Met hod And Devi ce For Sewage Treatnent Field of the Invention The present

A nvention relates to a process for utilizing waste waters which conprises
the separate collection of gray water and/or black water and menbrane
fi.ltration of the separately collected gray water and/or-the solids/liquid
separation of the separately collected black water. The present
invention preferably relates to a process of producing pot abl e mater
fromgray water or fromone.or nore of its partial..streans:—~Noreover, .
apparatus for producing potable water fromgray water and an par tus for
utilizing black water and its use are described. Sthinde é?fBeﬁpa ention

The presemmTﬂEmeﬁbxmm®rlses the treatnent and recy parately
col l ecte Q¥AVé phaste water streans of gray mat ter,
which is (5)15? SLEDI Ve dié’iﬂeﬁ'c nto faecal waste water and urinal wast

wat er and can ~be separate col | ect ed, in or der to t hus
provi de a precondition for a highly efficient water mnmanagenent in
regions with water problenms. The process is preferabl y based on the

separate routin of bl ack a ray wate efer n the use of
wat er - savi ng t of | B{CeTH ’b‘? %?u%a‘zn Ibgpﬂ%%o”f% 7’%%%§£a%%]?abl e water.
The i ndi vi dual partl al gray water streans can be pretreated separately

and used geféoggc&goig‘pgﬁ ygher. One aspect of 2 the process is the
use of sea " Waler~desaliniza %I on plants in the treatnment of gray water. The
effects achieved in the desalinization plant are not only a substanti al

removal ofnkesidnsubstianeesnante Sivad t akeoals piitdsd | e6r hutird Sing
grgat red%ggkgnwggeégewgl tE%mBE?%%%r%he separate collection of gray
water and/or black water and membrane filtration of the
separately collected gray water and/or the solids/liquid
separation of +the separately collected black water. The
presént invention preferably relates to a process of
producing potable water from gray water or from one or more
of its partial streams. Moreover, an apparatus for producing
potable water from gray water and an apparatus for utilizing

black water and its use are described.

Summary of the invention

The present method comprises the treatment and recycling of
the separately collected individual waste water streams of
gray water and black water, which is preferably divided into
faecal waste water and urinal waste water and can be
separately collected, in order to thus provide a
precondition for a highly efficient water management in
regions with water problems.

The process 1is preferably based on the'separate routing of
black and gray waters and also preferably on the use of

water-saving toilets.

The gray water can be used to produce potable water. The
individual partial gray water streams can be pretreated

separately and used to produce potable water. One aspect of
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. The” basic idea underlying the process is the naxim zation of the mneral
“fertilizer concentration by open |liquid circulation by collecting the
wast e water together with the organic waste fraction in the di scharge of
-waste water treatnent plant's. The nutrients of the urinal waste water can
be separately collected by separation toilets and urinals and can be
anaerobically recovered. The bl ack or 2f aecal waste water is oxidized to -
nitrification and is reused to flush toilets and urinals, and is thus only
used as a transportation neans, in which the nutrients can be concentrated

and di schalegg@doddeisedeerchaliidat®r coda hﬁatléﬁdd%ahlﬁif)iﬁidmnphéﬂtef 1hhe
solids i t he anaerob%c %lrst SO|I /I| tion, ln tge cas
d

conpost i & tﬁ%?%trf‘%n d‘?‘f?%ne‘ﬂa cefcl ﬁ’hle ec i da% tarts WI t h the
|rr|gatuﬂesﬂlﬂﬂnzaﬁmqu@lamtharhenﬁﬁImm&y &r@mhﬁtanauﬂﬁcrem@?@lmafer

treat ment-3lia T%Lﬁ#e{ﬂ Sah§! E%ﬁﬁﬁtgiﬁe‘aﬁgp%%tdl%talro% t fﬂlﬂ-[ "‘Qfé‘gyaa""ay

and concéntrate et of e waste water treatment plant

i rrigati GiFemRdt é‘ﬁ%@{?ﬁlqré@ft Fhenosmtes PressaEfent step. Suitabl e neasures
to greatly prevent denitrification can also be taken dependlng on the
process vari ant The theor tlcalhi mal | est dlschagge vol une_of .about
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par anet ers-Of @l dt tyiRes Of i ndividual waste streams of industrial or
dohesti c

The nutrients of the urinal waste water can be separately
collected by separation toilets and urinals and can be
anaerobically recovered. The black or faecal waste water is
oxidized to nitrification and is reused to flush toilets and
urinals, and is thus only used as a transportation means, in
which the nutrients can be concentrated and discharged.
Moreover, nitrate can be used as a flotation aid of the
solids in the anaercbic first solids/liquid separation. In
the case of composting, there is an additional cycle. This
liquid cycle starts with the irrigation of the compost with
the effluent from an aerobic waste water treatment step. The
nutrients released by composting are thus washed away and
concentrated in the outlet of the waste water treatment
plant by irrigation water supplied to the aercbic treatment
step. Suitable measures to greatly prevent denitrification
can also be taken depending on the process variant. The
theoretically smallest discharge volume of about 2 1/ (PE*d)
and the thus possible drying of the mineralized nutrient
enables treatment without difficulties and odorless
recycling of the nutrients into the nutrient cycle.

Bio waste is processed together with any resulting sludges
in order to produce bio gas and compost.



.ori'gin. The follow ng individual waste water streans are of particul ar
“interest here: Faecal waste water is defined as waste water which is only
Faden with feces (for instance fromthe feces outlet of urine separation
-toilets); other waste waters of simlar conposition stemring from ot her
sources can be adm xed here. Urinal waste water is defined as waste water
which is only laden with urine and st®nms fromall kinds of urinals and/or
fromthe urine-|laden outlet of urine separation toilets; in this case, too,
ot her waste waters of simlar conposition stemring fromother sources can
be adni%ﬁme Stackinatsubssraeés ned as waste water |aden with both urine and
feces, fQLe ﬂ?{ fronlall kinds of toilets and urinals. Uinal waste

. wat er .and/.or. aec .waste water can be drained and collected in a separate
sewerage net. Mreover, the black water and/or its partial streams of urine

wast e waﬁeétandn&ataq@tyv\asd’@ewt@fecaneb%dneqﬁﬁ@ebﬁém UsgegliLn ﬁmssarre
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and/ or conposition it can be subdivided into several grey water, partial
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but nust not contain black water (feces and/or urine), although a portion
Urinal waste water is defined as waste water which is only
laden with urine and stems from all kinds of urinals and/or
from the urine-laden outlet of urine separation toilets; in
this case, too, other waste waters of similar composition

stemming from other sources can be admixed.

Black water is defined as waste water laden with both urine
and feces, for instance from all kinds of toilets and
urinals. Urinal waste water and/or faecal waste water can be
drained and collected in a séparate sewerage net. Moreover,
the black water and/or its partial streams of urine waste
water and faecal waste water can be received in surges in
the same sewerage nets, and treated separately. In cases of
particular similarity regarding pollution parameters, other
waste waters from agriculture (for instance 1liquid pig
manure) and/or from other sources can be admixed.

Gray water is defined as domestic waste water which is not
or hardly laden with urine and/or feces and/or is defined as
other waste water of similar composition stemming from
laundries and/or other sources, which can be received in one
or several separate sewerage nets. According to its origin
and/or composition 1t can be subdivided into several grey
water partial streams. The gray water can be composed of all
conceivable combinations of all conceivable numbers of



of faecal and/or urinal waste water adm xed to one or several partial
‘'streans of the gray water does not nmake a difference to this definition.
Toil et as used herein is the general termfor all types of toilets. Toilets
Mith water supply can be divided into flush toilets and water-saving
toilets. Flush toilets are conventi onal toilets whi ch are
comercially available today and may a so be equi pped with water-saving -
devices (for instance a.water saving key). Water-saving toilets are speci-al
constructions with a high water saving effect, such as for instance vacuum

toilets, (%gﬂgga;igepahati g@ﬁﬁggk—et ﬁasefbf.wtﬂié]ﬂa|§otﬁ.¥c€és’:\,! | e muefc slapar ate
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etc. Bio ofstiadcaldebhdgdrasusbhall, wastegiwatdy degriatsbl conashe ppwduct s
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may be cohifferande) 4 ddiisreidtiRiters and in bio waste. It may al so
refer to carbonates. Nitrogen as used herein is defined as referring to all

organi ¢ and, i norgani ¢ nitrogen conpounds which may be contajned in bl ack
wat er andEYrEEE WaE eHS8Ad eF o IRistRe genErP’Eoézﬁl‘ZfS‘r Lfsorasaﬁsegyﬂﬁﬁei"ﬁ is

defined asoi®dtesiTgiletal ivhgaaterasdpphyr gani bepidspiedud ntonmEduadts

whi ch may, be, cont ai in_bl ack ey gray water and in bio waste.
Filtrati o%c”g]o?/‘gs? sg'éé]ﬁg%%%lr' s%gg%?mgélcﬁ%d %‘r fine screen filters and/or ~
menbrane (filtration) nmethods that can be used in waste water purification

and pot abpe YRt erL S ELVETY - are  conventional  toilets which  are
commercially available today and may also be equipped with
water-saving devices (for instance a water saving key).

Water-saving toilets are special constructions with a high
water saving effect, such as for instance vacuum toilets,
urine separation toilets, etc.

Urinals are all types of separate urine outlets with or
without water flushing, as for instance simple runs, urinals
with individual or automatic water flushing, water-free
urinals, etc.

Bio waste is defined as solid, biologically degradable waste
products which may contain bioclogically inert components.

Carbon as used herein is defined as referring to all organic
carbon compounds (CSB and BSB) which may be contained in
black and gray waters and in bio waste. It may also refer to
carbonates.

Nitrogen as used herein is defined as referring to all
organic and 1inorganic nitrogen compounds which may be
contained in black water and gray water and in bio waste.



1t includes all filtration and/or nmenbrane nethods known to the a skilled

person, such as ultra or microfiltration, which are for instance described
in the ATV volumes, U mann's Enzykl opadie, and other technical literature

and technical journals, for instance Korrespondenz Abwasser, etc., and/or

avai l abl e on the market. Furthernore, process- enhancing additives may be

added. Solids/liquid separation coverssall separation processes of liquid

and solid materials which_can be used in donestic waste water purification
and potable wat er recovery, as e.g. sedinentations, =~ and which are

suitable p 39? %neué:éé‘sﬁ'efr'e‘ihs is %rf1 n%ﬁani’i;e,ref@%rl@@ tbenrd
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enhancing additives may be added.

Solids/liquid separation covers all separation processes of
liquid and solid materials which can be used in domestic
waste water purification and potable water recovery, as e.g.
sedimentations, and which are suitable {(hydrocyclone
classifiers, for example, do not 1lend themselves to
solids/liquid separation in larger people equivalents
connection sizes). For instance all types of filtration
processes including reverse - osmosis and/or other membrane
processes for solids/liquid separation can be used. They
include all processes for solids/liquid separation known to
a skilled person, such as for instance adsorption'processes,
precipitatioen, filtration and - membrane processes,
sedimentation and flotation processes etc., which are for
instance described in the ATV volumes, Ullman's Enzyklopddie
and other technical literature and technical journals, e.gq.
Korrespondenz Abwasser etc, and/or available con the market.

Furthermore, process-enhancing additives may be added.

Fixed Dbed processes cover all processes in which
microorganisms grow sessily on a fixed and/or mobile matrix,
such as trickling filters, RBC (rotating bio contactor)
filters and rotating discs, all types of soil filters,



t echni cal

journals, e.g. Korrespondenz Abwasser etc, and/or available on
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freely in the liquid to be treated, sugh as for instance activated sl udge
processes, SBR (sequencing batch reactor) plants etc. They include al
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skilled person and are for instance described in the ATV
volunes, Ullman's Enzyklopddie and other technical
literature and +technical ' journals, e.g. Korrespondenz
Abwasser etc, and/or available on the market.

Process-enhancing additive may also be added.

oxidation by microorganisms, aerobic treatment step and wet
oxidation are synonyms within the meaning of the present
invention and are-the generic terms of oxidative fixed bed
and activated material processes and other nature-resembling
processes. They include all processes that are known to a
skilled person, such as microorganism-based oxidation, which
are for instance described in the ATV ~volumes, Ullman's
Enzyklopédie and other technical literature and technical
journals, e.g. Korrespondenz Abwasser etc, and/or available
on the market. Process-enhancing additive may also be added.

Removal of carbon covers all processes for removing carbon
from a liquid. It comprises all processes which are known to
a skilled person, such as microorganism-based oxidation,
e.g. adsorption.processes, e.g. precipitation processes and
e.g. chemical oxidation ©processes, etc, which are for

instance described in the ATV volumes and other technical

wasser etc,



. 1.2 Conparison of the donestic waste water partial flows Mst people know
little about the dirty water produced by our civilization. As a rule, they
do not know that it can be conposed of very different waste waters".
-Wthin the neaning of this invention,the term"partial stream of waste
water"” and the term"partial streami are used as synonyns. The foll ow ng
Tabl e 1 Is a conpilation of the approxi mate distribution of black and gray-
wat er ggonents The col-upms, "bl a fk water” and "grey  water" _show the

per cent ayetBF 2T But FSF of ?ﬁ%nhﬁé e WAEMSpongnfs. BHIRESPHIMRTE es of
bl ack anEbgaeyenacets Kadavet&vailable Bhatkewadeket ray wat er anount

20- 30% 70- 80% car bon 50- 60% 40-50% Total nitrogen
—299% ... __.<1%phosphorus.__...__ __>_99%. < 1% sulfur >
98% 1.2 cofpanisenebEnbhesdomestdsowaste water psschheh. fhawseria >

99% F%é’pll)ﬁe V]?IH:'@S 15@E1ENGWSE obLBNES) @\}ﬁzf g‘ﬁéééf g%ﬁh%%ﬁt Sy he

val ues |n8|ca are nmaxl nrum val ues ary i n I ndlvi dua
cases. TﬁEre%FgﬁihaaE%BHre§saﬁerﬁéﬁrsF§ﬁVfﬂ@aﬁ@teﬁﬁﬁght 13 ©HhR® how

littl e seB@pokbamakes werf X dilrFelcan@t emyalside grayasaier . itiiie case of

| ack of nutri.ents i ay, wat er, cqnbi on of part st reans
of gray %ﬁ?@??gaoﬁa%ﬁiﬁ qﬂ?ﬂ%&%ﬂz%@?nﬁ?¥@en?§rgﬁa hétqﬁ%%: fv%ﬁ%Te can
be addedatefkdr andotthketerm ¢anbbnallegtadami'oare usédbhs 2yshaymst he

sources fromwhich the individual |oads of material conme. Table 2: Oigin

of pollutant | oads Paraneter car bon total nitrogen
phosphor@@e following Table 1 is a compilation of the approximate

distribution of black and gray water components. The columns
"black water" and ‘"grey water" show +the percentage
distribution of the waste water components.

Table 1 Profiles of black &nd grey waters

Parameters Black water Gray water
amount 20-30% 70-80%
carbon 50-60% 40-50%
Total nitrogen > 99% < 1%
phosphorus > 990%™ < 1%%
sulfur > 98% < 2%
microelements > 95% < 5%

> 99% < 1%

path. bacteria
*) values fo: the use of phosphate-free detergents

The values indicated in Table 1 are maximum values which may
vary in individual cases. The existing studies are not
significant encugh. Table 1 shows how little sense it makes
to mix black water with gray water. In the case of lack of
nutrients in gray water, or in any combination of partial
streams of gray water, a part of the oxidized nutrients of
the black water can be added for complete <carbon
degradation. '



Sour ce g/ (PE*Xd) % g/ (PE*d) g( PE*d) % gray wat er

15 © 40 > 0.2 >1 - - feces 17 46

1.5 11 0.6 43 urine : 5 14 12. 2 88
0.8 57 total 37 100 13.9 100 1.4 100
Table 2 shows the different |oads of carbon, nitrogen and phosphorous from
the sources "gray water, "feces" gand "urine". The different |oad-

profile which the feces.. and urine sources have in respect of the carbon
and nitrogen paranmeters justifies separate collection and/or treatnment of
the uri nglyy@ss eNLer cnbl aek-paLCL 6 PRIChORAL ekakaqiuastbal &r from
toilets uri na Is terne ack water. I's conposed of feces, urine
and wat emateriak égh@alns nore than 80% of dally produced human nitrogen

(urea) dissolved In mater Feces contain about 50% of the daily produced’

human carbopn in sol| t hban_50% of the phosphorus and 10% of
the nitrogBhS ﬁJnBEfg%ﬁe gLB?glgg BE g? ﬂﬁllutants can be found here:

car bon, phosphorus and pota55|un1pr|narlly in the feces, nitrogen mainly in

t he urin %g Yer, o ?L?Sﬁ wat er copt inﬁlggéggg nic Bﬁgkghggugron1the

human in es trac SO- called co |form acteria which
are cont&pnedeln t hegdéBFaent &d s| gd§BE*EAn be*conplet@K?ERﬂDIed%by

subsequeg} y [8E@entations apg cogpgshing, >jthe bacteria cantained in
t he water nist be sterilized to be kllled conpl etely. 9 Regarding
quantityfeBP8ck water anmbdnts4Po about 138% of the total d8mEstic fdste

wat er . Howewer, this qyansltquan be neduced teosl ess phanolé@bby ghe choice
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Table 2 shows the different loads of carbon, nitrogen and
phosphorous from the sources "gray water", "feces" and
'yrine". The different 1load profile which the feces and
urine sources have in respect of the carbon and nitrogen
parameters justifies separate collection and/or treatment of
the urinal waste water. '

Black water

As mentioned before, waste water from toilets and urinals is
termed black water. It is composed of feces, urine and
water. Urine contains more than 80% of daily produced human
nitrogen (urea) dissolved in water. Feces contain about 50%
of the daily produced human carbon in solid form and more
than 50% of the phosphorus and 10% of the nitrogen. Almost
the whole range of pollutants can be found here: carbon,
phosphorus and potassium primarily in the feces, nitrogen
mainly in the urine. Moreover, black water contains
pathogenic bacteria from the human intestinal tract (so-
called coliform bacteria). The bacteria which are contained
in the sedimented sludge, can be completely killed by
subsequent fermentation and composting, the Dbacteria
contained in the water must be sterilized to be killed
completely.



checked correctly. The construction costs and operation costs of the
process could be dramatically reduced by the separation of the black water,
but it is necessary to install a second sewerage net. However, since it can
be installed in parallel with the sewerage net that nust be |nstalled
anyway, only the costs for the pipes And nminor additional costs for the
construction-of the conduit net arise in addition. Froma scientific point
of view, feces and organi-c- waste consi st of the substances, |ife consists
of : TheyReganding ygqeansity, obleakbemtE?) ,amiygen ¥®)aboydr 3g&n ofHthe
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From a scientific point of view, feces and organic waste
consist of the substances, life consists of: They primarily
consist of carbon (C), ox&gen.(O), hydrogen (H), nitrogen
(N}, sulfur (S) and phosphorus (P), but also of a whole
range of trace elements, such as for instance potassium (K).
Here, the compositions vary depending on nutrition habits
and/or econcmic conditions. Primarily carbon, nitrogen and
phosphorus are environmentally relevant for water pollution.
They are produced in an energy-intensive form and are
expensively removed from the water by conventional sewage
treatment plants.

Carbon is biologically converted in water into CO, by
bacteria in the presence of oxygen. Thus, a great amount of
oxygen is used up in this conversion. One consequence of
this is that the fish in the water suffocate. Plants are
able to assimilate and utilize the thus formed CO, from the
ailr. Hence, carbon 1s not a fertilizer.

Nitrogen, phosphorus and potassium are factors in short
supply in plant- growth and are thus the main components of
fertilizers. Potassium is environmentally inert in water,
while nitrogen and phosphorus may lead to an explosion-like
algae growth in waste water. Algae are alsoc plants and thus



nutrients thus lead to a carbon-enrichnment in water, which | eads to the
devel opnent of catabolic food chains and to a great oxygen depl etion of
water and thus to the death of fish. The term used is the water has
"turned” or "eutrophied'. The nutrients are suitable fertilizers for
agricultural use. Commercial mneral, fertilizers inter alia consist

of saltpeter (KNJerr]) and phosﬂﬁhte (PO err]). Exactly these-
substances are produced--bBy-the process and may be returned in solute or -
solid formto the production. Gay water Gay water 'is the waste water from
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- substances are produced by the process and may be returned

in solute or solid form to the production.

Gray water

Gray water is the waste--water from all other domestic
sources (see the definitions above), such as showers, wash-
basins, washing machines, kitchen waste water etc. Gray
water is practically nitrogen-free and phosphorus—ffee:
hence it can be purified to highest quality with relatively
little expenditure.

Waste water from dish-washers is usually allocated to gray
water, but should be directed to black water because of its
composition of pollutants.

The pollution of gray water compared to that of black water

is minor and can be purified with relatively 1little
expenditure. Gray water contains nitrogen impurities only in ™
very low trace amounts and is considered to be practically

free from phosphate, as predominantly phosphate-free
detergents are used nowadays.

Gray water amounts to about 70 to 80% of the daily waste
water produced and accounts for the largest quantity and is
particularly suitable for recycling for +the following
reasons:



potable water 3. it shows a | ow carbon pollution 4. it shows a m nimum
nitrogen and phosphorus pollution. The production of potable water from
gray water is particularly worthwhile for communities in countries where
"potable water is in short supply, as for instance In the Ml edive |slands,
where 1 nferr] of potable water now costs nore than 6 US $. Bio waste The
anounts of bio waste vary considerabl3d& For instance the anount in German
comunities is only about- 200 g per inhabitant and per day, but is nore 1.2
kg per day in Asian hotels. Bio waste contains the residual quantities of
ni t r ogeniandit phsspbdrasnhahinabedi wedhi aobidckmwebheterPai or art Central
sewage teatent, s. and c caliz rag eyage t ants
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wat er coppbabheswaherdirect the purified water via rivers to the sea
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Maledive Islands, where 1 m~ of potable water now costs more

than 6 US S.

Bio waste

The amounts of bio waste vary considerably. For instance the
amount in German communities is only about 200 g per
inhabitant and per day, but is more 1.2 kg per day in Asian
hotels. Bio waste contains the residual quantities of
nitrogen and phosphorus not contained in black water.

Prior art

Central sewage treatment plants and centralized sewerages

Sewage treatment plants which purify waste waters that is to
say which expensively remove waste water components and
direct the purified water via rivers to the sea represent
the state of the art. Hence, this water is admixed with salt
and withdrawn from the fresh water cycle. In regions where
water is in short supply, fresh water is for instance
produced by sea-water desalinization plants where the
process of the present invention offers an inexpensive
alternative. The prior art covers a linear flow through
technique and essentially suffers from the following
drawbacks:

1. The most different types of waste waters from commerce,
industry and households are admixed. Rain water is often



recovery and recycling of the nutrients fromblack water is inpossible
because of their admi xture with poisonous industrial waste waters; . for
t he sane reason, a poisonous sewage sludge is formed . lowsalt waste
waters are directed fo the sea via the surface water collectors and thus
fresh water is wasted, producing considerable costs especially in regions
where water is in short supply; the | @® concentration of the waste water -
conponents requires their-technically sophisticated and expensive renoval ;

non-purified waste waters are washed out by rain peaks. 2. Inflexibility
of centrailged syidtettad A rdgi dthpst egoabinetl regskagei ftaystens apithe
changes in the re uirengn%gf as.for._instance the boom ng touristic

a
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. the low concentration of the waste water components
requires their technically sophisticated and expensive
removal;

. non-purified waste waters are washed out by rain peaks.

2. Inflexibility of centralized systems. A rigid system
cannot react swiftly to rapid changes in the requirements,
as for instance in the booming touristic areas.

Decentralized separation of black and gray waters
Historically, black water was treated separately especially
in Asia. In this connection, especially the bio gas plants
of India and China and the "Nightseoil! treatment methods of
Japan and Korea are to be mentioned. The process variations
can be described as follows: | |

a) Heat treatment process

After coarse particle removal, the black water is passed to
a -quantitative equalization tank. After heating and
subsequent solids/liquid separation, the black water is
diluted with fresh water in a ratio of 1:20, and subjected
to an activated.sludge process.

b) Anaerobic treatment (anaerobic digestion process)
After coarse particle removal and quantitative equalization,
the black water is subjected to a two-stage anaerobic



diluted with fresh water in a ratio of 1:20, and directed to an activated
sl udge process. c) Aerobic process (aerobic digestion process) After coarse
particle renoval and quantitative equalization, the black water is
subj ected to aerobic treatnent, and after subsequent solid/liquid .
separation the black water is diluted with fresh water in a ratio of 1:20,
and subjected to an activated sludge pBocess. d) Two-stage activated sl udge
process After coarse parti<€le renoval and quantitative equalization, the
bl ack water is diluted with water in a ratio of 1:10 'and treated in a
first acpryesed HlddeEFtdy ogabsequelt esosibseriigiidsdepioidtiphd is
separatiog. h | ac vat er I S gain diIut%d W hltr§sh W%t%ﬁé 1,8 tio of
..-l;..l&_and_éjﬁgﬁgi o~5°8¢ Bﬁg_..’é_cﬁﬁ\_/_?ﬂ_é&_éfuﬂ e 'pr3eedd ISt M nes, .
t he separahi antbfabédckluddegpagcemaser has been reduced to practice only in
Norway and in the Federal Republic of Germany and only in a few projects.
e) Gray water processing In Noderstedt, near Hanburg, black and gray waters
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4) Two-stage activated sludge process

After coarse particle removal and quantitative equalization,
the black water is diluted with water in a ratio of 1:10 and
treated in a first activated sludge process. After
subsequent solids/liquid separation the black water is again
diluted with fresh water in a ratio of 1:10, and subjected
to a second activated sludge process.

In recent times, the separation of black and gray water has
been reduced to practice only in Norway and in the Federal

Republic of Germany and only in a few projects.

e) Gray water processing

In Noderstedt, near Hamburg, black and gray waters were
collected separately. The éray water is processed in a one-
stage procedure, and just as the untreated black water, is
then directed to a combined sewage system. The drawbacks of
this process concept are the following aspects:

. Gray water processing at best allows its reutilization as
flush water for toilets and urinals.

. The introduction of untreated black water makes it
impossible to close the nutrient cycle.

f) FPermentation of black water and bio waste
At present, Lubeck plans a residential area in which black

water is separated from gray water. It envisages



.fermentation of the total black water with bio waste and subsequent use of
the fernmentation broth in agriculture. The unfavourable CNratio is to be
counteracted by an increase of the active bio mass in the. anaerobic
reactor. The drawbacks of the process in particular in theuse in touristic

areas with short water supplies are the follow ng aspects: . COdorl ess
application of the nutrients in the Viinity or on touristic grounds (for
i nstance gol f courses, parks, public gardens etc.) is not possible. . Wth

a previous solids/liquid separation step, the volune of the bio gas plant
coul d berfeeduaedt ‘ienatbtmt thef cturttdrn wb&hekopﬂtaér omshalhiotwaswl damd t he
same ting be increa cause ter ving in
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Schl i erberg" working accor he sane process as,that of Labeck (see
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reported. Follomnng the test results, the process according to Figure 3 was
modi fi ed 38RESEF 1997 by the engi neers working on this project. The

drawbacks(ﬁddﬂﬁ&Bgﬂ&p@%chbeunusédthetmmnrfnmtsamna&haﬂvxﬂxniﬁjron1short
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process X1 dat'i 6n An aerobic t ernophi | ¢ ox{ dati on
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fraction oandtﬁgeb%'.osega?se %flanto g lgr eucg'leglgced to about a fourth
while operation stability could at the same time be
increased because of the improved C:N ratio.
. Water-saving in the toilét sector is only possible wvia the
use of water-saving toilets, given the absence of a black

water cycle.

g) Fermentation of black water and bio waste

A pilot plant for the solar residential area ‘“am
Schlierberg" working according to the same process as that
of Lubeck (see below) was put into operation in Freiburg in
May 1997. During the test phase, acidification tendencies on
account of the too low C:N ratio were reported. Following
the test results, the process according to Figure 3 was
modified end of 1997 by the engineers working on this
project. The drawbacks of this +process when used in
touristic areas suffering from short water supplies are the

-,

same as in the case of the previously discussed process.

h) Aerobic black water oxidation

An aerobic thermophilic oxidation plant for total black
water has been built in Norway near Oslo. The drawbacks of
this process are the high energy consumption of the CSB

fraction and the absence of bio gas production.



15 Tbe processes known in the art are, however, inadequate for nmany waste

wat er
to provide an inproved process for waste water utilization.
achi eved by the enbodi ments specified in the clains. Thus,

relates to a process for utilizing waste waters, which conprises the

foll ow ng steps:

removal or utilization areas. Hence, it is an object of the invention
Thi s obj ect
the invention

is

(a) separate coll ect®8n of gray water and/or black water

and (b) nmenbrane filtratton of the gray water separately collected in (a)-
and/or solids/liquid separation of the black water séparately collected in

(a).
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(b) membrane filtration of the gray water separately
collected in (a) ‘and/or solids/liquid separation of the
black water separately collected in (a).

In a preferred embodiment ‘of the invention, the process for
preducing potable water from gray water or from one or more
of its partial streams comprises the following steps:

(a) separate collection of gray water or one or more of its
partial streams; and
(b) membrane filtration of the gray -water separately

collected in (a) or one or more of its partial streams.

In a particularly preferred embodiment, membrane filtration
is carried out by reverse osmosis or ultra- or
microfiltration. '

In another particularly preferred embodiment the ultra- or
microfiltration is followed by a desalinization step.

In another particularly preferred embodiment, membranes
having a pore size of at the most 2 um are used for ultra-
or microfiltration.

In another particularly preferred embodiment, nembranes
having a pore size of at the most 0.2 pm are used for ultra-
or microfiltration.

menbr anes

o e——
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16 in another particularly preferred enbodi nent, one or nore nechani cal
physi cal and/or chenmical purification steps precede (b). I'n another
particularly preferred enbodi nent the process according to (a) conprises
“the follow ng steps: (i) solids/liquiggseparation; and/or (ii) carbon
removal I n another particularly preferred enbodi ment step (ii) is followed
by solids/liquid separation. In another particularly preferred enbodi nent,
solids/liquid separatiofi“is carried out by flotation, sedinentation,
filtration or precipitation. In another particularly preferred enbodrnent
carbon r &Rp\@NOtRek apriréd cydamiy orreberved wiembodiaende oPN®i @XooFPGERI SNE.

I'n anot hglachamiicay!, ar hyRyiefar r %@/ﬂwdlmlcébe @59.@@13%@{0& hestaygnt i on
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modi f i cal*&TeGe (e -wat er structure of the gray water or one or nore of its
partial streams recovered in (b). In another partrcularly preferred

enbodi ne sanitation t ment hIor| ap t her referred
enbodlnenrfanPE SFnvBAh %?%%ui%fa¥k 9%&%# $|I < q:rrprl?iges Fﬁ

f ol | owi ngostoaesing &p i@pamﬂ@m@ased:theorf@ﬂdﬂla‘@& aMlp@r: fromtoilets with
or without urinals; 17 (b) solids/quuid separation of the black water

collected in (a); ( oxidation by mcroorganisns of the |Iliquid
phase r eddver &P &Pqud separation; and/or

(ii) carbon removal

In another particularly preferred embodiment step (ii) is
followed by solids/liquid separation.

In another particularly preferred embodiment, solids/liquid
separation 1is carried out by flotation, sedimentation,
filtration or precipitation.

In another particularly preferred embodiment, carbon removal
is carried out by oxidation with the use of microorganisms.

In another particularly preferred embodiment, the process of
the invention comprises the following step subsequent to
(b):

(c) sanitation and/or modification of the water structure
of the gray water or one or more of its partial streams
recovered in (b).

T IR ——

In another particularly preferred embodiment, sanitation is
a treatment with chlorine.

In another preferred embodiment of the invention, black
water utilization comprises the following steps:

(a) separate collection of black water from toilets with or
without urinals;



- (d) solids/liquid separation of the product obtained in (c); (e)
utilization of the liquid phase obtained in (d) (ea) for <collecting black
water according to (a); and/or (eb) as a mneral fertilizer; and (f)
optional repetition of steps (a) to (ea) one or nore tinmes. In a o
particularly preferred enbodi nent, the black water is separately collected
in step (a) as faecal and urinal wasté waters and the faecal waste water is
treated according to steps (a) to (f). In another . particularly preferred
enbodi nment of the invention, at |least a part of the urinal waste water

i s added(to tswel idmyddlquiast separatibnf eife thepblerk |watemorhddected
particularly 3 rprﬁ))i.rred enbodi nent of the invention, the solids/liquid
~sepafat-+on —+-A -— ~—+S~--a-{-ot-al -on—process -+ he—eve% +hat- -st-eps -(a)- to--
(ea) arelFepertidpion or P¥or AGERAX I SR hePL pdhys culd¥Pid  BPRES& red
enbodi ments r&doveddte idivgntj on, one or nore nechanical, physical and/or

chemi cal  purificati nstes recede step_(c other a.rtl ul.arly
preferrefn‘% et ({) ﬁ%@ ﬁ%e‘r‘iﬂ ﬁf %FIE s%lf? Yi QR &harti on
in (d) is ec)filtratlon process. 18 I'n another particularly
preferre i i SR ) Is a

sedi nent gﬂ on ooﬂfi%"{r ati o%hﬁ}%gjéis%ﬂc# n%? her ar%l cul? CH/) preferred
embodi nent, t(ﬁabrisd‘-ucthlrlﬁﬁ"(wgl selagler nﬁéh‘:é%‘el gosPeféngi nte stage tank
and in the case ofgggbgher performance demand, is supplied again

(eb) as a mineral fertilizer; and
(£) optional repetition of steps (a) to (ea) one or more
times.

In a particularly preferred embodiment, the black water is
separately collected in step (a) as faecal and urinal waste
waters and the faecal waste water is treated according to
steps (a) to (f).

In another ©particularly preferred embodiment of the
invention, at least a part of the urinal waste water is
added to the faecal waste water before step (c).

In another |©particularly preferred embodiment of the
invention, the solids/liquid separation in (b) is a
flotation process in the event that steps (a) to (ea) are

repeated one or more times.

In other ©particularly preferred embodiments of the ™
invention, one or more mechanical, physical and/or chemical
purification steps precede step (c).

In another particularly preferred embodiment of the
invention, +the solids/liquid separation in (d) is a
filtration process.



to the oxidation equipnent under increased air supply. In another
particularly preferred enbodi nent, the oxidi zed bl ack water and/or faecal
waste water is subjected to sanitation prior to reutilization and/or to a
nodi fication of the water structure. I another particularly preferred
enbodi nent, the solids are renoved fr§n1the urinal waste water by
filtration. In another preferred enbdi iment, the solids fromthe gray water
and/ or the black water and/or faecal waste water are subjected to a onhe
or two-step anaerobic fernentation process together with or wthout
fragmentE@ bi 8NRESEE. | PatckIER e t | cRFaFeyrdef e PPREIRESE  nentthe he

pot abl e @alﬁasyﬁufmiaedsépaﬁaeﬂahal AAr S.(bhn arot ker fAieiitaatiah preyf erred
-wenbeé+negi~—% aer-ab—-f-ert-i-+-izer- and/ or conpest—i-s-f-idl-ed-i-nto.

cont ai ne 1tﬂ6?é89ePr°?ﬁ§srnventlon relates to an apparatus for carrying
out the process of the invention which conprises a reactor in which steps
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corrprlses ne ranes S eX
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in which process steps characterized in the process of t he
|nvent|oﬁ°aFEecaFF?%HlSBteqF&PFﬁEFnBPQQrtHécFﬁ§§ﬁF|BhrréPEP%X ‘to the use of
t he apparatus of the invention for ut|I|2|ng bl ack water. In another

enbodi ne L i nventi lates to paratus_of .t he
Cnvent | o ATSHET 1B BT OTUCRT bh: ERE S FROT I hater, TREHghr es
js‘ﬁbv\/thebﬂ.abkov\wn'ger and/or faecal waste water is _sub]ected to
sanitation prior to reutilization and/or to a modification
of the water structure.

In another particularly préferred embodiment, the solids are
removed from the urinal waste water by filtration.

In another preferred embodiment, the solids from the gray
water and/or the black water and/or faecal waste water are
subjected to a one or two-step anaerobic fermentation
process together with or without fragmented bio waste.

In another particularly preferred embodiment, the potable
water is filled into containers.

In another particularly preferred embodiment, the mineral
fertilizer and/or compost is filled into containers.

Moreover, the invention relates to an apparatus for carrying
out the process of the invention which comprises a reactor
in which steps (b), (¢) and (d) are carried out.

The apparatus according to the invention comprises membranes
as explained above, as well as a mixer, an aerator, a scum
offtake, and optionally other components.



Figure 1: shows the black water nodule and bio waste nodule. It depicts
the bl ack water cycle with or without urinal waste water. In addition, it
shows the interaction with the bio waste treatnent, the treatnent of bio
wast e being a preferred enbodinment of the process of the invention.
Figure 2: shows the gray water nodule and its recycling for re-use.
Thanks to the division of the gray watler into three separate partial waste
wat er streans, a volumi nous prelinminary sedinmen- tation of the gray water’
can be prevented The treatnent of the gray water and one or nore of its
partial sineamsthara resgdlqWiazan derpferred sembodament) njsdet ARParaiuress

step. . dbfpdesabinizatipatany cane yaedni n the Preseilss T afesss i

—a——AH-t-Hf +opal—way—becayse—of-- the.-low-osnotji.c.pr essuxe.“Processastep
2d shows ERRTBEEERLARENLEY abRR oRTRCEFSt HRE bl’tBevva’s’i‘eerPﬁ)’diﬂ e3Tf| i ed
shows theutcycle of the nutrients between collection and utilization.
It, in particular, 20 shows t he cycle of conpost wat er and
achi evabl e nutrient concentration. Figure 4: shows an exanple of a
possi bl e Tuwphermdesj gntbe t Aavieh&dknvatredatresul éocappdweat wse ofoft hethe

i nventiong,oobbeys LR tREMEHGHLREon £8R0WE1118 n&CLiXQEG Lydge tank which
?PeX| I d

al | ows thepPotaI ul e to adapt y tot ay pro e of ampunts and
| oads produced in a hotel or residential area etc

In another embodiment, the invention relates to the use of
the apparatus of the invention in order to produce potable
water from gray water.

The figures show the following:

Figure 1: shows the black water module and bio waste
module. It deplcts the black water cycle with
or without urlnal waste water. In addition, it
shows the interaction with the bio waste
treatment, the treatment of bio waste being a
preferred embodiment of the process of the
invention. '

Figure 2: shows the gray water module and its recycling
for re-use. Thanks to the division of the gray
water into three separate partial waste water
streams, a voluminous preliminary sedimen-
tation of the gray water can be prevented. The
treatment of the gray water and one or more of
its partial streams in a desalinization plant =
is an important process step. The
desalinization plant can be used in the
present process in a multifunctional way
because of the low osmotic pressure. Process
step 2d shows the optimum interaction with the
bio waste module.

Figure 3: shows the <c¢ycle of the nutrients between
collection and utilization. It, in particular,



Figure 5: shows an exanple of the black water cycle in the enbodi nent
of this conpact black water nodule. The exanples illustrate the invention.
The process according to the invention is explained in nore detail on the
basis of Figures 1 and 2. Optinmum use of the new process herein proposed,
requires the existence of a separate black and gray water discharge system
For instance in the case of hotel blogks, this discharge systemto be newy
installed in addition of--the existing one should be easy to realize in the
utility lines in the course of a renovation or new construction, while the
hotel continues to opesdb@s | fthhe WoykBear oPr opempysicheddated. Sewar age
nets and sewage treatnen .pl§gé§ do ., nat %xist in,all .European touristic

e

areas_and those whi ch GSPdEVARd & AUtELant, concenyEatd®iad by the steadily
increasing tourism In recent tinmes, infrastructures are devel oped in

Sout her n _Eur Qpe,, Wwhich agre sim | hase byl | t NHEL (for
i nst ance Iﬁr?—u%ger r‘f"a'ny) i 5 oﬁves f%t%gﬁglﬁé gI%Xtal s%ésée%e?a%s%%aaéggé?s are
installed and central s&vatget rel@dentvadleght BodréenAREATRKYE &T | FBPoved.

21 However, such centr ghhaltdldOns FRNY tiAeS Atiduiegsti Cehdks N an

ol Ut ons,  ae. contral SRR GnRL BIART SAEkBrL et oRLACHEAT R y Eg5al

touri sm Hence, decentmaddwed t30ladapistlavailsly pes ntie f daxi brefdtlapbifon of
the capacity to the neeaq,és%gthosul %n%p H_rga r%)lol qm% g%%ugtitn. Ihehgegies%rher ein

proposed is so flexible It can be'l me i nfO an eXrsting
infrastructure at | ow costiglerfural mstemortexi sting central structures can
beicontinued to
Figure 5: shows an example of the black water cycle in
the embodiment of this compact black water
module.

The examples illustrate the invention.

The process according to the invention is explained in more
detail on the basis of Figures 1 and 2.

Optimum use of the new process herein proposed, requires the
existence of a sSeparate black and gray water discharge
system. For instance in the case of hotel blocks, this
discharge system to be newly installed in addition of the
existing one should be easy to realize in the utility lines
in the course of a renovation or new construction, while the
hotel continues to operate, if the works are properly
scheduled.

Sewerage nets and sewage treatment plants do not exist in
all European touristic areas and those which exist are all
completely overloaded by the steadily increasing tourism.

In recent times, infrastructures are developed in Southern
Europe, which are similar to those built in other countries
(for instance in Germany) in the fifties and sixties.
Central sewerage nets are installed and central sewage
treatment plants are newly built or improved.
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treatnment plant. In this case, the exdkting sewerage net can be used f
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possible to 22 use several conplete process nodul es (black and gray
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ertilizer requirenments in
decentralized system in parallel to the central system.

Example 1: The possibility of implementing the process in an
infrastructure possessing a central sewage treatment plant
and sewerage net

A community possesses a central sewerage net, which is in
reasonable conditions, and an (ovérloaded) central sewage
treatment plant. In this case, the existing sewerage net can
be used for collection and the sewage treatment plant can be
used for processing the gray water. The black water from
toilets and urinals is detached from the central system and
collected in 'small decentralized systems and processed in
black water modules and recycled. This does not only provide
the possibility of reutilizing the gray watér, but also
results in a substantial increase in the capacity of the
existing sewage treatment plant; overload is thus avoided
and a good discharge quality ensured.

Example 2: Possibility of implementing the process in an
infrastructure without a central sewage treatment plant and
sewerage net

A community does not possess a waste water infrastructure,
and consequently 1t possesses neither a sewage treatment
plant nor a sewerage net. In this case, it is possible to

and consequently it possesses

S

i bly



agriculture etc. The fol |l ow ng Tabl e 3 shows sone

i npl ementation possibilities in different existing infrastructures 23
Table 3: Inplenmentation possibilities in existing infrastructures Existing
Pot abl e water supply situation Infrastructure Extrene water

Wat er shortage : No water shortage

shortage No sewage - smal | dece®2r al i zed bl ack smal |

decentral i zed black smal+-decentralized treatnent plant; no and gray

wat er systens and gray water systens and bl ack and gray water and
standardlZ@erb@veral=ﬁdﬁﬁmgﬁhZpﬁobegsc@wwmﬂéy (blédﬁt@ﬁa geenV eid e
nodul es rrg Q%Or di zed bl ack wat er

modul es anBOPrAfAE dlé"m? fFercearatareg a@a%?ﬁr ce inevery
det achrrentna)ﬁ obl hokelaber restiéeathatnblotkbl ack wat er smal |
decentralized treatnent plant; by smal| decentralized by smal |

decentral i zed bl ack bl ack wat er systens black water systens and wat er
systens an@hus, the wiimplpmgntatlton| oifd s&Rer agprasess st indarkv el

bl ack wat e&nfra§£§ﬁ9€ﬁ9é§e@h®u§@k Mﬁfs be delclibetsugld |égaki A by
nodul es; utilization and ,no ules i zatiqn and exi sting

i nfrastrucfaf® PABLSveREnitorS i 0 M rRfEe 2 O sﬁl}% as they

gr a_yf wat er mlﬁi-éastﬁuehuée fpltzlrlcg; aytrucbhrasbruciasite foatgtaym&it lfadstable
purification, water pha cti qut i Qnal ercol ation_or
into the dvevgl’-\fal Ai z%? p’rar;ct Sir r:%g%tl ond Nef%rdcel f&* re&u?reﬁg %ghn%nt of
bl ack wat eagrldeiauhﬁeﬁtcgf new an i ndivi dual cost treatnent
pl-afit , by smal| decentralized . constructions by small benefi t
anaf'ysi s black water systens and decentral i zed bl ack water needs to be
prepar ed ndWesewdCddOWiEY st arrRERli zed bl &BRWRat erSORe gy siBpkeBftation

st andar di zpdseBR8ll %1 et i hi ditiFereard exikadhgnahe-agReubearesnpr ovenent of
exi sting utilization of existing



I nfrastructure for gray Infrastructure for m xed water water, optionally
direction purification. Aimng at long- into the desalinization plant
term separation of gray water and bl ack water. 24 Figure 1. The bl ack
wat er and bi o waste nodul es The process and the apparatus should preferably
be placed as a conpact nodule into t hedasements of houses accommodat i ng
one or nore famlies, and thus no waste water sewerage net whatsoever needs
to be installed. The precess is preferably based on the separate di scharge
of black and gray waters and al so preferably on the use of water-saving
toilets. The processed waste water and/or preferably black water can be

applied t T O e et et B S e O OU Ve e 2 LE oD

sanitatidp or di $RR31|mple atign passijlitis ’Haﬁﬁ?_t‘%? TR .
B e e
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1 represeit aFtdshgte prijocess variants. The bl ack water stream The procef
is pref er b|y used V\hen tthe--nu ar nf tnoilate aveande 20 Theo H H
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di ssol ved||i s spsejagapgt| . NS moghar act erli slqlngs feature of 1 B@ndardized black
partial-sfream process isjthe solids/liquild separation water modules and

planted soil filters for

gray water
Old sewage detachment of black water | detachment of black water small decentralized
treatment plant; by small decentralized by small decentralized black | black water systems
black water systems and water systems and with planted soil
old sewerage net standardized black water standardized black water filters; utilization of
modules; utilization and modules; utilization and existing infrastructure
improvement of existing' improvement of existing for gray water
infrastructure for gray infrastructure for gray water | purification
water, optionally direction and optionally percolation or
into the desalinization plant | irrigation
New sewage detachment of black water | detachment of new an individual cost
treatment plant, by small decentrafized constructions by smail benefit analysis
- black water systems and decentralized black water needs to be prepared
new sewerage net standardized black water systems and standardized
modules; utilization and black water modules;
improvement of éxisting utilization of existing
infrastructure for gray infrastructure for mixed water

water, optionally direction _puriﬁcétion. Aiming at long- =
into the desalinization plant | term separation of gray

water and black water.




of black water and the black water cycle for conpost water, all of which is
explained in the followng list of process steps on the basis of Figure 1.
The nunbers in the description correspond to those of the correspondingly
nunbered process steps of Fig. 1. 25 Process steps (1) to (6) show the
bl ack water cycle with oxidative nutrient production w thout the use of
separation toilets (fat arrows). Proc@$s step (7) shows the di scharge of -
the oxidized liquid fertifizer. Where urine separation toilets are used,
process steps (1) to (6) show the faecal water cycle. Process step (la)
shows t herigire 1i sTharigeadk onmatde sedpahd i wasteihedulds ocess step (I b)-is
di spensed with in this case. Process steps (la), (8) and (8a) show the
Jprocess using urine separation toilets with reductive nutrient production.

The thin Toei proacesssasforhehapperpiussshoadd predegadblyed®) PlACRSEHES steps

(2a), (2b%|c6ﬁ ﬁct(ﬁﬁhuﬁ@jﬁﬁﬂg éﬁ@dbégeﬁéﬁisaeg SRAWelkh e & rinflia 4t Stdhar ge

fromthe wat er nodule i1nto the bio waste stream However, the solids
sources cARChETadPEF® | Ttk }1e%HncaNS abb¥sc difhi YR F DY BT o FEVEragfeMet i on,
and/ or bgheteoehydrpby¥ssstoapd/ DhstQeieae net hane fernentation. (1) shows
the conbinati on of faecal and urinal waste water. The sphere of application
of the process proposed herein is not restricted to particular toilets
and uri naffke pnbcessoﬁpaprefeahblyybegedfcwaﬁ@ewéaparaﬁﬁIdﬁspnﬁnbaw¢ﬁals

Urinal | wagh gckelbia caadl Spes oRAA! £l Yo Iisalanged A o el ||

be expl ai ne asi s of process ste Wher e necessary,
one or nDWétﬁﬁcﬁaﬁFBGI tphysteal EHGIOPnﬂﬁﬁﬁﬁ%ﬂ ﬂﬁé&ﬁthQR?RN

whi:ch maypak$8rably black water can be applied to green areas and/or
directed to the ground water after optional sanitation or
disinfection.

The black water and bio waste modules are highly
interrelated, and therefore it would appear expedient to
describe them together. The dashed arrows or boxes in the

process in Figure 1 represent options or process variants.

The black water stream _

The process is preferably used when'the number of toilets
exceeds 20. The aim of this partial-stream-process is the
production of mineral fertilizer, compost and bio gas from
black water. The most essential crucial point of the process
is the black water cycling between toilets, solids/liquid
separation, oxidation (oxidation by means of microorganisms
and/or carbon removal) and solids/ligquid separation. Hence,
the loads of nutrients can be concentrated as desired, with
the result that the volume in which the nutrient loads are
dissolved is very small. Another characteristic feature of
the partial-stream-process is the solids/liquid separation
of black water and the black water cycle for compost water,
all of which is explained in the following:  list of process
steps on the basis of Figure 1. The numbers in the
description correspond to those of the correspondingly
numbered process steps of Fig. 1.



produce fernmentabl e sludges, may be carried out first (2b). The

pretreat ment processes should, however, be as gentle as possible in order
to inprove and/or not to destroy the coarse solids structure of the black
‘water. Residues are separated (2a) and can be further processed. (2)
In this process step, the possibly pretreated black water is directed to
suitable solids/liquid separation. 2526 In the case that for instance no
nutrients are to be recevered fromthe black water cycle, the nitrate may

be used for denitrification. In this case, solids/liquid
separ at i 90, CAlk péﬁépgul @nl yrar efer a@ﬁa{wbech%arm&ék Ol tRY aésp@wbwqm
flotation. In case fl'otation, sedi_ nent ati on

f|Itreu|Qﬁida$wﬁ%é%§%§len%rErOdHFEFBPaM¥$h°WEﬁ§Pe bRt 85I?&§FFF§&°&

separ at I €3 1ete $eanr alﬁxe;w@ar baprodedhessbpdqa)ofsides btnekdmrceuax@et can -

b dded he bi t & (3: df

Che bul i1 the oaeare bR Pt Tt pibeke W thE, B IAi8 0,

t he operttilestad atreabiisietly qirddeessblﬁtm ;{)Mintto () Sﬂh@'bthékfw@p@rl from
process SLed: (Bychs .NopESUBLECIRL O (9X) dagr%awg byngl c&gy 08 H AN i AYY OF to

carbon renoval S aet bOTC Treat ment o oxi dat i on ni Cr,00r gani sms
and/ or c%?@@nthémﬁﬁﬂérﬁﬁﬁPQﬂ%@#h@tfnPFP&?é&\ﬁﬁﬁ?éﬂ#bboﬁﬁlﬁﬁﬁﬂﬁﬁﬁ%ﬁ any

conbi naty ppn ofn Wasi £ yader partial streans. Thus, the residual carbon which
is dissolved in the black water escapes as CIIerr] gas. The oxidation by

m croorgani sns al so conprises nitrification (urea is oxidized to nitrate).
Here, therétcessdstepse {Lai, t hg8bi @angas (phpntsifavomepeocesscesep using

urine separation toilets with reductive nutrient production.
The thin solid arrows show the solids streams (sludges,
etc). Process steps (2a), (2b), (3a), (7a) and (7b) lead to
(3c)- and show the solids discharge from the black water
module intoc the bio waste stream. However, the solids
sources can be added in all conceivable combinations before
fragmentation, and/or before hydrolysis and/or Dbefore
methane fermentation.

(1) shows the combination of faecal and urinal waste water.

The sphere o6f application of the process proposed
herein is not restricted to particular tollets and
urinals, but encompasses all tYpes of water-flush
toilets and urinals. Urinal waste water can also be
separately discharged and treated, as will be explained
furtheron on the basis'of process step (8).
Where necessary, one or mnore mechanical, physical
and/or chemical presettling processes which may also
produce fermentable sludges, may be carried out first
(2b). The pretreatment processes should, however, be as
gentle as possible in order to improve and/or not to
destroy the coarse solids structure of the black water.
Residues are separated (2a) and can be further
processed.

(2) In this process step, the possibly pretreated black
water is directed to suitable solids/liquid separation.



(M'1) can be supplied and oxidized. Preferably, an activated materi al
process is used here, which works with a high anmount of dry substance

_ (about 15 kg[err]TS/nferr]) of active bio mass in order to keep the reactor
volume snmall. However, in this case the later solids/liquid separation
~process (4) has to neet special requirenents. The oxidation by

*m croorgani sns and/or the renoval of 2frbon and nitrogen can be carried out
in one or two steps, and-tn the case of two steps can al so conprise sever-al
steps, with all conbinations of fixed bed process and activated materi al

processes bei ng pOssi bhschehat for7ifbBeaseki ¢ |nuwttibrsepaanei do Obe
process step
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the basic range t are 1 nhi e n|tr|f|cat|on process is
acconpani ed bFaéﬂhﬁﬁePNﬁgthaﬁﬁ@rﬁhlﬁnfﬂﬁ§aﬁé@munl Due to the supply

anmounts dependinng @hilde t@idel s uspsktd vashy mt@édﬂﬁ@nta?txorlo | 4h8FSH)

flush toilet: 3%&_ | / (PE*d) and the OX|dat|on é%J S|zes depgndlng on
the solids/liddi §gﬁ5?ht|éﬁf TEESY usBlSin QF@ ep ( f or*Phst ance

mcrofiltrati eolideydtiouis aepsheittic?l, to 33 1/PE mnth a reactor vol une of
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pl‘DVI ded with connespondiigl Vsdiacdtd® from the bulk of nitrogen of

urine in the liquid phase, which is important for the
operational stability of the bio gas plant.

(3) ° The black water from process step (2) is now subjected

to oxidation by microorganisms and/or to carbon
removal. The aerobic +treatment step (oxidation by
microorganisms and/or carbon removal) can also be
initiated with all combinations or any combination of
waste water partial streams. Thus, the residual carbon
which is dissolved in the black water escapes as COjp
gas. The oxidation by microorganisms also comprises
nitrification (urea is oxidized to nitrate). Here, the
liquid phase from the bio gas plant from process step
(VII) can be supplied and oxidized.
Preferably, an activated material process is used here,
which works with a high amount of dry substance (about
15 kgoTS/m3) of active bio mass in order to keep the
reactor volume small. However, in this case the later
solids/liquid separation process (4) has to meet
special requirements. The oxidation by microorganisms
and/or the removal of carbon and nitrogen can be
carried out in one or two steps, and in the case of two
steps can also comprise several steps, with all
combinations of fixed bed process and activated
material processes being possible here.



surfaces. Preferably a suitable anmount of nitrified black water and/or
urinal waste water and/or faecal waste water is supplied via (3b) and/or
(5a) to the preceding solids/liquid separation process in order to

accel erate anaerobic denitrification. In this way, the solids are
transported to the surface by the gas bubbles (N2) that formand can be
renoved. The denitrifying bacteria cah7al so be added via (l111) and/or (5a).
In the case that the sol+ds/liquid separation process is carried out in the
same apparatus, the separated bio mass or necessary partial anpunt can also

;glﬁ?hg/ : Inthhg ﬁ{;éggéaitﬂas/ﬂ eaadapardtdteidy osesmﬂ%cswds?ap fed) oamd a)
aration rocess enit
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Separation fpwégxzﬁédndﬁﬁ;xh)the Sfhdppparaius s sequenced in batches (in a
manner siml ar a I ha ct
preferably amﬁikﬁ&#%ﬁ?ﬁ%?ﬁﬁf%ﬁo w?aln%%§6€$%§tyanﬁasé ogma&%?ghqﬁiy

oxi dati on reactirhimpr aceesystsmriB) pHsadadvwpdreigresin) PHt Scande’chdfged in

bat ches and flgal ed. ik § §sque1% anaenebipsi sacheehar abley imlilbiftuee
process st eps are carrie

range of bel oWwRHFNR2 28| e‘f“i“]lclntﬁ%eﬁ@;gggl I%E Efreﬁg!‘ﬁé’s Iag'ﬁt Ehnﬂ;gg%r%ﬁ;bure
(Ng[H[ere: H -;htlgiﬁﬁ%xﬁ) T&E?rﬁi‘f@r‘\@flédﬂﬁibﬁh@&@défsle 1 & ohactompaN@derby =
met abol i zed anhoY%E W%r ] H d%ickgﬁkﬁiugﬁi OPsﬁgfgégat%% qﬁgﬁﬁsy
t he hi gher ten@n@@ﬂﬂsedeaagélngeon the toilets used (vacuum toilets:
o 7 - 10 1/(PE*d), flush toilet: 30 - 60 1/(PE*d) and the
oxidation reactor sizes depending on the solids/liquid
separation process used in process step (4) (for
instance microfiltration: reactor size about 27 to 33
"1/PE with a reactor volume of 20 kgoTS/m3, sﬁarp rises
in acidity, against which counter-measures might be
provided, may occur. Preferably, they are buffered in a
self?regulatory manner by buffer substances buried in
the reactor and provided with correspondingly reactive
surfaces.
Preferably a “suitable amount of nitrified black water
and/or urinal waste water and/or faecal waste water is
supplied via (3b) and/or (5a) to the preceding
solids/liquid separation process in order to accelerate .
anaerocbic denitrification. In this way, the solids are
transported to the surface by the gas bubbles (N,) that
form and can be removed. The denitrifying bacteria can
also be added via (III) and/or (5a). In the case that
the solidé/liquid separation process is carried out in
the same apparatus, the separated bio mass or necessary
partial amount can also remain in the apparatus.
Preferably, the process proceeds as follows:
a) solids/liquid separation (process step (2) &
denitrification,
b) oxidation by microorganisms (process step (3)), and
c) solids/liquid separation (process step (4))



met abolic rate of Nitrosononas is faster than that of Nitrobacter. Thus,
HNO err]-N can accunmul ate in the reactor and inhibit the nitrification
process. As the target groups of the process herein proposed include hotel
bui l di ngs in hot and sunny areas, and°since the very reactor is heated up
by the oxidation heat released, it mght be necessary to take suitable
counter neasures (for instance to des?gn the process as a multi-step
process, use cooled .aeration air, increase the concentration of the
activated bio mass, or adapt the bacteria population'slowy). (4) The
l'iquid produc:}oger&mi(&z) is segusnbiectadHatchest dn sol nasnér geileilar
separ ati on. t can caryied, out siult sl vy, | oc 3
#S abt’ f%ﬁﬁ)ati]tfh oF¥Resd enatel er %X%%]:}‘%Q& g330tben (9)

by neans of s S, i n or crease the bio. .

mass in (3) | miepmddiy \eduippaher el efifer | contaimers) ninhfbecoaRection

the follow ng reqyi rﬂ%pt § oZust o g%ggg_ént he faldve (BiaceBss Hfeg hqsy,

activated sl udge shou bé hel d back, pathogenic bacteria _and
ni cr oor gani smseaansl| aegrabl)baék, can2®PenghRLARE athdLatEes ofRand

ot her macr onol £l sy (s,?péﬂ %Lﬁ%é@&@?ﬂﬁemﬁs. all other solids/liquid
separation processes or ipstapce sedi nentation b d |l
whi ch, howeverEr§ifTaRhte "[‘ﬂi. %5?3 @5@F§§‘Sofsltter§%es g?a%%e‘g%ggg%?aﬁﬁgéﬁce,

after process @wiepsdng appshiefwse optional process step (5), one or

e ot e, 9O o dliate R e

gas pl ant metabolic kinetics of Nitrosomonas (NH4 -> NOj) are

3 slower than those of Nitrobacter (NOp;~ => NO3 ). Thus,

the NO,~ formed in the oxidation reactor is quickly
metabolized and the formation of toxic HNO,-N is
prevented. However, in the higher température range the
metabolic rate of Nitrosomonas is faster than that of
Nitrobacter. Thus, HNO,-N can accumulate in the reactor
and inhibit the nitrification process. As the target
groups of the process herein proposed include hotel
buildings in hot and sunny areas, and since the very
reactor is heated up by the oxidation heat released, it
might be necessary to take suitable counter measures
(for instance to design the process as a multi-step
process, use <cooled aeration air, increase the
concentration of the activated bio mass, or adapt the
bacteria population slowly).

(4) The ligquid product from (3) is now subjected to further
solids/liquid separation. It can be carried out
simultaneously in process step (3) by means of suitable
filtration processes, in order to increase the bio mass
in (3) independently from the sedimentation limit. In
this connection the following requirements must be met:

. the active bio mass of the activated sludge should
be held bkack,

. pathogenic bacteria and microorganisms should be
held back,



via (3c) either together with or separately fromthe raw sludge of the

bl ack water. A characteristic feature of +the process is the
activated sludge tank (7b) which allows the necessary concentration of
active'bio nass in the oxidation apparatus to be appropriately adjusted
depending on the day profile of the anmounts and | oads of the accruing bl ack
wat er i-n conjunction with an oxygen s@pply adjusted to the denmand (7c), in
order to ensure a constant - drainage quality. Thi s | eads to a -
substantially smaller dinensioning of the reaction volum na and a nore
stabl e course of tiked pﬁ@ﬁ@és acdidearethtd ordhmt afd biBepl MAlcrdniol e gy Ocess
can be conputer-co %gg ndgﬁr cag be DFU-(renote data

_transm ssion)- cont? '%ﬁi_an be nonitored by sensors. The

demand- dependent and controllable bio nmss concentration in the  ~ .7 7

oxi dati on appaﬁ%éléegoul d ;haye g{] 'é?:f cfﬂqqﬁdt h% §Q§g{% r%q_%crg s of .

t he process of & | nveRtion St rrses i'n ac
and/ or the acc(uﬁ‘aratimthﬂNCf%@-‘Fr]lem‘-ﬁlﬁlm)e d;@ldatbebn Ugsshr @sus “(ﬁ)'ldl:d be

count er act ed Whﬁ@hapm&@év@fe SURP] YeRée aCthy e O dBSSO WYY Olof  the
Ni t robact er-enriched bio mass fromthe activated slque t ank. ThIS al so

enabl es the pl BRPCHFEN alRHuatBF RGPt r ATER t PERRRIS SURP t o

profile of |oadereven iopdithaiasepobcebe srmiépest (spact @ndi nepsi Qiibrét i's

possi ble to take asur es to reve aut c.di gestion of the biomass in
the activated ?Fﬁﬁ%&l?a kK (% yﬁ*ﬁﬁ nce S l%ﬁb %/EE enﬁ%*é??ﬁve ss of

tank (7d) is dbietoeilcéad phecbes ghsppktantbe inserted.

e Excess sludge (7a) can be supplied to the bio gas plant
via (3c) either together with or separately from the
raw sludge of the black water. .

A characteristic feature of the ©process is the
- activated sludge tank’ (7b) which allows the necessary
concentration of active bio mass in the oxidation
apparatus to be appropriately adjusted depending on the
day profile of the amounts and loads of the accruing
black water in conjunction with an oxygen supply
adjusted to the demand (7c), in order to ensure a
constant drainage quality. This leads to a
substantially smaller dimensioning of the reaction
volumina and a more stable course of the process
compared to that of the prior art. The process can be
computer-controlled and/or can be .DFﬁ-(remote data
transmission)-contrblled. Operation can be monitored by
sensors.
The demand-dependent and controllable bio mass
concentration in the oxidation apparatus could have an
influence on the special requirements of the process of
the invention. For instance, the sharp rises in acidity
and/or the accumulation of HNO,-N . in the oxidation
apparatus .could be counteracted by an appropriate
supply of active bio mass and/or Nitrobacter-enriched
bio mass from the activated sludge tank. This also
enables the plant when adequately controlled to adapt



(5) . The liquid product from process step (4) can undergo an optional
sanitation process. However, the choice of the suitable filtration
process (4) can render it unnecessary. After process step (5),

" anot her sanitation process step can be provided for. However, chlorination’
of the liquid product of (5) should be dispensed with, if possible, to
avoid the risk of a high salt @éncentration in the black water cycle,
in order for the m neral- fertilizer t hat forms to remain

pedol ogically safe. (6) The product of (5) is a clear concentrated m neral
fertilizer sadittge \aiahchpmm bEUSIRThAE aedeharil tthé | geabet 0t etheand/ or
urinal. The op ck mater cle ijs _thus closed. In this way, the
_toilet. vvat.er._.’ha(r)lﬂselﬁgbﬁeoar? ’T"_a B0 (PE*d)._can be_reduced to 0O |/ (PE*d)
as a maxi numIfThisv@lossd et etdo ngakiee measkremt d;p qym\een‘cs abteflytis to 2.2

|/ (PE*d) fropm g{wga P XGE SRRl Sid VH#:Sé’OiHW%h%f dée réiﬁa & t%’ﬁ'kt'”g

the cycle is calculated as entry une m nus s ducti o
evaporlzatlon(foﬂckﬁﬁ%@ncelFOOl#ﬁE%e E@&&éﬁl@@§k&$ﬂ?1QFﬁﬁ%ﬁtP§ ¢@P§he or

exceed it, ity 75(? nes sl dd esldyatieio tead ReLamel e. Qtherwi se, the added
anount of outside water is determned by the wat er consunption of the

toilets and urinals and the biologically conpatible nitrogen concentrations
in the og$xkuThﬁlIfguidnproduém.ff¢mﬁpfboabspsbdpc(4mfcbhghhﬁe@gncentrated

odor | ess |Iqug,§l$2| tu aél#ﬁf_é’& é&e%ré eéé’r nﬁ&’y%@éfh £40 B fotbd 8‘} P or

used for ferti ni néral I Zer
solution is sebtablay tfidttratsiadt y panpess (4) can render it

3 unnecessary.

After process step (5), another sanitation process step
can be provided for. However, chlorination of the
liquid product of (5) should be dispensed with, if
possible, to avoid”™ the 1risk of a high salt
concentration in the black water cycle, in order for
the mineral fertilizer that forms to remain
pedologically safe.

(6) The product of (5) is a clear concentrated mineral
fertilizer solution which can be reused via a tank to
flush toilets and/or urinal. The open black water cycle
is thus closed. In this way, the toilet water
consumption of about 50 1/(PE*d) can be reduced to O
1/(PE*d) as a maximum. The volume entering the black
water cycle is about 1.5 to 2.2 1/(PE*d) from human
excrements. The volume of liquid fertilizer exiting the
cycle 1is calculated as entry volume minus sludge
deductions and evaporization losses. If these
deductions equal the entry volume or exceed it, it is
necessary to add water to the cycle. Otherwise, the
added amount of outside water 1is determined by the
water consumption of the toilets and urinals and the
biologically compatible nitrogen concentrations in the
oxidation reactor.



~denitrification processes occur. The snmall volume allows drying and the
subsequent further . processing and/ packagi ng of the mneral
fertilizer can be part of the process. In the case that the liquid nutrient
solution is stored, care should be taken to ensure darkness and absence of
air, as otherw se phot oaut ot r ophi ¢ and/ or chenoaut ot r ophi ¢ or gani sns
n1ght grow, which nmight cause noticeable nitfrogen | ooses by the supply of
carbon and subsequent denitrification. (8) The general rule is that a

conbi nati on of oxidized and nitrified nitrogen-containing waste water and
carbon- (7¢h Aemimatlatproduriotdfi ighilgt dondesddatied grdatladeniliqhiidati on
processes and rQqe e S t r an be
—-Separated. by..%gg%a Lgs%?%&lgﬁ%mg% %Afﬁ%ﬁfhhf§§$§g§fbe i%%%%ﬁ 99&% ore
fernmentation @se@héocaﬁEGWllpﬂd@@sSﬂh&xﬂdnbonupmnﬂwwm imethe oetrerati ng
urine separat ic@Rt9iibats. dhier;dhesqgconghti gag togyathe naeRakal ehify

col l ected faecal ,waste water should be subjected to solids/liquid
separation, i AeBLYELIAGALIRE PEPGRESEE OFEWi-0 gas plant to be kept small.

If the |iqU|dThépeéﬂalQntvb$uhQ balm&wdlzaéylﬁg asndo ﬁhQSESﬁBQthaﬁk wat er
cycle and to %x %%ze NH4- N t o %{ sm odor ous trggen stréfg ng i s
t hus prevente uritpers p%gg?ﬁfﬁng réﬁ% RAEHRRIRY nal® wat 8t t he
faecal water ih@&ﬂﬂazamtsana$aﬂpan§ﬂnfeﬂhﬂ|mmp¢essimimwtmalcmastéhaater
Hence, the us fq il e e:ga OXi Ly of
the nutri ents%{% ner Q?I %%%& %Mléﬂ s ?%Oqj& é%azté K?Eh Betc )
nakes littl e $akedn to ensure darkness and absence

:ﬁ otherwise photoautotrophic™ and/or chemoautotrophlc

organisms might grow, which might cause noticeable
nitrogen looses by the sSupply of carbon and subsequent
denitrification.

(8) The general rule is that a combination of oxidized and
nitrified nitrogen-containing waste water and carbon-
rich fermentation broth immediately leads to great
denitrification processes and thus to great nitrogen
losses. '

As shown, the nitrogen <can be separated by the
solids/liquid separation process (2) before
fermentation of the carbon.

Process step (8) now shows the process using urine
separation toilets. Under these conditions too, the
separately collected faecal waste water should be
subjected to solids/liquid separation, in order for the
volume of the bio gas plant to be kept small. If the
liquid supernatant is to be oxidized, so as to close
the black water cycle and to oxidize NH4-N to N03—ﬁ,

" rmee———

because odorous nitrogen stripping is thus prevented,
it is possible to reunite the urinal waste water with
the faecal. water supernatants, as the same applies to
the urinal waste water. Hence, the use of separation
toilets " in the case of oxidative  recovery of the
nutrients (mineral fertilizer (KNO;, P05, Ky0, etc.)
makes little sense.



32 The use of urine separation toilets in the present process nmakes only

sense, if th
anaer obi cal
“filtration i

e nutrients of the urine waste water are to be recovered

y..In that case the urine, after having been subjected to

n order for pathogenic microorganisns to be renoved, can

be

conbined with the digested fernentation broth fromthe bio gas plant (8a),

w thout this
pure urinal
utilization

| eading to deni trificatién processes. After filtration,
wast e wat er~can be directed separately to drying and/
(recovery) and/ or further proceSS|ng (8a). Its
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Also, the proper use of MAP precipitation (magne51um
ammonium phosphate), or other precipitation processes
in the urinal waste Wwater optionally after sanitation
would be conceivable. In a precipitation process in the
acidic medium it would be useful to subject the urinal
waste water prior to reuniting it to anaerobic
hydrolysis for the purpose of acidification so as to
change the NH3 - NH4V solubility balance in the urinal
waste water in favour of the NH," concentration.
Adsorptive processes for ammonium (such as <clay
minerals, zeolite, etc.) can also be useful and thus
form part of the process. Moreover, combinations of
precipitation, adsorption and/or drying are p0551b1e
Furthermore, sterilization or sanitation steps before,
after or instead of filtration would be conceivable.

The solids/liquid separation of faecal waste water
continues to be useful, so as to keep the volume of the
bio gas plant small. In this case, the oxidization of
faecal waste water from process step (3) can be
performed with a substantially lower energy consumption
because of. the absence of about 88% of the nitrogen,
than in combination with the urinal waste water, and
this would result in a substantial reduction of the
operation costs of the oxidation apparatus in the black

water cycle. The reactor size of the oxidation

T tRe—



this would result in a substantial reduction of the operation costs of the
oxi dati on apparatus in the black water cycle. The reactor size of the

oxi dati on 33 apparatus would also be distinctly smaller. The reductive
nutrient recovery of the urinal waste water is a good suppl enent of the

oxi dative nutrient recovery fromfaecal waste water and avoi ds the probl ens
of the above-descri bed process steps 33) and (4). However, nitrogen | osses
due to escaping NH3 -gas- nust be expected. The bio waste streamlIn the
followi ng, the bio waste streamand its interaction with the gray and bl ack
wat er cycl es aégpgﬁﬁugbe%ull@ SUATES Y, blehi sapdinadl trgaawérthe THOCESS
ainms at a high gig-yleld and hi h sanltatlon of t guganlc materi al .
() —— 1n. hot BeAUChi¥enRLEL ignY srj_:;%ﬁéﬁﬁﬁﬂ oﬁg?_l_‘ﬁl_‘bni BCAEeM M can.
thus often be separ qbed wupbcnutnehavufgtm e istartt inck ouitrﬁrd: Vet &V 15y

generated primarily ns.re n p

t he personnelng ﬁﬂsfaﬁé’@g 3’551% esrpo rb‘% évghé%uc Q%b?_'%ﬂ\s agfﬁstdl%ree
of honpgenei t yabbvehdektnibeds Eagqe$© adhﬂEVe(3Dn ands (ébpedﬁOWQTE¢
separation is 939¥5§89 ag,a0.apt iggRal +Br 0GRS }ﬁgye s lhessepggation
of the residual natéri al By gravity separatlo ot net hods can al so be

provi ded as &WPeg88ftional process step at a different stage in the
bio waste stream (for instance (rrry). The resi dual or

interferin
terte T%e bio waste stream

In the following, the bio waste stream and its interaction

with the gray and black water cycles are described. 1In
summary, this partial stream of the process aims at a high
bio gas yield and high sanitation of the organic material.
(I) In hotels, bio waste of is generated only in a few
places, and can thus often be separated without
having to be sorted out. Bio waste 1is generated
primarily in
. large kitchens
. restaurants
. gardens and parks
Once the personnel has received corresponding
instructions, a high degree of homogeneity of the
kinds is easy to achieve. In this respect, the
separation is provided as an optional process step.
However, the separation of the residual material by
gravity separation or other methods can also be
provided as an additional process step at a

—rm——

different stage 1in the bio waste stream (for

instance (I11)). The residual or interfering
materials are separated and <can  be further
processed.

(IT) The bic waste which should be as homogeneous as

possible regarding kinds is now subjected to
fragmentation. Fragmentation can be carried out with
or without the sludges from the black water stream
((2b), (3a), (7d4) and/or (7a)). Preferably, bio



‘materials are
The bi o waste whi
i's now subj ected

sl udges by neans

the bio waste. (I
(7a) are for inst

separ at ed and can be further processed. (I1)

ch shoul d be as honobgeneous as possi bl e regarding kinds
to fragnmentation. Fragnentation can be carried out with or
wi t hout the sludges fromthe black water stream ((2b), (3a), (7d) and/or
(7a)). Preferably, bio 34 waste fragnentation is carried out wthout the
of a "cutter", as useg in large butcheries for sausage -
production. Cutters performvery good fragnmentati on and honogeni zati on of

1) The sl udges separated from process steps (3a)

and

hydrol ysis. If the tajfﬁﬁ%ﬁ%:ghéfghfr%%?Egéﬁg%Q?ﬁeggﬁggﬁa%gfgﬁbj%%Eﬁd °

ment
from..(3a), ... wereludgse Ryt means ofi @ Wegtserf'or d2r geefatinn l@i@euri nal

wast e water separ
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nitrogen (urea) PWi®rwdstdernmentation is thus recommendabl e fron1a process

technol ogi cal point of view without the use of urine separation toilets.

Mor eover, sedinmentation pernits a reduction of the required size of the bio

gas pIant(III)url

Tiee sepadgesors¢patEted aferons eplrotdes t sitt@psf a¢da) wast e

water can be di regh?)d 59;_05596 lms%ﬁg\%% R&ﬂﬂs&a (&ﬁ%%ﬁe(%%gﬁ@qt(e%%m

w t hout there bei

(IV)

any anation process
waste and subjected to hydrolysis. If the total

black water, instead of the black water sediment
from (3a), were used with the bio waste for
fermentation (no urinal waste water separation, and
(3) being added to (3a) and (3c)), the high nitrogen
concentrations could endanger  the methanation
process in the bislgas plant. Sedimentation of the
black water for separating the nitrogen (urea) prior
to fermentation is thus recommendable from a process
technological point of view without the use of urine
separation toilets. Moreover, sedimentation permits
a reduction of the required size of the bio gas
plant. '

If urine separation toilets are used, the total
faecal waste water can be directed into the bio gas
plant ((3) via (3a) and (3c)), without there being
any danger that the methanation process is
inhibited, as more than 80 % of the nitrogen are
dissolved in the urine. This would result in the
sanitation of the faecal waste water and an increase
in the bio gas yield, but also in a substantially
greater dimension of the bio gas plant.

Hydrolysis 1is preferably thermophilic with a
suitable retention time, in order to achieve the
simultaneous sanitation of the organic material.

In this process step, the hydrolyzed material is
preferably subjected to mesophilic methane
fermentation. Methane fermentation is the interface

" tr————



i nhibited, -as nore than 80 % of the nitrogen are dissolved in the urine.
This would result in the sanitation of the faecal waste water and an
i'ncrease in the bio gas yield, but also in a substantially greater
di nension of the bio gas plant. Fydrggysis is preferably t her mophi lic
W th a suitable retention tine, in“0rder to achieve the sinultaneous
sanitation of the organic material. (1V) In this process step, the-
hydrol yzed material  _is-preferab suhj ecte to . sophi lic -
net hane fer ment at? oFPaveBRa¥e ‘f%{%’énﬂ%ﬁq‘&? i sTgﬁe W%‘E%F*%ﬂg se%a§§tteéi t he
gray water nodul eroffhehentigitictiersepasos edateers Hie Kat cbepawasbeswaiwers by
fat separators of.flotation processes . s di C i h t hane
fermentator. as LhECRUAPD Ao s tlkg’%rﬁg%egﬁ%ﬁg fig n{srgce%ﬁl he. . .

anaer obi ¢ cat aboheshané flarmentdtor, The dihgeshpdrobysbnt &f ofiabsot¥s can
now be subjectedi {0 20+Qnhisgnal; 30! Ldsh! ijquid SeRARBLLANCPQAGT LIS
| i qui d supernatant contalns many "nutrients and can be directed to oxidation
(3) (M) , or, pEefekd@bly prior to filtration, to -the reductive process
line of the urinal waste water (VIilIb). (V) The di gested product from

Vi di tl .ed, .dri ed, f h d.
the case Bl conpBSti RgCEhEEbameRERBLeR BEOthy e Nt (= S P EEs s avn
fromthe gray water anobphriomatlr eatleidsf/deemidardparatriion|presises wellles . | t
s then collect ed;gndacan g SHACt 80nt 01 0K JALLP LA BOCCIRS ER (V1 12)
reductl wast e wat er stream

or directed to the ve urina
be directed to oxidation (3) (VII), or, preferably

prior to filtration, to the reductive process line
of the urinal waste water (VIIDb).

(VI) The digested product from (V) or.(VI) can now be
directly recovered, dried, or further processed. In
the case of composting, the water for irrigating the
compost can be drawn from the gray water, or from
treated faecal and/or urinal waste water. It is then
collected and can be subjected to oxidation via
process step (VIIa) or directed to the reductive
urinal waste water stream.

(VII) The supply of liquid from (VII) and/or (VIIa) allows
liquid 1losses of the black water cycle to be
compensated for. The —compost water cycle is
described in Fig. 3.

Figure 2: The gray water stream

Introductory description of the process

This partial stream of the process aims at the production of

highly purified water for domestic use. The final goal may
" be the production of potable water from gray water or from

partial streams.of gray water. This gaol can be attained by

membrane filtration using reverse osmosis and/or micro-

and/or ultrafiltration with  subsequent salt removal.

Regarding the membranes it is necessary to ensure that they



(Vi) The supply of liquid from(VIl) and/or (Vlila) allows liquid |osses
of the black water cycle to be conpensated for. The conpost water
cycle is described in Fig. 3. Figure 2: The gray water stream

I ntroductory description of the process This partial stream of the process
ains at the producti.on of highly purified water for donestic use. The final
goal nmay be the production of potableswater fromgray water or frompartia
streans. of gray water.-Thi-s gaol can be attained by nenbrane filtration-
usi ng reverse osnosis and/or mcro- and/or ultrafiltration W th
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prOV|ded ar at I'cal process
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degr adat b@Rer | roEbéQés ({fd&edlhgﬂaﬂééc%i%1ﬁ%a|tidhe%’ﬁ| eHe( airneatied
sl udge process Exces e or precipitated sl e i,S separated by
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degradation is fixed (fixed bed process) or 1is recycled
(activated sludge process). Excess sludge or precipitated
sludge is separated by conventional solids/liquid separation
processes, and can, for iﬁstance, be directed to a bio gas
plant.
The scarcely degradable CSB fraction remaining in the liquid
phase can be oxidized to €O, by ozonization or other
processes, and/or can be removed by other biological,
chemical or physical processes. 2After optional further
solids/liquid sepération (for instance filtration), the
substances remaining in the gray water are subsequently
removed by activated charcoal filtration or by other
processes (fof instance filtration or adsorption processes).
As gray water contains relatively few salts, salt removal
(for instance reverse osmosis) is not envisaged e.g. in the
case of a permanent admixture of salt-low potable water in
areas with heavy rain falls, but can be a process step. In
areas with extreme water shortage, the oxidized gray water
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can be processed to potable water in the often already
existing sea~-water desalinization plants in a
multifunctional manner; simultaneous retention of salts,
pathogenic microorganisms, and nutrients possibly still
present and residual CSB can be achieved.

After sanitation and optional chlorination it is directed to
the potable water tank. Sanitation and chlorination are
optional process measures.



processes, and/or can be renoved by other biological, chem cal or physical
processes. After optional further solids/liquid separation (for instance
fi.ltration), the substances renmaining in the gray water are subsequently
renmoved by activated charcoal filtration or by other processes (for
I nstance filtration or adsorption processes). As gray water contains
relatively few salts, salt renoval (f®7 instance reverse osnobsis) is not -
envi saged e.g. in the case of a permanent adm xture of salt-|ow potable
water in areas with heavy rain falls, but can be a process step. In areas
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after char coal sorptlon rocess can conprise a ground
wat er passage in-order to conply with | egal requirenments but this passage
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prgcesses of gray water or one or nore of its partial streans (for instance

rake separators, sand _
(1) Usual mechanical and/or physical and/or chemical

pretreatment processes of gray water or one or more of
its partial streams (for instance rake separators, sand
separators and separators of 1light weight materials
etc.) can be carried out first. In this case, a
division of the gray water into gray water partial
streams according to their origins and pollution
characteristics seems to be mqré expedient.

(2) The kitchen wastes contain fats, oils, floating and
sedimentable solids and tensides and dissolved, organic
substances. The pretreatment recommended here. is a
flotatioﬁ'process by which the fats, oils, the floating
and sedimentable solids, and some of the dissolved BOD
(biological oxygen demand) solids and COD (chemical
oxygen demand) solids are withdrawn and can be directed
into the methane fermentator of the black water and bio
waste module. It 1is also possible to use fat

separators, filtration, precipitation and other
separation processes here.

(3) It would be worth considering separately collecting the
waste water from the kitchen operation (2) and the
kitchen cleaning waste waters (3) and subsequently
performing coarse/fine screening ©because of the
particular pollution characteristics. Also, a
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separators and separators of light weight materials etc.) can be carried
out first. In this case, a division of the gray water into gray water
partial streans according to their origins and pollution characteristics
seens to be nore expedient. (2) The kitchen wastes contain fats, oils,
floating and sedi nentabl e solids and tensides and di ssolved, organic
subst ances. The pretreatnent recommergked here is a flotation process by -
which the fats, oils, the-floating and sedi nentabl e solids, and sone of the
di ssol ved BOD ( bi ol ogi cal oxygen demand) solids and 'COD (chem cal oxygen
demand) sol i d§e?é§a’éﬁ5ﬂdré‘f‘“ﬂf@ &&%cﬁ%nd'éfééﬁﬁngntv%stﬂle araua%ee (3)
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account here. mldemcebet heakehnt igod | edcomanthgreat r gt theh fotaarse
sereen and collection and pretreatment with a coarse screen and
fine screen process of the grey water sources is

recommended here ("Washing").

(5) The section "pool and/or remainder" consists of the
recycle sludges from the pool water purification plant,
the very pool water which is to be exchanged, and other
gray water sources, mostly in the outdoor area. The
human- user leaves body oils, nitrogen and other
nutrients there as well as salts which are perspired
through the "~ skin but are also introduced by the
chlorination of the pool water. Because of its
permanent chlorination, pool water involves no danger
of epidemics, and therefore this gray water can be used
without further proces;ing to water close by green
areas and can be applied there as a fertilizer without
any danger of overdosing, (compared to black water its
N- loads are low).

(6) The 1low nutrient content of the gray water stream
"bool" and/or ‘"remainder" would, however, also be
suitable in the subsequent oxidation step (oxidation by
microorganisms and/or carbon removal) of the other gray
water streams, and therefore fine screening and/or
filtration and subsequent direction towards oxidation
would be expedient.



fine.screen process of the grey water sources is recommended here
("Washing"). (5) The section "pool and/or renainder" consists of the
recycle sludges fromthe pool water purification plant, the very pool water
which is to be exchanged, and other gray water sources, nostly in the
outdoor area. The human user |eaves body oils, nitrogen and other nutrients
there as well as salts which are persggred t hrough the skin but are also-

i ntroduced by the chloritnation of the pool water. Because of its pernanent
chlorination, pool water involves no danger of epidem cs, and therefore
this gray water can be used w thout  further grocessin wat er cl ose
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purifiéation steps may be inserted.

(8) The liguid product from (7) is now purified by a
‘desalinization plant. 1In this manner, the following
'objects can be achieved at the same time:

retention of the salts

retention of the residual bio mass
. retention of the CSB residue
. sanitation
As in many touristic areas potable water 1is obtained
from sea—watef desalinization plants, the purified gray
water can be mixed together with sea water or can be
separately and centrally processed to potable water in
a desaliﬁization plant at favourable conditions because
of the low osmotic pressure. The salty residue of the
desalinization plant is directed into the sea (14) .

(9) The product from (8) can now be subjected to sanitation
(process steps (12) and (13)) or optionally subjected
to a process for changing the water structure.

(10) The purified gray water can be chlorinated as an
additional safety measure prior to its reuse and/or
storage (11).



step. (7) and before process step (8), one or nore nechanical, physi cal ,
chem cal and/ or bi ol ogi cal purification steps may be inserted. (8) The
liquid product from (7) is now purified by a desalinization plant. In this
manner, the follow ng objects can be achieved at the sane tine: retention
of the salts retention of the residual bio mass retention of the CSB

resi due sanitation: As in nmany touristiyg areas potahle water is obtained
from sea-water desalinization plants, the purified gray water can be m xed
together with sea water or can be separately and centrally processed to
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carbon as energy carrier (bio gas). Carbon: A valuable energy carrier
Carbon: A valuable energy carrier

Carbon must be removed from the waste water. This is done in

..... two ways: First, by sedimentation (1) (sludge 1is heavier
than water) and secondly by subjecting the residual solute
carbon to biological "burning"™ (2) by bacteria. Hence, the
bulk of the carbon is no& present as a sludge and garbage
((1) & (2)). One possibiliéy is to compost them (6) which is
also a biological burning of the biologically easily
degradable carbon compounds. This releases much energy.
Everyone knows the steaming compost heaps in rural areas.
However, this waste heat from composting can hardly be used.
Another possibility is the fermentation of easily degradable
carbon compounds under air seal (4). As oxygen is no longer
present, bio gas (CHs) is now formed instead of CO5. This
energy carrier can be used in many ways.

As not all carbon compounds can be degraded under air seal,
the digested organic material can subsequently be composted
(6) and in this manner a compost whose gquality is even
superior to that of the previous one is obtained.

N, P & K: Elixir of life for areas under cultivation

Plants assimilate nitrogen in two forms via their roots: As
nitrate NO3, or as ammonium NHg4, phosphorus is assimilated
as phosphate PO, and potassium as potassium ion Kt. As a
result of the biological "burning® of the carbon in the
waste water (2), not only CO, but alsc high amounts of
potassium, nitrate and phosphate are released, which,
however, remain dissolved in the water.

~



Car bon nust be renoved fromthe waste water. This is done in two ways:
First, by sedinentation (1) (sludge is heavier than water) and secondly by
subj ecting the residual solute carbon to biological "burning" (2) by
bacteria. Hence, the bulk of the carbon is 'now present as a sludge and
garbage ((1) & (2)). One possibility is to conpost them (6) which is also a
bi ol ogi cal burning of the biologicall4i1easily degradabl e carbon conpounds.
Thi s rel eases nmuch energy- Everyone knows the steam ng conpost heaps in
rural areas. However, this waste heat from conposting can hardly be used.
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are washed out; they are removed by directing the "compost

water"” again to the aerobic treatment step (oxidation by

microorganisms and/or carbon removal) (Figure 3: (2), Figure

1: (VIIa)). In this manner, the organically bound nitrogen

present in the irrigation water of the composting step

(Figure 3: (6), Figure 1: (VI)) and/or present in the

drainage water from the drainage step (Figure 3: (5), Figure

1: (V)) of the bio gas plant is oxidized to nitrate, and

thus leads to a high nutrient-enrichment in the effluent of

the waste water treatment plant via the circulation system

of the water.

In this manner, a maximum concentration of plant nutrients

in the clear and pure irrigation water is achieved.

Figure 4 and Figure 5: Black water module and bio waste
module with multifunctional solids/liquid separation

Figure 4 shows the use of the process as a compact module
which can be placed into basements. In non-vegetation
periods (winter) the production of mineral fertilizer may be
undesirable.

Another feature of the process is the denitrification step,
which can be added or omitted, and the biological phosphate
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either separately or together with the bio waste (3) into a

reduction apparatus for anaerobic conditioning and
production of bio gas.

After digestion of the organic material, the fermentation .

broth is again directed into the solids/liquid separator via
the conduit (Fig. 4: (10), Fig. 5: (11)). The filter cake
thereby formed (Fig. 4: (11), Fig. 5: (12)) can be disposed
of in a garbage bin, applied in the garden or processed
further.

A. Nutrient utilization .

The liquid filtrates from (Fig. 4: (11), Fig. 5: (12)) and
(1) are directed to the oxidation apparatus (oxidation by
microorganisms and/or carbon removal) via conduit (4), if

nutrient processing and recovery or storage is desired. In

the oxidation (oxidation by microorganism and/or carbon

removal) the carbon compounds are oxidized to CO; and the
nutrients are mineralized to KNO;3, Kp0, POg4, etc. After
complete oxidation, the active bio mass thereby formed is
directed via conduit (5) to the solids/liguid separator and
pressed. Here, too, the desired dry substance contents can
be adjusted. The solids-free, mineralized black water is
reused for toilet flushing wvia conduit (9) (Fig. 5). Thus,
the black water is directed in an open cycle, in which the
nutrients are concentrated.



Figures 4 and 5: The raw waste water or preferably black water is directed
via conduit (1) into a chanber filter press. This chanber filter press can
be replaced with other conventional solids/liquid separation processes. The
solids- containing filtrate can be adjusted with the solids/liquid
separator to a desired dry substance content, which is desirable to reduce
the volune of the reduction apparatu$3 The solids-containing filtrate is
directed via conduit (2)y-either separately or together with the bio waste
(3) into a reduction appar at us for anaerobic ~ conditioning and
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separator resse t oo, the I red stance contents can be
adJustedre¢ﬁ@t$©n|ﬂ@P@?@EﬂSth@rgPDQEthK&bk water is reused for toilet
- El-ushing via conduit (9) (Fig. 5). Thus, the black water is directed in an

open cycle, .in which the nutrients are concentrated
B. No nutrient utilization

If nutrient wutilization 1is not desired, the oxidized
nitrogen (NO5), following complete oxidatioh, is denitrified
by conventional processes’ for instance in the -oxidation
apparatus, and phosphorus is biologically fixed or removed
otherwise. This 1is preferably done 1in the oxidation
apparatus, which ©becomes the 1reduction apparatus by
switching off aeration and stirring. In this process, carbon
can be provided via conduit (4) -‘and admixed. In a -
particularly preférred embodiment, denitrification by the
high nitrate ~concentrations available from the black water
cycle can be used for flotation in the first solids/liquid
separation of the black water and/or faecal waste water. As
a high concentration of facultatively anaercbic bacteria is
found in the activated Ssludge tank, denitrification can be
increased very efficiently by the addition of active bio
' mass also via conduit (7).

If necessary, intermittent aeration can be applied and/or
additional solids/liquid separation steps can be carried out
within the degradation process. Excess active bio mass is
directed to the reduction apparatus via conduit (8).



43 The pressed bio mass is directed to an activated sludge tank via conduit
(6). Measures to prevent the autolytic digestion of the bio nmass can be
taken in the activated sludge tank. If the demand of acttive-bi-omass—in-the

"oxi dation apparatus is high, (in the case of high thiouygh ttgda unt s
and/or of a high degree of pollution) the concentrated Been Replaceq ¢
directed to the oxidation apparatus angl t he oxygen suppl l
accordingly, and the degradation speed is thus increased e bio
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water from gray water or one or more of its partial

streams, which comprises the following steps:

(a) separate collection of gray water or one or more
of its partial streams; and

(b) membrane filtration of the gray water separately
collected in (a) or one or more of its partial

streams.

3. The process according to c¢laim 2, wherein membrane
filtration is carried out by reverse osmosis or
ultrafiltration or microfiltration.

4. The process according to claim 3, wherein
ultrafiltration or microfiltration is followed by
desalinization.

5. The process according to claim 4, wherein membranes
having a pore size of at the most up to 2 um are used
for ultrafiltration or microfiltration.

6. The process according to claim 5, wherein membranes

having a pore size of at the most 0.2 pm are used for

ultrafiltration or microfiltration.
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44, 1. A process for utilizing waste waters; the process
caonprising: (a) separately collecting gray water, or -one-or nore parti-al
~streans thereof, and bl ack water, or faecal discharges

d_ur i
di scharges; (b) sel ectively performng solids/liquid L&ghestHas Been Replaced,
gray water and the black water or the faecal discharges UI
di scharges separately collected in (&5 (c) sel ective

oxi dation by m croorgantsas of the |iquid phases of the gray water and the
bl ack water or the faecal discharges and urinal discharges obtained in (b);
and (d) 7. setget iptelaeseer AeEAAINgOlddishhiyqubte separaid pns of, atol gast one
of the liquid phases ojtained in c%. 2. The praocess
-according to YPEFRTT L, -’ur&ﬁ;e..r._l?_ic‘ﬁfgrﬁ_fgi MY &ter OFc)PFe (dECha g a

m xture by sepbgsieel yanixongchémigadypueleicadiohheteps. or nor'é partial ™
streans thereof, with sea water; and subsequently desalting the mxture in
a desalinization plant. 3. A process for
utilizi n§-wasThewdinaess hacppodéby compeinyi nepe (®F clabpar & ety 7,

col lecting grgyivat 8smpRdsbtaske e ?iowTﬁSrgngE?%ggééﬁﬁen

b rehs.
collected fromtoilets with or wthout urina per or§n’ ﬁ?henbr ane
filtration of (the §PayiRateAuidparRRERYLIEDF| @RELETI n (a), and ([err])
separately pet) ocarvgn rembirds/liquid separation of the bl ack
wat er separately collected in (a); 45. (c) perform ng oxidation by
m croorgani sns of the |iquid phases obtained in ([err]); (d) perform ng
sol i ds/ | Pqui dTBeprraress eiccordimgoductcbbimi edwharédh; step (iigelistively
utilizing theghhgui s i ERQ - : | east one of (i)
col l ecting bl g%&gagggpﬁgcggggg%m?gu%g) %ggﬁﬁg%lll " as mineral fertilizer;
and (f) optionally repeating (a) through (e) one or nore tines. 4.

A procesgof or TReodpebagspot AR EIRY oM gl aymWager oo for omae- Oy Nor e
parti al streanslager of , . heEProc SS congrisin : (ﬁ% separately,
col | ecting gr &y we&ter B 8nEHAY Tat iglarﬂg"leé’a Ut hBYeofl it ion,

sedimentation, filtration or precipitation.

11. The process according to any one of claims 7 to 10,
wherein carbon removal is carried out by oxidation by
microorganisms.

12. The process 3&according to any one of claims 2 to 11,
which comprises the following step subsequent to (b):
(¢) sanitation and/or modification of the water
structure of the gray water recovered in (b) or
one or more of its partial streams.

13. The process according to claim 12, wherein sanitation
is a chlorination treatment.

l4. The process according to claim 1 for utilizing black
water, which comprises the following steps:
(a) separate collection of black water from toilets
with or without urinals;
(b) solids/liquid separation of the black water
collected in (a):;

(c) oxidation by microorganisms of the liquid phase
recovered in (b);
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creat.i ng a mxture by selectively nmixing the gray water, or-the-one or nore
partial streans thereof, with sea water; (b) sel’ectively perfg&ging

membrane filtration of the mixture; wherein the neghanrethi® ﬁp n is
carried out by one of reverse osnpsis, ultrafilt \ﬁ
mcrofiltration; and (c) sel ectively performng dem‘\\;\‘“\\x f the
m xture where the nenbrane filtration 4é& (b) is carr out by

ultrafiltration or mcrofi4tration. 5. The process
according to claim 4, wherein the selectively perform ng nenbrane

filtration comughsegodtiivlsl/diiRghiREdEsest NN B arROr @ rPauetof oBtat RGNSt
up to 2 pm 6. ) The process according to claim 5, wherein
the selectively perf& #%d menbrane filtration conprises utilizing N
menbr anes havi ng@)a panidizatdonf &f tthe nbiéudd 2 phaser/.obtained in (d) The
process accordi ng ta any one of claims 3 to 6, further conprising

sel ectively performng, prior to (b), one or nore nechanical, physical, and
chemcal purificatideadteedlegting black water Thrcgewting akeordRhg to
claim 7, further conpri sdinrymsel ectively perform ng, subsequent to (a):

(1) solids/liquid separation; and | IImiDIDtl_ntle ,,.,...... 46.
(ii) carbon renovdeb)gas mineral fertilizgyy @cess according to claim

8, further cong) sidiiciRiiact inleatiisld Gtepy &0 | €5/ [é4)i dnaepar abiren
subsequent to (1i). 10. The process according to claim8,
wherein the solids/ Iﬁ’tﬂﬁsd separation in (i) conprises selectively
perform ng one of flotation, sedinentation, filtration, or precipitation.

110 ‘15 herﬁ%ﬁﬁ%éﬁOggééréﬁﬁgr@bn%félﬂﬂfﬂfnghefgﬁﬁeﬁﬂa&ﬂewater_

selectively pertor one or nore purification steps conprises performng
a process of cakhoROLEABEEA ciRriléd oBePayabRIVarisonIB§Cl cradtt ghmidts. 12.

The process acGghidwh@ets, ai 88d3 #He 4.fdddd1Nelac@BPIVStEE SQ egiricddled
performng sanitati oc{l an% m)qzlfl cagl orlcof %he wat er structure of the gray
wat er or one oradccording to steps a) to (f). .

16. The process according to claim 15, wherein at least a
part of the urinal waste water is added to the faecal
waste water prior to (c¢).

17. The process according to clainm 16, . wherein
solids/liquid separation in (b) is a flotation process
if steps (a) to (ea) are repeated one or more times.

18. The process according to any one of claims 14 to 17,
wherein (c) is preceded by. one or more mechanical,
physical and/or chemical purification steps.

19. The process according to any one of claims 14 to 18, -
wherein solids/liquid separation in (d) is a filtration
process.

20. The process according to any one of claims 14, 15, 18
or 19, wherein solids/liquid separation in (b) is a
sedimentation or filtration process.

21. The process according to any one of claims 14 to 20,
wherein the product of (d) is intermediately stored in

I e




rmré partial streams thereof recovered in (b). 13. -
process according to claim 12, wherein the selecti ve{.hy Sﬂ@éﬁg@g&mplmd

sanitation conprises perfornmng a chlorination treatne
The process according to claim 3, wherein the separat el H llHlILn (a)
firher conprises collecting the black water separatel y ste
wat er partial streamand a urinal wasttd water partial stream and wherein
the faecal waste water i.s-treated according to steps (a) to (f). 15.

The process according to claim 14, further conprising adding at |east a

part of the urj n@énwasaﬁd\/\@hethtaoch&@ betdlgheas e nfdiralfanad @erfand ds  16.
The process accordl%g}to cl

in the_se ratel erfo
sol i ds/ i qui d S@pafRRt i ﬁo( %hef u‘?’fh‘g?t%:%lhp?Pgﬁggg tnate:%on p#"géc%%s i f
‘steps (a) to (girameoﬂsbpeat ed one or nore tinmes. 17.° The
process according to claim 14, further conprising selectively performng,
prior to (c), one or nore nechanlcal physi cal, and chem cal purification
Steps. 1822. The process FROPEDRBEsEOAGHRS dPRY £6 G AMASL714wAS v t he

per form ng So'hﬁéééhﬂwﬁléeeﬁ&a&bea i {<R QQEBB S@’ﬁdﬁﬁffﬁh%ag ayaste

filtration process. roce cordi ng_

claiml 4, mherHﬁHQFhéSs§H§ﬂ&F§P9 ﬁ%ﬁ%ﬁqﬁQﬁf%ﬂﬂlqﬁg ?ﬁiﬁﬁ%ﬁ%&?%n n (b)
conpri ses perfgnpgi patarsediriesuati priok til ﬁ:éatummzamoess

The process according to claim 14, further conprising sel ect| veI y storing

the product of (d) in a tank, and in the case of higher perfornmance denand,
sel ecti veby.r eTheuppodeass t hecovdiegt $oofanheonanieft occkaiwxi dat iteh 22,

appar at us perf%l%ggn( Cehémggﬁ.lligcrﬁ?eaegeﬁb(real’@}ldfn 2de urinal waste

Thé process accor g | ai m rther conprising selectively
subj ecti ng t hevekedi ¥dTBLACRb@Mer or the faecal waste water to sanitation
and nodification of the water structure prior to reutilization. 22.

The process according to claim urt her risi.n sel ectively
removing $4i-i d<her PRIHESr ?ﬁ&Pr\%ﬁ?ﬁe Wt 81y pa?rgf‘ogr aP* stq:r]eaaﬁ%‘sny&f i1 &F1 on.
23. whereinTheh@r aadsisisac €opdi nhe ogrelyai watdr fandyerr codpreksi ng

sel ect i vely subj ael) Uil U5 L0 L0 81 e B £Ec 30} Dbl 96 ¥akCbOr
the faecal di scharges a 10 waste to one or two-step anaerobic
di gesti on. two-step dlgestlon together with or without fragmented

bio waste.

25. The process according to any one. of claims 2 to 13,

wherein -the potable water is filled into containers.

26. The process according. to any one of claims 14 to 24,
wherein the mineral fertilizer and/or the compost is
filled into containers.

27. An apparatus for carrying out the process according -to
any one of claims 14 to 24, said apparatus comprising a
reactor, in which steps (b), (c) and (d) are carried
out.

28. The apparatus for carrying out the process according to
any one of claims 2 to 13, said apparatus comprising a
separator in which the process steps characterized in

claims 2 to 13 are carried out.
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24. - The process according to claim 4, further conprising
depositing the potable water into containers. 25.7 aced The

process according to claim 3, further conprising ﬂgﬂﬁ&iﬁdﬁﬁﬁ m ner al
S

fertilizer into containers. 26’
according to claim3, wherein steps (b), .(c), and g out in
an apparatus conprising a reactor; thggreactor conp ng nenbranes for

solids/liquid separation.and apparatuses for aerating, stirring, nmeasuring,
and adjusting the pH value of the contents of the reactor; and wherein the

apparatus,d s draylically n a e contai .10 i and
from whi (S:an 'ac%/ee P6 n%ksstg’f%nt ﬁébgggéggr %%cgé%glré%p%h eg.ﬂntﬂ Z%P %J%.r

The process actokldizigng dlAck rMaiemherein steps (b) and (c) are carried out
i n anh appdaratus; "the apparatus conprising a separator-in which the-process
steps are carried out, and wherein the apparatus, further conprises

equi pnent3%or B8 r ¥Ry oft W aepaFAfPFatrerording to claim 28 for

producing potable water from gray water.
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