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A factory made of natural composites from overabundant waste streams 
 
Goal & Problem Statement 
In Western society waste is produced in large quantities, often without acknowledging the qualities it might still have. In 
2010 the Netherlands produced almost 60 kton of waste (Compendium voor de Leefomgeving, 2010). In processing of 
this waste 88 per cent is designated as ‘useful application’, 9 per cent is burned, 2 per cent is land filled and 1 per cent is 
dumped (Ibid.). ‘Useful application’ includes preparation for re-use, recycling and use as fuel, indicating more waste is 
burned than merely 9 per cent. Indeed in 2010 an extra 1268 kton was incinerated (Compendium voor de 
Leefomgeving, a 2015) 

Yet at the other end of our consumer society, the start, a constant shortage of primary material resources is 
apparent. In the Netherlands the total demand for building materials is approximately 150 million tons per year, 
dependent on large-scale infrastructural projects (Compendium voor de Leefomgeving, b 2015).  Up to 20 per cent 
consists of reused secondary building materials and the majority of the remaining part consists of surface minerals, 
which are mainly derived in the Netherlands, although an increasing part is imported (Ibid.). Whereas the government 
attests that the Dutch stock of surface minerals is geologically ‘very large’, mainly spatial, societal and economical aspects 
determine its finiteness (Ibid.). 

Annually 100 to 150 ha land area is used for the extraction of surface minerals (gravel and sand for concrete 
and masonry), mainly in provinces rich in sand: Gelderland, Overijssel, Noord-Brabant en Limburg (Rijksdienst voor het 
Cultureel Erfgoed, 2009). In Limburg also silver sand, lime and marl is extracted (Ibid.). In the southeast of Limburg deep 
mining for coal constituted the industry, which especially provided great economic prosperity for the region. The 
coalmines were closed between 1965 and 1974 and despite initiatives of the national government to provide new job 
opportunities, closing of the mines resulted in a decline of local economy (Bontje, 2009, p. 28). A development 
reciprocally accompanied by demographic changes, i.e. migration of the working population, younger generation and 
higher educated, which is dubbed krimp (shrink) in Dutch. 

Eight municipalities in the southeast of Limburg, formerly known as the Eastern Mining Area, have formed a 
collective body Parkstad Limburg in order to transform the region. They have decided to accept the demographic 
changes and use it as a change to improve environmental living and work quality (Structuurvisie Parkstad Limburg, 
2009, p. 3). Moreover, the region has recently been designated as Internationale Bau Ausstellung (IBA) to invigorate local 
economy, space and society (IBA Open Oproep, 2013, p. 2). Until a final exhibition in 2020 IBA Parkstad will function as 
a laboratory and empowerment for innovative ideas and projects (Ibid.). 

Combining the before mentioned issues of excessive waste, scarcity and the discontinuing of traditional mining 
in Parkstad, an answer is offered by forward-thinking theories, which eliminate the concept of waste, like industrial 
ecology, the Blue Economy, Cradle2Cradle and Urban Mining. For example, in his book the Blue Economy, Pauli (2010, p. 
6) explains learning from models in natural ecosystems could be the solution to both the environmental challenges of 
pollution and the economic challenges of scarcity, since ‘in nature, the waste of one process is always a nutrient, a 
material, or a source of energy for another.’  He exemplifies that many industrial processes are inefficient, using 
resources we do not have and generating (often toxic) residues; natural ecosystems on the other hand are self-sufficient, 



often achieving overabundance and diversity, while only using locally available resources (Ibid., p. 8-9).  Therefore Pauli 
emphasizes that in designing industrial processes we ought to learn from natural ecosystems. 

Cyclifiers are defined as metabolic processors that decrease system-level inputs and outputs by operating in 
ecological niches, creating symbiotic connections, and increasing resource efficiency (Jongert, Nelson & Korevaar, 2015, 
p. 1). 

This project aims to comprehend the complete process of producing a structural composite made of uniform 
and consistent waste streams, abundantly available in or close to the Parkstad region. The starting point for development 
of this novel building material constitutes of using bacterial alginate (ALE) as a binder. ALE is retrieved from the Nereda 
wastewater treatment process, researched by PhD student Jure Zlopasa from the faculty of Civil Engineering at Delft 
University of Technology.  

The goal is to design a building, which functions as a cyclifier, connecting local physical flows, such as waste 
and water, and local flows of value, such as knowledge, identity and culture. This architectural design of a cyclifier ought 
to function as a business model (generating multiple revenues) rather than a static object that requires investments for 
maintenance. Therefore a factory building will be designed made of the composites, which are developed in the research 
phase and are sourced from local overabundant waste streams. 
 
Overall Design Question 
How to design a factory in Iba Parkstad (next to a Nereada Wastewater treatment plant) for a structural composite made 
of wastewater derived materials and other local waste streams, which functions as a cyclifier and illustrates the 
architectural possibilities of this new local building material? 
 
Thematic research question 
How to design a cyclifier factory where a structural composite can be produced and applied, which is made of bacterial 
alginate (ALE) as a binder and (biomass) waste materials as aggregate and fibre?  

In order to answer the main question the following sub questions are formulated: (1) What are the properties of 
ALE and reference composites with ALE as binder? (2) How can the non-waste components be substituted by local rest 
or waste streams using Material Flow Analyses? (3) Which model making and fabrication methods are suitable to explore 
the architectural possibilities of the composite? 
 
Question Research Methods 
Considering the technical development of bio-based composite materials, their fabrication and application, how can we 
define its architecture? 
 
Methodologies 
During the research is focussed on the rational composition of the material. First, by discussing reference studies a 
description is given of its origin, fabrication and subsequent mechanical and perceptible characteristics. Then, based on 
the ratio and role of the composite’s components an inventory is done of locally available waste resources. The inventory 
and initial fabrication process form the foundation for a Material Flow Analysis of an industrial intervention by means of 
a composite factory. Simultaneously, based on logistic and spatial requirements, a few locations for this factory are 
selected. 

In the final research phase the focus shifts to the architectural implications of such a composite material. First, a 
survey is done of model making and fabrication methods, which are suitable to explore the architectural possibilities of 
the composite material, i.e. structure and details. Then, conform the machines, tools and actions of these methods a 
program of requirements is defined for the composite factory. Essentially, the ‘black box’ of the composite factory in the 
previous Material Flow Analysis is specified. 
 The selection of model making and fabrication methods is based on a few material samples, technical literature 
and architectural theory. Moreover selection is founded on an analogy with existing composite material types and 
accompanying processing techniques: bio-based (structural) composites and strain hardening cementitious composites. 
 In the design phase different configurations of the program and composite material will be explored, using the 
model making and fabrication methods selected during the research. Moreover, the consequences of the design for its 
location will be defined further. Strived is for a logic plan tailored to the processes, but still offering the possibility of 
change. 

For inventorying local waste materials and defining the production processes, principles and tools are employed 
from industrial ecology. Industrial ecology considers non-human natural ecosystems as models for industrial activity, 
with a focus on manufacturing processes and product design (2012 architecten and Goossens, 2009, p. 3). It signifies a 



holistic approach, since it takes into account the total functioning of a system rather than particular parts (Ibid. p. 10). 
This ‘system perspective’ and ‘system analyses’ aim to prevent limited and incomplete studies, which might lead to poor 
designs with negative effects (Ibid.). Principles are for example recycling of materials, cascading of energy, symbiosis and 
diversity. Tools can be divided into two types: with a focus on the product, the products life-cycle and product chain; or 
with a focus on analysis of the metabolism and flows of a system (Ibid., p. 16).  
 
Relevance 
The subject of investigation in the proposed project emanates from the need to be independent of finite fossil and 
mineral resources, the issue of excessive waste and the need for a new industry in IBA Parkstad Limburg. 
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