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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 |

economics [

rainwater ponds as a raw water source [l
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Facts — World Water Development Report 2019 et al.

> 8 billion people live worldwide

S “Three out of ten people do not have access to safe drinking water.”
... this means: 2.4 billion people

2 “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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Sustainable Development Goals (SDG)
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How important is clean water??
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Quelle: http://www.un.org/sustainabledevelopment/sustainable-development-goals/
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rationale for PAUL WaterBackpack PAUL

18t April 2023

S Membranes are able to retain bacteria. So why not use membranes to retain
bacteria and pathogens, the most serious concern in disasters?

S The original task of our research, starting in 2001, was to create a small unit
that provides potable water in emergencies, characterized by
U No energy needed — gravity driven
% No chemicals needed
% Simple & robust
& No or nearly no maintenance needed
& Operational even for illiterates
L easily transportable, even hands-free as a backpack
& Designed to help in emergencies and disasters

2 The result was the waterbackpack — sponsoreaty
“PAU |.”, a research project mainly D B U Q
financed by the German Federal N

Environmental Foundation DBU Beutsehe

Bundesstiftung Umwelt
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operation principles PAUL WaterBackpack PAUL

18th April 2023

S gravity driven dead end filtration with vertical flat sheet membranes (see
next slide)
2 ULP-UF: ultra low pressure ultrafiltration: max. 0.08 bar
& pore blocking: close to zero
U cake layer removal: by gravity (sinks to the bottom and then to be removed)
U process: pressure operated (instead of usual flow driven process)
2 =10 m? membrane surface area, lifetime 10+ years |
2 Min. capacity 1,200 L/d, practical measurements ' X
from 2,000 to 6,000 L/d, see [l
> extremely simple

< ho spare parts necessary
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flat sheets and membrane module

WaterBackpack PAUL
18t April 2023

S Flat sheet — flat sheet with membranes — membrane module (50 flat sheets)

i

— outlet from flat sheet (2 per sheet)

s

‘ filtered water collection channel

|
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WaterBackpack PAUL

filtration is mostly done by the cake layer 18 April 2023

water

raw

cake layer
(filtration active)

Solids (organic, anorganic,
bacteria, pathogens, ...)

typical pore width 20 to 100 hm (0.020 to 0.100 pm)

filtrate

1/1 000 Of the
diameter of a

human hair
(MWCO 150 kDalton)

2222220

AccV  Mag Jet WD —— 2pm
200 kY 8Q08W: + SE 102 Universitaet Kassel
A=

-

Slide 8

The WaterBackpack Company GmbH

Prof. Dr.-Ing. F.-B. Frechen
www.waterbackpack.org

Deutschland
Land der Ideen m é German Water de.x
L

soe00Rses hi
Ausgewshler Ort 2011 S e Tentioney Partnership


http://www.waterbackpack.org/

. WaterBackpack PAUL
removal of bacteria, example cholera 18% April 2023

© wikipedia

T Chole:ral
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 pm)
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bacteria removal

WaterBackpack PAUL
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Fresenius Fresenius Fresenius Fresenius Fresenius Fresenius
e.coli coliforme I.E. e.coli coliforme I.E.
1ISO9308-1 | 1SO9308-1 | I1SO7899-2 | 1SO9308-1 | 1SO9308-1 | I1SO7899-2
PAULA PAULA PAULA PAULB PAULB PAULB
B min 5,301 5,368 4,444 5,672 5,929 5,041
W avg 5,689 5,704 5,092 6,013 6,144 5,245
¥ max 6,362 6,415 5,568 6,380 6,431 5,544
analyzed by Institut Fresenius, Gottingen
=] The WaterBackpack Company GmbH Deutschland
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virus removal (Federal Environment Agency UBA) WaterBack E\:i,k.‘;‘g‘;;

What about Cake layer filtration? MS2
Virus MS2: 26 nm diameter

membrane: - .
pore width 35 nm total amount filtered in m3
0 50 100 150 200 250
0 | ] ] | | |

<& o) e\\m\

¢ PAULC PAULD

feed: drinking water

analyzed by Federal Environment Agency, Dessau/Rof3lau
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I WaterBackpack PAUL
resu t e 18th April 2023
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a first test in India 2010 ... street water

WaterBackpack PAUL
18t April 2023

... and the result
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The complete operation manual (in emergencies) e i 202

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

2 See the complete operation manual!

4 \fA‘ N/ N/ N\

& VS /4

sponsored b

p y P ortable PAUL® is assembled at the
D B U Q Kassel Disabled workshop
N A qua

Deutsclie U nit for

Bundesstiftung Umwelt
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g Kassel e.V.
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. . . WaterBackpack PAUL
DIStrIbUtIOn 18th April 2023
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. . . WaterBackpack PAUL
Some organizations who brought PAUL into use 18 April 2023
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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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H . : : WaterBackpack PAUL
Disasters: e.g. Pakistan, flooding, July 2010 18" Aoril 2023
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Disasters: e.g. Pakistan, flooding, July 2010

WaterBackpack PAUL
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PAUL® as first aid or “simple” permanent supply Wate"iasf,!‘f\:j'i‘l';‘(‘)‘z’;
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PAUL® as first aid or “simple” permanent supply 18 April 2023
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PAUL® as first aid or “simple” permanent supply
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PAUL® as first aid or “simple” permanent supply Wate"iasf,!‘f\:j'i‘lg‘(‘)‘z’;

&

Myanmar Flooding © 2015 Oliver Esser Soe Thet(esserrene@aol.com)
= . oL’ TN

The WaterBackpack Company GmbH Deutschland d
e‘f}. Land der Ideen 9 Germian Vater ex

Prof. Dr.-Ing. F.-B. Frechen 2e0000800 : ; \
www.waterbackpack.org Ausgewhler Ort 2011 s Internationsl Partnership


http://www.waterbackpack.org/

PAUL® as first aid or “simple” permanent supply Wate"iasf,!‘f\:j'i‘l';‘(‘)‘z’;
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PAUL® as first aid or “simple” permanent supply Wate”i;fﬂ‘ﬁ:j';iﬁ‘;;

The WaterBackpack Company GmbH LDeu;sglhlolrLd m de

n r n

& Prof. Dr.-Ing. F.-B. Frechen R German Water X
WWW-Waterbackpack.org Ausgewshlter Ort 2011 ::gié:";;::]%‘il;l?lﬁ: Pa rtnErShlp ; -

Slide 25



http://www.waterbackpack.org/

WaterBackpack PAUL

PAUL® as first aid or “simple” permanent supply 18 April 2023
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PAUL® as first aid or “simple” permanent supply 18 April 2023
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PAUL® as first aid or “simple” permanent supply 18 April 2023
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PAUL® as first aid or “simple” permanent supply 18 April 2023
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WaterBackpack PAUL

PAUL® as first aid or “simple” permanent supply 18 April 2023
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PAUL® as first aid or “simple” permanent supply 18 April 2023
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PAUL® as first aid or “simple” permanent supply Wate"iasf,!‘f\:j'i‘lgﬁ‘z’;
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installed in Tanzania March 2012

since then, no more cases of diarrhea, cholera
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PAUL® as first aid or “simple” permanent supply Wate"iasf,!‘f\:j'i‘lg‘(‘)‘z’;
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PAUL® as first aid or “simple” permanent supply Wate"iasf,!‘f\:j'i‘lg‘(‘)‘z’;
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Ecuador © 2014 Roland Trottmann
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PAUL® as first aid or “simple” permanent supply W""te"i""sf,!‘f\:j'i‘l';‘(‘)‘z’;
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WaterBackpack PAUL

PAUL® as first aid or “simple” permanent supply 18 April 2023
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PAUL® as first aid or “simple” permanent supply Water'iasf#f\:j'i‘lzg‘;;
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PAUL® as first aid or “simple” permanent supply 18 April 2023
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Improving permanent supply Wate”i:f,!‘ﬁ:ﬁ'l.‘,‘;‘(‘,;’;

How does a PAUL® station look like?
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PAUL® station for permanent water supply Wate”i’“sf,[‘z:i'i‘l ‘;‘(‘,‘;;

Overfill Protection

'j Switch

Raw Water

Tan k Valve

IE - \ OPV: w/o LWS (box+sensor)
Pre—Sleve\

7 OPV-S: incl. LWS (box+sensor)

i
bottom outlet

PV-panel

Single Valve

SV

losed
%, _cose
-~

Y

T~ ]
open «~

side outlet

I T
e T T LLLES BHN LI

N /
bottom outlet water taps
Run-dry Protection

Switch
g The % 7 d
< ()2

Lana aer iaeen
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PAUL® station for permanent water supply Wate"i"“sf,[‘z:j'i‘l fioes

Raw water supply Overfill Protection

Switch
Raw water supply can preferably

be done with a solar powered pump.
The design depends on

- height of tank
- sunshine duration and intensity

- instead of batteries, f
we store energy by pumping /4
water during daylight \

PV-panel

Raw Water

Tan k Valve
- \

Example:
We tested the following configuration:

PV-panel:

size 123 cmx 67 cm

130 W Peak power

open circuit voltage 22V DC
short circuit current 8.022 A

Pump:
12V DC
22 L/min
1.8 bar

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

i
bottom outlet

Single Valve

LL% closed

Result:

This configuration was able to
pump 4.5 L/min througha 10 m
hose and 4 m high at full German
winter sun. This means that 1,200 L L
can be pumped within 4.5 hrs.

[_) side outlet

bottom outlet/ water taps
Run-dry Protection
Switch
g The vz d
3 @. Prof. Dr.-Ing. F.-B. Frechen i e\ German Water c X
= the international Partnershi p
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WaterBackpack PAUL
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examples of PAUL® station for permanent supply
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® . WaterBackpack PAUL
examples of PAUL® station 18 April 2023
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® . WaterBackpack PAUL
examples of PAUL® station 18 April 2023
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® . WaterBackpack PAUL
examples of PAUL® station 18 April 2023
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WaterBackpack PAUL

examples of PAUL® station 18t April 2023
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® . WaterBackpack PAUL
examples of PAUL® station 18 April 2023
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® . WaterBackpack PAUL
examples of PAUL® station 18 April 2023

Tanzgnia © ZAC 25.09.2019

Tanzania © ZAC 25.09.2019
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WaterBackpack PAUL
18t April 2023

examples of PAUL® station
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® . WaterBackpack PAUL
examples of PAUL® station 18 April 2023
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WaterBackpack PAUL

18th April 2023
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® . WaterBackpack PAUL
examples of PAUL® station 18 April 2023
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WaterBackpack PAUL
18t April 2023

examples of PAUL® station
"y i T %
Total cost of local
installation:
600 Euro (2020)

§

Myanmar 2020 © Dieter Schiatter
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WaterBackpack PAUL
18t April 2023

examples of PAUL® station
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® . WaterBackpack PAUL
examples of PAUL® station 18 April 2023

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

(this & next slide)

Indien © FG SWW

Indien ® FG SWW 18.03.2016 13:29:28
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® . WaterBackpack PAUL
examples of PAUL® station 18 April 2023

stands, no pump necessary):
380 Euro (2016)
(this & previous slide)
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WaterBackpack PAUL
18t April 2023

PAUL® station step by step (1): Enayam Puthenthurai
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WaterBackpack PAUL

PAUL® station step by step (2): Enayam Puthenthurai 18t April 2023
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WaterBackpack PAUL

PAUL® station step by step (3): Enayam Puthenthurai 18t April 2023
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WaterBackpack PAUL

PAUL® station step by step (4): Enayam Puthenthurai 18t April 2023

Visit onsite
in Jan. 2020
revealed
that locals

_ . still are
S extremely
happy with
the
installation

v P

'y

N 71
India 2020 © CARE-T / terre des hommes

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 18" April 2023
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Total cost of local
installation:
810 Euro (2016)
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® . WaterBackpack PAUL
examples of PAUL® station 18 April 2023
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: WaterBackpack PAUL
economics 18th April 2023

usage for permanent supply:
how to set up a local business
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some additional but very important facts

WaterBackpack PAUL
18t April 2023

< PAUL is assembled at Kassel Disabled Workshop

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

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

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

< Dramatically reduced cases of illness, thus

L less cost due to illness
L less cost due to inability to work
L 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
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WaterBackpack PAUL

PAUL Station — expenses estimated 18 April 2023

S External cost (to be paid only once)

L PAUL Station Kit (includes PAUL unit, PCU, SV, V, OPS, PS, freshwater meter
and installation material):
115,000 Rs *
& Transportation (ship): 5,000 Rs

< Local cost

& Customs — depending upon country: 30,000 Rs

& 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
L Total cost: 240,000Rs = 3,000 €

(50% local) =25 €/month

* Only valid for humanitarian usage!
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WaterBackpack PAUL

PAUL Station — earnings and profit 18 April 2023

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

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

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

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

O 0 0O 0O

O

Why not operate 20 PAUL Stations (and become a water
businesswoman / businessman ) ??
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. . . WaterBackpack PAUL
This filter is cheaper (only 20 €) ... or?? 18 April 2023

Section of Filter Element

&

! ° °
Outer Shell - Micro Filtration * Porl'ﬂble ceran‘IIC Wa'l'el' FII‘I'eI'

Anti-Bacterial formula within the
ceramic natrix kills pathogens

Activation carbon takes out
chlorine and organics improving
taste and odour

Also contains heavy metal
removal media, which takes out
toxic lead

HANDS is a one of the largest & leading NPO of country, working since 1979

in health, education, poverty alleviation, water and sanitation, infrastruciure HANDS Infrastructure Developmenh Energy:

development, emergency response through social mobilization, advocacy &

capacity building. HANDS is benefiting more than 19000 villages in 24 districts WASH and Shelter (IDEAS) Progrclm

of Pakistan. ; 140-C, Block II, PECHS, Karachi. Tel: (021) 34532804, 34527698 Fax: (021) 34559252

s Email: info@hands.org.pk Web: www.hands.org.pk
® The WaterBackpack Company GmbH LDeu;sghloerd m dex
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This filter is cheaper (only 20 €) ... or??

WaterBackpack PAUL
18t April 2023

=
=

O000 O

1 year lifetime
20 € per Filter

In order to replace 1 PAUL:

30-60 units (to provide 1,200 L/d)

300-600 units (for 10 years)

That’s an invest of 6,000 € to 12,000 €

PAUL: only 3,000 € incl. maintenace,

tanks, pump, solar panel and

maintenance — all in all for 10 years

TECHNICAL DETAILS

L1 Gl |17 o - P e S SR  — BT L

L 20 - 40 liters
Capacity of each container ........covvveviiiivieiiiinieiinns 16 & 25 liters
Net weight without filter elements ..............ccccooiennin. 1.5 Kg.
Weight of one element............ccocooeeiiiiiiiii 390 grams
Diameter of container ........c.cccocevieieieiieciieecie e 10.5" & 12.5"
Total height ready for use ........ccoevviviiceiiiieirce 28 inch

Total height ready for transportation .......................... 15 inch
Absolute filtration (To 0.9 Micron) ......coeeeeviiieieenn. > 99.99%
Cot Rod0eRan s s R > 99.99%
(including Cryptosporidium and Giardia)

Turbidity reduction........coocvviiiiiiiiiciieee e > 99.69%

For particles between 0.5 and 0.8 Micron ................. > 99.69%
Reduce harmful bacteria.................................... > 99.99%

(E.coli, cholera, shigella, Salmonella, klebsiella)

——
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hydraulic capacity W""te”i""sf,!‘f\:j'i‘l fioes
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. . . WaterBackpack PAUL
hydraulic capacity and daily usage 18 April 2023
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WaterBackpack PAUL

rainwater harvesting 18t April 2023

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 examples on the next slides.
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rainwater ponds as a raw water source
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18th April 2023
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. WaterBackpack PAUL
rainwater ponds as a raw water source 18% April 2023

IMG_2568_1280_720 11.06.2013, 13:37:20
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. WaterBackpack PAUL
rainwater ponds as a raw water source 18% April 2023
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rainwater ponds as a raw water source

WaterBackpack PAUL
18th April 2023

i

|

|

il
h"..’

i

Jn |
; ll

LIE]

IMG_2574_720_1280 11.06.2013, 13:40:34

® Frechen

The WaterBackpack Company GmbH
@' Prof. Dr.-Ing. F.-B. Frechen

www.waterbackpack.org

Deutschland
Land der Ideen

soe00eses m J
Ausgewshlter Ort 2011

German Water dﬁX
the international Partnership
water association


http://www.waterbackpack.org/

. WaterBackpack PAUL
rainwater ponds as a raw water source 18% April 2023

Colombla 2014 © Jose Ordonez
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. WaterBackpack PAUL
rainwater ponds as a raw water source 18% April 2023

e e T L
Ghana (Tamale/Kulaa 015 Eugen Miller/Zarich
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: WaterBackpack PAUL
ralnwater ponds as a raw water source 18t April 2023

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
18th April 2023

rainwater ponds as a raw water source

Uganda 03/2019 © Steger
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WaterBackpack PAUL
18th April 2023

s s

rainwater ponds as a raw water source

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

s Uganda 03/2019 © Steger
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WaterBackpack PAUL

rainwater ponds as a raw water source 18 April 2023
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. WaterBackpack PAUL
rainwater ponds as a raw water source 18% April 2023
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rainwater ponds as a raw water source WaterBackpack PAUL

18th April 2023

- 3
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: WaterBackpack PAUL
ralnwater ponds as a raw water source 18t April 2023

Th|s plcture shows the pond in use today Ralnwater is to be used as raw water
for PAUL® station (background) and cattIe d|rectly drlnk from the pond
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rainwater ponds as a raw water source — Balkans 2014

WaterBackpack PAUL
18t April 2023

BaIkans May 2014: Also this water is exceIIent as raw water for PAUL®

-

o sptegelnnh Lnf:atmn' Balkans
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. . e . 1 WaterBackpack PAUL
seen in Vietnam: high tech ... not in use anymore !! 18% April 2023
* Why? Due to lack of spare parts which are needed on a regular

(3 to 6 months) basis — such solutions usually do not work...

'''''
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Credits and awards

WaterBackpack PAUL
18t April 2023

PAUL® was developed at the

Research was sponsored by

PAUL® is assembled at the
Kassel Disabled workshop

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

Pictures presented in this document are copyright
as mentioned in the respective picture

Il KASSEL
RSITAT

DBU ()
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