
A safe operating space for humanity 
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■ Beyond zone of uncertainty {high risk) 

■ In zone of uncertainty (increasing risk) 

■ Below boundary (safe) 

Boundary not yet quantified 

8/0GEOCHEM\Cf>.\.. 
FLOWS 

Source: Sreffen er al Planetary Boundaries: Guiding human development on a changing planet, Science. 7 6 January 2015. 
Design: GJobaJa 
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US Cornbelt Fertilizer Prices 
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Food riots in 2008 - - - - - - . 

Egypt Thousands of demonstrators in MahaUa ef1-Kobra toot shops and throw b(cks 
at police during protests at rising food prices and low salaries, as part •Of nationwide 
stnke 

Haiti At leas, four peopte kilted in the S•Outhern city of Les Cayes after food prices rise 
50 per cent m the past year 

Cote d'Ivoire Police injure more than ten protesters as several hundred demonstrators 
demand government action to curb food prices 

Cameroon Riots last four days and result in at least 40 deaths. Unrest is due to h ·gh 
fuel! and food pr' ces. Worst nots in country for 15 years

Mozambique At tea st four people killed and 100 injured f oHowing fuel price rises 

Senegalr Violent demonstrations in Dakar as prices of rice milk and oil soar. Senegat 
imports almost au its food 

Yemen Five days of r'oting and a hundred arrests after the price of wheat doubled 
over two months. Protesters set up roadblocks in Sana•a and Aden 

... and in Mauritania, BoHvia, Indonesia, Mexico, India, Burkina Faso, and Uzbekistan 
- New Statesman, April 17, 2008



Approx analysis of the various pollutants Grey Kitchen 

and nutrients in waste water. Depends  Water Sink Solids Faeces Urine Faeces

on national diets and washing preferences & Urine 

Based on Swedish Research together

Nitrogen N 7% 8% 15% 70% 85%

Phosphorous P 14% 14% 26% 47% 73%

Potassium K 10% 37% 18% 35% 53%

Faecal bacteria & faecal viruses 100% 100%

Avoiding using phosphorus detergents will reduce the % phosphorus in the Grey Water 

Avoiding food grinders in the kitchen sink will also minimize N and P nutrients in Grey Water



Preporlng New Houses using 
Tur na Gaoithe 
Philipstown HBX 
Castleblaney Rd 
Dundalk 
County Louth 
tire Ireland 
00 353 (0)42 9377689 
00 353 (0)86 1700569 
www.herr.ie 

the 'HANAPAK n SysteM to prepnre
for Peok Phosphorus nnd n 
future food cost crisis 

Herr Ltd 

Add kitchen waste, 
coMposted toilet 
solids, wood sticks 
and garden leaves 

4 yeo.r 
old 
COMpost 

3 yeo.r 
old 
COMpost 

Herr @ March 2019

Over 4 years of 
coMpostlng the 
Medicines and 
antibiotics break 
down In the 
COMpost 

Turn o.nd o.ero.te 
every yeo.r 

CoMpost 
cho.Mber 
yeo.r 1 

The leo.ves to.ke up o.ncl o.bsorb 
the nitrogen o.nol phosphorus 
froM ur�e o.nol o.�o o.ny �gestecl 
Meollclnes or pho.rMo.ceutlco.ls 

Sola.s 
nQ 
Cirelnit-

Urlno.l Is 
separated 
and collected 

weed f'ree 
f'ootpa.th 

Concrete coMpostlng lolns 
with no less tho.n 4 cho.Mbers 

Sha.llow gro. vel beds slMllar 
to a reed k>ecl type systeM. 

Ag 
dea.na.Mh 
fual 

Aolol wood sho.vlngs or wood pellets 
get the pile to heat up. 
Adel MushrooM r1ycellll.lM 
MaxlMlze coMpostlng conditions, 
Control the Moisture In the pile. 
Design for long period coMpostlng. 

Over 4 yea.rs o.ny lngesteol 
pharMo.ceutlco.ls will reduce 
a.nol will no. turally k>rea.k clown. 

See EPA CDP 'Wo.ste w'a.ter Plo.stlc 
to.nk 

Do do.cine a. t6. 
o.g sull le 
go.nnto.no.s 
fosfo.r o.gus 
o.rdu costo.s 
bio. so. todhcho.1 



Analysis of various pollutants & 

nutrients in Domestic waste water

These "approximate" figures depend Grey Kitchen Faeces

on the diet, lifestyle & nationality of Water Solids Faeces Urine & Urine 

the house residents together

Phosphorous P 14% 14% 26% 47% 73%

Nitrogen N 7% 8% 15% 70% 85%

Potassium K 10% 37% 18% 35% 53%

Faecal bacteria & viruses 100% 100%

Ingested medicines & hormones faeces & urine 100%

Volume of waste water / person/ day  140 litres 0.6 litre 1.5 litres











HERR LTD 

Tur na Gaoithe 
Philipstown HBX 
Castle blaney Rd 
Dundalk 
County Louth 
Eire 
00 353 (0)42 9377689 
00 353 (0)86 1700569 

www.herr.ie 
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An fual 
gan an 
an fosfar 

An fual 
n1eascaithe 
le salainn 

T 
1640 
n1n1 

Dabhach 
agus an 
Caideal 

System elements for phosphorus 
recycling as struvite. 
1 to 3 hrs to operate the process. 

Herr systen1 to recover & recycle 
phosphorus fron1 urine without toxic 

n1etals, antibiotocs or pharn1aceuticals 

to safely grow vegetables in the garden 

Fual{m 
gan u1sce 

With the salt, tiny crysals of Phosphorus are 

caught in the fine filter bag. 

The white crystals of phosphorus need to be 

dried over the following weeks to ren1ove 

520 n1n1 

Dabhach 
don fual 

Con1hla 

Fosfar a 
athchursail as 
an n1ala scagaire 

any ren1aining pham1acuticals and antibiotics. 

C6ras chun fosfar a baint 
agus a athchursail 6n fhual 
6 gach pobail & teach 

People in their own houses can now easily, and using no 
harsh chen1icals, recover and recycle phosphorus fron1 

separateed urine without toxic n1etals, antibiotocs or 

pham1aceutical, as a slow release fertiliser for vegetables. 



A urine treatment system, adding salt to recycle phosphon1s 
as struvite, and then adding rainwater to grow flowers, to make 

compost. With long enough composting, phannaceuticals 
be removed from the nutrient rich compost 
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HERR LTD 

Tfir ne. Gaoithe 
Philipstown HBX 
Castleblaney Rd 
Dundalk 
County Louth 
Eire 
00 353 (0)42 93776B9 
00 353 (0)86 1700569 
www.herr.ie 

C6ras ata oiri(mach, de gnath, 
do d uile n6 dh6 sa teach. 

Herr system to recover & recycle 
phosphorus from urine without toxic 
metals, antibiotocs or pharn1aceuticals 

to safely grow vegetables in the garden 

Fualan 

With the salt, tiny crysals of Phosphorus are 
caught in the fine filter bag. 

1� �1 
520mm 

Fosfar a 
athch(1rsail as 
an mala scagaire 

The white crystals of phosphorus need to be 
dried over the following weeks to remove 
any remaining phamiacuticals and antibiotics. 

C6ras chun fosfar a baint 

agus a athchursail 6n fhual 
6 gach teach 

People in their own houses can now quite simply 
recover and recycle phosphorus from separated urine 
without toxic metals, antibiotocs or phannaceuticals, 
as a slow release fertiliser for vegetable gardens. 





Fertiliser and Food price inflation and 

shortages are now looking very probable  

• How badly will future sulphuric acid shortages

impact on fertiliser prices?

• How will people manage if the weekly spend for

supermarket food becomes unaffordable?

• Will all the possible options for phosphorus

recycling be happening at state, community and

house level, to avoid a food price/ supply crisis?

• Should we see urine in a new light, as the most

economically available phosphorus resource?









ZER,Q WASTE ALLIANCE IRELAND 

Herr 

Tur na Gaoithe 
Philipstown HBX 
Castleblaney Rd 
Dundalk 
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