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A few basic findings:

Wastewater treatment is one of the last priorities of public and private
investment.

->nobody is interested, “arrangements” are easier

Conventional treatment units are too expensive.
-> difficult to demand their installation

Conventional treatment units require skilled operators.
-> often not performing, most of the time out of order

Conventional treatment units operational costs are high.
->switched off to safe energy

Conventional treatment units require regular maintenance.
-> often not performing, most of the time out of order

Conventional treatment units destroying agricultural nutrients

-> often only end-of-pipe systems without water, energy, and nutrient
recycling

Grey water is often not considered in on-site (dry) sanitation concepts

Nobody enjoys handling wastewater

o

‘ Conclusion:

There is a technological
gap between on-site dry
sanitation systems and
centralized highly
sophisticated waste water
treatment plants.

o

Discrepancies we do
need to overcome

The technology offered does not match with the technical skills
available.

The investment costs do not match with the possibility/
willingness to pay.

The required input for operation (financing, time, labor, skills)
do not match with the readiness to provide it.

The discharging standards do not match with the possibility to
enforce them.

The urgency of pollution control do not match with the
awareness and information levels.

The assigned responsibility for waste water do not match with
the capacity to deliver accordingly.

)

That is why....

..... Ecological Sanitation is an approach,

rather than a hardware package

for

Different strokes

different folks

“Washers and Wipers”

“Sitters or Squatters” & ;

“People should
not face west
(east, ...) when
using the toilet,
as that is the
direction of
Mecca.”




International comparison of
faecal production

o

Countr wet mass Countr wet mass
y kg/cap/day y kg/cap/day

China 0,26 Uganda 0,47

Europe 0,15 Ax?errtir;a 0,15
" The

India 0,28 Netherlands 0,19

Kenya 0,52 Sweden 0,14
Malaysia 0,48 Peru 0.32

Source: WASTE, The Netherlands, 2006
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1. Separated
collection

2. treatment

3. utilisation

Technology solutions / modules

,High-tech*

« Double or triple sewer piping system in households and buildings

+ Vacuum toilets / vacuum sewer / urine-diversion-toilets / low flush & pour flush /
incineration toilet

,Low-tech*

« Appropriate on-site or neighbourhood oriented sanitation systems: with urine
diversion / liquid-solid separation / dehydration toilets / dry urinals / compost
toilet

Separating (faeces / urine vs. liquid / solid)

Anaerobic digestion (faeces / organic waste)

« Drying (faeces / urine)

Storage (liquids / urine)

+ Composting (faeces / organic waste)

Constructed wetlands / sand and gravel filtration / maturation ponds /
membrane technology (grey water / black water) / filter bags / French drain
+ Sun-UV-Radiation etc. (purified grey water)

« Fertilizer or soil conditioner in agriculture (faeces / urine / organic waste)
Irrigation (grey water, rainwater)
Groundwater recharge (purified grey water / rainwater)

Sanitation Strategles without Water Consumption
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Low-Tech-Low-Cost

In principle, all
organic materials
can ferment or
be digested:

faeces from
cattle, pigs and
possibly from
poultry and
humans, organic
waste, energy
crops, and
organic loaded
wastewater.

The maximum of
gas-production
from a given
amount of raw
material depends
on the type of
substrate.

ACRICULTUR,

ANAEROEI
DIGESTION




anaerobic digestion for treatment of organic material
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Products put into the
digester are composed
mainly of carbohydrates
with some lipids and Bactaral H, €0,
proteins. The digestion mass acefic eeit
has three main stages.

Sragal Stage Stage il

- wasie,
The first, hydrolysis, g
. caltonyorates,
involves breaking down the | i
large macromolecules to prolain
sugars, amino acids, and Propienc atd,
fatty acids by bacteria bty acid
under aerobic conditions. e mm Hy, €0y
o oher el o0

compoungs

The second stage is
acetogenesis, during which
acetogenic bacteria
convert sugars into short—
chain acids, mainly acetic
acid.

Acatgenic bactera Methanogenic

|
|
|

Fementaive beciaia I
| baclera
I

The third stage is
methanogenesis, which is
carried out by anaerobic
bacteria. Here, the acids
are converted into
methane.

Advantages of Anaerobic Digestion Treatment (van Leir, 1998)
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* No, or very low energy demand

« Production of valuable energy in the form of methane

« Low investment costs and low space requirement

« Applicable at small as well as large scale

« Low production of excess sludge, which is well stabilized

« Low nitrogen and phosphorus requirements

« High loading capacity (5-10 times that of aerobic treatment)
< High treatment efficiencies

« Suitable for saisonal housing with long term periods without
discharge of waste water

« Effluents contain valuable fertilizers (ammonium salts)

Biogas sanitation

o

For a biogas plant only regarded from an energy point of view
it is better to have some animal manure or additional feed of
organic waste.

For biogas plant as a sanitation option it is more important
to look for the sanitization of the incoming black—, brown—,
or wastewater and organic wastes. Therefore the input
material stays longer in the digester, and the retention time
will be adopted with an optimum of sanitation degree and

|biogas production

”E@ Biogas from brown water

The concentration of nitrogen in the black
water cold be so high, that the digestion
process could be stopped. Ammonia from the
urine will be transformed by enzymes in urea,
carbon dioxide and ammoniac. Urea will be
toxic to the bacteria (self-intoxification).

This could be solved by solid/liquid separation
(AQUATRON, filter bag, settler) or urine
diversion toilet bowls and pans and only the
“solid” part (faeces, sludge) are digested.

Ecological Sanitation is led
by some principles, which represent
the guide frame for designing

o

» Decentralization: Responsibility, Capacity, Treatment, etc.

» Simplification: Process, Technology, O&M,

» Conservation:
& Recycling

1) Prevent disease: A sanitation system must be capable of destroying or isolating
faecal pathogens.

Water, Nutrients, Energy

2) Affordable: A sanitation system must be accessible to the consumer.

system must be { and

3) © A sanitati
with socio-cultural values.
4) Simple : A sanitation system must be robust enough to be easily maintained with

the available technical capacity, available instituti and
resources.

5) Protect the environment and returns nutrients: A sanitation system must prevent
pollution, return nutrients to the soil, and conserve valuable water resources.

)

Decentralization
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Centralized WW
Collection and
Treatment

b

Decentralized WW
Collection and Treatment

Decentralize
responsibility

)

* Application of the principle
“The polluter pays”
— In industrial sector accepted
— For domestic sector not accepted

— A treatment unit near to the producer
allows specific control

)

economy

Profit on additional investment to facilitate use of
30 biogas in relation to wastewater strength

n * n n n n n |
sl s, o, 1500 2000 250 3000 3500
- *

COD mg/l

Sasse, Otterphol
1998

Decentralize
responsibility (cont.)

)

» Assign responsibilities
— Individuals (demand)
— Builders (technical offer)
— NGO (Awareness, Training, DEMO)
— Research institutions (develop option)
— Municipalities (enforcement, control)
— Legal entities (legal provisions)

example of an community ecosan — biogas system:
@ p y gas sy

Gestion des déchets solides et liquides

PFP [commune, GTZ, Enfreprise privée)
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China: administration and extension system

n of
energy and

CEEP/ IEEP

@@ Decentralize
technology

» Treatment close to where it is
generated

— Reduction of trunks and collector
sewer

— Reduction of intermediate pumping
stations

— Introduce low water sewer systems
(vacuum sewer)

ROEVAC® - general description
m{'\ g P

Schematic overview

Every vacuum sewage system consists of 3 main components:
=House collection chamber ROEVAC® with interface unit
*Vacuum sewer network for the transport of sewage

*Vacuum station for the suction of sewage to a central point

T A R
Prime applicazioni del sistema

fognatura sottovuoto

ﬁ (1873, Amsterdam)

[EEE“@ ROEVAC® - general description

Wastewater flows by gravity into the
collection chamber; from there the
waste water is evacuated into the
system

i A collection -
—,gi =/ chamber is sited

in front of the

house

Bs= |
No modifications
inside the house

R Decentralize
technology (cont.)

* Re-use close to where it is
generated
— Irrigation
— Gardening
— Recharge underground water

— Use soil improver & fertilizer for
agriculture




example of an “decentralized” ecosan — system:
IEE

Grauwasser
¥

Regenvvasser

m' Schwarz-

Versickerung WWASSely
Pflanzen KA

Vergarung

Landwirtschaft T EEWESSCT

WORLD
R TOILET

COLLEGE
Decentralize Capacity

+ Centralized design capacity
— Vocational training
— Training-on-job

» Decentralized implementation

— Certified builders, architects,
engineering offices
— Service units

)

Simplification

)

Simplification

Means LOW-TECH,
but not necessarily easy.

Natural processes
maybe simple from a technical point of view,
but complex from an ecological point of view.

Means CLEVER

Integrated, interdisciplinary work

[IIE%E) Maintenance-free sewer lines

: m line at an inclining section.
Inspection pipes for easy detection of unforeseen
pressure-loss.

Above : For the c
o of evtl. blockage a
& manual interruptor
and a cleaning pipe
can be used.
| hygienic risks!

(5P Reduce the treatment
volume by limiting the
catchments area through
decentralization

— Less volume = easier management

— Small surfaces become available for
treatment (sidewalks, private yards, parking
lots, alleys, parks, etc.)

— Wastewater composition becomes more
accountable

- }h%risk of failure is reduced (all systems
ai
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Simplification
(cont.)

+ Separation of waste water streams

@B Composition of domestic
wastewater

i3 ~TUHH
3= Feaces
>3
Y ot
- option: a
Yearly Loads so0 biowaste)
kgi(Pyear) B ~
N~ as ~3% =87 % ~10%
P - 075 ~ig% ~50 9% 409
K~ 18 Lagee —sam ~12%
cop ~ 30 —4l% ~12 % ~47 9%
Treatment Treatment Blogas-Plant
J Comppsting
ﬁ Reuse / Water Cycle Fertiiser  Soil-Conditioner

o

Separation of substances

urine organic waste
substances (ellowwater)
composting,
hygienisation by .
treatment storage or anasroblc
drying igestion
soil
utilisation liquid or dry improvement,
fertiliser biogas

|| oraft Re-use of Treated Greywater for Toilet Flushing and Gardening ||

[E@ ! Free Basic Drinking Water -
| Water Meter |
1

=6000 litres per month and
= litres per day and household

Water Main

Greywater + Blackwaters Gard
200/h+day + 108Uh+d + 92U/ Household

Flush

Toilet
Treated Greywater
=108 litres per day

Gardening

Treated Greywater
=200 litres per day

Storage

JS 0905

Flow chart__Concept 1

Dse__anzaoms
[T Steam 7 Stream eam | [5-Stream [ Steam 5 Steam 1
[soaing gnrins [Wasingghesin o o mcron o foe [rses ety s

& pest

3 ek tow 5 hpesk fow 5 npeakfow, 3 pesk fom
2T 15 aHRT H 15T ﬂ 15nHRT
.n y o

ssomaa
HRec Por 0% vaporaion
140

390 mas
Storage 8 diposal

1790 mais
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Simplification
(cont.)

» Reducing water for transport of
residues
— Reduced volumes to be treated
— Increased concentration of pollutants




proposal; FUture Sanitary Concepts including:
+“On-site” Greywater recycling > WC flushing + Garden watering
“Urine Separating Toilets and Collection; Reuse as fertilizer
- Anaerobic Sewage Treatment Plant (ASTP) with Biogas Production

The hygenized urine is the best
fertiliser. Before using it has to be
diluted with water.(1:10)

(&) [ 5]

Felll o

Water Pipe —»|

VS = Vacuum Station with Vacuum pumps

VT = Vacuum Tank for collection of
wastewater

@ Pumps for pumping wastewater, urine,
effluent etc.

Evacuated
Sewer,Gas

—o-mE-

&0
Urine Storage 3- 6 month

Treated Effluent
Subsurface Drip

GEOFLOW Subsurface
Drip Line

Stored urine
Diluted(PKN)

end: Single House on-Site Greywater Recyclin

DW = Drinking Water Connection

UC = Urine Collection point from Toilet

S =Blackwater from Toilet + Kitchen Wastewater
GCT = Greywater Collection Tank for shower, wash

basin, laundry sink
BR =Bath room

Vacuum Sewage Collection p\pe/'

P
Simplification

(cont.)

» Treatment until re-use is possible

— 1st |dentification of re-use options then, planning the
treatment unit
« Most pollutants are substances needed for agriculture
Organic
Phosphorus
Nitrogen
Potassium

Simplification (cont.)
«If desirable, combine treatment with other organic feedstock available

o

“ Draft Proposal: Treated Greywater for Drinking Water |

Treated
Greywater for
Toilet flushing
+ gardening

Greywater
— B |ackwater
mssssns Treated Greywater
s Drinking Water

GCT = Greywater Collection Tanks
BCT = Blackwater Collection Tanks

Simplification

(cont.)
» Selecting the right technology

o

— Priority given to anaerobic technology in warm climates
(biogas sanitation)

- ?Igior)ity given to aerobic technology in cold climates (bio
ilter

— Anaerobic pre-treatment (biogas-settler)

— Aerobic pos-treatment (trickling filter)

— Using gravity instead of pumps

— Avoiding valves

— Oxygen incorporation by helophytes (ponds, wetlands)

— Aeration by vorticity (flow aeration)

— Opting for condominial sewer lines (small bore sewer
system)

— Integrating treatment modules in ‘unused’ spaces (alleys,
roads, parking areas, gardens, private yards, parks, flower
containers etc.)

)

Simplification
(cont.)

» Standardization

— Assign treatment systems to specific decentralized
pollution sectors
« ldentify sectors and their clusters
— Prefabrication of modules (mass production)
« Single House units
« Baffle modules
« Distribution boxes
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* Applied research
— Distribution systems
— Filter material
— Odour reduction (EM, biofilter)
— High ground water table solutions




Vacuum black water collection sewer

[E@ application — in flooding zone

L. A Settlement in an inundation area
close to the Rhine-river,
submergibility up to 5 m.

TOP: ROEVAC® Collection chamber R
65- 37-W installed on private ground.

ROEVAC®- Collection chamber R 65 -
=] 3”-DW, heavy duty cover.

DEE@) Baffled septic tank with or without up-flow anaerobic
filter has shown positive results for black water
treatment in Vietnamese condition. (guyen viet anh, Tran buc

Ha, Tran Hieu Nhue, 2nd international symposium on ecological sanitation, april 2003)

Black
wastewaler
from

- o “ - meler

ﬁ Figure 1: Baffied septic tank with anagrobic fiter (BASTAF) M1, M2, M2, M4, M5: Sampling points

)

Simplification
(cont.)

* Including wastewater treatment unit in the
planning and designing task of architects

and builders
— Design buildings taking into account the requirements
of treatment units

— Ensure correct slop to operate per gravity
— separation of streams,
— reduction of wastewater
— integration in the landscape

— Trained local craftsmen offer technology assed by

Integrating the biogas septic tank in
”E‘EE’ the housing structure

BULA, HEE

TEFm =aE

i [ ] [

T

ﬁ certified planning units

Township sanitary digesters

i

AN

A flh| i
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Conservation /
Recycling

b

+ Conservation of Fossil Energies
— Reducing electrical equipment
— Applying anaerobic technology; using biogas
— Selecting and reducing construction material

Fig.9. Alternatives of biogas utilization in the FRG in 1957
{ prospectus of Seidenstiicker Comp.)

Biogas potential

If the daily amount of available dung (fresh weight) is known, gas
production per day will approximately correspond to the following
minimum values:

1 kg cattle dung 40 litre biogas

« 1 kg buffalo dung 30 litre biogas

« 1 kg pig dung 60 litre biogas

1 kg chicken droppings 70 litre biogas

* 1 kg human excrements 60 litres biogas

If the live weight of all animals whose dung is put into the biogas
plant is known, the daily gas production will correspond
approximately to the following values:

« cattle, buffalo and chicken: 1,5 litres biogas per day per 1 kg live
weight

l{—\ Equipment Amount ofbcgas
[l. %L Amount Time Gas Household burners 200 — 450 Lih
cooked (min) (L
I L water 10 2 Industrial bumers 1000 — 3000 L/h
5L water 35 165 Refrigerator 100 L depending on | 3075 L/
outside
500 g rice 30 140
Gas lamp, equiv. to 60 W bulb 120 - 150 Lh
1000grice | 37 175
350 g pulses | 60 270 Biogas/diesel engine per bhp 420 Lh
700 g pulses | 70 315 Generation ~ 1kwh  electricity | 500-700 L/h

biogas/diesel or gas engines

1 m3 Biogas (approx. 6 kWh/m3) is equivalent to:
« Diesel, Kerosene (approx. 12 kWh/kg) 0.5 kg

* Wood (approx. 4.5 kWh/kg) 1.3 kg

* Cow dung (approx. 5 kWh/kg dry matter) 1.2 kg
 Plant residues (approx. 4.5 kWh/kg d.m.) 1.3 kg
o Hard coal (approx. 8.5 kWh/kg) 0.7 kg

o City gas (approx. 5.3 kWh/m3) 1.1 m3

o Propane (approx. 25 kWWh/m3) 0.24 m3

Sasse, India, 1988

[@E@) Biogas Utilization
Pilot-injection engine

Motor Generator -

90 % Biogas

10 % Bio-fugl ’
II# IBTPSE |—
— % 40— 50 %
Heat
Gas engine
Motor Generator -
100 % Biogas ’
i IBTPS= | ——
E———— % 45-55 %
Heat

11



Biogas for combined heat and
power generation (CHP)

o

SOLO

Sterling engine:

« external combustion

* simple technology

« continuous combustion
*low noise emission

WhisperTech Ltd.

Sterling engine
WhisperGen MCHP ’

-

Technical Data:

« Electrical output 750 W
« Thermal Output 6 kW

« Energy Input 8 kW

+ 1,4 m3h Biogas (60/40)

« Pressure 20 mbar;

¥8?  Biogas 'GENSET’

* reciprocating
internal
combustion
engine,

* related to those
found in trucks
and buses,

» for decades
provided power
for off-grid
applications.

Elektro HAGL biogas GENSET
company, Germany

69

« efficiencies in
producing
electricity range
from 20-45%,

» depending
largely on the
size of the plants,

* range from
5-10,000 kW.

I£5° CHP — wide range scaling

Elektro HAGL biogas GENSET 70

company, Germany

Biogas Conversion

Biogas Process heat

* Biogas reaktor

— Energy conversion, CHP etc.

EY

72

S
=
o
8
m
5
D
=
<
Relative Haufigkeit [%]
RS
»
b

Power Heat

vy °

Gasengine  Dual fuel - other
engine

Energy Equivalent of Biowaste

A PRI & g
10 kg Kitchen waste
1027 it e it
\J

1 m* Biogas = 0.75 m* Natural gas
1m® AP = 0.75 m¥ R R4
Y

11 Gasoline, 1 THCifl

20 km Car mileage
Al AT 20 km

Energy Content

of Biogas i
In China the rural families can cover
their energy demand by 60 % from
Biogas produced from their own BYW

e [ 7 0 R 60% 17 o1 1 R
LR 0 0 B R

One family (3 persons) produces
about 4 kg Biowaste a week =
Energy equivalent to 8 km car

mileages
A= 02 SRR AU Eakg AT L I
+ JEAT & 08 R T — S 44T (e Bkm

The overall biogas
production potential from

75 mill.t of Chinese EMW is
equivalent to
4.5 billion m?* natural gas

12
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» Conservation of fresh water resources
—Reducing water for transport (water-saving
devices, water- saving attitude)

— Substituting fresh water by treated
wastewater (agriculture, cleaning)

— Treatment of pathogens
— Odor reduction

Smell reduction through digestion

o

Geruchsminderung in Abhangigkeit von der Verweilzeit

O p-Kresol
O Ethyl-Phenol
200 O Indol

o Skatol

O Iso-Butterséure

150 4

relative Konzentration in Prozent

— [T

100
50 —‘
° — r_J [ I
12 15

Verweilzeit in Tagen

40

nésgp Anaerobic sanitization e o s

Thermophilic Mesophilic
fermentation fermentatio | Ambient temp.
(53-55 degrees C) n fermentation
Pathogens (35-37 degrees | (8-25 degrees C)
&parasitic )
ova Fatalit
lavs Fatality | days |y lavs Fatality
days (100%) (100% | 5| (100%)
)
Salmonella | 1-2 100 7 100 44 100
Shigella 1 100 5 100 30 100
Poliviruses 9 100
Colitiwe 1 5 e 121|100 |a0-60 | 10*-10°
Selistosoma | Several
over hours 100 7 100 7-22 100
Hookworm
1 100 10 100 30 90
ove
Ascaris ova_| 2 100 36 98.8 100 53

“5?  Reduction of pathogens

Anlage: Laukenmann
Temp.: 38°C
\VWZ.: 80 Tage
1,00E+09 Typ:  Betonfermenter
1,00E+08 + Datum: Juni 1993
1,00E+07 93,75%
(=2
o 100E+06 -H
1]
X 1,00E+05 +
£
= 1,00E+04 + m Biogasgille
S 1,00e+03 1 99.90%
g 99,70%
1,00E+02 -+
1,00E+01 +
Messung durch
1,00E+00 -+ Institut fiir
Gkz Tierhygiene,
Universitét
Hohenheim

Retention time

)

Under plug flow conditions — without post—treatment
in wetlands or polishing ponds — the usual treatment
of faecal sludge — after urine separation -,

1. anaerobic psyrophilic fermentation (above 10° C
and retention times of at least 40 —100 days),

can be considered as sufficient.

)

» Conservation of nutrients
—Returning nutrients contained in the
wastewater to the fields (peri-urban
agriculture)

13



2::M Residues
By-products
Nutrients Oipalm Biomass
Sugar palm
Sugar cane
IFaod
‘ Ve _; \ :Eau!try
Food [ Famiy Foud 8
Lo Goats
o | Market | Cattle
/
AN / Rabbits

bxcreta l ] Fuel /
Exreta

Figure 1. The integrated farming system

Nutrients

ET Conservation and
Recycling

* Use of the treatment products

— Treated wastewater (lrrigation, water recharge, technical
water, landscaping, micro- climate)

— Nutrients (agriculture, horticulture, forestry, aquaculture)

— Biogas (heating, electricity generation)
Methane = greenhouse gas

Recycling on household-
level:

Biogas production from
cattle dung and toilet waste

Use of energy and nutrient
content

ecosan-example in Dhapasi, Nepal

Wastewater from Toilets Small biogas reactor Use of biogas for cooking

Dung from cattle for 1 household Use of slurry for garden fertilizing

R Conservation and
Recycling

* Locate the treatment where the products are needed
— Public recreation areas
— Farm land
— Industry (co-fermentation)

« Centralized utilization of waste water, grey water, black water
treatment products

— Sludge digestion centers at focal points
+ Cogeneration
+ Compost

— Treated wastewater pipeline

— Urine collection centers

Summary: Source control and reuse of
treated waste

(Ralf Otterpohl, Andrea Albold and Martin Oldenburg: Differentiating Management of Water Resources and Waste in Urban Area)

1. Basic prerequisite for sanitation systems that care for the survival of our
mankind, future sanitation concepts should produce a rich organic fertilizer for
agriculture rather than waste.

2. One person can produce as much fertilizer as necessary for the food needed for
one person (Niemczynowicz, 1997).

3. However the cycles should not be too short (industrial/energy crops first) and
appropriate treatment is necessary.

4. First priority of all possible concepts is the consideration of hygienic aspects -
alternative concepts can and should be better solutions in this respect, too.

5. As one of many technical solutions separated black water can be treated
anaerobic in biogas plants.

6. The combination with the digestion of organic household wastes results in a
mixture that is suitable for this process.

7. Separation of different qualities and their respective appropriate treatment for
reuse is common in industry and is fundamental for new concepts.

14
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technical approaches

Northern “Four-in-One” model
greenhouse

Dlﬁﬁaﬂ Household biogas

15



Household biogas digester (type I)

Household biogas digester (type II)

=T EER

FHBHABRR K
CI
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Household biogas digester (type IlI)

Household biogas digester (type IV)

65

Avoiding

17
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Sanitary design details

Sanitary design details

5P Floating Drum Biogas Plant

Schwimmglocken—Anlage

Vorbehiitar ushout
mik Evlouf

iei-Kommer—
| fomenter

Indische KVIC oder
Gobargos-Anlage

Quelle: H. Schuiz . Biogas Praxis

Small scale
» well known construction

« easy to maintain

)

Sanitary digesters

The sanitary
biogas unit

. main planning criteria are the
aimed sanitary conditions which
depend on frequency of use,
frequency of cleaning, and safe
slurry disposal.

. no handling of fresh human
excrete; even accidental touch
should be avoided

. no access of flies to undigested
excrete

. no worms may escape from the
pedestal

. no bad odor and no indecent
appearance

. additional feeding with animal
dung or kitchen waste is
possible.

. slurry should be used for
fertilizing trees or shrubs but not
vegetables.

Ainea Kimaro, Tanzania, 1989

Toilets connected to a simple fixed dome biogas
plant should be pedestals where a minimum of
water is used for cleaning.

Only dry and low flush toilets are suitable for
connection to biogas plants of less than 30 m3
digester volume because of the danger of diluting
the slurry and thus reducing the retention time.

The toilet chamber is connected to a vent pipe
which passes the roof. It is placed outside, not
shaded, and is painted black as to heat up for
better draft.

toilette connection to a Biodigester

(a) toilet floor;

(b) highest and

(c) lowest slurry level;
(1) inlet pipe;

@
3

bottom rim of inlet pipe ;

inlet piece always above
highest slurry level;

(4) feeding chamber;
(5) Slope

6
7

=z

=

down pipe;

-

vent pipe.

18



Components

o

Running cost (-) or benefits (+) in Maluti per year

Brown-, black-, grey- (4 person household)

Irigation b

gravity + Conventional septic tank -600
g « Biodigester septic tank +400
* Cheap pit latrine - 50
» Sophisticated double vault VIP latrines -100
« Ecosan toilet with urine separation,
utilizing compost and urine +200
¢ Minimum urine separation set up,
utilizing urine only + 30

Sketch of biodigester replacing a septic tank. Wastewater as well as kitchen and garden waste enter the digester and are
broken down o biogas and fertle water.

| The advantages: No more emptying of septic tank. Reuse of all water in the garden. Less cost on cooking
en

”f@ MCK plus++ community system

The MCK plus ++ community sanitation system provides facilities such as
bathrooms, toilets, laundry cleaning and consists of an integrated community “water
point” for provision of drinking water. In addition The MCK plus +++ consists of an
integrated underground wastewater treatment unit which is based on the biogas
sanitation concept and technology, and functions without external energy inputs

The advantages of this system are:

" Low maintenance cost, no hi-tech equipment/movable parts required

" Wastewater pollution reduced by up to 90 %, therefore reducing surface-water
pollution

" Ground water is not polluted, the construction of the waste water treatment plant is
waterproof and airtight

" Biogas production, provides energy for household cooking needs

" Long de-sludging intervals, de-sludging required every 2 - 3 years only

Due to these advantages MCK plus ++ is an ideal community sanitation solution for
densely populated urban low income settlements where toilets and bathrooms are
not available in private household.




BIOGAS DIGESTER

« Brick construction, fully water-proof and
airtight plastering

« Functions as settler for “ black water”
« Biogas produced consumed by households

« Connected to “ Baffle Reactor”

BAFFLED REACTOR

« Simple and long lasting structure, efficient but
low-cost wastewater treatment plant

« Underground construction below toilets/
bathrooms

« Based on anaerobic up-flow principles
« BOD reduction up to 90 %

l{-\ BATHROOM & TOILET

[LE@ « Long lasting, easy to maintain features
« Fully tiled wall and floor
* Modular design

UNIT MCK plus ++

« The innovative sanitation concept consists of
toilets, bathrooms, facilities for laundry
cleaning and an integrated wastewater
treatment system

* MCK locations are landscaped and have street
access

Upgrading of a vocational
training institute Maharashtra
State, India
— 250 resident students
— Combination of 2 urine-separation
double-vault vermitoilets and a common
toilet block of 24 cabins linked to a
biogas plant
— Reuse of showers and kitchen
greywater for irrigation (after organic

filtration)
(supported by NAVSARJAN Trust, UMB, SDC and GTZ)

ecosan EI|0[ I'O jects

towards
greywater
garden for
infiltration/evapo reuse of
transpiration of water
wash-water in
flowerbed
towards |
towards sludge &
greywater drying  §
&

garden for reuse
of water

beds

Examples

)

UASB systems

”E‘EE’ upflow anaerobic sludge blanket

v v I_
G sl =" [ffuent

separaor

blanket zane

b Sl
b 2ore

IEED

Appropriate Design and Construction of UASB-
Reactors

UASB Chiang Mai University Chiang Mai / Thailand, 1990
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o

Wastewater trastment altermnative B UASB-reactors
Units 4
Sandizap tmhoft or Construeted Agricutture Diameter 7m
UASE-tark wetiand
Total volume 1000 m®
T Biogas Constructed wetlands
Units 4
Length 62m
Width 20m
. s Total suface 5000 m?

Wastewater treatment

with UASB and Wetland

Alternative B

Construction phase of UASB - Biogas Plant, Thailand

)

DEWATS Examples

EER .
=5 DEWATS concept incorporates

the following attributes:

« Treatment for organic wastewater from domestic and
industrial sources

« Affordable prices

« Fulfillment of discharge standards

« Treatment of wastewater flows from 1-1000 m?®/d
+ Tolerance to inflow fluctuation

* No dependence on energy

* Minimal maintenance

* Reliability and longevity

« Reuse of wastewater and its contents

o

I

DEWATS Modules

.;. . 4 |
j Facultative-

Septic-Tank Lagoon

=1,
)ll

Baffled-Reactor A nasrobic-
Filter
W M!Qn u/yv/')lw i : 2
Planted Gravel-Filter Sludge Drying Bed

o

Septic Tank

Princlple of the Septic Tank

1. Sedimentation and floatation
2. Fermentation of bottom sludge

foss

manhole

inflow outflow

scum

settling particles

sludge

separation chamber polishing chamber

21



@a} Baffled Reactor

Princlple of Anaerobic Baffled Reactor

1. Sedimentation / floatation of sollds

2, Anceroblc digestion of suspended and dissolved sollds through sludge cortact
3. Angeroblc dlgesﬂon (fermenkﬂlon) of bottom sludge

4.8 suspended particles

manholes

inflow

scum

sludge

inoculation of fresh wastewater with active sludge ~ final settler

sedimentation

!‘l“‘lll! '

65

Anaerobic filter

Principle of Anaerobic Filter
1. Sedimentation / floatation

2. Anaerobic digestion of suspended and dissolved matter Inside the filter
3. Anaerobic digestion (fermentation) of bottom sludge

gas manhole

inflow

sludge
sedimentation tank filter tanks
Princlple of the Horlzontal Fllter
1. Continuous oxygen supply fo the upper layers
2. Helophytes provide oxigen fo the lower layers
3. Roots of plants provide favourable environment for bacteria diversity
4, Angerob - faculfative conditions I the lower layers
\\\ \ ‘ &\ ' ’ ' | ‘ ‘ | /'/ internal water level
inflow 1 » manhole
upper sand 28 L 3 o | cenvetoumera

layer
J firl outlet

pipe

main filter body filled with coars gravel collection
trench  connected to
filled with swivel pipe for

adjustable

22



[E@ Constructed wetlands

VIRTICAL RLES BEDFRTLR MTERMITIINT MTES

 treatment of wastewater or
greywater

« effective in the removal of
BOD, TSS and pathogens

« effluent can be reused
« aesthetically appealing

[y [— kbl [

vertical flow

Source: Cemagref

horizontal flow

Source: Comax Intemational Lt

DEEE@) DEWATS system

The right combination and dimension of the
modules make DEWATS successful.

1 -
gu — BIOMA / BRTC — ! - Project Team

Section 4 B, Renmin Nan Road, 610041 Chengdu, China | +86 28 85226493 | Ecosan Gina@gtz.de

Comparing on 5 Models
BAE v T OO

Chinese-German Cooperation Project

AR
Enhancing reuse options in DEWATS-projects through ecosan-approaches

i ODEARRAETSFIHORRE FONORER
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QRO
D‘{—\ gu — BIOMA / BRTC — ! - Project Team

Section4 B Renmin Nan Road, 610041 Chengdu, China | + 86 28 85226493 | Ecosan Gina@gtz.de

Area 1: Table 1. Characteristic of domestic wastewater
R1L EFES RO

Type of Brown Black water Kicher wasouaer Grey + Domestic
wastewater water +RR+HHE Brown wastewater
R =3 +3 K X BES

Quantity
K& (L/p.d) 12 30 %0 62 8
COD (mg/l) 5315 3321 1614 2330 2254
BOD,(mg/l) 2704 1407 552 969 873
NH3-N 80.6 266 111 24.6 107
(mg/l)

QRO
D‘{—\ gu — BIOMA / BRTC — ! - Project Team

Section4 B Renmin Nan Road, 610041 Chengdu, China | + 86 28 85226493 | Ecosan Gina@gtz.de

N
7.60% 8.80%
83.60%
B Feces
OUine
OGey water

Fig 3. The contribution of different parts of domestic wastewater to nitrogen

EFEE T Ifilfis3 eIl S

ORDA
D‘{—\ gu — BIOMA / BRTC — ! - Project Team

Section 4 B Renmin Nan Road, 610041 Chengdu, China | + 86 28 85226493 | Ecosan Cina@gtz.de

22.90% 10. 50%

66. 50%

B Feces
OUine
OGey water

Fig 3. The contribution of different parts of domestic wastewater to

phosphorus A EYS T IR AR O#k

ORDA
D‘{—\ gu — BIOMA / BRTC — ! - Project Team

Section 4 B Renmin Nan Road, 610041 Chengdu, China | + 86 28 85226493 | Ecosan Cina@gtz.de

20.70% 12.80%

66. 50%
B Feces
OUine
OGey water

Fig 3. The contribution of different parts of domestic wastewater to kalium
EFEE AT [ﬁJ?ﬁH?*‘fDE‘JDEﬁ

ORDA
D‘{—\ gu — BIOMA / BRTC — ! - Project Team

Section 4 B Renmin Nan Road, 610041 Chengdu, China | + 86 28 85226493 | Ecosan Cina@gtz.de

NHPHK
11. 30% 9.70%

79.00%
B Feces
OUine
OGey water

Fig 4. The contribution of different parts of domestic wastewater to N,P,K

ORDA
D‘{—\ gu — BIOMA / BRTC — ! - Project Team

Section 4 B Renmin Nan Road, 610041 Chengdu, China | + 86 28 85226493 | Ecosan Cina@gtz.de

CcoD
19. 70%
54.70%
25. 60%
B Feces
OUine
OGey water

Fig 5. The contribution of different part of domestic wastewater to COD

SRS A AOOAN, Py KR

EFEE AT [ﬁJ?ﬁb’? HCODHIIER
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%@@ _ BIOMA 7 BRTC — @SURM

Section4 B Renmin Nan Road, 610041 Chengdu, China | + 86 28 85226493 | Ecosan Gina@gtz.de

- Project Team

Tab.2 Nutrients and load of main components of domestic wastewater
2 EFFES A RISy 5T puin RO R

Sample +BR Kitchen Washing
e Feces Urinefk Feces+ dischargef# & wastewater
fif Urine ik Ak
N 8.8% 83.6% 92.3% 3.7% 3.9%
P 10.5% 66.5% 77.0% 11.6% 11.3%
K 12.8% 66.5% 79.3% 15.3% 5.4%
(NEJ; i:‘K) 9.7% 79% 88.7% 6.6% 4.7%
cob 19.7% 25.6% 45.3% 51.2% 3.5%

. HORDA .
gu — BIOMA / BRTC — ) — Project Team

Model 1: Existing Layout: DEWATS-Wenjiang

NG [\ astewater (17K
Greyk

Mixing ;B &

Discharge

—
Posttreatment ===
== Filter(; ‘
Filler i 7o

B BRMEES ) s s

2 BORDA .
‘{_\ g'z — BIOMA / BRTC — ! — Project Team
D_%FJ
2

Mol : Grey, brown and yellow water separation with biogas (flush toilet)

astewater [17K

Yellows
Greyk

Beparate 5"

¢ Yellows——— Fertilizer B}
Collection Uiz&

Fertilizer/soil impro
BEH/ L R

B2 Bk, K. RKSHHOBS RO

Posttreatment, Discharge
—>" Filter(Jith —> fete W

Beparate

EET

Collection 4Yk%E

Brown #

AORDA, i
— BIOMA / BRTC — @,‘ — Project Team
Model 3: Grey, faeces and urine separation (dry toilet)

Yellowz

astewater [17K

GreyX

peX Yellow st > Fertilizer IB&

Posttreatment, Discharge
C—> Filter[;th f—b o) W

T

|3 : PR, 1K, BKEAHO (RD)

3 BORDA .
D‘{_\ gu — BIOMA / BRTC — ! — Project Team
|E1E}

Model 4: Grey and brown & separating urine with biogas

Yellow#®

astewater [17K

Greyk

*allow si———"> Fertilizer iB¥
Separate 532§
Collection 4k

A
=t Filter B = R R

#HX4 @E7k#uli7k5§7kﬁfi'] BK

Posttreatment, Dischargel

3 BORDA .
D‘{_\ gu — BIOMA / BRTC — ! — Project Team
=

Separate 32§
Collection 4k

Yellows

Model 5: Grey and blackwater separate

astewater [17K

Yellows
Greyk

Filter(J3th

Posttreatment Discharge

= B2 Gy

Fertilizer A4

K5 RKERKS Al
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BORD#,
[L:@ gu — BIOMA / BRTC — ! - Project Team

Section4 B Renmin Nan Road, 610041 Chengdu, China | + 86 28 85226493 | Ecosan Gina@gtz.de

2.1 Base of process design (L[ 1{&k#7)

Faeces (1): 0.3kg/p.d ( 0.15L/p.d)

Urine (FR) : 1.4L/pd

Daily domestic wastewater of each person (& % iﬁ‘ﬁ’f‘ii ): 80 L/p.d
Population (A E) : 106 households(* 1), 400 person (A)

Total quantity of domestic wastewater (435775~ &): 32m?¥/d

BORD#,
[L:@ gu — BIOMA / BRTC — ! - Project Team

Section4 B Renmin Nan Road, 610041 Chengdu, China | + 86 28 85226493 | Ecosan Gina@gtz.de

Organic Loading of digestor and filter

RN AL 0.25kgCODIMP.d ;

BORDA
@ gu — BIOMA / BRTC — ! - Project Team

Section 4 B Renmin Nan Road, 610041 Chengdu, China | + 86 28 85226493 | Ecosan Cina@gtz.de

Organic load of constructed wetland
AR HHLUFE : 100kgBOD,/10°m2.d ;

Ammonia nitrogen load of constructed wetland
AR 5 07 : 20kgNH,-N/10%m2.d ;

Composting HRT of faeces DHEABREIH] : 20K ;

Storage time of urine fROFFS 1 : 10K,

BORDA
@gﬂ — BIOMA / BRTC — ! - Project Team

Section 4 B Renmin Nan Road, 610041 Chengdu, China | + 86 28 85226493 | Ecosan Cina@gtz.de

The treated wastewater must meet <Integrated
wastewater discharge standard> (GB8978-1996) No.1,
viz. :

IR SRR DA REME (5 F0&8K0
) (GB8978-1996)r— 1114, Bl :

BORDA
@gﬂ — BIOMA / BRTC — ! - Project Team

Section 4 B Renmin Nan Road, 610041 Chengdu, China | + 86 28 85226493 | Ecosan Cina@gtz.de

COD <100mg/L

BOD, <20mg/L
SS  <70mg/L
pH 6~9

Oil zZifpf iM<10mg/L
NH,-N<15mg/L

Color 8B <50 times &
PO,3*-P<0.5mg/L

@ @ — BIOMA 7/ BRTC — @ﬂﬁﬂﬂ — Project Team
Results
Type Digester ||| Filter ||| Constructed StorleJ tgnk for Corr:poiting
A E] &bt ||| s ||| wetland A e an
3 Rk HEAR
() ||| o) ||| TR || T ()
Mode 1 250 40 1712
(ww)
Mode 2 100 130 110 5.6
(Br/U/GIOF)
Mode 3 130 110 5.6 1.2
(dUDS/GIOF)
Mode 4 210 20 305 5.6
(Br+G/U)
Mode 5 160 110
(BI/G/OF)

E Table 2. Volumes of DEWATS for different separations
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2 ORDA ,
DE@ g@ — BIOMA / BRTC — @5 — Project Team

Section4 B Renmin Nan Road, 610041 Chengdu, China | + 86 28 85226493 | Ecosan Gina@gtz.de

mi Biogas/ mgCOD- 0. 3|
removal

Brown Yellow Black Dewats_influent

Fig. 10 Potential biogas production of different part of domestic wastewater
HEFEE AT [l BSEH

b

Co-Fermentation

5P Co-fermentation impacts (emany

100 - 150 | per person per day.

faeces, urine, organic household waste,

bio-degradable residues from washing/cleaning (no medicine!).
150 Euro per year additional income by electricity selling
economy of 1,500 Euro/person for sewage network investment.
no need for a separate on-site wastewater treatment plant.

wastewater from machinery/car washing should be connected to
a fuel & grease flotation/decantation system and a collection tank!

o
Co-fermentation in farm biogas

(Germany)

If mesophile with pre- or post-treatment of the effluent (70°C; 1 h)

It should
by atwo

step

system !

o
Co-fermentation in farm biogas

Thermophilic
conditions with
at least 55°C;
24 hand
retention time
of 20 days

il

Conditions:
one temperatur measurment every day, automatically registered

=

Concept scheme of closed-loop

Barn and stable |q - - - - E _______
(in winter) !
Slaughter-
Cattle house le-
> o | L»
manure”) @
w w l""
B
- J Collection <+ RESEVET
Anaerobic W | channel: W ehon e
digester Manure and W e _”p,
(heated) ww storage tank & storage EHIIERY
effluent tank
BG w H+E
Households
Biogas Be Cogeneration H+E A
plant  f--------1---- I
“Ecosan- _____________ TTTTE" [~ s
Biogas Plant” E Electricity
exported to

the grid
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Muchas gracias




