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Some basics on water in the world

Principles of PAUL® [l

PAUL® standard units in emergencies and for “simple” permanent water
supply [

How does a PAUL® station look like? [l

examples of PAUL® station for permanent supply |l

economics |8

rainwater ponds as a raw water source [l
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WaterBackpack PAUL
Facts — World Water Development Report 2019 et al. ™ o orer 2020

U 7.8 billion people live worldwide

U “Three out of ten people do not have access to safe drinking water.”
... this means: 2.3 billion people

U “However, these global figures mask significant inequities between and
within regions, countries, communities and even neighbourhoods”
... this means also: more than 80% live in rural areas (www.washdata.org)

All phrases in quotes: World Water Development Report 2019
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Quelle: http://www.un.org/sustainabledevelopment/sustainable-development-goals/
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Rationale for PAUL 4t Novermber 2020
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Membranes are able to retain bacteria. So why not use membranes to retain
bacteria and pathogens, the most serious concern in disasters?

The original task of our research, starting in 2001, was to create a small unit
that provides potable water in emergencies, characterized by

A No energy needed — gravity driven

A No chemicals needed

A Simple & robust

A No or nearly no maintenance needed

A Operational even for illiterates

A easily transportable, even hands-free as a backpack
A Designed to help in emergencies and disasters

The result was the waterbackpack — nsoreas

“PAU |_", a research project mainly DBU ()

financed by the German Federal

Environmental Foundation DBU Deutsche
Bundesstiftung Umwell
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operation principles PAUL WaterBackpack PAUL

4th November 2020

U gravity driven dead end filtration with vertical flat sheet membranes

U ULP-UF: ultra low pressure: max. 0.08 bar

U =10 m? membrane surface area, lifetime 10+ years

U Min. capacity 1,200 L/d, practical measurements from 2,000 to 6,000 L/d

U extremely simple
U no spare parts necessary
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. . . WaterBackpack PAUL
filtration is mostly done by the cake layer 4t November 2020

raw _ cake layer _
water  (filtration active) ~ filtrate

1_/1 000 Of the
diameter of a

human hair
(MWCO 150 kDalton)
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Acey  MadW et WD ————1 2 um
. . . 200 kY 8089 / SE 102 Universitaet Kassel
Solids (organic, anorganic, g~

bacteria, pathogens, ...) membrans
typical pore width 20 to 100 hm (0.020 to 0.100 pm)
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. WaterBackpack PAUL
removal of bacteria, example cholera 4t November 2020

© wikipedia

cholera bacteria
diameter 300 to 500 nm, length 2 000 nm ( 2 um)

membrane
typical pore width 20 to 100 nm (0.020 to 0.100 pum)
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bacteria removal

WaterBackpack PAUL
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Fresenius Fresenius Fresenius Fresenius Fresenius Fresenius
e.coli coliforme |.E. e.coli coliforme |.E.
ISO9308-1 | 1SO9308-1 | ISO7899-2 | 1SO9308-1 | 1SO9308-1 | ISO7899-2

PAULA PAULA PAULA PAULB PAULB PAULB
H min 5,301 5,368 4,444 5,672 5,929 5,041
® avg 5,689 5,704 5,092 6,013 6,144 5,245
M max 6,362 6,415 5,568 6,380 6,431 5,544

analyzed by Institut Fresenius, Gottingen
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WaterBackpack PAUL

virus removal (Federal Environment Agency UBA) 4t Novermber 2020

What about Cake layer filtration? MS2
Virus MS2 — 5 nm diameter
membrane;

pore width 35 nm total amount filtered in m3
0 50 100 150 200 250
0 ' | | : |
_ Trypical 99-99%
7 . oVva
2 [ Vi o > 99.9999%
- up
Z 4 - up
—
6 r > - esu\_‘S
._$ ’ pre\‘\m\na(q (
8

¢ PAULC PAUL D feed: drinking water

analyzed by Federal Environment Agency, Dessau/RoRlau
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The complete operation manual (in emergencies) a0

U no moving parts, no energy, no chemicals, no maintenance , extremely
robust, to be operated by anyone — even illiterates

U See the complete operation manual!

4 \fA‘ N/ N/ N\
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sponsared by

P ortable PAUL® is assembled at the

D B U () A Kassel Disabled workshop
N gua

Deutsche U n|t for

Bundesstiftung Umwelt
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Distribution WaterBackpack PAUL
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Togod _Turkey 1 United Kingdom 2 Bangladesh Belgium 1 Bosnia-Herzegovipd 58 Camerpefii7
Thailand 48 Yemen & Bulgaria 1 Chad 3
Tanzania42

Wenezuela 10 Zimbabwe-5

: i c;‘““ 2 Dom. Rep. 2
ﬁrria 1 Zamhiazﬂanﬂhar 2 olnmlt:}: a9 DR Congo 57
'i:ﬂlwan 2 ComaresT3 Ecuador 30
Switzerland 1 Egypt8
Swaziland 1 Eritrea 7
sudan 11 Ethiopia 34
St. Lucia 2

SrilLanka 8

France 1
Gambia 26

Spain 1

Ghana 161 Germany 24
South Sudan 20 e - . Guatemala 1
South Africa 1 e — e
Somalia 16 | — Haiti 195 Guinea 3
Slarsr:“I;ac::: 12 / : : B In dia 72 Honduras 1
J Hungary 3
Russia 1 .
Romania 2 Indonesia 15

\ /'S : Iran 1
: 25, A - Kenya 20
Nepal 385 S0 |
h e Kenya/Somalia 31
= \ I\ Kuwait 3
| | Laos 1
| \Madagascar 12
offshorelship & Malawi 24
Nigeria 12 Malaysia 4
Igena .
J Niger 11 Mozambique 38 Mali §
Mamibia 1 .
. Mongolia13] L Mexico 38
3,202 PAU L (85 countries - July 2020)
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Some organizations who brought PAUL into use WaterBackpack PAUL

4t November 2020
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PAUL® standard units in emergencies
and for “simple” permanent water supply

In many locations, PAUL® standard units that originally were distributed due to a
disaster or emergency situation are still in use for “simple” permanent water supply
after the disaster or emergency situation is over.

In several other situations not related to disasters, PAUL® standard units are introduced
for “simple” permanent water supply.

In both cases, however, PAUL® standard units are filled with buckets, in contrary to the
PAUL® station arrangement that is shown later.
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Disasters: e.g. Pakistan, flooding, July 2010

WaterBackpack PAUL
4t November 2020
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: . : : WaterBackpack PAUL
Disasters: e.g. Pakistan, flooding, July 2010 20 Nowerber 2020
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PAUL® as first aid or “simple” permanent s 2t Noverber 2090
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Pakistan 2010 © Humanity Care Foundation
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WaterBackpack PAUL

PAUL® as first aid or “simple” permanent supply 4t Novermber 2020
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Myanmar Flooding © 2015 Oliver Esser Soe Thet (
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PAUL® as first aid or “simple” permanent supply e ackpack DAL
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PAUL® as first aid or “simple” permanent supply e ackpack DAL
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Myanmar Flooding © 2015 Oliver Esser Soe Thet(esserrene@aol.com)
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WaterBackpack PAUL
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PAUL® as first aid or “simple” permanent supply

WaterBackpack PAUL
4t November 2020

T i
3 :_'..'i'::-' = SN TA . " - ": \'&_n_-.__ = o -
- Niger © TAMAT e S
P L S e R R e R e 3 _ - &
X _~ The WaterBackpack Company GmbH Deutschland m d
g | &®  Prof. Dr-Ing. F.-B. Frechen Land der ldeen 9 German water ~(J€X
o | A www.waterbackpack.org - Partnership o



http://www.waterbackpack.org/

PAUL® as first aid or “simple” permanent supply e ackpack DAL
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WaterBackpack PAUL
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PAUL® as first aid or “simple” permanent supply
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WaterBackpack PAUL
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PAUL® as first aid or “simple” permanent supply
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WaterBackpack PAUL

PAUL® as first aid or “S|mple permanent supply 4t November 2020

]

Nﬂpﬂl (=] ﬂpl'“ m‘l? Hﬂﬂali "1r.: .-“1.:-1: hen- ;'._r % m. X

The WaterBackpack Company GmbH Deutschlond m
Prof. Dr.-Ing. F.-B. Frechen ety deen ' German Water deX;__

www.waterbackpack.org hugen ; Partnersmp



http://www.waterbackpack.org/

PAUL® as first aid or “simple” permanent supply e ackpack DAL
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PAUL® as first aid or “simple” permanent supply

WaterBackpack PAUL
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Mepal ©@ 2015 Dr. Anne Schopa, GFZ F’nt ;dam
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WaterBackpack PAUL

PAUL® as first aid or “simple” permanent supply 4t Novermber 2020
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PAUL® as first aid or “simple” permanent supply e ackpack DAL
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U mstalled in Tanzania March 2012

U since then, no more cases of diarrhea, cholera
or other waterborne diseases according to
locals
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PAUL® as first aid or “simple” permanent supply e ackpack DAL

© Trottmann, Location: Ec =N ©Trottmann Location: Ecuador
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PAUL® as first aid or “simple” permanent supply e ackpack DAL
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PAUL® as first aid or “simple” permanent supply e ackpack DAL
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PAUL® as first aid or “simple” permanent supply
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PAUL® as first aid or “simple” permanent supply e ackpack DAL

Somalia 2020 © Rene Brosius
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Improving permanent supply e ackpack DAL

How does a PAUL® station look like?
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PAUL® station for permanent water supply 4t November 2020

Slide 39

2

Overfill Protection
Switch

| Raw Water
Tank Valve

PV-panel

OPV: w/o LWS (box+sensor)
OPV-S: incl. LWS (box+sensor)

T

Single Valve

L sV N\

i dosed

e )

open '/

[I_} ’ side outlet 3
pump | Al
z £ % / ¥ i
, bottom outlet water taps
/ Run-dry Protection
/ Switch

The N e /m\

Prof. Dr.-Ing. F.-B. Frechen skl BESEN &P German Water
. www.waterbackpack.org Ausgewahber O 20 el v Partnership - -


http://www.waterbackpack.org/

WaterBackpack PAUL
4t November 2020

examples of PAUL® station for permanent supply
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. WaterBackpack PAUL
examples of PAUL® station 4 Novernber 2020
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. WaterBackpack PAUL
examples of PAUL® station 4 Novernber 2020
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WaterBackpack PAUL
examples of PAUL® station T N o0
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WaterBackpack PAUL

examples of PAUL® station 4 November 2020
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- WaterBackpack PAUL
examples of PAUL® station 4 November 2020
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- WaterBackpack PAUL
examples of PAUL® station 4 November 2020
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WaterBackpack PAUL
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examples of PAUL® station
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. WaterBackpack PAUL
examples of PAUL® station 4 Novernber 2020
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WaterBackpack PAUL
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examples of PAUL® station
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WaterBackpack PAUL
4th November 2020
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. WaterBackpack PAUL
examples of PAUL® station 4 Novernber 2020

Total cost of local installation (no
stands, no pump necessary):
380 Euro (2016)

(this & next slide)
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. WaterBackpack PAUL
examples of PAUL® station 4 Novernber 2020

stands, no pump necessary):
380 Euro (2016)
(thls & previous slide)
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WaterBackpack PAUL

PAUL® station step by step (1): Enayam Puthenthurai = ™. ot 5000
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WaterBackpack PAUL

PAUL® station step by step (2): Enayam Puthenthurai ™.t 5000
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WaterBackpack PAUL

PAUL® station step by step (3): Enayam Puthenthural ™. 5000
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4th November 2020

PAUL® station step by step (4): Enayam Puthenthurai  "5eceac

Visit onsite
In Jan. 2020
revealed
that locals
= still are
“=d  extremely
happy with
the

* installation

r 4 m

- [ 4 ,ﬁ
India 2020 © CARE-T / terre des hommies.

Total cost of local installation incl. stand, tanks,
electric AC pump etc. :
790 Euro (2016)
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WaterBackpack PAUL

examples of PAUL® station 4 November 2020

Total cost Q?Tocal
installation:

810 Euro (2016)
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. WaterBackpack PAUL
examples of PAUL® station 4 Novernber 2020
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; WaterBackpack PAUL
economics 4t November 2020

usage for permanent supply:
how to set up a local business
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.- . WaterBackpack PAUL
some additional but very important facts 4t Novermber 2020

U PAUL is assembled at Kassel Disabled Workshop

U No spare parts import necessary, as no cartridges etc. must be
replaced on a regular basis

U No waste of resources concerning firewood, as boiling the
water for disinfection is not necessary anymore

U Waste minimization, as water will no longer be supplied in
plastic bottles

U Dramatically reduced cases of illness, thus

A less cost due to illness
A less cost due to inability to work
A less absence from school = improved educational opportunities

Local added value by creation of employment as plant
manufacturer/water vendor/plant operator/maintenance
worker — perfect for micro financing

" The WaterBackpack Company GmbH Deutschland M
@0 Prof. Dr.-Ing. F.-B. Frechen Lond dergaeen German Water ,ﬂ_ég-de
. ) the international P —
e A 4 water assaciation Ulnahickanradrhabeaman i
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. . WaterBackpack PAUL
PAUL Station — expenses estimated 4t November 2020

U External cost (to be paid only once)

A PAUL Station Kit (includes PAUL unit, PCU, SV, V, OPS, PS, freshwater meter
and installation material):

115,000 Rs*
A Transportation (ship): 5,000 Rs
U Local cost
A Customs — depending upon country: 30,000 Rs
A Build up PAUL Station: 60,000 Rs
@ incl. local transport, RWT, FWT, stands
for RWT, FWT & PAUL, hoses and parts,
construction, pump, painting, start-up,
wages, instructions for usage
@ incl. Maintenance 10 years 30,000 Rs
A Total cost: 240,000Rs =3,000 €

(50% local) =25 €/month

* Only valid for humanitarian usage!

" The WaterBackpack Company GmbH Deulschland m
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. . . WaterBackpack PAUL
PAUL Station — earnings and profit 4t Novermber 2020

U Lifetime production: 1,200 L/d x 365 d x 10 a = 4,380,000 Liter

U One 20 L water can at the Tamil Nadu coastline costs 30 Rs:
1.5 Rs/Liter = 0.02 €/Liter

U Sell PAUL Station water for 1/4 of that price = 0.005 €/Liter
U Lifetime value feasible: 4,380,00 x 0.005 = 21,900 €/10 yrs
U Lifetime profit feasible: 21,900 — 3,000 = 18,900 €/10yrs

U Or 158 €/month (183€/month minus 25 €/month payback)

U Why not operate 20 PAUL Stations (and become a water
businesswoman / businessman ) ??

" The WaterBackpack Company GmbH Deutschland m
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WaterBackpack PAUL

This filter is cheaper (only 20 €) ... or?? 4% November 2020

| Anti-Bacteriol formula within the
ceramic natrix kills pathogens

Section of Filter Element

H_l_i HANDS
iR

Outer Shell - Micra Fillration *

Activation carbon takes out
chlorine and organics improving
taste and odour

Also conlains heavy metal
removal media, which lakes out
toxic lead

Portable Ceramic Water Filter

af Pakiskan

HAMDS is 0 one of the lorgest & leading MPO of country, working since | 977
in health, education, poverty allaviation, water and sonitation, Infrosfruciure HANDS Inﬁ'ustrucfure D'-'-“'elﬂpm‘mfr Eﬂﬂfﬂlﬁ

developmen!, emergency response fhrowgh sociol mobilization, advococy &
gapacity bullding, HANDS is beneliting more than 12000 villages in 24 districls WASH u"d Shelter [IDE‘AEJ Frogrum

l40-C. Hiock 11, PECHS, Kamchi. Tel: (0217 34512804, 34527698 Fao: (02 1) 34550252

A vy TRRCH S S0 T

Email: infoidhands.orgpk Web: www hands org.pk
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This filter is cheaper (only 20 €) ... or??

WaterBackpack PAUL
4t November 2020

O 1year lifetime —_—_— &
U 20 € per Fllter TECHNICAL DETAILS
Elemant Type on
. Oulput Par Doy - v i 20 - 40 liters
U Inorder to replace 1 PAUL:
Capacity of each container .........ooconivicinn 14 & 25 liters
U 30-60 units (to provide 1,200 L/d) Net weight without flle elements 15Kg
U 300-600 unltS (for 10 yearS) Weight of one element ..o . 390 grams
U That‘s an |nvest Of 6’000 € to 12’000 ;€ Diameter of CONMGINGS ......cvcermivirniierrimeunninininniacnenres 105" & 12,5"
U PAUL- Only 3’000 € InC|. malntenaCe, Total height ready foruse 28 inch
tan kS, pump’ SOIar panel and Total height ready for transportation ...........ooccceenn. 15 inch
malntenanCe _ a” |n a” for 10 years Absolute filtration [To 0.9 Micron] ..o > P9.99%
Gyt Redochion:nmnniinipnidasnnnrniines PRees
(including Cryptosporidium and Giardia)
Turbidity reduchion........coieirmiiii s> 99.69%
For particles between 0.5 and 0.8 Micron ........c.ccc.> 99.69%
Raduce harmbul bacteria...........ccooeemivneiminissesiennin > §9.99%
|E.coli, cholera, shigella, Salmonella, klebsiella)
9 The WaterBackpack Company GmbH Deutschland
8 ,@. Prof. Dr-Ing. F.-B. Frechen ond der Ideen m é German Water /&\
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WaterBackpack PAUL
4t November 2020

hydraulic capacity
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hydraulic capacity

WaterBackpack PAUL
4t November 2020

6 000 n=36 (27 PAUL units)
(PAUL S/N are shown)
O Gl 675 168 | average 3739L/d
5000 C0|4%12480 694 - — — std.dev 11141L/d
Col2 - "'*--‘______________----
O 677
= 4000 | O 3853 — | —>Ofiss
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> O &lp ©P253 O 1062
= 3000 O O—20
o &/ 009D 676
m F o Wi |y 1]
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o
2000
é O 693 0 2239
S 1200
1000
arrows = identical PAULs at different age,
loss of capacity <3.5% per year
0 i i i i I
0 1 2 3 4 5 6 7 8 9 10

time since startup [years]

Data source: University of Kassel (sponsored by DBU); private measurement by Mr. Koscheny, Ms. Brandl, Mr. Andres
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WaterBackpack PAUL

hydraulic capacity and daily usage 4t November 2020
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WaterBackpack PAUL
4t November 2020

rainwater ponds as a raw water source

PAUL® can be used with rainwater, groundwater from wells or river water and maybe
even other sources. However, the best source for raw water is rainwater, most likely
from a pond, see examples hereafter, as rainwater usually is free from

@ geologic load (e.g. arsenic, other heavy metals)
@ industrial pollution
@ pollution from farming (e.g. nitrate)

The solids that usually cause the brown color of most ponds (see examples) will be
removed perfectly by PAUL®

If water is scarce, the only solution seems to be drilling wells. However, this is costly,
success is not guaranteed , sometimes the well operation is not sustainable, or drilling
may fail in general.

Thus, always also consider the possibility for rainwater harvesting. Storage in a cistern,
tank or simply a reservoir/lagoon/pond. This usually is cheaper and the quality of the
water might be better as outlined above. See a sample on the next slides.
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. WaterBackpack PAUL
rainwater pOﬂdS as a raw water source 4t November 2020
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. WaterBackpack PAUL
rainwater pOﬂdS as a raw water source 4t November 2020

IMG_2568_1280_720 11.06.2013, 13:37:20
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. WaterBackpack PAUL
rainwater pOﬂdS as a raw water source 4t November 2020
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rainwater ponds as a raw water source

IMG_2574_720_1280 11.06.2013, 1 3:40:34
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WaterBackpack PAUL

rainwater ponds as a raw water source 2 Novermber 2020
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rainwater ponds as a raw water source

WaterBackpack PAUL
4t November 2020

E
L
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Ghana (Tamale/Kulaa)
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. WaterBackpack PAUL
rainwater pOﬂdS as a raw water source 4t November 2020

This pond was created for rainwater harvesting for a
PAUL® station at a cost of 2 500 £€.

This picture shows the pond immediately after filling ... The

water is very murky .... But see pictures later

Uganda 2019 © Steger
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WaterBackpack PAUL
4t November 2020

rainwater ponds as a raw water source

Uganda 03/2019 © Steger
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. WaterBackpack PAUL
rainwater pOﬂdS as a raw water source 4t November 2020

Transportation (150 km from Kampala) and work of the excavator was < 2,200 €

Uganda 03/2019 © Steger
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. WaterBackpack PAUL
rainwater pOﬂdS as a raw water source 4t November 2020

~Uganda03/2019 © Steger
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. WaterBackpack PAUL
rainwater pOﬂdS as a raw water source 4t November 2020
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. kpack PAUL
rainwater ponds as a raw water source o0
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. WaterBackpack PAUL
rainwater pOﬂdS as a raw water source 4t November 2020

: ThIS prcture shows the pond in use today Rarnwater IS to be used as raw water
for PAUL® statlon (background) and cattle d|rectIy dnnk from the pond
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. WaterBackpack PAUL
rainwater pOﬂdS as a raw water source 4t November 2020

......

Also this water is excellent as raw water for PAU *

' el o i3
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: WaterBackpack PAUL
Credits and awards 2 Novermber 2020
UNIKASSEL Selected awards
PAUL® was developed at the .
P VERSITAT  wonbyPAULE

Deutschland

D B U ‘ Land der Ideen
Research was sponsored by Deutsche ARGRMEL RO S5
Winner 2011 in the

Bundesstiftung Umwelt
category ,,society”

GreenTec
Awards

WINNER
2016

Water & Sewage

PAUL® is assembled at the
Kassel Disabled workshop Sozialgruppe

Kassel eV,

AQUA AWARD 2017
NET

BERLIN BRANDENBURG

All material presented in this
document was collected by
The WaterBackpack Company

W TBhek ) %‘ﬁr_,&i Lions Clubs International
aterBackpac L.
. . ) ) Company Gr'%bH R FOUNDATION
Pictures presented in this document are copyright www.waterbackpack.org
as mentioned in the respective picture 2019 Melvin Jones Fellow
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