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Abstract: This paper focuses on the spatial, technical and social integration of a ‘combined 
waste (wastewater) / energy system’ for an urban neighborhood (the deep green district 
‘Lanxmeer’ in Culemborg, The Netherlands) integrated in a semi-public building. The 
district consists of approximately 250 houses, several offices and a ‘City farm’. The district 
is situated in an ecologically sensitive area, because it concerns a former drinking water 
extraction and retention area. The design of the district and the building is based on 
permaculture, Reggio Emilia and organic design principles. An innovative mixture of ‘red 
and green’ development is presented (urban agriculture), together with a concept of 
integrated decentralized technologies for wastewater and organic waste treatment with 
energy, carbon and nutrients recovery.  
The concept is called ‘Sustainable Implant’ (or in short: S.I.). Principally, the concept is based 
on a small scale biogas installation (with treatment of black water and organic waste / garden 
& park waste), Combined Heat Power (CHP) and accompanying closed greenhouse, designed 
as a four storey high double skin façade of the semi-public building, called the ‘EVA Centre’, 
with integrated wastewater treatment for parts of the wastewater flows based on the Living 
Machine concept. These compact ‘hanging gardens’, as they are called, are situated in a non-
ventilated space with heat (and water) recovery, heat/cold storage in an underlying aquifer 
and with injection of the surplus CO2 of the biogas plant. The S.I. will be realized as a part of 
the EVA Centre and has an interconnecting role between both residential district and EVA 
Centre, inhabitants and visitors. Especially the social context concerning the people living in 
this urban neighborhood, the role of the S.I. and the Cityfarm(er) will be explained. Besides, 
the system layout and dimensioning backgrounds, maintenance, conservation and 
administration of the integrated whole, and the possible consequences for the district and its 
inhabitants are explained. 
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Introduction 
The background of this research is urban planning that is based on ‘interconnection’, as well 
as waste management in general, and on closure of the essential cycles (energy and water) 
inside urban developments, or as close to them as possible. During the process of realisation 
of this kind of complex decentralized solutions special interest concerns the need for 
existence and support of an ‘intentional community’.  
The research presented was commissioned by the Delft University of Technology (TUD) as 
part of the DISC Research Programme (Design Integration of Sustainability & Comfort) of 
the Climate Design group. The aim is to investigate, develop and implement decentralised 
sanitation, energy and reuse technologies. In addition to this CORE International, Haskoning 
Nederland, Innogas and Thecogas Biogas B.V. are responsible for the Culemborg case related 
quantitative and qualitative process analysis (battery limits) and the economic implementation 
study. Atelier 2T Architects together with Hospitality Concepts, V&L Consultants and 
several other partners are responsible for the development and design of the EVA Centre in 
the deep green district Lanxmeer in Culemborg (Timmeren, 2006).   

‘Feeding’ a building on the waste of the urban district 

Decentralization 

In this study, the limited and so-called ‘ecological interpretation’ of autarkic systems has been 
taken as a starting point: ‘systems that are closed for matter and energy, except for the 
continuous flow of solar energy’. The decentralization and, in some cases, even complete 
disconnection of central (infra)structures are at the centre of the developing emancipation of 
systems of which they are a part.  
Two development processes concerning decentralized technology for the purpose of 
autonomy have come forward as topical: viz. first, the efficiency and improvements in the 
integration of sub techniques and ‘real-time’ co-ordinated, connected concepts (Hartman, 
2002), and, second, a better harmony between supply (input) and demand of the (different) 
sub flows (Künneke et al., 2001). Additionally, there are two more general underlying 
development processes. The first is the environment-technical, environmental and, to some 
degree, also social optimization of decentralized systems within semi-autonomous projects. 
The second underlying development process concerns the link to economic applications 
related to the surroundings, often determined by soil or users, including taking carbon and 
nutrients back to agriculture and other lateral applications or possibilities. The presented case 
study incorporates both development processes.   

Ecological district EVA Lanxmeer, Culemborg (The Netherlands) 

Main case study within the presented research in which interconnection of public utilities and 
local autonomy has been elaborated is the project EVA Lanxmeer (EVA: Education, 
Information and Advice; in Dutch). It concerns an ecological settlement in the small-scale city 
of Culemborg. The location of the EVA project is near the central railway station of 
Culemborg, on 24 hectares of agricultural land and some orchards.  
This was the first time in the Netherlands that permission was given to build in the vicinity of, 
and partially even within the protection zone of a drinking water extraction area.  The regional 
government allowed building at this site only under the guarantee that it would carefully be 
built according to modern ‘deep green’ principles.   
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Figure 1 Lanxmeer district with orchard, drinking water extraction area, retention ponds & 
helophytes (left) and semi-open court yards (right) www.eva-lanxmeer.nl  
 
The structure of the urban plan is mainly based on the record of the existing landscape. 
Especially the subterranean structure has been used for the overall plan, the water zoning- and 
ecological plan. Besides of that general principles of Permaculture affected the spatial 
structure of the plan, especially the green zoning).  
There is a gradual transition from private-, semi-private-, and public space towards a more 
natural landscape in the protected zone of the Water Company. Together these green zones 
form an environment that displays the diversity and resilience of natural ecosystems. It can be 
called the ‘Park of the 21st century’ (Timmeren & Röling, 2005). Moreover because of the 
added links to the water-, energy- and waste concept of Lanxmeer. The project has been 
carried out in different phases and will consist of approximately 250 houses, (collective) 
permaculture gardens and ecological office buildings. In addition to special functions such as 
a biological city farm, the EVA Centre (an education, information & conference centre) is 
also situated in this district, along with a hotel and ‘Sustainable Implant’ facilities.  

The EVA Centre with Sustainable Implant 

At first the district’s energy concept had completely autarkic living as its main principle.  
Because of the concept of autarky and, consequently, the requirement for energy being 
available ‘on demand’, it was decided to use chemically bound energy, in the form of biogas. 
The production of gas from (green) waste flows in the district has two positive effects at the 
same time: not only does gas become available, but also there will be no need for a 
connection to the public sewage system.  For the production processes it is of importance that 
the percentage of solid substance in the fermenter is as high as possible: the energy content of 
black water is determined by the solid mass. Therefore, it is of importance to decrease the 
quantity of flushing water as much as possible. To achieve this, the option of using a booster 
for each 8 houses was chosen. The combination of black water and green waste offers 
advantages.  Firstly, the amount of biomass available will be higher and therefore the gas 
proceeds will be larger; secondly, the ‘fresh black water’ implies a constant supply of 
fermenting biomass, which is good for the stability of the fermentation process.  
The fermentation of waste is not the end of the process. Other integral parts of the process 
include using the gas for energy generation and purifying the liquid effluent of the fermenter 
to a level that it can be discharged into the surface water without major problems, and 
processing the sludge without odour nuisance into fertilizer.  Because of the E for Education 
in EVA, also a Living Machine (Todd and Josephson, 1996) was integrated for the 
purification of small part of the effluent. With respect to the necessary exploitation of the 
system two extra decentralised concepts were added, viz. a facility for further separating 
various anorganic waste fractions (‘Retourette’ or ‘Recycle Shop’), and the possibility for 
joint e-commerce supply (‘E- Fulfilment’).  The total system is called the “Sustainable 
Implant” or in short: S.I. (Timmeren et al., 2004).  
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The Sustainable Implant 

Combined decentralized facilities: introducing ‘the Sustainable Implant’ (S.I.) 

The SI has been planned on the transition of the district into the surrounding (urban) areas, in 
the same lot as where the Eva Centre and the hotel are to be built (Figure 2, Figure 4).  

 

 
Figure 2 Longitudinal section over the EVA Centre with integrated Sustainable Implant (left).  
 
The technical installations will be integrated in an architectural solution, in such a manner 
that they will take up as little space as possible. The process of producing biogas (energy 
generation) and wastewater treatment can be divided into various sub processes:   
 
1. Gathering black water on the one hand and green household waste (and to some extent 

garden waste) on the other, and leading them into the system;   
2. The fermentation process, with biogas, effluent and sludge as its output;   
3. Purifying and improving the gas into natural fossil gas equivalent;   
4. Purifying the effluent until it has surface water quality;   
5. Composting sludge into usable garden compost.   
 
In addition a collection facility for waste and e-delivery, and a re-use step concerning the 
methane (biogas), water and carbon are added:  
6. Collection of separated waste flows (Retourette) & e-delivery goods of the district;  
7. Using the biogas in a combined heat power plant (CHP), CO2 in glasshouses and 

purified water in the spa & vitality facilities. 
 
Advantages of the biogas installation include getting rid of the inconvenience and cost of the 
(individual) green rubbish bins. This, however, can only be accomplished if the green waste is 
collected with a much higher frequency than the current once every fortnight. In Lanxmeer 
this will be an important role for the ‘urban farmer’ of the city farm ‘Caetshage’, who will 
also perform the management tasks for the installations. The fermentation process takes place 
with a temperature of approximately 30 degrees Celsius, fully automatically; its stability is 
guaranteed by sufficient organic waste being fed into the system and as long as bactericides 
are avoided. Therefore, there is a risk that residents want to disinfect their toilets in case of 
illnesses and use cleaning products for that (bleach, lysol etc.) that do not harmonise with the 
fermentation process. Unwanted objects (in the green waste) can also damage the installation.  
The biogas is a mixture of 65% methane, 34% CO2 and some remaining gases (with a 
maximum of 1%), e.g. sulphur hydrogen. In addition to the biogas, the digestion output of the 
fermentation process (approximately 5 m3/day) consists of slurry, that is divided into a solid 
fraction (approximately 40% solids) and a fluid fraction by a screw press.   
The fluid fraction is free from pathogens. However, it is still polluted, so that extra 
purification is necessary before it can be discharged to surface waters (Sidler et al., 2004). 
Therefore the effluent will be added to the input flow of the Living Machine (that will also 
process the black water from the EVA Centre and the hotel).   
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There are two solutions for the solid fraction from the screw press: compost it in heaps in a 
well-closed compost room, or entering the slurry from the fermenter into the Living Machine. 
Because of uncertainties with respect to the process quality of this sub flow in the Living 
Machine, the first option was chosen (Figure 3). An advantage of using a compost room is 
that also the final maturation can take place there. After the maturation, the compost can be 
removed and brought back to the city-farm. The air in the compost room is extracted and 
purified by a bio-filter.   

 
 

Figure 3 Scheme of the treatment and cascading of the different waste and water-related 
flows of the EVA-Lanxmeer district in the Sustainable Implant (integrated in the EVA 
Centre) Culemborg, The Netherlands.   
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Interconnection of solutions & direct reuse of different sub flows 

The biogas from the fermentation tank is used in a small Combined Heat Power (CHP) 
installation (Figure 3). Afterwards, a net amount of approximately 70 natural fossil gas 
equivalents remains and electrical energy surplus of 81 kWh/d remains to be sold (Sidler et 
al., 2004). From an economic standpoint this amount of gas to be obtained is too small for the 
investment and exploitation of the installation, within this context. Therefore energy revenue 
is introduced and used within the EVA Centre. Besides the Sustainable Implant is integrated 
(implemented) in the EVA Centre (Figure 4).   
There are more added values.  For example, the local, small-scale sanitation can cause less 
expansion of the present conventional sewage purification installation to be necessary.  In 
addition to this, there is a (small) reduction of CO2 discharge and some energy saving. In the 
current configuration with CHP and composting of the sludge in the basement approximately 
194 kg/home*year of CO2 reduction for this district of 250 homes will be prevented (Sidler et 
al., 2004).  There is also some reduction of waste collection and energy saving as a result of 
transport and pumping energy saved. When this saving is also taken into account, there is a 
total energy saving of approximately 8 GJ per home produced by the biogas installation 
(Vries & Timmeren, 2006).   
 

Spatial Integration of the Sustainable Implant 

Local interventions, e.g. with regard to sustainability, can be made without leaving the 
existing scaling-up. The overall design of the district Lanxmeer and the architecture of the 
most of the buildings is based on permaculture and organic design principles.  
 

   
 
Figure 4 Conceptual plan of the EVA Centre with Sustainable Implant and model of the 
building (preliminary design); see also: www.evacentrum.com. 
 
The triad ‘City Farm Caetshage’, ‘Sustainable Implant’ (SI) and the ‘EVA Centre’ form both 
the important ends (or beginnings) of the main east/west greenbelt that forms the backbone of 
the Lanxmeer district. The City Farm is situated in the originally agricultural area in front of 
the water extraction area.  In buying houses the residents of partly have contributed in the 
realisation costs. In return the residents can visit the farm freely, and if desired even can help 
with the maintenance of fields. Nevertheless, the City Farm is supposed to work 
independently.   
An important role is set aside to the maintenance aspects and collection of green waste by the 
city farmer. Together with the green waste of other green areas of Lanxmeer, the kitchen- and 
green waste of the houses (‘garden waste’) and Lanxmeer’s sewage effluent, this is being 
transported to the Sustainable Implant by the city farmer.  
Essential for this type of local solution is the way that possible types of trouble are dealt with.  
The main environmental aspects here include noise nuisance, odor trouble and dust trouble. 
Noise nuisance can be the result of waste collection and nuisance caused by the installation.  
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Figure 5  Schematic overview on the Sustainable Implant within the EVA centre  (left: 
section, and right: basement plan).  
 

In the Netherlands there are also restrictions as for odor nuisance.  Effective biofilters should 
guarantee that this type of nuisance will not occur. Effective biofilters should guarantee that 
this type of nuisance will not occur. As to dust trouble it can be observed that there will not be 
any dust emitting process steps in the installation. As to possible aesthetic pollution 
perception it can be remarked that especially the Living Machine is perceived as a positive 
factor, looking like a ‘green’ hothouse and oasis, while the larger part of the fermentation is 
carried out under surface level. As indicated in the previous paragraph the SI can be divided 
into two main components. The first main component consists of the anaerobic fermenter, 
CHP, Retourette and e-fulfilment miniload. This part of the installation is situated in a closed, 
garage-like volume in the southwest corner of the building complex. On top of this mainly 
closed volume the new ‘water tower’ is situated with storage of biogas (in inflatable bags) in 
the centre of the tower and retention of the water effluent round about this core in the 
transparent volume, cascading down in five (repeating) levels.  

 
Figure 6 Impression of the Sustainable Implant (Subcomponent I and II) integrated in the 
EVA Centre, in the  Lanxmeer district, Culemborg  (The Netherlands).  
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The second main component of the SI consists of the water retention cisterns, a sealed double 
skin façade with wastewater treatment of the EVA Centre (Figure 6), the agricultural 
glasshouses and ‘hanging gardens’ and the heat recovery installations with seasonal storage in 
aquifer. Three of the installations within this second main component (the façade, the solar-
cavity spaces with hanging gardens and the agricultural glasshouses on top of the building) 
are fully integrated in the design of the EVA Centre. Most visible is the double skin façade: in 
fact it can better be defined as a ‘Vertical glasshouse’. Inside this glasshouse wastewater of 
the EVA Centre (hotel, conference centre, restaurants and wellness centre) is being treated in 
a Living Machine like configuration. In making the water treatment stacked considerable 
space is won in comparison with concepts like the Living Machine. The façade is situated in a 
noise nuisance zone due to its location parallel to railways.   

Realization through participation and interaction 
In the democratic triangle formed by the three main groups of parties involved, viz. 
government, market and citizens, the relation between the first and the third is changing at the 
moment, because of the withdrawing government and the accompanying liberalization 
processes. The former relationship between State and citizen, to be characterized as linear (a 
modern society, fragmented with respect to power), has been transformed into a alternating 
networks of collaborative structures. The result is a changed margin for the co-ordination and 
participation processes of (residential) areas.  
This leads to a larger interest to involve users and other “relevant” parties into the planning 
processes as early as possible, or, in other words, to aim for more commitment. There is 
always a basis for collaboration with the various parties involved in a process, irrespective of 
the individual, sometimes conflicting aims. The choice for specific interested parties or their 
involvement is decisive for the eventual development process. In order to have as many of all 
the relevant parties involved participating, groups (of partners) are selected normatively or 
according to their “power” and influence in the residential area.  
There is an important task for designers, viz. mapping people’s demands and wishes, and 
supporting and visualizing the concrete common aims. In this area, design should focus on the 
physical context of quality of life and sustainability, with the emphasis on the creation of 
conditions for spatial, social and environmental quality to exist (within the scope of a certain 
process quality). The other, often dominant parties involved should realize that the 
involvement of inhabitants/users goes further than just the change (design, construction). It is 
a balanced concept that is interconnected with surrounding projects, in a structure that 
supports flexible and continuous change processes, is open, and is continuously capable of 
absorbing corrections through permanent reflection (and learning), which is called ‘place 
making’. Also because of the possible learning processes, optimal communication and a 
maximum of involvement are vital when making comparative assessments in the preferably 
pluricentric decision-making. Generally taken The Netherlands has two models of decision-
making for the (technical) infrastructure and the accompanying systems: the “model of 
decision”, or “referee model”, that places the problem of difficult decision-making among 
opposing individuals, interest groups and lower authorities; and the “interaction model”, also 
know as “coaching model”. The latter starts from the position that it is the decision makers 
that cause the possible problems. In order to really contribute to quality improvement, all 
“partners” within the process should declare their willingness to integrate the systems to be 
used.  
Within the scope of the research underlying this project, the “coaching model” or “interaction 
model” was chosen. The advantage is that people can be prevented from working up to a 
solution in the shape of a specific infrastructural project too quickly, without sufficiently 
thinking about the relationship between the suprastructure (what do we want) and the 
infrastructure (how can we best accomplish this goal). A sound method of decision-making 
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following this interaction model is the so-called “co-production”: recognizing the existence of 
mutual dependence between the various parties and interests. This method has been applied in 
the illustration project: the final case study of Lanxmeer.  
The model can be made more effective by putting in new (possibly interactive) information 
technologies. In a digital (Internet) environment, an unambiguous working environment and 
an unambiguous system can easily be introduced for unhampered use by the various partners. 
Therefore a platform where participants can communicate in person or digitally with each 
other about the (desired) developments, and can act and decide has been realized in an early 
stage of the development process (this is the protected environment within the website).  
In this source-oriented attempt, improvised acting is linked to the creative process. In such a 
complex interaction and integration process, it is crucial to appoint a so-called “leading 
actor”. In Lanxmeer the designer has been appointed for this purpose, in close collaboration 
with the concept manager and the process manager, in line with the model of co-production. 
The pluricentric method of interaction combined with the concept op “open design” offers the 
best perspectives, and is particularly suitable because of the current “specialists’ society” and 
the many parallel dynamic processes playing a part: it is an interactive learning process, in 
which participants may only develop and tune (adjust) their goals during the process. The 
emphasis is on directing the transformation process and developing alternatives while the 
process itself is going on.  

Conclusion 
The Sustainable Implant cannot be regarded as a fixed design that can be repeated. The 
instrument comprises a guiding principle for a sustainable solution to the mainly non-
sustainable streams in new or existing neighborhoods. On a neighborhood level the S.I. entails 
the design of a more sustainable main structure for the transportation of water, nutrients, 
energy, materials and waste. Still a central grid connection will be needed: for starting up and 
back-up purposes. A connection to the centralized sewerage also still stand. This is mainly 
due to the fact that (parts of) the Lanxmeer district already have been realized. The sewer 
system of these parts however is anticipating the disconnection (planned in 2008/2009). For 
emergency backup (hygiene related) the connection still will be held available. Specific local 
circumstances in most of the cases are a strong stimulus for the implementation of 
decentralized systems for closing cycles on a local basis.  
Decentralized sanitation systems often offer a solution in places where traditional sewers are 
not possible, because of soil conditions, water conditions or related rules and regulations. 
Decentralized systems turn out to be able to gain efficiency advantages as compared to fully 
centralized systems, particularly through the design of an integrated system of energy 
generation and supply, and through the connection of this system to a waste water treatment 
system coupled to nutrients recycling. In this case, in which an anaerobic fermenter is used, 
the necessity of a protected environment for development was evident. The choices made 
arise mainly from technical and social optimisation. There are several reasons for the 
decreasing level of ambition for closing the local (waste) water flows in case of larger scales 
of application. Occupants turn out to have more commitment when systems perform on the 
scale of a house or apartment, as compared to the scales larger than a district. As scale size 
increases, the supply and removal of waste(water) and similar flows get more and more 
anonymous and gives less possibilities for integration with its source/users (the buildings / 
houses), with decreasing commitment as a consequence.  
It is important to change the general attitude towards the different components of design, 
development, use and management of urban areas. A way to do so is the ‘interconnection’ of 
different themes and cycles within cities. An example is the linking of sanitation to energy- 
and food production, preferably at lower scale levels.  
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The introduction of solutions on an intermediate scale-level, like in Lanxmeer, Culemborg, 
offers opportunities for autonomous design of the whole or elaborations in which buildings 
can be semi-autonomous. Introducing the analogy of the functioning of buildings with respect 
to energy and sanitation flows with that of a parasite. The appealing-, and partly realised, 
example of the linking of agriculture, waste(water) treatment and energy production in the 
urban district Lanxmeer in Culemborg might be exemplary for the potentials of the supposed 
need for a change in attitude.   
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