78

Figure 5.34

Natural gas
densification plant and
Polyculture Greenhouse

in Ruswil

Figure 5.35
Functional Production

Scheme of Ruswil

5.6.2 Waste heat turns into
tropical products — The Tropical
Greenhouse Project Ruswil

J. Heeb

Introduction

Waste heat (or process heat) is a well known, but to
little used energy resource. In Ruswil, in the center
part of Switzerland, a natural gas densification
plant is being operated as a part of the European
gas-pipeline network. The plant generates more
than 100 GWh (1 GWh = 1000 kWh) waste heat
per year. Options to use this energy to heat villages
failed due to cost reasons. Today 40 GWh of the

Polyculture ‘ waste heat are turned into ecologically sound elec-
Functional Scheme of the Ruswil Polyculture
Waste Solar Rainwater Fish
Heat Energy Fodder
“Greenhouse”
Irrigation
Tropical Plant
Garden 0 Aquaculture

Fertilizer

Tropical Fruit Tropical Fish
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tricity and up to 30 GWh will be used for the pro-
duction of tropical fruit and fish as a contribution
to substitute energy consuming imports.

Current situation

The energy legislation of the Canton of Lucerne
(Switzerland) requires the utilization of industrial
generated waste heat. The “Tropical Greenhouse
Project Ruswil” was launched to evaluate options
to use waste heat for agricultural production.
Today a 1500 m? greenhouse is under operation
as pilot project (figure 5.34). The pilot proves to be
ecologically sound and economically viable.
Within the next years the greenhouse area will be
expanded to ca. 20 000 — 30 000 M?.

System Design

The principles of ecological engineering (e.g. con-
sidering waste as a resource, multy-functionality,
ecosystem based design, system integration, etc.)
as well as the Asian polyculture systems provided
the basis and guidelines for the development of
the “Ruswil Polyculture” (figure 5.35).

In the Ruswil polyculture the production of tropi-
cal fish (Tilapia) and tropical fruits (Bananas,
Guava, Carambola (starfruit), Mango, etc.) are
combined and linked in terms of water and nutri-
entflows. The wastewater from the fish is being
used for irrigation and fertilization of the entire
tropical fruit garden. Or in other words: the tropi-
cal fruit garden can be considered as a “natural
wastewater treatment system” of the tropical fish
production. Small aquaculture ponds are being
used for stabilization and nitrification of the fish’s
wastewater as well as for a first step production of
aquaculture based vegetables and flowers. The
fish fodder is not produced in the greenhouse,
but bought on the market. It compensates for the
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export of nutrients out of the greenhouse due to
selling the products. The “system-drivers” of the
Ruswil systems are the waste heat, the solar ener-
gy (light), rain water and fish fodder.

Results and comments

Five years of operation of the project show that
the utilization of waste heat as a resource for trop-
ical fish and fruit production in Switzerland is
feasible. Depending on the production concept a
yearly yield of 6o — 80 tons of tropical fruit and 15
— 20 tons of fish can be reached. According to an
evaluation carried out by costumers, the quality of
the fruit and fish is higher compared to imported
products. The system can be operated organically,
no chemical pesticides had to be used. Due to the
installed drip irrigation system the water con-
sumption of the greenhouse is very low. Not more
than 4o0 liters of irrigation water are being used
per m? and year. Live cycle assessment (LCA)
based comparisons show that the indoor produc-
tion of the tropical products based on waste heat
show an up to ro times higher ecological per-
formance as products imported on a flight trans-
port basis. The energy consumption of the system
is very high (ca. 6-8 GWh per 10 ooo m? and
year). Therefore it has to be clearly pointed out
that the operation of the system is only ecological-
ly sound and economically recommendable as
long as waste energy is available. A major con-
cern of production problems in winter due to a
lack of light did not prove to be relevant. In order
to run the system economically viable a mini-
mum production area of 10 coo m? is recom-
mended. The Ruswil polyculture has developed
into a leading tourist attraction. It provides a good
platform to communicate the principles of eco-
logical engineering to a broader audience.

Conclusion

Tropical indoor polyculture systems are a promis-
ing and ecological and economical sound option
to use waste energy wherever this resource is
available in larger quantities (and there the waste
energy cannot be used for direct heating of hous-
es). Organic production of high quality products
is technically and economically feasible (see:
www.tropenhaus-ruswil.ch).

5.6.3 Typha Ponds for Rain- and
Wastewater Retention and
Utilization

J. Heeb

Introduction

In most of the cities and villages wastewater and
storm water are still mixed and drained into the
sewer system. Due to a decrease of the natural
rainwater infiltration capacity caused by surface
sealing construction of houses and infrastructure
the increasing amount of storm water is leading
to overloaded sewer systems whenever heavy rain
event occur. As a result large amounts of the
mixed waste- and storm water are directly dis-
charged into rivers and lakes leading to negative
ecological impacts. New concepts for a more sus-
tainable water management in cities and villages
are needed to avoid this problem. Typha (cattail)
ponds represent a promising option to increase
the retention capacity of settlements. At the same
time new valuable natural habitats can be created
and raw material for ecologically sound building

materials can be produced.
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Figure 5.36

Ruswil impressions:
Jungle garden,
fishponds, and proud

papaya harvesters)
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Figure 5.37
Typha retention pond

Geuensee

Figure 5.38
Multifunctionality of the
Typha retention pond

Geuensee

Figure 5.39

Water dynamics in the
Typha retention pond
during 2 heavy rain

events in summer 2003

Figure 5.40

Harvesting and using
Typha seeds as a
additive for clay plaster

production

Current situation

In Switzerland cities and village are obligated to
provide enough retention capacities in order to
avoid overloaded sewer systems and to hold back
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mixed waste- and storm water. As a result techni-
cal and cost intensive retention basins (made out
of concrete) are constructed in many places. The
village of Geuensee (Switzerland) was facing the
same problem. The “traditional technical option”
providing 300 m’ of retention capacity would
have caused investment costs close to € 500 ooo.
Do to an initiative of the mayor of this village
alternatives to technical retention basins were
evaluated. Finally a Typha pond project was
implemented. The system provides 2 500 m’ of
retention capacity. The cost of the system did not
even exceed € 40 ooo.

System design

In Geuensee a Typha retention pond system with
a surface are of 3 500 m? and a retention capacity
of 2 500 m® was constructed on agricultural land.
No liner was used. The water level is being regu-
lated by a simple wooden weir (figure 5.37) and
varies in between 20 cm (normal low water level)
and 8o cm (high water level during heavy rain
events). Depending on the drainage management
the system can hold back the mixed wastewater
and rainwater for more than 2 days. In the system
the water gets party purified and the pond works
as a efficient sedimentation field for sand and
sludge. The system’s design represents typical
principles of ecological engineering such as being
ecosystem based, multifunctional and renewable
energy based (figure 5.38).

Results and comments

The Geuensee project has been operated now for
2 years. The Typha pond proves to work efficient-
ly as a retention basin. At the same time a diverse
natural habitat has being developed and raw
material for ecologically sound building material
production could be generated. Investigations will
be carried out concerning accumulation of critical
substances such as heavy metals. Monitoring will
be started in 2005.

Conclusion

The Geuensee Typha pond presents a ecologically
and economically interesting alternative to techni-
cal retention systemes. The technology provides a
new income option to agriculture since farmers
can offer retention services to villages and towns
and produce raw material for building material
production (see www.iees.ch).
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5.6.4 A complete recycling
(ecosan) system at student
dormitories in Norway

P.D. Jenssen

The concept

The Agricultural University of Norway is pioneer-
ing environmentally safe solutions to organic
waste and wastewater treatment. In 1997 a first
generation recycling system based on ecological
engineering principles was built serving 48 stu-
dents. The system reduces water consumption by
30%, it nearly eliminates pollution, and it pro-
duces a valuable plant fertilizer and soil amend-
ment product from the waste material (figure

5.41).

The concept is based on:

«  Separate treatment of toilet wastewater (black-
water) and water from kitchen and shower
(greywater).

+  Modern and reliable vacuum toilet technology
with high comfort.

« Liquid composting of toilet waste and organic
household waste for sanitation, stabilization,
removal of odours and production of high
quality liquid fertilizer. Liquid composting can
be substituted for or combined with biogas
production.

« Simple and reliable filtration of greywater for
producing a water quality suitable for irriga-
tion groundwater recharges or simply dis-
charges to a nearby stream.

« A patented machine for fertilizer distribution
that hydraulically “shoots” the liquid bio-fertil-
izer into the ground, resulting in higher yields
and less pollution from run-off.

«  Water-saving devices for showers, character-
ized by high comfort.

Wastewater composition

The composition of nitrogen (N) Phosphorus (P)
and Potassium (K) in domestic wastewater and
organic household waste is close to an optimum
ratio for plant growth.

Hence, this waste material constitutes a near
ideal plant fertilizer. The majority of the plant
nutrients in wastewater - 90% of the nitrogen
and up to 85 the phosphorus (when phosphate
free detergents are used as in Norway) - are found

Table 5.7 Wastewater composition, Norwegian figures

Component kg per person % in toilet waste
and year (blackwater)

Nitrogen 4.5 90

Phosphorus™* 0.7 85

Potassium 1 7

Organic matter*** 35 40-75

* using phosphate free detergents
** From Vinnerds (2002)
*%% gs chemical oxygen demand (COD)

in toilet waste (table 5.7). In addition toilet waste
contains the majority of other pollutants such as
organic matter and pathogenic organisms.

The toilet concept

Conventional toilets use from 6 - 20 litres per
flush and this account for up to 20 - 40 % of the
water consumption in sewered cities (Gardner
1997). By the use of modern vacuum toilet tech-
nology the amount of water per flush is reduced
to about 1 litre. First of all this makes it possible
to save water, but it also reduces the blackwater
volume to an amount that can be handled sepa-
rately. The vacuum toilet technology has been
developed through maritime use and is known
for reliability and modern design. The price is
comparable to that of ordinary water closets. The
vacuum generator requires little electricity. The

latest development in vacuum technology is vacu-

Figure 5.41

The complete
recycling system at
the student
dormitories based
on separate
treatment loops for
blackwater and

greywater
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Figure 5.42
a) wall mounted ) 5
vacuum toilet,
b) the liquid

composting reactor, —

c) direct ground

injection (DGI).

um on demand (VOD) where vacuum is generat-
ed only when needed. Such systems, which also
are available in solar powered versions, have an
energy consumption of 4KWh/person and year.
The blackwater is collected in tanks, usually one
separate tank for each building. 3-5 people will
produce 5 - 10 m® blackwater per year. The 48
students produce rom’ of blackwater per month.
The blackwater is collected monthly and trucked
to the treatment facility.

Converting Blackwater into
Fertilizer

In order to sanitize (kill pathogenic micro organ-
isms - bacteria, virus and parasites) and to remove
odours the blackwater must be treated. This is
done by a liquid composting reactor (figure 5.42b)
(Skjelhaugen 1999). In the liquid composting
reactor the blackwater is mixed with milled
organic household waste (other organic waste
material is also possible to use i.e. animal
manure or food processing waste). The house-
hold waste is added in order to increase the con-
centration of organic matter and speed up the
composting process. The biomass is composted
at a temperature of 55-60° C and the end-product
is an odourless fertilizer slurry. The liquid com-
posting efficiently reduces the pathogenic organ-

isms and the composted material meets the stan-
dards of the European Union sludge regulations
with respect to bacterial content. The liquid com-
posting unit runs with a net energy surplus in
terms of heath, but this is not yet utilized. Biogas
production alone or combined with liquid com-
posting or thermal hydrolysis is being considered
both from an energy perspective and to meet
future requirements with regard to health and
hygiene. Hydrogen production using algae is also
an interesting option combined with anaerobic
digestion.

Direct Ground Injection —

DGI Concept

The slurry from the liquid composting can be
applied directly as liquid fertilizer using Direct
Ground Injection technology. The DGI hydrauli-
cally "shoots” the liquid fertilizer into the ground
(figure 5.42¢), leading to a more efficient fertilizer
use and thus avoiding over-use and run-off to
rivers, aquifers, etc. Almost all of the
nitrogen/ammonia is utilized and not evaporated
as happens with traditional spreading through
the air. Tests have shown comparable yields for
the same amount of bio-fertilizer using the DGI
method, making it possible to decrease the use of
chemical fertilizer.

Table 5.8 Average performance of the Kaja greywater treatment system over six years of operation (concentrations in mg/l).

Parameter Effluent septic tank Effluent wetland Removal% Total removal%*
BOD 87 56 94 97
Total phosphorus 0,97 0,05 95 99
Total nitrogen 8,7 2,6 70 97

*assuming 90% of N, 80% of P and 50% of BOD in blackwater
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Greywater treatment

The daily greywater production is 115 liter/stu-
dent. Primary treatment is in a 1o m? three com-
partment septic tank, followed by an aerobic
biofilter and constructed wetland both filled with
light weight aggregate The total area of the sys-
tem is 100 m?, the depth of the wetland 1 m and
the retention time is 7 days. The treatment results
are shown in table 5.8.

Total phosphorus is effluent concentration 1/10™
of the discharge consent for large advanced treat-
ment systems in Norway and total nitrogen is
below the WHO drinking water requirement of
10 mg/l. The high P-removal is due to the P-sorb-
ing capability of the light weight expanded day
aggregate (LWA). The Faecal Coliform (FC)
counts in the outlet are generally below 100
TCB/100 ml and 8 out of 22 samples have shown
o FC/1ooml. The effluent values are very stable
and no decreasing trend has been observed for
any parameter over the first 6 years of operation.

Experiences, maintenance and
economy

The vacuum system has worked reliably with no
major problems. Most of the students are satis-
fied, but some complain that the vacuum system
is a little noisier. The service interval on the vacu-
um generating system is 2 years. The students
are encouraged to use a biological toilet cleaner
that helps prevent urine stone deposits in the toi-
let valve and piping system. The major cost is col-
lection of the toilet waste once a month. Dual
flush vacuum toilets that use about o,5 litres on
the average are now available. This would
increase the emptying interval to once every two
months. Such toilets, if they where installed,
would reduce the main operating cost of the sys-
tem by 50%.

The greywater treatment system has had no
maintenance need the first 5 years. The sludge
accumulation in the septic tank has not yet
reached levels where emptying is necessary.

Because of a dual piping system the in-house
plumbing is more expensive. There is no need,
however, for a secondary sewer collection system.
This system is economically competitive especial-
ly in areas where no sewage network exists or
where there is high costs connected to building or
upgrading an existing sewer.

Conclusions

«  Recycles 80 -90% of the nitrogen and phos-
phorus in the wastewater. Reduces nutrients
and organic matter (BOD) >95%, hence; near
Zero emission.

« Reduces the need for pipelines - the most
expensive part in a traditional sewage net-
work.

- Replaces expensive chemical fertilizer.

- Makes it possible to recycle nutrients locally,
decreasing the need for transport of fertilizer.

. Makes energy production from waste
resources possible.

. Greywater treatment facilities can easily be
adapted to the terrain.

. Facilitates development of real estate in areas
with no existing sewage network.

«  Saves 30% of the domestic water consump-
tion. Adding more water saving devices makes
it possible to save up to 50% or more.

« Itis possible to use the separated greywater
for irrigation or groundwater recharge after
filtration, thus saving even more water.

83
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Figure 5.43

The latest generation
of constructed wet-
lands for cold climate
with integrated aerobic

biofilter in Norway.

5.6.5 Decentralized urban grey-
water treatment at Klosterenga
Oslo

P.D. Jenssen.

Introduction

Today it is possible to foresee completely decen-
tralized wastewater treatment systems in urban
areas where the blackwater fractions (urine and
faecal matter) are reclaimed for fertilizer and
potentially energy production (Jenssen et al 2003).
The water from kitchen sinks and showers (grey-
water) is treated locally in compact low mainte-
nance systems that constitute attractive landscape
elements (Jenssen and Vrale 2003). These systems
can coexist with decentralized water supply.

Greywater composition and
treatment needs

Greywater contains little nutrients (nitrogen and
phosphorus), because 9o% of the nitrogen and
70-80% of the phosphorus in the blackwater.
Greywater may contain more than 50% of the
organic matter and, surprisingly, a relatively high
content of bacteria and even virus (Ottoson
2003). If greywater is discharged to smaller
streams in urban areas or used for irrigation or
groundwater recharge advanced treatment that
reduces organic matter and the hygienic parame-
ters is needed.

Pump/siphon

Septic tank

Level control & sampling
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System design

At Klosterenga, in the capital of Norway, Oslo, the
greywater is treated in an advanced nature based
greywater treatment system in the courtyard of
the building. The system consists of a septic tank,
pumping to a vertical down-flow single pass aero-
bic biofilter followed by a subsurface horizontal-
flow porous media filter.

Results and comments

The Klosterenga system was built in 2000 and
has consistently produced an effluent quality
averaging to:

. COD 19 mg/l

« Total nitrogen 2,5 mg/1

. Total phosphorus 0,03 mg/1

«  Faecal coliforms o

For nitrogen the effluent has consistently been
below the WHO drinking water requirement of
1o mg/l and for bacteria no faecal coliforms have
been detected.

The space required for this experimental system
is about 1 m?/person, and part of the treatment
area is also used as a playground (Fig. 2).
Additional aeration, in the summer season, is
provided by a flow-form system (Wilkes 1980).
This is not necessary for the treatment perform-
ance but adds aesthetic value. It is estimated, that
saturating the wetland media with phosphorus
will take more than 40 years at Klosterenga. This

The aerobic biofilter
with blomes

Horizontal subsurface flow
constructed wetland
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is due to a new light weight expanded clay aggre-
gate (LWA), FiltraliteP™, which has very high
phosphorus sorption and bacteria reduction capa-
bilities. Preliminary investigations indicate that
systems with FiltraliteP have potential for excel-
lent virus reduction.

With such high qualities of the effluent water, as
shown above, the need for a secondary sewer col-
lection system is reduced because local streams
or water bodies can be used for receiving treated
water even in urban areas.

Conclusion

A combined vertical flow biofilter followed by a
horizontal flow wetland filter for advanced grey-
water treatment is developed. The total area
requirement is tm?/ person and the effluent
meets European swimming water standards with
respect to indicator bacteria and WHO drinking
water standards with respect to nitrogen. The low
area requirement of the system and the high
effluent quality facilitates use in urban settings,
discharge to small streams, open waterways or
irrigation or groundwater recharge.

Figure 5.44
The Klosterenga greywater treatment system. Upper right; the wetland in the foreground the biofilter

is underneath the playground behind the stonewall. Upper left; Flowforms. Lower left the effluent is

exposed in a shallow pond. Discharge to a local stream is possible; the stream was reopened.
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Figure 5.45
Societal benefits of

ecological engineering

5.6.6 Experience with ecological
engineering in India

B.B. Jana

Preface

Application of ecological engineering is of great
significance in the developing countries because
of its low cost, eco-friendly nature, ease of opera-
tion due to diverse habitats and variety of tropical
biological agents well known for their immense
biofilter potentials.

Control of eutrophication has become a global
challenge in the present day of environmental
degradation. Wetlands in India are not only the
means of water conservation, but they are the
source of livelihood for million of people for vari-
ous economy driven activities. On the other hand,

Contaminated water

Point and
Non point sources|

Figure 5.46

Eichhornia

Figure 5.47

Floating macrophytes
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a large number of water bodies have been turned
into eutrophic and hence become unsuitable for
aquaculture activities.

Management of eutrophic water bodies in tropical
countries for economy driven activities is of
immense importance for economic development
in the country (Figure 5.45). This approach is
most pertinent in the developing countries
because of rapid pace of industrialization at the
cost of the environment which results in an
unsustainable development.

This is often done by reclamation of water bodies
and using the natural food web manipulation
through ecosystem approach.

The International Centre of Ecological
Engineering, Kalyani University has been work-
ing quite for long time on the reclamation of
eutrophic and contaminated aquatic habitats with
a view to use them for economic activities. The
researches in the centre have been carried out or
are in progress in the following areas: Professor
B.B. Jana and his school in the International cen-
tre of ecological engineering, University of
Kalyani, West Bengal, India have been working
on reclamation and rehabilitation of polluted and
eutrophic water bodies using various biological
agents. Some of the research activities are sum-
marized here under.

I. Macrophytic reclamation of eutrophic waters

It is demonstrated that nutrient removal capacity
of water hyacinth (Eichhornia) (Saha and Jana,
2002 a and b) under simulated eutrophic condi-
tions was significantly higher in the mixed
enrichment with N and P than either with N or P
separately. Further, density dependent removal of
P and N was more pronounced at low nutrient
levels than at high nutrient level. Preference for N
over P occurred when space and nutrients
remained unlimited.

Lemna, another floating macrophyte, removed
nutrients mainly from water phase, whereas,
emergent macrophyte, Scirpus utilised P exclu-
sively from the sediment. Plant recovery of both
N and P was high in emergent macrophyte than
in the floating macrophyte. While comparing the
nutrient removal capacity of floating and sub-
merged macrophytes, it was observed that
Hydrilla was more efficient than Trapa. The latter






































































































































































































