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Glossary

Material surplus: refers to the excess or leftover materials that are produced during 
manufacturing, construction, or other industrial processes. These materials can include 
scraps, off-cuts, by-products, or materials that were over-ordered or not used. Unlike 
waste, material surplus is often still in usable condition and can serve a new purpose in 
different applications or projects.

Material by-products: secondary products generated during the production of a product 
or process. Often emerge in industries like agriculture, mining, and manufacturing where the 
main goal is to produce a specific good, but additional materials or residues are created in 
the process. For example, in agriculture, straw or husks are by-products of grain production, 
while limestone dust and off-cuts are by-products in quarrying.

Biobased construction: building materials and processes that use renewable biological 
resources, such as wood, hemp, straw, or other plant-based materials, instead of 
conventional materials derived from non-renewable resources like fossil fuels. 

Geobased construction: derived from the Earth’s geosphere, such as minerals, rocks, 
and metals, with examples including stone, sand and clay. These materials are typically 
finite and their extraction can have huge detrimental environmental impacts.

Material supply chains: the entire network of processes and organisations involved in the 
production, transportation, and delivery of materials from raw material extraction to the final 
end-user. This includes the sourcing of raw materials, their processing and manufacturing 
into components or products, and their distribution to various industries or construction 
sites. Suppliers, manufacturers, logistics providers, and distributors, each play a role in 
ensuring that materials are available where and when needed. Efficient supply chains aim 
to minimise delays, reduce costs, and optimise the flow of materials.

Circular economy: a regenerative economic model aimed at minimising waste and 
maximising the reuse, recycling, and repurposing of resources. In a circular economy, 
products and materials are kept in use for as long as possible through closed-loop systems 
that prioritise sustainability and reduce the consumption of finite resources.
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Modular prefabrication: building components manufactured in specialised factories 
designed for this purpose. These factories produce modules like walls, floors, or entire rooms/
structures in controlled environments, ensuring consistent quality by using standardised 
processes. Once completed, the modules are transported to the construction site for 
quick assembly, making the process more efficient, reducing construction time and waste 
compared to traditional on-site construction.

Productive landscapes: areas of land designed and managed to generate economic, 
social, and environmental benefits through sustainable production activities. These 
landscapes integrate agriculture, forestry, or other resource-based practices with ecological 
restoration, biodiversity conservation, and community development. Productive landscapes 
aim to balance resource extraction or food production with maintaining ecosystem health, 
supporting livelihoods, and enhancing the landscape’s capacity to deliver ecosystem 
services like water purification, carbon sequestration, and habitat provision.

Permaculture: a design philosophy and system for creating sustainable human 
environments by mimicking natural ecosystems. It combines principles from agriculture, 
ecology, and sustainable land use. Coined by Bill Mollison and David Holmgren in the 1970s, 
permaculture emphasises harmonious relationships between plants, animals, people, and 
the environment to create resilient and regenerative closed-loop systems.

Ecoregion: a geographically defined area characterised by a relatively uniform climate, soil, 
landforms, and biodiversity. It represents a large ecosystem that shares similar environmental 
conditions, habitats, and ecological communities. The defining features of an ecoregion 
include its distinct vegetation, wildlife, and natural resources. Ecoregions are often used in 
conservation planning to focus on preserving biological diversity within a specific ecological 
framework. Examples include temperate forests, grasslands, and desert ecosystems.

The terms ‘surplus’ and ‘by-products’ are (at least for the research plan where exact materials 
have not been identified) can be used interchangably since these can often overlap. It is 
possible that for P2, there is a clearer distinction between the two.
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Own chart, made using Miro

Wider Problems and Solutions [The Design]
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Problem Statment

GLOBALISED WORLDS AND MATERIAL BECOMINGS

Today, our globalised world presents major problems for us to tackle our greenhouse gas 
emissions and addressing major inequalities, be it for human or environmental health. 
Most of all it may be the biggest barrier in resolving the ecological crises we are in today 
and preventing the severe impacts of complete climate collapse that we face. These 
are most evident in the increase of major extreme disasters and weather events such 
more frequent and severe wildfires, hurricanes, earthquakes and tsunamis which are all 
visible manifestations of our carbon impact. Thus, it is clear that in order to slow down, 
make steady or even reverse, our individual carbon footprints, we need to change the 
systems that are most impactful, fuelled by a globalised consumer capitalist society. 
If we want to make changes we need to start by finding alternative ways of living, to 
localised (or even decentralised) networks within regions that do not do beyond the 
limits of a country or a few surrounding ones. 

The globalised commodities which we rely on are also a huge culprit to our environmental 
and societal challenges, as they reply on global supply chains. Over the past generation, 
the commerce in the global trade has boomed to unprecedented levels, due to changed 
policies and the invention of the shipping container.1 From their initial site of raw material 
extraction, materials can be transported across multiple countries to be processed in 
different specialised factories, and these transports from the manufactured product to 
the end-use is often cross-continent, too, sometimes travelling far across the globe 
before they reach their ‘final’ destination. With relations to buildings, a fantastic way 
to visualise this is the Kiel Moe’s illustrations of the Seagram Building’s metabolic 
facts, which found that ‘bronze’ (actually brass) accounted for nearly half of its energy 
expenditure, likely due to the considerable material flow of the copper (base mineral) 
that was mined in Chile, but also in other places, including Montana and Arizona.2 While 
focusing on building bigger and taller what modernity overlooked was the terrestrial 
burdens carbon-intensive materials carried with them in their becoming, exploiting 
people and places to profound degrees. As designers or architects, there is an issue of 
transparency when it comes to the materials we are specifying and dealing with because 
rarely do we get a overview of the entire processes of production that materials go 
through to reach us. Thus, to gain a better understanding of how architecture is shaped, 
we need to shift our lens to the material or materials in question. 
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LAND DEFICITS AND DEGRADED LANDSCAPES

Many countries face challenges in how to use the land that they have, in terms of 
competing needs, limited resources and regulatory complexities. The problem is 
exacerbated by the global housing shortage that is mostly due to urbanisation outpacing 
housing supply and an under-supply of affordable housing. The Netherlands housing 
deficit has been estimated at rising from 315,000 homes in 2023 to 415,000 by the 
end of this year.3 In Europe, agriculture is the largest land use, the vast majority of 
which is intensive or livestock farming which contributes to environmental degradation, 
considerable greenhouse gas emissions (such as  methane from livestock and nitrous 
oxide from fertilisers) and animal/human health damage. It is estimated that intensive 
dutch livestock farming causes 9 million euros in health, climate damage per year.4 More 
alarmingly is perhaps the damage to soil health, which is vital in sustaining us as its the 
source of our food security, as well as its key to biodiversity and carbon sequestration. 
The documentary ‘kiss the ground’ (2020)5, is brilliant in highlighting this issue and 
shedding light on the often overlooked importance of soil health and how conventional 
farming practices have degraded soils.

In a way that is much more visible to the eye, manifested through huge tears in the natural 
landscape, places of extraction—mines and quarries—also share this environmental 
burden. Global material extraction has risen significantly from around 20 billion tonnes 
in 1970 to over 100 billion tonnes in 2024. In 2024, non-metallic minerals contributed 
to around 40–45% of the total extraction.6 These sites of extraction exemplify how “the 
sheer scale of human production means that landscapes, populations, economies and 
ecologies of entire continents are being reconfigured by extraction, through processes 
such as open cast mining, shale oil drilling, sand dredging and monoculture forestry.”7 
At some point these sites become abandoned when the available resources, such as 
stone or minerals, are depleted or when extraction becomes economically unviable due 
to diminishing yields, increased operational costs, or stricter environmental regulations.
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One solution to many of these challenges lies in the connection between agriculture 
and architecture. This theoretical framework is inspired by the exhibition curated by 
Sébastien Marot for the Lisbon Architecture Triennale (5th edition) in 2019, ‘Agriculture 
and Architecture: Taking the Country’s side’ which explores how agricultural practices, 
ecological awareness, and architectural approaches can converge to create sustainable 
land-use models.8 By examining historical perspectives and speculative futures, the 
exhibition encourages designers, architects, and the public to envision a resilient and 
harmonious relationship between human settlements and natural ecosystems. 

A compass is proposed to help us navigate four potential future scenarios (see next 
page).9 It is based on David Holmgren’s four views of the future: Techno-explosion, 
Techno-stability, Collapse and Descent. Descent is seen as the most plausible, driven 
by peak oil and climate change which could occur slow or fast which in turn suggests 
four possible scenarios: 

1 Brown-Tech: slow energy descent with severe climate change, leading to strong state 
interventionism
2 Green-Tech: slow energy-descent and mild climate change which allows a planned 
transition towards “sustainable development”
3 Earth-Steward: severe energy descent and mild climate change which is conducive 
to urban exodus and local resilience
4 Life-Boats: fast energy descent and severe climate change which is causing a 
devolution of large social organisations into a constellation of compelling tribes, gangs 
and feudal lords

In his view these could all occur simultaneously but in the end Brown-Tech would 
probably lead to Lifeboats and Green-Tech would likely end up tuning into Earth-
Steward. Thus, it shows us that the best case scenario for humanity is that of Earth-
Steward. It also means we accept that consumerism and capitalism are fundamentally 
unsustainable and inevitably headed for collapse. In which case, we need to start 

A LOOK AHEAD AND MOVING FORWARD
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taking on alternative modes of living. For example, in this utopian illustration10 which 
draws from the perspective of a decentralised future, called ‘Succession’ where local 
communities are driven by curiosity to learn from each other, creating informal research 
networks to explore alternative and autonomous sustainable ways of life. This collective 
movement finds unity in its belief that a meaningful ‘civitas’, or society, requires a break 
from the metropolitan model. 

While this idea is a long way away from materialisation, it is a good way to help visualise 
the forms of living and production we should start to think about if we are ever to 
make a move towards ‘Earth-Steward’. The key methods forward these envisioned 
communities adopt is principles of co-living and self-sufficiency based on permaculture. 
Permaculture, proposed in the 1970s by Australian researchers Bill Mollison and 
David Holmgren, incorporates principles such as diversity, resource efficiency, soil 
regeneration, and closed-loop systems, promoting resilient and regenerative land-use. 
However, we need to acknowledge our present reliance on industrial systems and their 
advantages. 

Perhaps the present solution to move towards such a culture of stewardship still lies 
in industrialised systems reliant on modern technologies, but using agrarian methods 
and materials, or perhaps an integration of the two. For the construction sector, a fourth 
industrial revolution is being proposed towards cultivated building materials,11 a lot of 
which involves growing our materials and combining new and old techniques to reinvent 
the wheel through innovation not only from architects but also biologists, bioengineers, 
ecologists, chemists, material scientists and so on. As so eloquently put “the concept 
of industrialised building with nature does not promote a move back to the preindustrial 
age; it seeks ways to progress within the given industrial setting in order to modify 
and reinvent it” (Hebel and Heisel, 2020). The acceptance of biological materials as 
a standard in construction could allow a cultural shift towards the social conditions 
necessary towards stewardship. 
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As we run out of finite resources from mining, and we move towards a post-carbon 
based on localised, regenerative practices of manufacturing, extractive landacapes 
are becoming superceded and new uses will be necessary. Quarries are sometimes 
repurposed as waste dumps, nature reserves, recreational parks, or even heritage sites. 
However, these approaches fall short of addressing the potential of the huge positive 
impacts such landscapes could have for the economy, society and the enviornment. 
Such sites pose an opportunity to be transformed into regenerative productive places. 
Drawing on permaculture principles and cultivated building materials, these spaces 
could support ecological balance and carbon sequestration through the growing and 
manufacturing of building materials, from biological sources and re-purposing surplus 
directly from the site. 

To facilitate this, a collaborative organisational model is needed for a democratically run 
co-operative, fostering innovation across diverse expertise.  A multi-functional program 
is crucial to facilitate this: a permaculture farm, material storage, processing units, 
maker spaces, artisan studios, R&D labs, and a community hub involving workshops 
and collaborative events. The development of regenerative, locally-sourced building 
materials and systems which utilise post-extractive landscapes and their surplus, 
fosters a culture of care and repair.  Thus, empowering communities to develop land-
stewardship and enabling a move towards self-resilient and post-carbon futures. 

A primary focus within this regenerative vision is addressing the construction sector’s 
environmental impact, especially concerning material production and manufacture. The 
building sector contributes significantly to global carbon emissions, with materials like 
iron, steel, and cement driving the sector’s ecological footprint.12  Even as the construction 
industry increasingly explores timber as an alternative, reliance on monoculture 
plantations poses huge risks to carbon storage and biodiversity.13 Furthermore, timber’s 
environmental benefit diminishes when subjected to chemical processing and long-
distance transportation. Thus, it is critical to consider materials’ entire lifecycle.

A NEW CULTURE OF CARE + REPAIR

RE-PURPOSING SURPLUS AND BY-PRODUCTS
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Another issue lies in the sheer volume of industrial surplus. Stone quarries often produce 
surplus materials as a result of the extraction, production and manufacture such as 
limestone powder, marl, and aggregates. For example, in the UK, limestone quarrying 
produces approximately 8.5 million tonnes of quarry waste annually, which is about 11% 
of the total limestone production of 76.3 million tonnes.14 In additon, the majority of land 
use in the Netherlands is for agriculture,15 which also produces an abundance of by-
products such as straw, hemp and flax. It is estimated that the Netherlands generates 
between 12 to 14 million tons of agricultural by-products each year.16 The surplus from 
agriculture or stone industries are either often either underutilised, re-puroused to 
unsustainable industries or discarded. The question then arises: what if construction 
materials could be sourced locally and combined with industrial by-products to create a 
circular, rather than linear, material economy? This would necessitate a paradigm shift, 
focusing on local production, regional sourcing, and the innovative reuse of materials.

Transitioning to a circular economy requires substantial research and experimentation 
with construction techniques that can integrate biological and geological materials 
into high-value building components. This research gap highlights the need to explore 
methods for creating durable, efficient building systems. By addressing these shifts in 
construction methods and materials, this initiative not only supports decarbonisation 
targets but also aligns with a regenerative vision for post-extractive landscapes.
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Own chart, made using Miro

Specific Problems and Solutions [The Research]
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Case study

The Loess Belt is a geologically rich region in Europe that is particularly abundant in fertile 
soils rich in minerals. The mineral richness in these soils, such as silica, clay minerals, 
calcium carbonate, and traces of iron, adds to their fertility, making loess regions some 
of the world’s most productive agricultural zones.1 It also means that the region is 
scattered with limestone deposits and so has concentration of both operational and 
non-operational limestone quarries. Within this sits South-Limburg, the southernmost 
region of the Netherlands, which was a center of coal and chalk mining until the mid-
20th century, see map to the right.2 Today, however, the focus in this area has been on 
shifting from industrial extraction to sustainable land management, aiming to transform 
former mining zones and quarries through ecological and recreational projects. 

One such transformation is the ENCI (Eerste Nederlandse Cement Industrie) site, which 
sits on the southern periphery of Maastricht and is the Netherlands’ first cement industry. 
It was pivotal in the development of cement production for nearly a century. Since ENCI 
ceased operations, the site has been revitalised into a nature reserve and recreational 
park by the Natuurmonumenten (the nature preservation association in the Netherlands). 
Parallel to this, Maastricht also has an agenda for developing its surrounding farmlands 
with sustainable means.3 ‘Contracts2.0’ is an EU initiative focusing on sustainable 
farming and ecosystem conservation through contracts which could offer an incentive 
to collaborate with the Natuurmonumenten to develop the former-quarry turned nature 
park, as a place for permaculture farming and civic self-build infrastructures.

From a recent site visit it was already clear that there is a huge opportunity for the 
program, with vast vegetation and abundant material banks of limestone aggregates, 
chalk, sludge, marl and flintstone. It is an ideal setting to explore the benefits and 
and future possibilities of geo-bio building. This natural repository, combined with the 
region’s history, acts as a promising case study in balancing earth-stewardship with 
regenerative land re-use and material innovation.
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Limburg, in the Netherlands.
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Source: https://www.project-contracts20.eu/cils/cil-limburg-groningen/

The Contracts2.0 project aims to develop innovative, contract-based approaches to incentivise sustainable 
farming practices. It explores results-based, and collective agri-enviornmental schemes; land tenure-based 
approaches and value-chain approaches. These contracts aim to balance environmental goals with farm 
profitability, involving stakeholders like farmers, policymakers, and environmental experts.
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Design Objective 

At the masterplan scale, the design vision is to regenerate the ENCI limestone quarry 
into a productive landscape for mosaic permaculture farming, with storage spaces for 
the limestone surplus. This will enable a microfactory or makerspace for the processing 
of cultivated materials, their by-products and the existing geological deposits into 
building components, the exact type to be defined by the research. It hopes to set the 
precedent in the radical reforming of ex-quarries as a place to facilitate emergent civic 
typologies towards self-sufficiency.

A ‘Grow, Make, and Assemble’ Cooperative is proposed to live, work and care for 
the place; a co-housing cooperation with knowledge/skills/interests in cultivating, 
making and/or researching into new construction techniques using the available 
bio-geo resources. To support this program — and aid in the strengthening of crafts 
skills, materials science R&D and community building — artisan studios, workshops, 
materials labs and a community centre are proposed. This demonstrator project aims 
to encourage regenerative design around land stewardship, finance, governance and 
building design. In effect, to show the civic infrastructure needed for neighbourhood or 
community transitions towards circular economies. Through a participatory approach 
and collective design, the aim is to re-establish people’s connection to the land and 
foster cultures of care and repair, through developing material sensibilities. 

A list of the specific design objectives as a result of the thematic research are listed 
below:

A) Establish a construction technique and assembly for a geo-bio hybrid building system 
(wall, floor and roof infill components for a timber structure)
B) Propose a reimagined production and manufacture process for cultivated buiding 
materials and industrial (crop residue and limestone quarry) surplus 
C) Create a material passport for those available within the site and wider region
D) Refined programmatic and spatial requirements based on a new value chain 
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Design Question / Hypothesis

How can post-extractive sites (of limestone quarries) be reimagined as 
productive landscapes and regenerative material banks, for a ‘Grow, Make 
and Assemble’ Cooperative, through permaculture farming practices and 
the repurpousing of industrial surplus into biocomposite building systems 
for a new regional vernacular architecture?

Case study: Western Europe > Loess Belt > South-Limburg > Maastricht > Sint-
Pietersberg Quarry > Limestone > Extraction/Processing Surplus + Crop By-products

The hypothesis is that that disused stone quarries present a huge opportunity for a 
transformation into regenerative hubs for local production of self-build housing projects. 
This is due to the proximity to urban sites for services and discarded raw materials 
which could be directly sourced for the builds. 

While the design focuses on the developing the landscape, social program and new 
vernacular architecture, the research is focused on understanding the available surplus 
materials; what construction techniques and assembly steps are needed; and what 
production processes are necessary to facilitate this. 
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Reflection on Relevance

The project is highly relevant to ex-mining regions like South Limburg, where extraction 
is rooted deep in the its history thus re-thinking new land uses for such under-utilised 
post-quarry sites would help with reinvigorating local livelihoods and landscapes. 
A turn towards cultures of care and repair through growing crops and repurpousing 
waste could facilitate a fourth industrial revolution revolving around cultivated building 
materials and regenerative practices. The project benefits the broader society through 
a new value chain that can be adapted to the needs of different regions, contributing 
to a circular economy through reducing the need for raw material extraction. It seeks to 
foster a new model for communities to engage in knowledge-sharing through farming, 
research, craft and building practices that regenerate disused brownfield sites such as 
post-quarries and reduce dependency on globalised material flows. 

More specifically, my research case study context examines the material flows within the 
extraction of limestone, the production of lime or cement and agricultural crop residues 
from the specific region of South-Limburg. This means that the materials and buildings 
are generated from the landscape, so while the approach is not context-specific, each 
case is unique and in each place a new vernacular is created.
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Source: https://www.besuchemaastricht.de/orte/2146331402/enci-grube

The ENCI quarry in Sint-Pietersberg, Maastricht
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Research Objective

The urgent societal need to reduce the carbon footprint of the construction industry 
will be addressed by reimagining material supply chains from global to regional/local 
by repurpousing quarry surplus and agricultural by-products. The thematic research 
will map material flows from both industries and investigate the feasibility of using such 
materials. It seeks to find what construction methods/techniques are necessary to 
create building components from them for the structure, insulation and lining/finishes 
of walls, roofs and floors. This will lead to an understanding of how they can be made, 
aiming for ease of (dis)assembly. 

Objectives for the thematic research paper as as follows: *

A.1. Explore biological and geological construction techniques (traditional and innovative) 
for repurposing surplus 
A.2. Develop construction (assembly) logic for hybrid wall, floor and roof components 
(components for structure, insulation, lining and render)
A.3. Understand the manufacturing processes necessary to create such products 
A.4. Illustrate the environmental impact of new system
B.1. Locate and quantify available surplus within region 
B.2. Investigate existing manufacturing processes of operational quarries 
B.3. Track their associated material flows
C.1. Catalogue the materials to show potential building products
C.2. Analyse compositional (density, thermal conductivity, moisture and fire 
resistance), mechanical (compressive/tensile strength, flexibility and durability) 
and environmental (embodied energy, recyclability/reusability, biodegradability/
compostability) characteristics
D.1. Develop a local material supply chain for components and evaluate added value 
(economic, social and ecological)

* each of these is cross-referencing both the design objectives previously mentioned, 
plus the research questions, methodologies and deliverables.
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Research Questions / Hypothesis

Research Hypothesis: Regional surplus and by-products (geo- and bio- material flows) 
from quarries and crop farms (industries) can be repurposed into valuable building 
components to enable communities to move towards circular construction supply 
chains

Sub-questions:
A.1. What building methods/techniques exist for biological/geological materials?
A.2. How can prefabricated biocomposite systems (wall, floor and roof) be assembled 
and disassembled with ease (low-tech means)?
A.3. What manufacturing processes are needed to make these components?
A.4. What is environmental benefit of this, compared to traditional building systems?
B.1. What geological and biological surplus materials from (non-)operational limestone 
quarries and agricultural crop farms are there?
B.2. What are the existing manufacturing processes of operational quarries (stone and 
cement industries)?
B.3. What are the existing material flows of operational limestone quarries?
C.1. How can the surplus and by-product raw materials be transformed into viable 
construction materials/products?
C.2. How do these materials perform in terms of their compositional, mechanical and 
environmental characteristics? 
D.1. What new supply chain can be drawn up from this, ensuring local material flows?
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Reflection on Relevance

Through cross-disciplinary research, organic matter presently seen as waste could be 
better understood in how to be transformed into valuable building components. The 
aim of both the research and the design program is to foster a broader understanding 
of how to approach the complex task of developing our future building materials.

The position is that, whilst research on cultivated building materials exists, it should be 
furthered by that into the geological surplus, whether structural, composite, binder, or 
render. The purpouse of the research is to learn how we can build with material surplus 
from limestone quarries, combined with how we can build from the ecoregion, from 
cultivated materials. What is being addressed here is the existing knowledge-gap in 
how we build with such resources, what techniques are needed. The accumulation of 
which will result in a sort of material sourcing, specification and assembly guide for 
architects, builders, contractors and anyone else interested in building as low-carbon 
as possible! 

This perspective reconceptualises geological resources, moving beyond traditional stone 
or cement applications to critically analyse often-overlooked applications of limestone, 
lime and its surplus in architecture. Ultimately, to promote regional architectures that 
advance the uptake of biobased materials and circular processes for construction.
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The Bouwtuin Model provides the overarching methodology for the research 
+ design, framing the steps to creating a regenerative regional construction.1

1.	 Bouwtuin. The Bouwtuin Model. Translated to English using Google Translate. In Naar een Nieuwe Streekarchitectuur, 8.
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Research Methodology

The framework for my research methodology is centred around the Bouwtuin Model 
which shows how we can design regional architecture that is part of circular construction 
processes. Each of my methods is formed by the focus on one of these steps - starting 
with exploring what (general) techniques exist for re-purosing surplus into building 
components, then shifting to the (specific) context of the regional landscape resources 
in the case study and the (specific) available materials that can produce this new regional 
architecture. It is likely that these could run in parallel to each other at points but to stay 
on track, this is the general hierarchy. This will lead to a proposal for a new local building 
supply chain for the region of Maastricht in South-Limburg.
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The research will employ both qualitative and quantitative methods to address the 
research objectives including: 

A) Biobased techniques case study analysis: finding the most suitable techniques 
for materials surplus for wall, floor and roof components and understanding how they 
could be adapted to suit  ~ qualitative 

Prototyping: 1:1 fragment/node(s) to test building systems for surplus, focusing on  
testing the ease of assembly + disassembly to think of ways to improve ~ qualitative 

Evaluating performance: Life Cycle Assessment (LCA) to evaluate environmental 
benefits of using the building system, as opposed to fossil-based materials, focusing 
specifically on focus on the Global Warming Potential (GWP) and Biogenic Carbon 
Storage ~ quantitative

B) Surplus mapping: Material Flow Analysis (MFA) of quarry surplus and agricultural 
by-products (mapping availability and flows of existing industry operations and 
understanding what is left on the disused ENCI site)  ~ quantitative 

C) Material research and catalogue: assessment of material properties and their 
product applications (from field work, literature and online study). Material analysis of 
mix composition, mechanical and environmental characteristics will be logged and a 
raw material to product chart will illustrate this ~ quantitative and qualitative 

D) Supply chain mapping: drawing up new local supply chains based on the system 
~ quantitative and qualitative 
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Expected Results / Outputs

The expected deliverables of the thematic research and their measure/s of success:

A.1. Bio-/Geo- Building Case Studies - analysis of surplus material construction 
techniques (traditional and state of the art)
A.2. Drawings of Construction - clear detail logic for hybrid wall, floor and roof component 
assemblies, with physical prototype(s) to test ease of assembly
A.3. Manufacturing Process Diagram for Components - complete, feasible process 
steps suitable for local production 
A.4. Environmental Impact Comparison Diagram - calculations of embodied and 
biogenic carbon data, showing reduced impact, compared to standard component
B.1. Map of Potential Resources - clear identification of industries with considerable 
surplus, within Maastricht and the Loess Belt (exact quantities where available)
B.2. Quarry Manufacturing Diagram - visualisation of processes of operational limestone 
quarries, identifying potential surplus points
B.3. Material Flow Analysis (MFA) Diagram - depiction of material inputs, outputs, and 
reuse potential of industries identified to focus further from B.1.
C.1. Material Catalogue - identification of materials available on site and their potential 
transformation into feasible building products 
C.2. Material Analysis Chart - detailed properties (compositional, mechanical, 
environmental) aiding construction suitability
D.1. Material Supply Chain Proposal - feasible, clear proposal highlighting local 
economic, social, and ecological value.

Outcome = assembly guide for building with bio-/geo- surplus and by-products

The research will inform the type of manufacturing facility process/program, material 
options/specifications, bio-geo hybrid construction techniques for building system 
(structure, wall, roof and floor) and construction assembly that will be applied to the 
design. For a clear overview of how each research step will inform the design, please 
see ‘Expected results/Outputs’ for design in the diagram on pages 44-45.
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Sources for Research

LANDSCAPE
Field work: 
https://www.heidelbergmaterials-benelux.com/nl/nederland
https://www.carrieresduhainaut.com/en/quarry/visit

Destop study: 
https://www.stonecontact.com/limestone-quarries 

MATERIAL 
Books:
Calcium Carbonate: From the cretaceous Period into the 21st Century
Lime and Limestone: Chemistry and Technology, Production and Uses, by J.A.H. Oates, 
published by WILEY-VCH, 1998
Building with Lime: A practical introduction, by Stafford Holmes and Michel Wingate, 
published by Intermediate Technology Publications, 1997 
Reset Materials - Towards Sustainable Architecture, edited by Chrissie Muhr, published 
by The Danish Architectural Press, 2023
Manual of Biogenic House Sections, by Lewis. Tsurmaki .Lewis Architects, published 
by ORO Editions, 2023
Materials - An Environmental Primer, edited by Hattie Hartman and Joe Jack Williams, 
RIBA Publishing, 2024
The Materials Book, edited by Ilka Rub and Andreas Ruby, Ruby Press, 2020

Reports: 
Potential in the production of bio-based building materials in Denmark: potential analysis 
in an LCA perspective, pathways for bio-based construction (Translated by Google), by 
Artelia Consulting Engineers
The search for the bio-based production apparatus – Finding the needle in the haystack 
(Translated by Google), by Smiths Innovation
From the field to construction. Evaluation of the importance of biogenic materials for the 
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Sources for Research

planetary limits of construction (Translated by Google), by VIA University College, Aarhus 
University, Restaurant Moment, Hennning Larsen Architects, castle and TræVærk Aps 
2024
Inspiration Catalog for Bio-based Constructions (Translated by Google), by Artelia, 
written by Lars Brother Lindgren, Kirstine M. Frandsen and Steffen E. Maagaard, 2024

TECHNIQUE
Books:
Traditional - 
Building with Straw: Design and Technology of a Sustainablee Architecture, written by 
Gernot Minke and Friedemann Mahlke and published by Birkhäuser, 2005

State of the Art - 
Cultivated Building Materials: Industrialized Natural Resources for Achitecture and 
Construction, by Dirk E. Hebel and Felix Heisel, published by Birkhäuser, 2017 ~ see 
section of book “From Cultivated Materials to Building Products” pages 96-176, see 
soil dependant products (agriculture) - “Biopolymers: Cement Replacement pages 108-
115 and nutrient-dependant, soil dependant products (biotechnology) - “Limestone-
producing Bacteria: Sel-healing Concrete” pages 142-14
Naturbau stoffe / Natural Building Materials S, M, L, by DETAIL Business information 
GmbH, 2024
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Sources for Design

Magazines: 
A+T Independent Magazine of Architecture and Technology Issue 54: Is this Rural? 
Culturing the country, cultivating the city, a+t architecture publishers 2021

Books: 
Circular Construction and Circular Economy, by Felix Heisel, Dirk E. Hebel with Ken 
Webster, Buillding Less Different, published by Birkhäuser, 2022

The Handbook to Building a Circular Economy, written by David Cheshire, RIBA 
publishing 2021

Circular Communities. The Value Flower - design method for collective circular initiatives, 
by Mo Smit and Els Leclercq, nai010 publishers, 2022

Designing for Hope: Pathways to Regenerative Sustainability, written by Dominique 
Hes and Chrisna Du Plessis, published by Roytledge, 2015

Beauty Redeemed. Recycling Post-industrial Landscapes, by Ellen Braae, published by 
Birkhäuser, 2015

Farmscape: The Design of Productive Landscapes, written by Pheobe Lickwar and 
Roxi Thoren, published by Routledge, 2020
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Design + Research Overview
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Research Structure Summary
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Overall Planning
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Research Planning
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