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Introduction

For centuries, Ukrainian houses have traditionally been
built from simple, locally sourced natural materials: wood,
clay, straw, and reed form the basis of this construction
method, which can be found in different types across the
country. These materials are widespread, renewable, and
used in various combinations depending on regional con-
ditions. Despite their simplicity, the buildings are durable,
stable, well-insulated, and sustainable. They reflect a deep
understanding of the natural environment and embody a
vibrant building culture that has existed in harmony with
nature for centuries.

The HOPE HOME - HAJIA Material Book highlights the
potential and significance of natural materials, as well as
their reinterpretation in contemporary construction. The
individual articles provide practical knowledge, fundamen-
tal information, and research findings on building with
straw, reed, clay, and wood. We have also expanded the
range to include other climate-friendly materials such as
hemp, mycelium, and sheep’s wool.

Working with natural materials, conducting collaborative
research, organizing workshops, and building together
open new spaces, create a sense of belonging, layer new
experiences over heavy old memories, and enable healing.

By scientifically supporting the reuse, repurposing, and
reprocessing of rubble materials as a resource emerging
from war, we envision an architecture that can also have a
socially regenerative effect.

To deepen this exploration, we have structured the
Material Book into three practice-oriented chapters that
address concrete war damage, facts and figures, and
social knowledge, setting everything into relation: artists
and architects share their experiences with participatory
architecture using reclaimed, found, and leftover materials;

researchers and therapists address war trauma and healing
architecture as a major challenge for Ukraine’s rebuilding.

Designed as an open-source reader, this publication aims
to make its knowledge freely accessible in three languages
to anyone curious, learning, or researching. It is action-
oriented and builds on insights from twelve online work-
shops where Ukrainian and German experts shared their
knowledge and experience with these building materials.

As a collaborative project, it has been bringing together
since 2024 professionals from universities, crafts, practitio-
ners, and communities from both countries, connecting dif-
ferent disciplines, strengthening the foundation for further
research into natural, regenerative materials for Ukraine’s
reconstruction, and increasing their public visibility.

This handbook emerged from the urgent and undeniable
need to repair, rebuild, and rethink homes, schools, public
spaces, and infrastructure — a need triggered by the Rus-
sian war of aggression.

HOPE HOME - HALJIfl is a pilot project for radically
different, ecological construction. It is conceived as a
contribution to a “green” recovery of the war-torn country
and demonstrates how sustainable, locally available
materials can make reconstruction both ecologically and
economically relevant.

By doing so, Ukraine can reduce its dependence on the glo-
bally operating conventional concrete industry, strengthen
regional economic cycles, develop innovative methods for
rubble reuse, and become a pioneer of ecological, regene-
rative building practices. It is not only about restoring what
was destroyed, abandoned, and lost, it is about designing

a new, resilient, and sustainable future. Natural materials,
deeply rooted in Ukrainian building culture, are the key
building blocks of this transformation.
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HOPE HOME « HALIA -

An Example to Follow

for Green Recovery in Ukraine

A Conversation between Adrienne Goehler and Anastasiia Zhuravel

AZ: Among the many urgent questions shaping the future
of Ukraine, the reconstruction of destroyed or damaged
homes, landscapes, urban and rural areas occupy a central
place. But what does it mean to rebuild sustainably, not
just in materials but in values, in community, and in method?
HOPE HOME - HALlIfl is one of the few pilot projects that
offers an alternative to conventional, industrial approach-
es to reconstruction. It emerges from the civil society
sector, but its ambitions reach further, toward long-term
ecological, social, and emotional recovery. Its goal is not
only to provide housing, but to model a green, community-
engaged, and scalable vision for rebuilding Ukraine after war.
At the center of this project is Adrienne Goehler, a
Berlin-based psychologist, author and curator, whose
transdisciplinary and collaborative practice brings together
architecture, ecology, art and community-building. In

this conversation, we speak about the meaning behind
HOPE HOME - HAZLI4, its green materials and principles,
and the deeper cultural and ethical questions behind
reconstruction.

AZ: HOPE HOME - HAL1lf is a pilot project that does not
follow the usual path of post-war reconstruction. Can you
tell us what the project is about, why it was launched, and
why it was important to implement it in Ukraine in particu-
lar? What kind of »hope« does the project aim to offer, and
for whom?

AG: It all started with the last venue of the travelling
exhibition EXAMPLES TO FOLLOW! with which I travelled
around the world for 13 years. This last exhibition focused
on current artistic and scientific approaches to traditional
building materials such as hemp, wool, willow, straw, and

their interconnections. Added to this were the relatively
new scientific research findings on fungi as an organic
building material.

We had built houses out of wool and hemp, created con-
nections between all these materials in workshops, and
in the end, the question arose as to where this collected
knowledge, which corresponded to the latest research,
could find its most meaningful practical application.
»Somewhere where it really, really matters« was the main
idea.

All those involved voted either for a war zone or for an area
affected by a natural disaster. In other words, areas where,
in addition to human suffering, injury, and displacement,
nature has also been severely damaged and collapsed
houses, whether due to shelling or flooding, have additio-
nal extreme ecological consequences.

All the building materials we worked with and exhibited are
characterized by the fact that they are CO, neutral or even
CO negative in their processing, renewable, and compost-
able, in contrast to conventional building materials such
as concrete and steel, whose climate and environmental
impact is devastating. The conventional, globally active
concrete construction industry is responsible for

* 30 % of CO, emissions

* 40 % of energy consumption

* 50 % of resource consumption

* 60 % of waste generation

* 70 % of soil sealing (Source: Baukultur+)
In contrast, 1T m? of hemp-lime stores 75 kg of CO,,.
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AZ: At this stage of the war, we are beginning to under-
stand that civil society initiatives, especially those that
incorporate ecological thinking, can play a transformative
role in rebuilding Ukraine. Is there a long-term ecological or
regenerative goal embedded in HOPE HOME - HALLIA?

AG: Our aim is nothing less than to demonstrate a holistic
perspective for comprehensive ecological reconstruction
in a pilot village in the Mykolaiv region, and to orchestrate
the already well-established Ukrainian-German transdisci-
plinary network for this purpose.

AZ: Let's talk more specifically about materials and con-
struction methods. What environmentally friendly or locally
sourced materials are used at HOPE HOME - HA1IA? How
did you arrive at this selection, and to what extent does it
correspond to both the Ukrainian context and the broader
global debate on sustainable approaches?

AG: We are dealing with the entire spectrum of sustainable
building methods: from the necessary soil decontamina-
tion to the cultivation of organic building materials, the
reuse of materials from destroyed houses, and model
house construction using hemp, straw, clay, and reed, as
well as issues of certification and scalability of materials.
AZ: The project is described as a transdisciplinary and
collective effort. Can you tell us more about the internal
methodology of the project? How are architecture, art,
social design, and social engagement linked in practice?

AG: The project also connects natural sciences and
agriculture with local entrepreneurs, and from both

DavidAE >< Goliath
David (m. singular)
DavidA (f. singular)
DavidAE (f. plural)

Working title before HOPE HOME - HALIAA
© Adrienne Goehler

countries, universities and colleges, as well as companies
and NGOs; all in close cooperation with the village council
of Pervomaiske, Ukraine. We decided to repair and rebuild
in rural structures because they are in the slipstream of
the concrete construction industry cartel and because we
can find the materials and knowledge there to build on old
cultural techniques.

This is also why we chose the southern region of Mykolaiv,
the breadbasket of Ukraine, where straw is the most
important by-product. In addition, village structures are the
most likely place for us to build on »Tolokak, the cultural
tradition of neighbor’s helping each other with harvesting,
house building, and house repairs. And with the Mykolaiv
region, we have also signed a memorandum with the head
of the military administration for our extensive project.

AZ: Projects like HOPE HOME - HAJIA require not only
financial resources and technical knowledge, but also
emotional resilience and a long-term vision. As a German
curator working in Ukraine, where do you personally find
the energy to keep going? And what advice would you give
to others—in Ukraine or abroad—who are launching similar
initiatives for green recovery?

AG: The financial resources for all the steps we have taken
so far have been too scarce and could only be managed
with considerable self-exploitation; This can only be offset
by the conviction that what we are doing in Ukraine makes
all the difference to the internationally active concrete
industry cartel. It is David versus Goliath, the diverse, tra-
ditional knowledge of women and men with new scientific
conclusions against those who are champing at the bit for
big returns. And secondly, out of a deep sense of practical
solidarity with the victims of Russia's war in Ukraine, which
violates international law. While Western leaders seem so
incredibly powerless, we have begun to imagine and build
a green future there with young and old Ukrainians, with
craftspeople, local industries, students, professors, NGOs.
HOPE HOME - HAIA!
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WORKSHOPS HOPE HOME « HAAIA

Katrin Ptz

« 19.6.2024
Transdisciplinary project
funding
Yuri Androsiuk, Kyiv School of
Economics, Sofila Pyshnieva,
Christine Bismuth, Florian
Schneider

supported by

Olga Honchar, Anna Prokajewa,
Folke Kibberling, Eenjamin
Férster-Baldenius

supported by Allianz Foundation

17.7.2024
Reed
Igor Khleban, Yakusha Studio,

Anastasia Zhuravel, NN, Inna
Obelets, Lena E. Grabowski
supported by Alianz Foundaticn

September 2024 i
10.9.2024
Chambers of Architects

At Gr Ernst, Eli
Andres
supported by Allianz Foundation

31.7.2024

War damages

Ecoaction, Helen Ivanova,
Jeanthan Banz, Basil Roth

by Allianz Foundation

Heinrich Bl Foundation Kyiv

Anna Kyrii | Vice President
Chamber of Architects Ukraine,
Theresa Keilhacker | President
Chamber of Architects Berlin,
Andreas Risger | | President
Chamber of Architecls
Brandenburg

January/ February 2024 March/ April 2024 May 2024
. 17.1.2024 18.3.2024 . 75.2024
Getting to know each other and Hemp Sheep wool
Initiation - Zoom Sergly Kovalenkov, Oleksii Brustnitsyn, Violodymyr Aleksandrovich,
Norbart Hapfer, Wermner Schénthaler Evgeny Dmytrovych, Folke Kébberling,
Core Team UA and Core Team G Tt Porschbn Anihaes Flack
. 2622024 22.4.2024 supported by Allianz Foundation
Obiast Mykolalv and first idea of pungt ;
kshops Julia Bialetska - 5. Lab-Sustainable « 2252024
Core Team UA and Core Team G Laborsiry: ffoya L ecer [Yeraever, Earth, wood, natural fibers.
Sven Pleiffer, Martin Rahmel, Natalija Sergiy Sherstnyov, Eugene Kuzmenko,
Miodragovic Sofia Galat, Eike Roswag-Klinge, Julian
Manig
supported by Allianz Foundation
June 2024 July 2024 August 2024 October 2024
- 10.6.2024 172024 » 2882024 « 14.10.2024
Straw Reuseable and participatory Social anchoring, Climate friendly resource
Olleksii Brustnitsyn, Serhiy architecture from found and participation, healing utilisation
Polishchuck, Adrian Magel, residual materials architecture Yevhesnia Aratovska, Nikolai

Stepanets, Corinna Vosse, Alexa
Kreis|

28.10.2024

International research
funding for university
cooperation

Helena Kovalskal Kyiv University
of Construction and Architecture,
Kyiv Academy of Fine Arts and
Architecture, TU Braunschweig,
TU Berlin

Fungi laboratory for the production of fungi-based materials + straw/hemp in combination with remains of buildings

HOPE HOME - HALIA Phase 1, Zoom Workshops

Fig. right: materials from top left to bottom right:
Mushrooms © Maryna Shchehelska, Reeds

© Natalia Azarkina, Beverage cartons © Alexa
Kreissl, Clay bricks © Natalia Azarkina, Sheep's
wool © Natalia Azarkina, Straw © Natalia Azarkina,
Hemp © Natalia Azarkina, Sheep's wool © Natalia
Azarkina, Hemp ball © Natalia Azarkina
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Fig. 1: Overview of hemp © www.hanfstein.eu
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Hemp meets basic needs

(clockwise): paper, plastic molding, textiles, personal care,
construction, animal feed, animal bedding, dietary supplements,
essences/oils, medicine, food.

(inner circle, clockwise): hemp seeds, hemp leaves, hemp
flowers, hemp shives, hemp fiber.
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Hemp

»Renewable, ecological, CO,-negative* and compostable« — this
brief formula captures the essence of industrial hemp.

When properly processed, hemp-based building materials are
long-lasting (suitable for future generations). Combined with lime
as a binder, hempcrete regulates humidity, resists moisture, and
ensures the continuous drying of walls. When produced within a
regional value chain, it is also an inexpensive building material.

In ancient China, as well as in medieval Europe, hemp was used for
making ropes, tents, clothing, and insulation. In the former German
Democratic Republic, up until its dissolution in 1990, there was
industrial textile production based on nettle, flax, linen, and hemp.
There was even specialized training in machine engineering for
processing plant fibers in the textile sector.

Although hemp disappeared from textile manufacturing for a time,
since around 2020 hempcrete has re-emerged in Germany as a
building material.

FOOTNOTE: * CO,-negative means: approx. 75 % of all man-made global warming is attributable to the greenhouse gas CO,. 1 ton of hemp
binds 1.5-1.8 tons of CO, during growth; hemp concrete stores CO, permanently.
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Hempcrete Compared to Conventional Building Materials

Comparison

Raw materials

Production

Energy balance

CO, balance

Universally
applicable

Fire protection

Monolithic
construction

Moisture
protection

Disposal

Substrate as
plaster base

Advantages/
Disadvantages

Use as insula-
ting wool

Conventional building materials such as aerated
concrete, highly insulating brick walls, or heavy buil-
ding blocks like sand-lime brick in combination with an
external thermal insulation composite system (ETICS)

Complex agglomerate of clay, sand, gravel, cement,
lime, aluminum, perlite, plastics, mineral wool, poly-
styrene, flame retardant, water. Not renewable

Central
High

In jedem Fall positiv = der Baustoff produziert in der
Herstellung CO,

No, only for defined wall and floor elements

ETICS systems are vulnerable, e.g. due to styrofoam
(EPS), which melts, drips and promotes spreading;
mineral wool is also a source of danger

Only with pure insulating blocks
(aerated concrete and insulating bricks)

Varies: poor to low

Composite building material = hazardous waste, very
high recycling effort

As arule, only special plasters with cement and plastic
can be applied

Mass production, load-bearing, hazardous waste in
disposal, low moisture protection

Synthetic insulating wool, boards, glass/rock wool,
styrofoam. Toxic in case of fire. Irritating to skin/lungs,
partly carcinogenic. Aging, shrinkage, moisture-prone

Agricultural concrete hempcrete

(Concrete is defined as a building material consisting
of coarse aggregate and binder. In hempcrete, these
are hemp shives and lime)

Simple recipe of hemp shives, lime, and water. Sand-
free construction, pesticide- and glyphosate-free.

Regenerates in 100-120 days
Fundamentally regionally possible

Medium to low

Negative = in the building material more CO, is stored
through the plant mass than is generated during pro-
duction, approx. minus 100 kg CO, per cubic meter

Versatile in use as wall material (hemp blocks or
formwork concrete) or insulating screed, easy to shape

B - s1 d0 (hardly inflammable, no smoke development,
no burning droplets)

Rigid, capillary-active structure without air layer

Active moisture protection and re-drying, highly
vapor-permeablen

Defined mixture of lime and hemp. Recyclable, reusable
as a building material

Universally suitable for lime and clay plaster, suitable
for construction site mixtures

Universally and regionally producible. Built-in moisture
protection. Rammed concrete with high insulation
thicknesses requires longer drying times, not load-
bearing, large construction site mixers needed

Stuffing wool made from natural hemp fibers. Built-in
restoring force (shrink-free) and moisture-regulating.
Non-toxic



Urgent

For climate protection, sustainable construction, and the
circular economy, industrial hemp is becoming indispensa-
ble for house building. Together with solar energy, passive
houses, and cradle-to-cradle concepts, local, low-carbon,
and regenerative materials are transforming building
culture. These materials are not only environmentally
friendly but also economically affordable and rooted in
regional knowledge and traditions. Among them, hemp has
emerged as one of the most important building materials,
especially in Ukraine, where industrial hemp has long been
cultivated and used in house construction.

By the end of the 2010s, Ukraine was one of the few
countries in Eastern Europe where hempcrete—the natural
composite made from hemp shives, a lime binder, and
water—was being produced. Unlike in Germany, in Ukraine
hemp is certified as a building material, playing an increa-
singly important role in non-load-bearing insulation and
interior construction, while also opening the way toward
other bio-based materials such as straw and reed.

In discussions about material use, post-war reconstruc-
tion, and climate-resilient architecture, hemp is gaining
increasing importance.

Norbert Hopfer — Mobile Hempcrete and Low-
Tech Construction

Dr. Norbert Hopfer has been working with hempcrete since
2002, making him one of the pioneers of bio-based con-
struction in Central Europe. With a background in mineral-
ogy, he developed mobile, low-tech building methods using
hemp to promote barrier-free and sustainable construction.
His approach focuses on minimalist yet highly efficient
formulations, and his production is oriented toward rural
areas, where he collaborates with residents to create fast
and environmentally friendly housing solutions.

Since 2006, he has been formulating hemp-lime mixtures
and managing construction sites. Today, his work concen-
trates on hempcrete as a CO,-negative, sand- and cement-
free, vegan material based on a transparent supply chain.

In the exhibition EXAMPLES TO FOLLOW!, he demonstrated
the simplicity of his method: with two helpers, simple
partly self-made tools, a mixer, a workbench, and a few
containers, he built a complete timber-framed tiny house
in less than a week. His work inspired many exhibition
visitors to see how bio-based construction can provide
quick and scalable solutions for emergency shelters, small
homes, or mobile units.

4 parts hemp shives + 1 part lime + 1 part water

This formula avoids the use of sand and cement. Hemp-
crete is about three times lighter than water and half as
heavy as wood, making it ideal for transport, handling,
and manual assembly. The hemp shives store the carbon
absorbed during plant growth, bound by lime, which con-
tinues to absorb CO, during curing. In this way, a carbon-
negative, breathable insulation material is created. (Fig. 2)

Various construction methods are used with hempcrete:

¢ Hemp insulation blocks as masonry for exterior and
interior walls allow for rapid construction progress.

* In-situ casting on site, where the mixed hempcrete is
placed using sliding formwork. Drying times need to be
considered, depending on insulation thickness. Since
hemp-lime and hemp-clay absorb a lot of moisture, the
initial drying process is relatively slow. When blocks
are produced, they usually dry within one month; if a
lining shell is tamped, significantly more time is required
depending on thickness.

« Spraying hemp shives and lime with special machines
allows for quickly filling timber-frame walls. This method
has been successfully used in Ukraine, as well as in
various projects in France and Germany.

;S
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1 Part of

Lime +

=250 kg/

cubic meter
Fig. 2: Recipe for hemp lime, information on volume and weight per cubic meter Fig. 3: Hemp storage, mobile drying racks and finished hemp limestone in the
© Norbert Hopfer exhibition RECOMMENDED FOR IMITATION!, Berlin 2023 © Norbert Hopfer

. E e,

Fig. 4-6: Steps in the production of hemp building blocks © HOPE HOME + HALJIA
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In Germany, the construction season for hempcrete gene-
rally lasts from April to October, when temperatures and
air circulation are favorable for drying. A mobile hempcrete
production unit, including mixers and drying racks, requires
about 200 to 250 square meters of space. For building

a small house, approximately 25-35 m? of hempcrete is
needed. The blocks are hand-tamped into wooden molds
and dried on racks; surfaces are leveled with two 18 mm
boards to achieve uniform height, with hand presses used
instead of mechanical systems. A single wooden mold is
sufficient to produce around 1,500 blocks.

In (post-war) regions such as Ukraine, destroyed house
and room walls can be rebuilt with hemp-lime, provided
that the building’s structural stability is ensured. If neces-
sary, pillars and timber posts must be checked or replaced.
Depending on the climate zone, different insulation
thicknesses can be applied. In most cases, 15-20 cm is
sufficient. Where extremely low temperatures are expect-
ed, insulation thicknesses of up to 40 cm may be required.

Regional Hemp Block Manufactories

Such a manufactory can be established regionally almost
anywhere. In addition to the mixing area, consisting of a
mixer, workbench, and wooden molds, sufficient space is
required for drying the blocks. With a monthly output of
around 20 m? of hemp-lime, equivalent to 900 hemp-lime
blocks (15 cm thick, 60 cm long, and 25 cm high), an area
of about 200 m? is needed. (Fig. 3-6)

Sergiy Kovalenkov — Scalable Insulation
Solutions from Hempire

Serhiy Kovalenkov is the founder of Hempire and a spe-
cialist in natural construction with over 15 years of expe-
rience working with hempcrete systems used in various
climatic conditions and architectural contexts. His inno-
vations have contributed to the recognition of hempcrete
both in Ukraine and internationally. In 2014, he founded

Hempire, a company specializing in the development and
application of building materials based on industrial hemp
and lime. With offices in Ukraine and the USA, Hempire has
completed more than 200 hempcrete projects worldwide,
including in various climate zones.

»The Fifth Element« is the innovative core of Hempire,

a natural lime binder specifically designed for use in
ecological hemp insulation materials

When combined with water and hemp hurds, it forms a
lightweight construction material that is non-load-bearing
but provides excellent thermal insulation. During curing,
the material absorbs carbon dioxide from the air and
gradually turns into natural limestone. This not only
sequesters CO, but also creates a particularly durable
and long-lasting building material. Ukraine has long been
a global center of industrial hemp production and today
offers optimal conditions for its cultivation. Hemp is
usually planted in spring, harvested at the end of summer,
then dried, broken, and separated into hurds and fibers.
Previously, dried hemp stalks were broken using a special
device, a breaker, and fibers were manually separated from
the woody core (the hurds). Today this process is perfor-
med by machines that use combs, sieves, and vibrators to
separate fibers from hurds. Long fibers are used for textile
or bioplastic production, while hurds, due to their light and
porous structure, are ideal as a thermal insulation filler for
hemp-lime mixtures.

Hempcrete developed by Hempire is used in a wide range
of construction methods:

* spraying onto walls using specialized equipment

* on-site casting in timber-frame constructions

« as prefabricated panel systems

« for the production of hempcrete blocks, with or without
reinforcement

« for interior insulation of existing stone or concrete
structures, including historic buildings.

;S
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Fig. 16—18: Timber frame construction with hempcrete and hemp-lime infill in various construction
phases © Hempire
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Certification

Between 2019 and 2023, Hempire carried out all necessary
testing and certification. The material is suitable for
insulating concrete and stone buildings, including bomb
shelters. This certification became an important step
toward integrating bio-based building materials into official
construction standards. Since the beginning of the war,
Hempire has also supported reconstruction initiatives.

In the Chernihiv and Mykolaiv regions, as well as in
western Ukraine, the company organized workshops for
internally displaced persons, showing them how to build
independently using local and renewable materials. A
striking example was the transformation of an abandoned
farm into a residential and rehabilitation center for orphans
and refugee families. Training lasted only two weeks (!)
and people without prior construction experience were
able to acquire the necessary skills to continue building
the facility. As a co-founder of the US Hemp Building
Association and president of the Ukrainian Hemp Building
Association, Kovalenkov contributed to the development
of the first building standards for hemp-lime constructions,
promoting their official recognition. Hempire also provides
training and consulting to dispel misconceptions about
the use of hemp. All materials are supplied from Ukraine,
although lime quality varies due to outdated production
methods. Despite the lack of large limestone deposits,
local suppliers can meet the needs of large projects.

Relevant for scientific research

Industrial hemp is capable of absorbing pollutants from
soil. Hemp has been used for phytoremediation, including
in classified tests near Chornobyl, where its ability to
absorb heavy metals and toxic substances from soil was
demonstrated. Although further research is needed to
determine how these pollutants behave within the bio-
mass, hemp remains a highly promising crop for recons-
truction in war-damaged, contaminated, or marginalized
areas.

Werner Schonthaler — Industrialized Hemp
Blocks and Prefabrication

Werner Schonthaler, a building contractor, has transformed
his family’s traditional concrete company in South Tyrol
over the past fifteen years into a leading manufacturer

of hemp-based building materials. Today, his company
specializes in industrialized hempcrete blocks, plasters,
acoustic panels, and prefabricated systems for scalable,
low-carbon construction. Werner's innovations have gained
international recognition and positioned hempcrete as a
key material for climate-friendly and regenerative architec-
ture. In 2022, he was awarded the German Sustainability
Award for Design.

Originally a conventional material supplier, the company
shifted its production in response to the high ecological
costs of standard concrete. Since then, its focus has been
on hempcrete due to its specific qualities: abundant and
fast-growing resources, suitability for insulating wall sys-
tems without synthetic insulation, adhesives, or multilayer
constructions.

The main feature of hempcrete, however, is its ability to
store CO, within the building envelope and actively contri-
bute to climate protection.

The production site in northern Italy, near the Swiss and
Austrian borders, offers ideal conditions: little rainfall,
abundant sunshine, and steady winds ensure fast and
natural curing of hempcrete. Thanks to adapted concrete
machinery, large-scale production is now possible — up to
100 cubic meters of hemp blocks per day. This volume is
necessary to remain cost-competitive with conventional
building materials. Further process improvements — such
as specialized mixing plants and new molds — have made
production more efficient and improved access to the
market.

17



Fig. 19: Hemp stones in different standard sizes: 6¢cm,
8cm, 12cm, 20cm, 25cm, 30cm, 38cm
© www.hanfstein.eu

Fig. 23: Wall made of hempcrete © www.hanfstein.eu Fig. 24: Twisted Blocks elements © www.hanfstein.eu

1S

Fig. 20: Hemp blocks as external insulation
© www.hanfstein.eu

Fig. 21: Prefabricated walls made of hemp and lime,
Opening for a window © www.hanfstein.eu

Fig. 22: Hanfstein interior insulation © www.hanfstein.eu
18
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Hemp blocks are now used in large-scale residential
construction. In Italy, exterior walls are typically 38 cm
thick, while in Switzerland and Germany the thickness has
been increased to 45 cm to meet insulation standards. In
climate zones with extreme cold and heat, such as Ukraine,
even thicker hempcrete walls are recommended to ensure
indoor comfort during power outages and to protect infras-
tructure such as water pipes from freezing.

Research Network

Schonthaler’s collaboration with the University of Vienna
has expanded into a research partnership with the Uni-
versity of Kyiv. There, researchers study the properties of
hemp fibers and hemp shives. Ukrainian scientists are
particularly interested in how these two materials can be
combined in wall constructions — for local reconstruction
or hybrid building systems. Specially tailored mixes are
being developed and tested to adapt them to different
building types and climatic conditions.

Reducing Costs

In addition to massive wall elements, the company has
developed prefabricated systems that allow for fast assem-
bly and delivery at fixed costs. One structure was erected

in just a few weeks to demonstrate the speed and predicta-
bility of this approach. Prefabrication improves workflows
on-site and reduces the need for complex logistics and
specialized labor, making it particularly suitable for use in
remote or disaster-affected areas. This also significantly
lowers costs.

Acoustic Panels

Another innovation is the development of acoustic panels,
available in five geometric configurations and ten color
variants. These panels have undergone rigorous testing for
sound absorption and fire resistance, including as part of

a student master’s thesis at Tel Aviv University. Thanks to
their light weight, flexible design, and ecological properties,
they are suitable for use in public, commercial, and educa-
tional buildings.

Natural Cooling Properties
The natural cooling properties of hempcrete are especially

advantageous in southern European regions: at outside
temperatures of 35 to 40 °C, indoor temperatures can be
reduced to around 25 °C without air conditioning. Hemp
buildings with timber frames require less wood while still
offering high stability and ensuring a comfortable indoor
climate.

Beehive Research

Schonthaler also thinks beyond human housing, developing
prototypes for beehives. Commissioned by ETH Zurich,

the project aims to explore how hemp materials can help
protect habitats for pollinators such as bees, an immensely
important issue in times of dramatic biodiversity loss caus-
ed by climate change. These small structures are currently
being studied for their ability to store heat and regulate the
microclimate for sensitive insects.

Education for Future-Proof Building

Through targeted workshops in cooperation with the Uni-
versity of Graz, architecture faculties, and public education
programs, the educational work goes beyond simple
knowledge transfer. The goal is to demystify hempcrete,
stimulate interdisciplinary research, and raise awareness
among both professionals and the wider public about
nature-based, regenerative building systems.

In the spirit of future-proof building, construction that
remains ecologically, socially, and economically sustain-
able for generations to come, the aim is to promote
fundamental change in the building industry.

HOPE HOME- HAZ1IA Field Report — Recipes

Workshop in Pervomaiske, Ukraine

~40 km east of Mykolaiv (on-site: May 27 — June 6, 2025)

Notes:

* Lime-Hemp Mix: It's essential to follow the mixing order
in a tumble mixer: water first, then lime, then hemp.
Initially, there was a mix-up with a pre-mixed hemp-lime
finish from Hempire, which lacked adhesive strength.
Nonetheless, the 15 cm blocks hardened on the surface
after a week.
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Mortar Recipes

Specified in

RT = room parts Lime-Hemp

Lime (5th Element / 1
Hempire)

Hemp shiv 3-35
Clay

Straw

Sand

Water approx. 1

Repair Mortar / Patch Plaster

approx. 1

Lime-Hemp-Sand Plaster

1,5

1,5

approx. 2

Clay-Straw Patch Plaster

approx. 1,5

approx. 0,75

(S
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Fig. 25-27: Workshop May-June 2025 on the production of hemp building blocks © HOPE HOME « HALIA




Safety Instructions:

Lime is highly alkaline (classified as Xi)!

Use mouth protection, eye protection, apply cream to
the skin, have eye rinse ready, and keep a mild
neutralizer nearby (e.g. lemon juice, apple juice,
Coca-Cola...).

A 0.9% saline solution is an effective eye rinse and is
available in ampoules at any pharmacy.

* Repair Mortar (Patch Plaster): Effective for small fixes,
filling empty sockets, and especially useful after remo-
ving mold in previous phases.

¢ Lime-Hemp-Sand Base/Top Coat: Works very well, can
be thrown with a trowel. Ukrainian hemp shiv is on the
shorter side (~15mm) with short fibers, but they don’t
interfere. It's important to smooth the plaster quickly with
a wooden float.

« Clay-Straw Patch Plaster: The clay is high in clay content
and was soaked in a metal tub. Straw was added by
feel and then cut/grated manually along the edge of the
tub. The mortar is very sticky and not easy to smooth; it
can be softened with sand. It hardens quickly and may
develop small shrinkage cracks and some white mold
(fungus).

¢ A hemp-lime finish coat from Hempire was also applied
over the clay patch layer. This finish is meant as a design
topcoat, but when used as a leveling layer it showed
shrinkage cracks (~20cm spacing) after half a day.

* A lime wash was brushed over the clay patch using a
1:5 lime-to-water ratio. For better translucency, use more
diluted mixture and apply 2 coats. (Fig. 25-27)
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Clay © HOPE HOME + HAL1I Material Show, Kyiv 2025, Natalia Azarkina
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Clay, Wood, Natural Fibers and
Circular Construction

Clay is a natural building material composed of a mixture of sand,
silt, and clay minerals. These three components are found in
varying proportions in almost all soils worldwide. Soil rich in clay
can often be sourced directly from excavation sites or agricultural
land — a clear advantage in terms of transport distances, carbon
footprint, and circular potential.

Working with clay requires a shift in mindset compared to
industrial building materials: it is typically applied in a moist
state, for example, as rammed earth, clay plaster, adobe bricks,
or lightweight clay (mixed with fibers). Once dried, clay hardens
again but remains reversible, meaning it can be reshaped or
recycled with water without any loss of quality.

Clay unites ecology, building culture, and material circularity,
and is once again at the forefront of low-carbon construction.
Particularly in hot climates such as southern Ukraine, thick clay
walls have long provided pleasantly cool indoor environments.
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Fig. 3: 3D constructions © TECLA
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Traditionally, construction in the region used what was
colloquially referred to as saman (clay bricks) — a local
blend of earth, clay, and fibers such as hemp and straw,
often combined with materials like reed or thatch.

This approach was not only functional but remains deeply
rooted in local resources, artisanal knowledge, and cultural
practices.

Sofia Galat — Introduction

Project management and Co-Curator of HOPE HOME -
HALIA, UA. She teaches at KNUCA (Kyiv National Uni-
versity of Construction and Architecture) and is pursuing a
PhD in biomimetic architecture.

Historical Background

Constructions made from clay and sand have proven

to be durable and practical over thousands of years. As

a widely available material in rural areas, clay has been
used for more than 6,000 years, beginning with the early
civilizations. In Mesopotamia, one of the cradles of
civilization, clay, natural cement, and other materials were
used to build houses and surrounding infrastructure. In
Ukrainian culture as well, clay has played a central role in
construction since early times, as it is a traditional building
material that has stood the test of centuries, is reusable,
and has been passed down through generations as part of
local building knowledge.

Traditional Use

In many cultures, walls and ovens have been — and still are
— built using a mixture of clay and natural cement. These
materials offer:

* excellent insulation and summer heat protection

¢ local availability

* environmental friendliness.

Especially in rural areas, clay has long been, and continues
to be, a crucial building material due to its natural proper-
ties, such as thermal mass and moisture regulation. Today,

clay and earth as construction materials are experiencing
a true renaissance. (Fig. 1-3)



Earthen Construction — More Relevant Than Ever

* Clay bricks and blocks are produced in various shapes to
explore how they can be used even more efficiently.

* Rammed earth is a widely used technique in which pneu-
matic rammers are employed to compact the material as
much as possible, thereby ensuring structural stability.

» The most innovative approach involves 3D-printed
structures, using a mix of 95 percent clay and 5 percent
natural additives. The printing time for the structure
shown in Fig. 3 is approximately 100 hours.

Eike Roswag-Klinge and Julian Monig —
Research and Projects at the Natural Building
Lab, Berlin

Eike Roswag-Klinge, Professor of Building Construction
and Climate-Adaptive Architecture at the Institute of
Architecture at TU Berlin since 2017, head of the Natural
Building Lab, Berlin.

Julian Monig, research associate at the Natural Building
Lab, Technische Universitat Berlin and the University of
Applied Sciences Northwestern Switzerland.

Natural Building Lab

An interdisciplinary department for design and cons-
truction at the Institute of Architecture, specializing in
design-build projects. It is a transdisciplinary institution for
students working on practice-oriented projects and in real-
world laboratories, where materials are developed, tested,
and directly experienced in architectural applications. The
focus is on sustainable building, especially using natural
materials such as clay and other natural building products,
as well as research.

Focus: Natural Building Products

At the NBL, natural building materials are thoroughly
examined in scientific studies for their suitability in crea-
ting healthy indoor climates. Since the 1980s, empirical

studies have confirmed the significant role of materials
such as clay and natural fibers in supporting healthy
interior environments.

Focus: Research

Development and certification of clay-based building
materials, timber constructions, and natural fibers as
integral components of a holistic construction system.

Where does clay come from?

* The base material clay is formed in mountain regions
through cycles of freezing and thawing.

* Natural erosion processes carry the material downward,
where it is further broken down along the way.

* Clay consists of various grain sizes, including sand, silt,
and clay (as a binding agent).

¢ Clay can be reused almost indefinitely as long as it
remains within the natural material cycle. Its natural
composition varies: depending on its makeup, different
applications and techniques become possible. (Fig. 4)

Why Clay is Convincing

* Natural building materials such as clay, wood, and
natural fibers have a positive effect on indoor humidity
and thus on health: various studies consider a relative
humidity of 40 to 60 percent to be effective in preventing
the spread of viruses and mold. (Fig. 5)

* Clay plaster possesses a fine capillary system that ena-
bles it to absorb and release water vapor from humid air.
This property makes it particularly effective at regulating
indoor humidity levels.

* The crystalline structure and clay content allow for
rapid moisture absorption and release: in humid air, clay
absorbs moisture; in dry conditions, it releases it again.
This ensures a healthy and comfortable indoor climate
by keeping humidity levels constant.

>
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Fig. 4: Components of clay Fig. 5: Effect of relative humidity on indoor air quality © Dry climate Fig. 6: Climate chamber
© https://lehm-in-farbe.de/was-ist-lehm/ evaporative cooling with refrigeration backup, C. Mike Scofield and Elia © Natural Building Lab

Sterling in ASHRAE Journal (American Society of Heating, Refrigerating
and Air-Conditioning Engineers), 1992

Fig. 8: Teachers' Housing, Rudrapur, Bangladesh
© ZRS Architects Engineers

5SS

Fig. 7: Meti School Handmade, Rudrapur Bangladesh © ZRS Architects Engineers
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« Various studies confirm that the indoor temperature in
massive clay houses remains significantly more stable in
summer compared to concrete buildings. While concrete
structures often overheat or lag behind the outdoor
temperature, clay buildings can remain up to 10 °C cooler
than the peak external temperature.

Testing the Moisture Regulation Capacity of Buil-
ding Materials

A typical method for assessing the moisture absorption
capacity of building materials is testing in a climate cham-
ber, where humidity and temperature can be precisely set
and controlled.

The chamber is adjusted to a relative humidity of 50% and
a constant temperature of 23 °C. The material samples,
such as clay plaster or wood, are preconditioned until they
reach a stable mass. After this, the materials (e.g., clay
plaster, wood) are exposed to a higher humidity level of
80%, and the moisture absorption process is observed at
specific time intervals.

A precision scale is used to measure how much moisture
the material can absorb during this period.

The amount of moisture absorbed, and the time required,
provide insights into the material’s moisture capacity and
hygroscopicity — that is, how well a building material can
absorb and release humidity.

DIN 18947 classifies materials according to their ability to
absorb water vapor. Materials that absorb more than 60
grams per square meter meet the highest standards and
are considered particularly climate-active.

These requirements apply to clay building materials, straw
fibers, wood, wood-based insulation materials, and wood
fiber insulation boards, all of which have proven to be
especially climate-adaptive. (Fig. 6)

Previous Projects Using Straw—Clay—Bamboo Techniques

» The Meti Handmade School in Rudrapur, Bangladesh,
was built by local craftsmen using cob construction, a
clay and straw mixture, for the ground floor, and a bam-
boo structure for the upper floor. Directly adjacent to the
school, a Teachers' House was constructed. The ground
floor was built using brick masonry, while the upper floor
features a timber-frame structure made of bamboo, filled
with a clay-straw mixture and clad in a bamboo fagade.

* As part of the Beehive project, students developed an
exhibition structure made of bamboo and clay, designed
to be 100 percent reusable and constructed in the form
of a beehive. The clay bricks were air- and sun-dried, a
process that took about one week. Initially, the bricks
were laid flat on the ground and the molds were removed
immediately (similar to the production of hempcrete
blocks). After an initial drying phase, the bricks were
flipped and stood upright to continue drying vertically.
The floor tiles were prefabricated in a similar manner and
dried in the open air. On-site assembly took one week.
The entire installation was later dismantled cleanly by
material type, without generating any waste. (Abb. 9,10)

It is conceivable that in Ukraine, a shade tent might be

necessary to prevent the bricks from being scorched by

excessive sun exposure

* »upMIN 100«, an ongoing research project, explores
whether recycled mineral aggregates are suitable for use
in earthen building materials. Provided that specific limits
for contaminants are observed, the project has been able
to demonstrate technical feasibility. (Fig. 11,12)

Conclusions from the projects

The 5 basic principles for ecological (re)construction

* Reduction of glass surfaces to limit heat absorption

* Use of natural insulation materials for effective thermal
protection, especially in summer

« Application of hygroscopic, moisture-regulating materials
to control indoor humidity

(S
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Fig. 9: Beehive, Gropius Bau exhibition (2022) YOYI!
Care, Repair, Heal © Natural Building Lab

Fig. 10: Beehive © Natural Building Lab
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Fig. 11, 12: upMINI100 © Graphic: Natural Building Lab, © Photo: ZRS Architects Engineers

CLAY DECORATIVE PLASTER

Fig. 13: Clay decorative plaster © Glinko Fig. 14: Processing procedure with clay decorative
plaster © Glinko
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upMINI100
CHALLENGES
Construction sector in Germany
* 55 % Construction and demolition
waste > over 230 million tons (2019)
* 92 % Use of mineral raw materials
> over 517 million tons/year

* 40 % CO, Emissions




* Cooling with cold night air to lower summer temperatures,
passive cooling saves energy

* Cross ventilation, with openings on opposite sides, helps
remove trapped heat

This is the direction we need to go!

* No more new buildings

* Reduced per capita land use

* Preserve resources, minimize spatial and resource
consumption

* Improve existing building stock, stop demolitions
* Redesign cities, infrastructures, and urban landscapes
* Expand the market for natural products

* Link the built environment with organic agriculture and
forestry to strengthen a building culture based on combi-
nations of straw, hemp, wood, and natural fibers

* Expand the market for natural products

* Link the built environment with organic farming and
forestry

« Strengthen building culture using combinations of straw,
hemp, wood, and natural fibers.

Big Picture: Principles of Low-Tech Construction:
easy to implement _ applicable internationally _ in line with
the fundamental requirements of sustainable architecture.

;S

Sergiy Shertsnyov — Business Example

He is the founder and head of the company Glinko, based

in Kyiv. He builds using clay and earthen materials and

offers seminars and consultancy services on these mate-

rials and techniques.

* »Glinko« is derived from the Ukrainian words for »clay«
and »company«

* Production of various types of clay plaster, as well as
blends of sand, hemp, and straw-clay mixtures

¢ Clay panels for houses made of hemp and straw, as well
as compressed earth blocks

* Natural colors without chemical pigments are created
from native Ukrainian clay and sand. These hues result
from the diverse soil compositions found across the
region. In southern Ukraine, for example, the »royal color«
is a clay plaster mixture of clay, straw, and wheat that
shines golden in the sun.

Why use clay as a building material?

« Simple Production
Clay requires no complex, energy-intensive manufactu-
ring processes — it is directly available from nature and
can be used immediately.

* Ecological and Sustainable
An environmentally friendly raw material with a minimal
CO, footprint, both in extraction and processing.

¢ Healthy Indoor Climate
Creates a pleasant indoor microclimate, promotes well-
being, and contributes to healthy air quality.

« Natural Climate Regulation
Regulates humidity and temperature naturally — without
the need for technical systems.

* Environmentally Friendly in Deconstruction
Clay poses no environmental harm during use or dis-
posal, it is entirely residue-free and can be seamlessly
reintegrated into the natural cycle.

* Versatility and Protection
Clay offers excellent thermal and acoustic insulation,
and even provides shielding against electromagnetic
radiation.
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Fig. 15: Construction phase © Geodesic.Life

Fig. 16: Affordable prefabricated eco-friendly dome
houses © Geodesic.Life

Cla Concrete
5.9% 9.4%
Hemp Steel

Limestone
Glass A
0.2%

Fig. 17: Use of natural materials © Geodesic.Life
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Clay in combination with straw and hemp

« |Ideal for Straw and Hemp Houses

* Clay plaster is an excellent surface finish, particularly in
combination with straw, which helps regulate tempera-
ture and allows for proper ventilation.

« Strong Bond

* Clay and hemp form a perfect match — the clay serves
as a natural binder, while hemp acts as a lightweight,
porous filler. Together, they create a healthy indoor
climate, effective thermal insulation, and natural humidity
regulation.

* Natural Partition Walls

* The combination of clay and straw panels is ideal for
interior and partition walls, especially in ecological
building projects.

* Clay Blocks as a Brick Alternative

« Our standardized clay blocks (65 x 120 x 250 mm) are
lightweight, dry quickly, and do not require firing — a
resource-saving and environmentally friendly alternative
to conventional bricks.

Eugene Kuzmenko — Startup Example

UA, founder of the startup Geodesic Life, focused on desig-
ning and building dome houses using natural materials
such as clay, wood, and hemp in Ukraine.

Initial Problem 1:
Energy-efficient construction is a challenging task.

Modern methods of erecting energy-efficient buildings
are based on multi-layered structures, several inseparable
functional layers, each serving its own purpose: load-
bearing capacity, thermal insulation, moisture protection,
and sound insulation.

At the end of a building’s life cycle, these composite layers
are difficult or impossible to separate, making recycling
virtually unattainable. This significantly worsens the
ecological footprint.

One of the few, and non-environmentally friendly, ways to
reuse such building composites after dismantling is to mix
them with cement(!), level the mixture, and use it for road
construction. But do we really need that many roads?



Initial Problem 2:
The population density in many cities is extremely high.

More and more people are moving to cities for career
opportunities, but available space is becoming increasingly
scarce.

The surplus of residential buildings with high rental costs
and minimal living space leads to a decline in quality of

life and a growing imbalance between housing supply

and demand. In contrast, the market for environmentally
friendly, energy-efficient homes remains small. (Fig. 15, 16)

Development of Geodesic Life

Generation 1:
The first energy-efficient dome house, built in 2019, consis-
ted of 105 triangular surface elements.

Cost per m2 450 USD

Drawback: labor-intensive finishing of the joint lines
between the elements.

Generation 2:
The design was simplified to 29 elements using the prefab
method.

Cost per m2: 1,200 USD

Drawback: expensive interior and exterior finishing of the
roof and walls.

Generation 3:
The entire structure is made of CLT wood using the prefab
method.

Advantage: accelerated building assembly in any weather;
CLT walls and ceiling require no additional finishing; up to
73 % of materials are suitable for reuse in reconstruction.

Conclusions and Outlook:

The next generation of Geodesic Life will focus on creating
small settlements and villages consisting of dome-shaped
houses. There will be an increased use of natural mate-
rials, such as wood, hemp-lime insulation, clay plaster, and
green grass roofs. A hybrid passive ventilation system will
be used, which does not require additional air ducts: the
living system will automatically open and close windows
and control CO, levels, without the need for extra ventila-
tion channels (Fig. 17)

Leon Zimmermann — Material Studies with
Clay and Fibers

Research Associate, TU Braunschweig, Institute for Buil-
ding Climatology and Energy of Architecture

Leon Zimmermann has explored through various expe-
rimental studies which natural fibers can be combined
with clay — not only those that are ecological but also
easily available. Some of the materials come from waste
products, such as old coffee sacks or raw wool.

DIY instructions also well suited for use on
construction sites

Can a clay table carry heavy loads?

Yes! A table made of clay and jute fabric successfully
withstood a load of 230 kg. Thanks to its special geometry
and the combination of clay with natural fibers, the clay
table has a surprisingly high load-bearing capacity. The
clay provides strength, while the folded jute fabric adds
additional stability.

With sufficient preparation time, a clay table becomes a
practical and robust work tool that proves itself even on
construction sites.

Instruction:

1. Cut old coffee sacks into strips 40-60 cm wide.

2. Mix clay with water until a liquid clay slurry is formed.
3. Build a zigzag-shaped mold from wooden boards.
4

. Fully immerse the jute strips in the clay slurry until they
are evenly soaked.

5. Place the strips layer by layer into the mold, at least
eight layers.

6. Let the construction dry for 14 days in a well-ventilated,
shaded place.

7. Carefully remove the mold and place a suitable wooden
board on top of the tabletop.
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How to Build a Stable Wall from Clay

With clay folding, it is possible to quickly construct a stable
wall made of clay and natural fibers. The wall system can
be built vertically or horizontally as needed. By folding and
layering jute strips soaked in clay, a load-bearing structure
is created that is both stable and durable.

Instructions:
1. Mix clay with water to create a clay slurry.

2. Cut open coffee sacks and cut them into strips
40-60 cm wide.

3. Build a mold from wooden boards in the shape of a right
angle.

4. Thoroughly soak the jute strips in the clay slurry.

5. Place at least eight layers into the mold one after
another.

6. After 14 days of drying, carefully remove the mold.

7. Set up several right-angle elements and place them next
to each other. Insert small wooden blocks between the
elements, drill through, and fasten with screws and nuts.

Insulating Bricks Made of Clay?

By combining clay, jute, and raw wool, these bricks offer
not only good thermal insulation but also high strength.
The raw wool provides additional insulating capacity, while
the clay ensures stability.

Instruction:
1. Mix clay with water to create a clay slurry.
2. Cut coffee sacks into strips 40-60 cm wide.

3. Build wooden molds in various angled shapes, depen-
ding on the desired brick size.

4. Dip the jute strips into the clay slurry and lay them in the
mold layer by layer, at least eight layers.

5. Let the form dry for 14 days, then remove it from the
mold.

6. For the side walls, prepare extra panels from jute-clay
strips and dry them separately.

7. Set up the panels and loosely fill the gaps with raw wool.

8. Finally, wrap the entire brick with clay-soaked jute strips.
Allow to dry thoroughly until the brick is stable.
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How Can the Strength of Clay Bricks Be Increased?
Combining clay with natural fibers such as hemp or wool
prevents the bricks from breaking and increases both
compressive strength and flexural strength. This way,
the bricks can be made not only stronger but also more
flexible.

A research project in central Romania focuses on studying
the impact of different natural fiber additives on the
mechanical properties of clay in order to specifically
improve its suitability for brick production.

The results so far are impressive: with only 0.2 % hemp
fibers, compressive strength increases by 55 %; with 0.2 %
wool fibers, flexural strength increases by 25 %.

Instruction:

1. Mix clay with water and possibly some sand into a firm,
damp-earth-like mixture.

2. Loosen natural fibers such as hemp, wool, or nettle and
mix them in, about 0.2 % by weight.

3. Build a mold for the bricks from wooden boards.

4. Throw the mixture energetically into the mold to create
dense layers.

5. Compact the material well with a board or hammer and
smooth the surface.

6. Carefully remove the bricks from the mold and store
them in the shade on wooden slats, so that air can
circulate on all sides.

7. Turn the bricks regularly during drying to prevent cracks.

8. After complete drying, at least 14 days, the bricks are
ready for construction.



Fig. 18: Jute coffee sack

© Leon Zimmermann / Institute
for Architecture-Related Art,

TU Braunschweig

Fig. 20: Load test of a wool-clay-
jute fold with over 230 kg

© Leon Zimmermann / Institute
for Architecture-Related Art,

TU Braunschweig

Fig. 21: Clay-soaked jute sacks
on formwork and finished
element © Leon Zimmermann /
Institute for Architecture-Related
Art, TU Braunschweig

Fig. 23: Building block made of
clay-jute folded and insulated with
raw wool © Leon Zimmermann /
Institute for Architecture-Related
Art, TU Braunschweig

Fig. 24: Finished clay insulation
block © Leon Zimmermann /
Institute for Architecture-Related
Art, TU Braunschweig
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Fig. 26: Influence of natural fibers on the compressive strength of clay bricks
© Leon Zimmermann / Institute for Building Construction, TU Braunschweig

Fig. 19: Coffee sack soaked in clay
© Leon Zimmermann / Institute
for Architecture-Related Art,

TU Braunschweig

Fig. 22: Wall element made of
clay and jute with fasteners

© Leon Zimmermann / Institute
for Architecture-Related Art,

TU Braunschweig

Fig. 25: Clay brick in formwork and
switched off © Leon Zimmermann /
Institute for Building Construction,
TU Braunschweig
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Fig. 27: Influence of natural fibers on the flexural strength of clay bricks
© Leon Zimmermann / Institute for Building Construction, TU Braunschweig
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Straw © HOPE HOME - HAL1I Material Show, Kyiv 2025, Natalia Azarkina
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Straw

Before the full-scale invasion, the Mykolaiv region was regarded
as one of Ukraine’s key centers for straw panel production, owing
to its strong agricultural base and well-developed logistics. The
region supported several active workshops supplying eco-friendly
building materials for use across the country. However, since
2022, this productive landscape has been severely disrupted.
Many facilities have either shut down or are operating at reduced
capacity due to infrastructural damage, labor shortages, and dis-
rupted supply chains.

Compounding the industrial challenges is a sharp increase in agri-
cultural fires. According to Climate Focus, the number of fires in
Ukraine rose during the first year of the war, damaging extensive
areas of farmland. While many fires are caused by military activity,
a significant portion is intentionally set by farmers and landowners
who burn straw fields after harvest. This practice, driven by the
fact that burning is cheaper and faster than collecting and trans-
porting straw for other uses, has resulted in a notable decrease in
the availability of straw for construction, while also contributing to
air pollution and soil degradation.
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Fig. 4-6: An example: Atelier Werner Schmidt is a Swiss architecture firm specializing in sustainable building with natural building materials such as straw and wood,
designing thermally efficient, low-energy buildings © https://www.atelierschmidt.ch/oekologie
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Despite these challenges, experts and organizations
continue to explore and promote straw as a high-per-
formance, low-carbon building material. Deeply rooted

in the region’s architectural history, straw has long been
used in traditional Ukrainian construction, particularly in
rural areas, where it was readily available and valued for
its natural insulation. Today, its thermal efficiency, fire
resistance, local abundance, and renewability position it
once again as one of the most promising materials for
energy-efficient, climate-resilient architecture, a role that is
especially critical in the context of Ukraine’s reconstruction
and sustainable development.

Olexsii Brusnitsyn: Building Materials and
Structures Made of Straw, Wood, and Clay

Olexsii Brusnitsyn has dedicated his work to the
advancement of sustainable building practices in
Ukraine. His focus has been on developing alternative
wall compositions, such as finely chopped straw blown
into wooden-framed walls, to enhance thermal insulation
and fire resistance. This method creates a seamless,
high-density thermal barrier, improving building durability.
When properly treated and coated with clay or lime plaster,
compressed straw achieves an F90 fire resistance rating,
meaning it can withstand fire for up to ninety minutes.
(Fig. 1,2)

Life Cycle Assessment (LCA) data on straw-based
construction highlights clear environmental advantages
over conventional insulation systems. Straw walls require
approximately 3.5 times less primary energy for production
than mineral wool systems offering equivalent thermal
performance. In terms of carbon emissions, straw-based
components demonstrate a negative global warming
potential, sequestering more CO, over their life cycle

than they emit. Performance indicators show that straw
construction consumes just 45 kWh/m? of energy, with a
greenhouse gas impact of —38 kg CO, eq./m?, positioning
it firmly as a climate-positive building solution.

One of the critical bottlenecks in expanding the use of
this material lies in the current production landscape.

Out of eight identified manufacturers of straw panels in
Ukraine, only 5.5 are fully operational, with the remainder
facing capacity issues due to logistical disruptions, labor
shortages, or infrastructural limitations. Combined, these
facilities produce roughly 6,600 square meters of panels
per month. Given that a typical residential structure of
120-150 m? requires between 150-200 square meters of
straw panels, this output translates to just 40—50 house
kits monthly, or approximately 600 per year.

Despite its high environmental performance and a
production cost of around 55 EUR per square meter, straw
construction remains a niche industry. Most manufactu-
rers are currently focused on producing wall panels, rather
than offering comprehensive building systems, limiting
scalability and broader adoption. (Abb. 3, 4)
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Figs. 9, 10: Straw-insulated wall elements © Adrian Nagel
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Adrian Nagel — Standardization and Technical
Innovations

Adrian Nagel, architect specialized in sustainable reno-
vation and straw-insulated timber buildings, has made
contributions to the development of straw-based construc-
tion in Germany. As an activist at Architects for the Future
and a professor at the Technical University of Berlin, his
work focuses not only on technical advancements but also
on the political and regulatory changes necessary in the
construction industry toward climate neutrality. He actively
participates in multiple straw-building projects, including
one of the largest straw-insulated residential buildings in
Germany, a four-story flat complex with 40 housing units
that has already been completed and occupied. (Fig. 7, 8)

Straw is widely recognized as a practical and accessible
construction material. As an agricultural byproduct, it is
readily available and requires minimal processing before
being used in building applications. Unlike timber, which
takes decades to mature, straw is harvested annually,
making it a rapidly renewable and highly sustainable
resource. Its use in construction not only lowers carbon
emissions but also contributes to carbon sequestration,
resulting in a climate-positive material profile.

Straw also offers excellent thermal insulation properties,
with a thermal conductivity of approximately 0.049 W/
(m-K). Its ability to regulate indoor temperatures helps
keep interiors warm in winter and cool in summer. Addi-
tionally, straw’s high heat storage capacity helps prevent
overheating, making it suitable for regions with significant
temperature fluctuations.

Load-bearing straw bale construction is a traditional
method where compressed straw bales serve both as
structural and insulating elements. Originating in Nebraska
in the late 19th century, this system involves stacking
bales like bricks within a framework, with wooden ring
beams providing structural stability at floor and roof levels.

Standard wall thicknesses are approximately one meter,
offering effective insulation and acoustic buffering. In this
system, straw bales typically come in two size formats,
depending on the project design. Wooden ring anchors
distribute the structural load evenly, creating a monolithic,
breathable envelope.

Despite its strong performance, load-bearing straw bale
construction in Germany is subject to regulatory limitati-
ons. Current codes restrict its application to buildings of
no more than two stories, and each project must receive
individual approval due to the absence of a standardized
certification pathway. This has limited its scalability for
larger or urban developments.

By contrast, non-load-bearing straw bale construction,
where straw is used solely as insulation within a timber
frame structure, has gained broader acceptance. This
method is formally recognized under European Technical
Assessment (ETA) 017-0247, allowing for use in buildings
of up to five stories under current regulations. It offers
greater design flexibility and easier approval processes.
The German Straw Bale Building Association has played a
central role in obtaining these certifications and continues
to push for regulatory progress, including official recogni-
tion of load-bearing systems. (Fig. 9, 10)

In non-load-bearing straw construction, a timber frame-
work is erected first, and compressed straw bales are
inserted between the structural elements to form insulated
wall assemblies. Standard bale dimensions are approxi-
mately 36 x 48 cm, with adjustable heights ranging from
80 to 120 cm to suit various design needs. This method

is applied not only for walls but also for roof and floor
insulation, although current German regulations do not
permit straw-based flooring in multi-story buildings due to
fire classification constraints.

A key advantage of this approach is its scalability. In
Germany, straw-insulated timber-frame structures can

be built up to five stories, making the system suitable for
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Fig. 11, 12: Industrially prefabricated straw-insulated modules

©

www.ecococon.eu, www.lorenzsysteme.de, https://halm-haus.de/
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Fig. 13-15: Lime plaster applied directly to straw walls © Adrian Nagel



http://www.ecococon.eu
http://www.lorenzsysteme.de
https://halm-haus.de/

urban residential and mixed-use developments. However,
for buildings in higher regulatory classes, exterior walls
must comply with non-combustibility requirements, as
organic materials like straw are classified as combustible
by default. Exceptions are made only when materials meet
certified fire safety standards.

Prefabricated straw panel systems have been developed
in collaboration with specialized manufacturers such as
EcoCocon and Lorenz GmbH. These high-performance
elements, with thicknesses ranging from 18 cm to 40 cm,
offer multiple benefits:

* Rapid assembly, allowing houses to be built within a few
days;

» Reduced timber use, as the structural framework is
minimized,;

* High insulation performance, with U-values as low as
0.12 W/m2K, meeting criteria for Passive House certifica-
tion;

* Fire resistance, with panels achieving ratings of up to
REI 120, suitable for buildings requiring enhanced safety
measures.

The finishing process is another important feature of
non-load-bearing straw construction. Unlike conventional
insulation systems, straw walls do not require plastic
membranes or vapor barriers. Instead, surfaces are finis-
hed with clay plaster on the interior and lime plaster on the
exterior, creating a breathable and airtight envelope. These
natural plasters act as the primary air-sealing layers, eli-
minating the need for synthetic tapes, foils, or adhesives,
and supporting a healthy indoor climate through moisture
regulation. (Fig. 11, 12)

The importance of precision in construction, particularly
for electrical installations in straw walls. Since straw

is a dense natural material, all electrical outlets and
conduits must be carefully enclosed with clay plaster to
ensure safety. For projects requiring increased efficiency,
prefabrication offers a promising solution. Prefabricated
straw elements can either be pre-plastered or temporarily
wrapped in protective plastic to shield them from moisture
during transport. Once delivered to the construction site,
they are assembled and finalized with a second layer of
clay or lime plaster. (Fig. 13-15)
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Fig. 16, 17: Construction drawing
© Artem Ryzhkov

Fig. 21-23: Industrially prefabricated straw-insulated modules © Artem Ryzhkoyv, Life House Building
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Artem Ryzhkov — Prefabrication and Modular
Straw Construction

Life House Building founded in 2012, began with the
construction of a straw house that laid the foundation for
a scalable model of sustainable housing across Ukraine,
including Crimea. The company initially applied traditional
techniques, filling timber frames with straw bales and
finishing both sides with clay plaster. Construction
followed a carefully sequenced process to avoid moisture
exposure, ensuring that roofs and windows were installed
prior to the straw infill.

By 2013, LHB had begun to industrialize its process,
setting up a dedicated workshop with equipment for
compressing straw bales. Continuous optimization of the
production system led to a marked increase in output, and
within eight years, 65 straw houses had been completed
across the country. In 2018, the company received national
certification, enabling the export of its prefabricated
components to the European Union—a key milestone that
confirmed compliance with international standards.

Between 2019 and 2022, production was relocated to a
site near Kyiy, facilitating the construction of an additional
63 homes, including Ukraine’s first three-story straw house.
These projects incorporated Svarog panels, modular,
factory-produced elements made from compressed straw,
clay, and wooden frames. Engineered for fast, on-site
assembly, the panels offer a scalable and efficient alterna-
tive to traditional construction methods, allowing for high-
performance, energy-efficient housing built in significantly
less time than conventional systems.

The outbreak of war in 2022 halted domestic production.
To maintain operations, part of the manufacturing was
relocated to the Czech Republic under the name Svarog,
continuing the development of straw-based prefabrication
while securing EU certifications for the technology. This
move preserved production capacity and supported cross-
border knowledge transfer.

Plans are now in motion to return production to Ukraine. By
leveraging technological advancements and industry expe-
rience gained in Europe, Svarog aims to reestablish local

manufacturing using regional raw materials. This strategy
reduces dependence on imported building components
and strengthens the viability of straw-based solutions for
reconstruction and sustainable development.

Straw, clay, and wood have long been part of Ukrainian
vernacular architecture. Through modernization and indus-
trial scaling, Svarog has established a system that merges
traditional materials with contemporary performance
requirements. Key advantages of this approach include:

¢ Increased Production Capacity: Up to 2,000 m? of panels
per month, or 24,000 m? annually, can be produced using
the current setup.

* Locally Sourced Materials: Regional straw and wood
reduce logistics, emissions, and costs.

* Minimal Carbon Footprint: Buildings constructed with
Svarog panels have a net negative CO, balance, storing
more carbon than they emit across their lifecycle.

Compared to conventional building materials, prefabrica-
ted straw panels offer significantly lower embodied energy
and greenhouse gas emissions, while maintaining high
insulation performance and compatibility with modern
construction practices. (Fig. 16, 17)

Comparative studies highlight the superior environmental
performance of straw-based homes when measured
against conventional building materials:

* Brick and concrete houses emit 42,000-45,000 kg of CO,
per unit.

* Wooden houses emit 25,000—-28,000 kg of CO, per unit.

* Straw-based homes have a drastically lower carbon
footprint of 16,000—18,000 kg.

Beyond carbon emissions, straw construction reduces
energy demands for heating and cooling. Traditional
buildings require 160-180 days to construct, while straw
homes can be assembled in just 45-60 days, offering a
cost-effective and time-efficient alternative. (Fig. 18—23)
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Fig. 26—-28: Garden biogas plant ©

(B)energy

Katrin PUtz — Off-Grid Living with Straw and
Biogas

Katrin Piitz is one of several professionals working to
reintroduce natural building materials into contemporary
architecture as part of a broader movement toward sustai-
nable and self-sufficient living. Her work bridges traditional
craftsmanship with modern performance requirements,
demonstrating how straw, clay, and wood, materials used in
construction for centuries—can meet current standards for
insulation, durability, and environmental resilience.

A key case study is her off-grid house, designed and built
with a classic timber-frame structure. Straw bales are
densely packed between wooden studs to form breathable,
high-performance walls. Interior surfaces are finished

with clay plaster, offering both moisture regulation and

fire protection, while contributing to indoor air quality.
Externally, wood shingles add weather resistance, and a
corrugated metal roof ensures long-term durability with
minimal maintenance.

The foundation reflects low-impact engineering principles.
Rather than a full concrete slab, the structure is supported
on two parallel strip foundations, minimizing the use of
cement—one of the highest carbon-emitting materials in



construction. The floor system incorporates a triple-layer
wooden board, with straw insulation packed between the
joists to optimize thermal performance. (Fig. 24, 25)

The building design is fully optimized for energy conserva-
tion, employing passive heating and cooling strategies that
reduce the need for mechanical climate control. Straw’s
natural insulating capacity limits heat loss during the
winter and prevents overheating during the summer, main-
taining stable indoor temperatures throughout the year.

The house also demonstrates a high degree of energy
independence. A 5-kilowatt peak solar panel array is
installed with a west-east roof orientation to maximize
solar gain over the course of the day. Energy is stored in an
18 kWh lead-gel battery, ensuring continuous availability
during low-sunlight periods.

Additional systems include a 500-liter thermal buffer
tank supported by a 1.5 kW heating element and a high-
efficiency wood-burning stove (Pertinger lintel fire oven),
which provides heat, cooking capacity, and domestic hot
water. Together, these components form an integrated
system that requires minimal reliance on external energy
sources.

The core innovation in this setup is the use of biogas as a
renewable fuel source, enabling fully off-grid operation and
closing the loop on waste and energy within a small-scale,
resilient household system. (Fig. 26-28)

While biogas technology is commonly applied at an
industrial scale, current innovations focus on adapting it
for use in individual, off-grid households. Although Ger-
many operates around 9,600 biogas plants, contributing
approximately 5.4 % of the national electricity supply, the
majority rely on centralized infrastructure and large-scale
agricultural inputs. In contrast, small-scale systems
demonstrate the feasibility of localized energy production
using household-level organic waste streams such as
kitchen scraps, animal manure, and plant residues.

The core process relies on anaerobic digestion, wherein
microorganisms break down organic matter inside a sea-
led digester. This reaction produces methane-rich biogas,
which is captured in a flexible storage unit, a so-called
biogas backpack with a capacity of up to 1,000 liters,
sufficient to cover daily cooking and heating needs.

Biogas systems of this scale are well-suited for rural or

under-resourced areas. In regions across Africa, Asia,

and Latin America, over 100,000 small-scale digesters

are already in operation, providing reliable fuel access in

locations without formal energy infrastructure.

To maintain optimal functionality, several operating condi-

tions are required:

* Temperature control around 37 °C, simulating the envi-
ronment of a cow’s stomach;

 Hydraulic retention of 35 to 50 days, allowing the full
decomposition of organic matter;

* Input quality, with higher methane yields derived from
cow manure, food waste, and plant matter.

In this case study, biogas production is further stabilized
through the use of solar-heated greenhouses, which help
maintain digestion temperatures year-round. The gas
undergoes hydrogen sulfide filtration to ensure clean
combustion and reduce emissions.

This closed-loop system supports more than just energy
autonomy. The digestate byproduct, referred to as bio-
slurry, is a potent organic fertilizer, completing the material
cycle and contributing to soil regeneration. In this model,
all inputs are either converted into renewable energy or
reintegrated into the natural ecosystem.

By combining biogas generation with natural building
materials, this approach moves beyond basic sustainabi-
lity to demonstrate a form of regenerative living. The home
becomes not only energy-independent but also an active
agent in climate mitigation, resource conservation, and
ecological resilience.
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Reed

Reed, or Common Reed (Phragmites australis), is a perennial grass
that grows up to 4 meters tall, typically found along riverbanks, in
wetlands, and in marshes.

Reet refers to the harvested, dried, and bundled reed used

as a building material — especially for thatched roofs. It is
characterized by thick, sturdy stems and high durability, making it
ideal for traditional craftsmanship such as reed roofing.

It is estimated that up to 40 percent of greenhouse gas emissions,
and thus significant climate damage, could result from the
reconstruction of Ukraine if conventional building materials such
as concrete and plastic continue to be used.

Together with hemp, straw, clay, sheep’s wool, and fungi, reed
represents one of the most promising CO,-neutral alternatives,
primarily for roofing applications.

Advantages:

* Regionally available, especially in the wetlands of Ukraine

* Renewable and fully biodegradable

* Proven in centuries-old building traditions, particularly for roofs
* Resource-efficient, requiring minimal energy for processing.
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Fig. 1: Dry stone walling, early Christian Fig. 2: Palmengarten Frankfurt, Victorian

church in Ireland © Gallarus Oratory, Palm House © Palmengarten Archive,
Heritage Ireland National Monuments City of Frankfurt am Main
Service

Fig. 5, 6: Roman underfloor heating © gruentuchernst (Roman Open-Air Museum
Hechingen-Stein)

Fig. 8: Thatched Haubarg barn from 1707 Eiderstedt © wikicommons J.Kullmann,

www.meerart.de
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Thatched roofs, and increasingly, reed wall panels, have
a long tradition in rural areas, including in Ukraine. Today,
however, they exist in a field of tension between:

* cultural heritage and modernization pressure

* low-cost reconstruction and ecological sustainability

* traditional craftsmanship and industrial building
standards.

Almut Gruntuch-Ernst

Founded the joint architectural practice with Armand
Griintuch in Berlin in 1991. She studied at the University
of Stuttgart and at the Architectural Association School of
Architecture in London, worked at Alsop & Lyall in London,
and taught at the University of the Arts (HdK) in Berlin.
Since 2011, she has been Professor and Director of the
Institute for Design and Architectural Strategies (IDAS) at
TU Braunschweig.

The transformation of a former prison building into the
Hotel Wilmina was awarded the German Sustainability
Award in 2022. At IDAS, in cooperation with the Institute
for Building Climatology and Energy of Architecture,

her research focuses on the holistic potential of natural
materials in architecture.

These questions will strongly influence our future:

What will we build our future from?

At the beginning of building history stands the fundamen-
tal idea that construction materials must be sourced and
processed directly from the immediate landscape in order
to create spaces. Today, innovations in processing and
material technologies open up new possibilities for design
and expand the architectural vocabulary. Both aspects
must be brought together. Climate change reminds us that
everything we design must be done with global responsibi-
lity and in harmony with the environment. (Fig. 1, 2)

Building today is no longer aligned with sustainable
principles, because:
* energy and transportation costs are extremely high

* the variety of available building materials is vast and con-
fusing, and some contain substances that are harmful to
human health

» demolition and the disposal of hazardous waste present
major challenges.

How can we make knowledge the benchmark of our
actions?
Example: German School, Madrid. (Fig. 3-6)

Approach:

¢ Combination of high-tech architecture with traditional
wisdoms of building culture

* Integration of a natural low-tech ventilation system based
on the principle of the hypocaust used in ancient Rome.
For this purpose, a thermal labyrinth was constructed
beneath the building, creating a temperature difference of
6 °C.
This allows the underground air currents to be naturally
pre-tempered before being directed into the classrooms
for ventilation.

Building from nature, within nature

Reed as a building material?

To strategically address the question of materials, it is
essential to research and explore the potential of reed in
its formal, technical, and ecological dimensions.

Focus: Peatland Areas, Schleswig-Holstein

The history of peatlands is closely linked to the history
of the climate. For decades, peatlands were drained to
expand agricultural land.

It is now scientifically proven that this drainage released
vast amounts of greenhouse gases.

Environmental organizations around the world have long
criticized this practice — and by now, their advocacy has
led to the rewetting of peatlands becoming a key item on
the political agenda, as they can effectively bind CO,.
(Abb. 7)

Renewal of the Peatlands: Back to a Landscape that
Builds

The drainage of peatlands in the 1960s radically transfor-
med the landscape of Schleswig-Holstein and endangered
a unique ecosystem. The traditional building material

reed was also affected: as the wetland areas shrank,

reed stocks declined. To protect these reed populations,
environmentalists have long called for legal protection —
otherwise, complete disappearance would be imminent.

Today, the demand for reed in Germany is increasingly met
through imports — 80-90 percent now come from Ukraine,
Hungary, Romania, Turkey, and China. This has brought
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new challenges, such as the introduction of fungi and
microorganisms from other climate zones, which compli-
cate the maintenance and durability of thatched roofs.

The rewetting of peatlands also offers great potential

for agricultural productivity through the use of paludi-
culture, the sustainable cultivation of wet peatlands for
biomass production while simultaneously preserving the
ecosystem.

In Schleswig-Holstein, a valuable architectural heritage
can still be found in the form of historic thatched houses,
whose craftsmanship and architectural character are
deeply rooted in the region’s building culture. (Fig. 8)

Worldwide Research on Reed as a Building Material
Across the globe, various research projects are currently
exploring how reed can be used as a sustainable construc-
tion material.

The Two Key Potentials of Reed

* When used locally, transportation and energy costs are
significantly reduced.

* From a human toxicology standpoint, reed is completely
harmless, it emits no chemical vapors and therefore
poses no health risks.

»The soft roof ... is rainproof, snow proof, frost-resistant,
vapor-permeable, breathable, air-filtering, dust-tight, and
regulates indoor humidity without condensation due

to water vapor diffusion.« — Walter Schattke, master
thatcher and author of Das Reetdach: Natiirliches Wohnen
unter sanftem Dach - von der Urzeit bis heute. ISBN
3-7672-1140-8

Reed as a Monolithic Building Envelope

A monolithic roof covering is one that is made entirely
from a single material — in the case of a reed roof, exclusi-
vely from reed, without additional membranes, insulation,
or sub-roof layers. Reed itself fulfils all essential functions:
weather protection, moisture regulation, and diffusion. A
monolithic reed roof with a thickness of 35 cm provides
sufficient thermal insulation in Northern Germany.

Rethinking Reed: More Than a Roof Covering

In the Reallabor, reed is being explored not only as a
roofing material but also as a versatile natural product for
insulation, acoustic enhancement, and wall cladding.

Reed Reloaded

Since 2021, the REET RELOADED symposia have been
held regularly, promoting exchange of reed as a building
material and its ecological as well as formal potential.
Experts from various disciplines present their research,
share traditional craftsmanship knowledge, and teach
professionals and students how to work with reed. Each
summer, groups from educational academies gather there
to experience this material in practice.

Research Site: Island of Sylt — Klappholttal

Since 1908, numerous small houses have been integrated
harmoniously into this 7.5-hectare dune landscape. The
small settlement, originally built from natural materials
such as wood and reed, consists of sleeping cottages and
communal buildings.

Within the institute’s educational programs, students deve-
lop design concepts for this site under the theme »Building
in the landscape - from the landscape.« (Fig. 9)

Practical Experience and Craftsmanship

During a summer school, students realize a collective
design project in which the material becomes literally
tangible: they process the harvested reed and build a small
pavilion from it.

Reed can be harvested once every twelve months. It is not
cut, but knocked into shape to achieve the required precise
contours. The stems are aligned using a special board to
create the exact structure typical of thatched roofs, a tech-
nique distinguished by its precision and craftsmanship.

Building as Performative Practice: Living, Building,
Learning

In workshops, reed is not only used as a building material
but also experienced — in direct connection with the pro-
cess, the dwelling, and the place. Architecture is unders-
tood as a performative act: living and building merge.
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Fig. 10, 11: © Simon Scharnweber

Fig. 12: © Elena Laubeck, © Laura Lisowsky Fig. 13: © Mira Himmelrath, © Danijela Brlozanovic
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Fig. 14: Cabanon built by the French architect Le Corbusier © https://de.wikipedia.org/wiki/Le_Cabanon
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In real-world laboratories, experiments are carried out

with various natural materials — reed, seagrass, wool,

clay, hemp — all locally available and rich in unexpected
properties. Seagrass, for instance, is resistant to insects
due to its salt content, opening up entirely new possibilities
for use in insulation. To enhance the small existing houses
both aesthetically and ecologically, students develop
design concepts for »Building in the landscape — from the
landscape.«

How can we build on tradition and still design comfortable
micro-houses? We are rethinking Le Corbusier:

«l have a chateau on the Cote d’Azur, 3.66 m by 3.66 m
in size. For my wife, it is an abundance of comfort and
coziness.« (Fig. 14)

If we maintain the footprint of the existing volume, how
can we create a new kind of enclosure using natural buil-
ding materials — ideally ones that are compostable?

The goal is to use the building envelope made of vegetal
materials such as reed — a material with a long-standing
tradition. Where do the formal limits and possibilities of

this material lie?

The students responded through models: Fig. 10—13.

If we aim to remain minimally invasive, preserving the
primary structure and overall volume, and only replace the
building envelope in order to create a new climatic inter-
face between the inhabitants and the exterior environment:
what changes as a result?

Model study for a new fagade that can expand and
contract with the climate, allowing the sleeping space

to extend multifunctionally into the dune landscape or
condense into a small protective shelter.

Implementation begins with the replacement of the
building envelope: students fill the walls with seagrass for
insulation and construct the weatherproof outer shell from
wooden shingles.

Elisabeth Endres — BUILDING FOR
TOMORRQOW - The Opportunity of Challenge

Professor and Director at the Faculty of Architecture,
TU Braunschweig, Institute for Building Climatology
and Energy, Project Director at the engineering office
Hausladen.

Technical Systems for the Performance of Architecture
 Approach of the Hausladen Engineering Office

* The starting point is not the belief that technology alone
makes buildings efficient and sustainable. Instead, we
focus on the interaction between architecture, building
physics, and building climatology — from the very begin-
ning, and in a holistic way.

* Together with architects, we ask at an early design stage:
What do we want to achieve with this building?

* We question the necessity of complex building systems:
not high-tech, but low-tech — though that does not mean
no-tech.

* Buildings should not function solely through technical
control, but should interact with the behavior of their
users.

* Energy savings and comfort should not be generated by
technology alone, but through conscious use, for exam-
ple, by people simply opening a window themselves.

* The goal is to create robust, durable, repairable, adapta-
ble, and sustainable buildings that function with minimal
technology, and precisely because of that, remain truly
high-performing. (Fig. 15)

Challenge

We need to develop an attitude toward how we deal

with the seemingly limitless possibilities of technology

in the 21st century — moving away from designing for

a maximum optimum, which, in practice, can collapse

dramatically when even small deviations in user behavior

occur, for instance, when someone simply opens a window
manually.

We need new standards, new materialities, and new

solar geometries, we need a robust optimum. Buildings

that continue to perform well even when patterns of use

change, when more or fewer people inhabit them, or when
maintenance cycles cannot be perfectly maintained.
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Figure / . .
Impact 9 Comment / Possible Solutions
Share
L . . . Energy savings, alternative building materials, climate-friendly construction
CO, emissions during construction and operation 40 %
methods
. o Promote recycling, reduce hazardous waste, establish circular economy
Waste generation in the construction industry 52 % .
principles
. . . Stop resource depletion, promote urban mining, reuse materials, close material
Consumption of mineral, non-renewable raw materials 90 % oycles

Fig. 15: Source: UNEP, Building Materials and Climate, 2022; ScienceDirect, Construction and Demolition Waste, 2023; TBI Contracting, Hidden Cost of Non-Renewable

Resources, 2023
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Figs. 16, 17: Construction drawings © Elisabeth Endres
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Fig. 18: Learning from the thatched-roof building
tradition, Keitum Sylt Museum
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Fig. 19, 20: Multifunctional, multi-layered solution: Thatched roof plastered with clay on the inside © Elisabeth Endres



Robust architecture addresses the question of expecta-
tions, and asks what architecture itself can contribute,
inherently, without relying entirely on technical systems.
Example: The general insulation standard has been
optimized to such a degree that minimal heat loss through
walls is now assumed. Transmission heat loss (through
fagcades) has been minimized, yet this optimization can
make systems more fragile.

We must therefore continue to design buildings with long
life cycles, focusing on the key problem areas of both
construction and operation. Learning from reed-based
building culture — Example: Keitum, Sylt Museum.

(Fig. 18)

Traditional Construction Applied with Wisdom.
Traditional building methods were intelligently conceived,
taking into account both the prevailing wind direction and
the risk of fire.

* Prevailing wind from the west: the stable for animals was
placed on the western side, serving as a windbreak to
minimize the impact of strong winds.

* Entrance design: the entrance was positioned so that,
in case of fire, the thatch would not fall directly over the
doorway but to the side — fire protection through design.

Despite all progress and technological advancement, such
simple principles are often forgotten in contemporary
planning — demonstrating how architecture and function
can be achieved through straightforward, thoughtful
design. (Fig. 19, 20)

The Reed Roof — A Multifunctional Building Envelope with
a Long Tradition

The reed roof has a long history as a multifunctional
building envelope: it protects against rain, wind, and cold,
while storing heat and allowing the building to breathe.

Today, however, it is often reduced to its water-shedding
function — decorative, but no longer truly effective.

We aim to return to a layered, multifunctional roof
structure:

* the reed layer is ventilated and thus thermally decoupled

« insulation is placed between the rafters

* interior clay plaster provides thermal mass and moisture
regulation

* integrated heating coils within the clay layer enable
radiant heat — a modern, nature-based solution.

Igor Kleban

Reed Harvester and Producer. Harvesting, processing, and

exporting reed to the EU, as well as producing reed panels.

Founder of the company Reedkli, based in Stryj, Lviv region,
Ukraine.

History and Significance of Reed

Antiquity: Even in early civilizations, reed was used in many
ways — especially as a roofing and ceiling material. It was
inexpensive, locally available, and provided excellent ther-
mal insulation. Thus, reed symbolized a building culture
that made careful use of the resources at hand.

Present: With the revival of ecological construction, reed is
experiencing a renaissance today. It is used not only in the
careful restoration of historic buildings but increasingly in
modern eco-houses. It stands for sustainability, regional
value creation, and a return to natural building materials.
Milestones

* In 2013, Igor Kleban began learning about reed — harves-
ting it and exporting it abroad, initially in small quantities
to Poland, and later in larger volumes to other EU
countries. The island of Sylt holds a special place in this
development.

* In 2017, he established a network in Ukraine — resear-
ching who was working with this biomaterial, in which
regions it grows best, and how it can be used.

¢ In the same year, he founded the company Reedkli.

¢ He personally monitors the quality, hardness, moisture
content, and length of the exported reed.

* He provides consultations, courses, and workshops on
reed harvesting techniques.

* He also helps others to gain a foothold in the reed
business.

This hotel is the largest project Igor Kleban has ever
managed as an importer of reed from Ukraine. Many com-
panies he collaborates with source their reed for Sylt from
Ukraine, as it is known for being particularly hard, dense,
and uniform in quality. (Abb. 21)

He carries out the harvesting together with partners from
Denmark, Germany, and Poland. However, the ongoing war
deeply worries him — he fears losing competitiveness,

as countries not affected by conflict, such as China and
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Fig. 21: Europe's largest thatched roof, Lanserhof on Sylt

Fig. 23: Reed panels, decorative and
(sound) insulating

Fig. 22: Open-air museum in Lviv,
stepped thatch covering, 40-60 cm thick
reed walls

Fig. 24: Natural reed board, ecological
and heat insulating

56

Fig. 25: Flexible reed board, strong,
malleable, versatile
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Fig. 26, 27: House made from local natural materials and overview of the materials
used and their respective durability © Mark Melnychenko
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Kazakhstan, continue to expand their markets. Already
today, 60 percent of all reed used in Europe comes from
China.

Another concern is that his most important contracts
involve the renovation of thatched roofs, which require
large quantities of high-quality reed. Currently, harvesting
takes place in southern Ukraine, but the peatlands there
have dried out, making it impossible to reliably predict the
quality and quantity of the available reed, which complica-
tes both planning and delivery.

Projects and products:

* At the Open-Air Museum in Lviv, he applied the traditional
stepped thatching technique, in which reed is laid in
overlapping layers from bottom to top to protect the roof
effectively against weather and ensure durability.

* He built walls from tightly bound reed bundles, 40-60
cm thick — a construction method that provides excellent
thermal and acoustic insulation and demonstrates the
versatile use of reed in traditional architecture.

* Reed panels, made from densely compressed reed, are
increasingly in demand for their natural aesthetic and for
their sound- and heat-insulating properties.

* Decorative applications, for example lampshades, which
create a warm, atmospheric light through the natural
texture of the material. (Fig. 22-25)

Mark Melnychenko — A Natural House Full of
Stories

Ecoactivist and blogger with over one hundred thousand
followers on Instagram (@my_ukrainian_dream), Mark
Melnychenko has been building exclusively with local
natural materials for more than eleven years.

In 2021, he invited his online community to join himin
repairing a natural house. Ten volunteers aged between
sixteen and forty answered his call, spending a summer
between the forests of the Carpathians and the construc-
tion site — learning how to thatch a roof and, above all,
how to work with their hands and with nature. By the end
of summer, the roof of his house stood completed in true
DIY spirit: sealed, circular, covered with reed — a tangible
result of collective work.

Melnychenko presents two houses: his father's four-story
home and his own, still unfinished, lacking the third floor
and plaster. Every repair and construction step is an
experiment.

In Transcarpathia, in western Ukraine, it is traditional to
use rye straw for roofing because reed is rare. Yet Melny-
chenko prefers reed, laying it in circular patterns as was
once common in England and Germany, tying the stems
with natural fiber ropes — a technique that transforms
simple materials into enduring works of craft.

He is unafraid of experimentation: a roof made from
grass normally used as animal feed lasted ten years in
the Carpathians, storing moisture like a sponge. Sedge,
a riverbank plant, protected another roof for seventeen
years. Reed, however, can last up to forty years — if the
material, roof pitch, and craftsmanship are right, and if
gravity allows water to run off naturally.

After all these experiments, one conclusion is clear: hay,
straw, and reed are not merely building materials, they are
materials of the future, telling stories and giving life to
houses.

Melnychenko’s vision is clear: to build homes rooted in
their surroundings, respectful of nature, and based on local
resources. Here, low-tech meets high-tech: on the southern
side of his house, a solar system collects energy, while

the walls are built from materials gathered from nearby
meadows and fields.

These are the challenges he faces:

» Water supply, in the mountains, a well must be drilled up
to 100 meters deep

* Rapidly changing temperatures can cause reed stems to
bend in the wrong direction; during repairs, it becomes
evident how essential it is to use material from the same
region, otherwise small gaps appear in the roof

« Before the war, one square meter of thatched roof cost
around 40 euros; now it is 55-60 euros, while in Germany
it costs 130-160 euros/m?

¢ Reed fields in Ukraine — many are inaccessible: occupied,
mined, or destroyed.
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Sheep Wool

Facts and Figures

* Sheep’s wool is considered one of the oldest renewable raw mate-
rials processed by humans.

* Around 6000 BC: first wool processing in Mesopotamia.
» Clothing has been made from wool for 8,000 to 10,000 years.

* The sheep population in Germany has declined from 2.7 million
in 2000 to 1.5 million in 2024. Most sheep worldwide are found in
China, Australia, New Zealand, India, and Africa. Ukraine has around
800,000 sheep.

* The pandemic severely reduced the demand for sheep wool, inclu-
ding valuable white wool.

» A single shearing yields four to five kilograms of wool. In Germany,
shearing costs per animal are about three to four euros.

* The market price for wool fluctuates between 10 and 40 cents per
Kilogram.

e Although wool is an agricultural product, it is taxed at 19% in Ger-
many.

» According to German animal welfare laws, wool must be disposed of
as special waste (Category 3: Animal by-products), which incurs a
fee.

* Wool accounts for only about 3% of global fiber production, which
equals approximately 32 million tons per year.

» Across Europe, raw wool remains unsold in storage due to the lack of
processing facilities.



Fig. 1: Sheep with a one-year-old coat, and sheep Fig. 3, 4: Wool factory in Biella, Italy. Wool is still being sorted, but not processed further, as there are no longer any
sheared © Folke Kdbberling wool washing lines in the entire country. © Folke K&bberling, Wollbau, pp. 50-51

Fig. 2: Australian sheep, 5 years unshorn © Reuters/ Fig. 5: Scotland, sheep's wool is soaked in spirits
RSPCA to make it flammable © Farmers Guardian July 2, 2020
epicuticle

low-S  high-S nuclear
proteins proteins remnant

cuticle

matrix
handed coiled-coil

co x
«-helix rope microfibril macrofibril (para cell  ortho cell,

cortex
I 1 | i I I

1 2 7 200 2000 20000 nm

Fig. 6: Wool fiber and its properties: acoustics, reinforcement, insulation, protection, pollutants, fertilizer. © FK, Wool Construction, pp. 52-53
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Therefore, sheep in Germany, and across most of Europe,
are primarily used for landscape maintenance and erosion
control, in addition to meat consumption. Wool, as a
by-product, no longer represents a significant source of
income for shepherds, since textile production and wool
washing facilities have largely been shut down. (Fig. 3, 4)

Stattdessen riickt allmahlich die Wahrnehmung von

Instead, wool is gradually coming to be recognized as a

renewable and versatile building material.

* Naturally occurring raw material, 100% recyclable and
reusable

* Can equally help heal skin, air, soil, and buildings

 Has flame-retardant properties due to its high nitrogen
content, classified as EURO Class E

* Ignites only at 580-600°C; by comparison, steel begins
to deform at 500-550°C (Fig. 5)

* Can absorb up to 100 times its own weight in oil and tar
and can be reused multiple times for this purpose. The
absorbed oil can be re-refined.

* Can act as a fertilizer by absorbing and breaking down
contaminants like hydrochloric acid and mercury from
the soil without becoming contaminated itself.

* Has versatile applications: for insulating roofs, exterior/
interior walls, basements, as flooring, as a filter material,
and as a base layer for green roofs.

* Can be used sustainably — reused, recycled, or repurpo-
sed with minimal resource input.

* Can be used on-site in its raw form without additional
energy.

* Regulates humidity and indoor climate, and offers protec-
tion from moisture damage.

* Is a complex, high-performance fiber composed of three
layers. Thanks to the wool fat lanolin, it is both water-
repellent and water-absorbent, capable of taking in up to
30% of its weight in moisture.

* Retains its insulating properties even when wet, is extre-
mely elastic, and can be bent thousands of times without
tearing. (Fig. 6)

Folke Kobberling — Numerous Experiments
Lead to Major Insights Into Sheep Wool

Folke Kobberling studied Fine Arts and works as a free-
lance artist. Through site-specific sculptural installations
in public space, she explores themes of self-organization,
traffic, mobility, resource scarcity, and sustainability. Since
2016, she has been Professor of Artistic Design at the
Institute for Art in Architecture (IAK) at TU Braunschweig.
Since 2018, Kébberling has been engaged with raw sheep
wool, a material that insulates, filters acoustically, carries
scent, contains lanolin, heals, warms, and isolates, aiming
to explore new possibilities for its use through both
scientific and artistic approaches. She traveled for 13
years as an artist with EXAMPLES TO FOLLOW! and is part
of the core team of Hope Home « HAL1IA.

Series of experiments / qualities / capacities /
sculptures — EXAMPLES TO FOLLOW!

Wool as a Protective/Insulating Layer for Roofs

Wool was laid directly on a fleece base on a roof for
several winter months, undisturbed. During this period,
precipitation was recorded. Through the motion of rainfall,
the wool fibers interlocked and felted into a water-resistant
layer or blanket that temporarily insulated and protected
the roof. For this to be effective, however, the roof must
have a pitch of at least 45 degrees. The outer layer of the
fiber, the cuticle, is water-repellent and functions similarly
to a roof covering. Inside the cuticle are air pockets that
provide natural insulation.

Over time, through exposure to wind, weather, and nature,
wool develops a natural patina — a biofilm that settles on
the surface without compromising its insulating properties

;S
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Fig. 11: 200 modular Wall
boxes, 60 x 30 x each 30
cm © Andreas Bormann,
FK, Wollbau, pp. 64-65

Fig. 12: 200 modular Wall boxes, 60 x 30 x each 30 cm
© Andreas Bormann, FK, Wollbau, pp. 64-65

Fig. 7: Detail of raw wool with
Structure of raw wool as a trellis © FK Wollbau, p. 135

Fig. 9: Demonstration 1: Dewool © Bernd Schulz
Fig. 10: Demonstration 2: Wool curtain © FK, Wollbau, p. 57

Fig. 14: Load-bearing capacity of
wool-clay-jute mixtures

© Leon Zimmermann / Institute
for Architecture-Related Art, TU
Braunschweig Fig. 13: Wolf in sheep's clothing Club Hybrid, Graz 2021-23 © Wolfgang Thaler, FK, Wollbau, pp. 140-41
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underneath. Even when wet, wool remains effective as
an insulating material. Unlike many synthetic materials, it
does not mold and retains its functionality. This makes it
an ecologically valuable material with great potential for
sustainable applications. (Fig. 7, 8)

For acoustic and thermal insulation

* Demonstration 1 + 1.5 tons of raw wool from local
sheep are exhibited in a gallery space, allowing visitors
to physically experience its full insulating properties.
Dimensions: 4 x 4 x 3 meters

* Demonstration 2 + A long-term observation of a wool
curtain installed at the Institute for Art in Architecture
(IAK), made from a total of 300 kg of wool, serves to
demonstrate and validate this hypothesis. (Fig. 9, 10)

Observation:

The best sound absorption is achieved using coarse wool
in a densely packed state. Insights and measurements
from this were transferred into a modular system: an
acoustic wall filled with raw wool and a Duplo-style box
system were developed for this purpose.

However, after two years, moth damage destroyed the
wool structure. Wool is composed of 97% keratin, a fibrous
protein that attracts moths.

They can, however, be kept away relatively easily using
materials such as cellulose, jute, or a clay layer. Moths are
sensitive to heat and cold: at temperatures above 60°C, the
protein coagulates and moth eggs and larvae die off; they
also die at temperatures below -18°C. (Fig. 11, 12)

As protection for a wooden fagade

A wall measuring 40 meters in length and 10 meters in
height was covered with raw wool for this purpose. After
two years, there was slight fading on the sun-facing side —
but no moth damage whatsoever! Evidently, the seasonal
shifts between heat and cold also deter moths. The under-
lying wooden structure remained nearly as good as new, in
contrast to an untreated area on the opposite side, which

showed significant weathering under the same conditions.
Over time, the wool developed a layer of algae that offered
additional protection and preserved its insulating proper-
ties beneath the natural patina. After dismantling the wool
wall, the material was repurposed as fertilizer and as an
additive for clay. (Abb. 13)

As a Natural Reinforcement Material

Elastic sheep wool can be used as a natural fiber reinforce-
ment in various materials—especially in clay or earthen
construction. Similar to straw, it improves crack resistance
and structural stability, while replacing environmentally
harmful synthetic fibers like glass or carbon fibers. These
synthetic materials are energy-intensive to produce, mostly
non-recyclable, and hazardous when inhaled.

Wool composites offer high durability and stability

In a student project, various load-bearing tests using wool
in combination with clay and jute—or waste materials—
demonstrated remarkable strength. A special folding
technique enabled the structure to support over 200 kg.
The substructure measured 45 cm in height, xx in length,
with a wall thickness of just 3 mm. The exceptionally high
load-bearing capacity was made possible by the folded
design. (Fig. 14)

EXAMPLES TO FOLLOW! - explorations in aesthetics and
sustainability, Berlin 2023

A walk-in research sculpture made of modular wool-clay
elements. The aim was to create lightweight, dismantlable,
and transportable constructions, as clay, while ecologically
valuable, is very heavy as a building material. A new frame
system was developed, densely packed with wool. One
side of the frame was left open and touchable to allow

the wool to be compressed if needed, while the other side
was covered with wool fleece and then coated in clay. This
created a crack-resistant clay protective layer around the
wool. Each frame weighed around 30 kg and could easily
be assembled, disassembled, or composted at any time.
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Fig. 18, 19: Samples for measuring how well a material conducts heat,
ZNE! Berlin 2023 and TU Braunschweig © IBEA, Tobias Porschke
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Fig. 16: Wool House exterior, 11 wooden elements, 650 x 300 x 34 cm, Wool House EXAMPLES TO FOLLOW! 2023 Berlin ©
Siegfried Dengler, FK, Wool Construction, p. 122 | Fig. 17: Wool House interior view, 11 wooden elements, 650 x 300 x 34 cm,
Wool House EXAMPLES TO FOLLOW! 2023 Berlin ® Siegfried Dengler, FK, Wool Construction, p. 123
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During the exhibition, Natalija Miodragovic, also an expert
from HOPE HOME - HAL1If and Matters of Activity, began
a one-week workshop exploring the combination of wool
and mycelium to develop new architectural forms.

These investigations have been scientifically evaluated
and have since provided valuable insights into the use of
wool in the fields of acoustics, reinforcement, insulation,
protection, pollutant filtration, and as fertilizer. (Fig. 15-17)

Tobias Porschke — Scientific Evaluations of
The Materials

Tobias Porschke — Research Associate at TU Braun-
schweig, Institute for Building Climatology and Energy of
Architecture.

His scientific focus lies in material analysis aimed at
reducing the reliance on technical systems and improving
indoor comfort.

As part of the exhibition EXAMPLES TO FOLLOW!, the
institute conducted extensive research on natural building
materials used as composites, particularly examining
their potential to naturally regulate indoor climates and
minimize the need for active technology.

Fifteen different combinations of clay, wood, sheep wool,
hemp, willow, and fungi were tested. Sensors placed at
varying depths allowed for detailed analysis of the moist-
ure and thermal buffering capacities of these materials.

One of the most promising results came from a combina-
tion of clay-based construction materials with underlying
sheep wool insulation. This solution eliminated the need
for a vapor barrier, as the natural materials themselves
ensured balanced moisture regulation. (Fig. 18)

In addition to technical performance, the aesthetics of
natural building materials were also examined. Tests
showed that these materials are in no way inferior to
conventional construction materials and can be processed

in such a way that there is no visible difference. Particu-
larly noteworthy is the combination of natural materials
with conventional support structures: for example, metal
stud walls with gypsum boards and mineral wool can be
replaced by ecological alternatives such as sheep wool
and wood fiber insulation panels.

All materials explored during the workshops and discussed
in this book exhibit high water absorption capacity, a clear
advantage in high-temperature conditions. Lower supply
temperatures in radiant heating systems could reduce the
peak load on heat pumps, enabling more efficient use of
renewable energy.

Another research focus is the combination of sheep wool
with mycelium as a binding agent. Initial tests indicate that
these material blends offer promising thermal conductivity
values comparable to conventional insulation materials.
Especially effective is the combination with bark, which
achieved the best insulation performance.

Simultaneously, the potential of natural materials as
sustainable alternatives to mineral-based insulation was
assessed. Replacing conventional materials with sheep
wool could reduce greenhouse gas potential by approxi-
mately 13 %.

An innovative approach involves the use of a fungal matrix
that both stabilizes the wool and protects it from insect
infestation. (Fig. 19)

Volodymyr Klymenko — Kyiv, Ukraine

Director of the company Eco Generals, which continues a
long tradition of sheep (and cattle) breeding — a field with
great potential thanks to the animal’s versatile uses — but,
like most livestock operations in Ukraine, has been in a
troubling state since the beginning of Russia’s war of
aggression.

;S

65



Fig. 20—22: Farm in Ukraine © Volodymyr Klymenko

The Importance of Sheep Wool for the Ukrainian Economy
Wool production once played a significant role in Ukraine’s
economy, particularly in exports. In the 1990s, up to 60
percent of wool products were exported to Europe. Two
major factories in Kharkiv and Dnipropetrovsk supplied
around 68 percent of the country's total raw wool output.
Today, these facilities are closed, and large stockpiles of
unused wool remain, as neither processing nor export is
currently possible. As in much of Europe, this has led to

a wool surplus. For this reason, alternative uses—such

as acoustic and thermal insulation materials—should be
expanded as quickly as possible. (Fig. 20-22)

Challenges of sheep farming in Ukraine

Ukraine once had extensive expertise in processing

this natural resource, known especially for its excellent
insulating properties. However, only about 10 percent of
the sheep population from the 1990s remains across the
country today. After the occupation of Crimea, there was
little government support to sustain sheep farming. As

a result, many farms were forced to shut down, and the
animals were slaughtered.

This decline is particularly tragic given that sheep wool is a
highly exportable product and that shepherds represent an
important part of Ukraine’s cultural heritage.
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Previously, the wool was delivered to a factory in Kharkiv
that specialized in textile production, but the facility was
shut down after the full-scale war began.

Here is a glimmer of hope in the growing demand for

lamb meat within Ukraine. The Romanov sheep breed, in
particular, has proven to be robust and well-adapted to the
Ukrainian climate. Government support would be crucial in
this area, but at present, funding is directed almost entirely
toward the military sector. As a result, many farmers are
facing severe existential challenges.

Given the enormous potential of new applications for wool,
this sector could be easily and successfully revitalized.
Sustainable reconstruction using wool and clay could

offer both an ecological and economic opportunity — for
Ukraine and for other European countries alike.
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Zaur Alyiv — Mykolaiv, Ukraine

Local sheep farming in the Mykolaiv region of Ukraine

is facing a growing — and very tangible — challenge:

large quantities of sheep wool can no longer be sold or
processed. Since sheep shearing is essential for animal
welfare and cannot be skipped, large piles of raw wool are
now accumulating on-site. The total volume has reportedly
reached up to ten tons. Currently, there are no viable
options for utilization, export, or proper disposal.
Traditionally, sheep wool was used for making blankets
and other textiles. A less common but promising alter-
native is its use as fertilizer in agriculture. Rich in nutrients,
wool can improve soil quality and, for example, enhance
tomato growth by gradually releasing nitrogen.

There is also increasing interest in the use of sheep wool
in sustainable construction, particularly as a natural
insulation material. When combined with other organic
components, it could serve as the basis for modular
building elements — offering an environmentally friendly
alternative to conventional materials that will be in high
demand during Ukraine’s reconstruction.
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Fig. 23-26: Structures made from willow branches, EXAMPLES TO FOLLOW! 2023 Berlin, Natalija Miodragovic ©

Natalija Miodragovic — Sheep Wool and
Willow

Another locally renewable building material is fast-growing
willow, which can be combined with sheep wool as a wo-
ven structure. The branches provide a stable framework,
while the wool serves as insulation. A thin layer of clay can
be applied as an additional protective coating. This cons-
truction method allows for both simple and complex forms
and holds great potential for flexible, sustainable architec-
ture. It presents an ecological and economical alternative
to conventional building industries. (Fig. 23-26)
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Andreas Flock — Certified Expert in Fire
Protection

Andreas Flock — Civil Engineer and Certified Expert for
Preventive Fire Protection, Fire Safety in Existing Buildings,
and Fire Safety in Circular Construction, Network HOPE
HOME - HALIS.

Resources in the Construction Industry in Times of Peace
and War

According to the German Sustainable Building Council, the
conventional construction industry consumes half of all
materials and generates half of all waste — even in times
of peace. This figure underlines the urgent need to develop
sustainable alternatives.

Over the entire life cycle of a building, half of the energy

is consumed during the construction phase — before the
building is even inhabited. This clearly shows how pressing
it is to reduce resource use through renewable materials.

Even in peaceful times, the focus must be on preserving
what exists, repairing it, and building new only with care.

In times of war, there is an even greater need to work with
what remains usable. Constant improvisation and ongoing
research are required to establish resource-efficient alter-
natives that can endure under both conditions. Sheep wool
can play an outstanding role in this — not only ecologically,
but also economically.

Sheep Wool as a Fire Protection Material

In fire protection, many organic materials are viewed
critically due to their potential to release toxic gases
during a fire. However, plastics far exceed them in both
quantity and toxicity of smoke emissions. Like other living
materials, sheep wool has the ability to protect itself in
the event of a fire, making it a highly effective material for
structural fire safety.

* Formation of a heat-insulating carbon layer

* The high sulfur content in the fiber, combined with mois-
ture and nitrogen, slows down oxidation. Two-thirds of
the material's structure consists of trapped air, providing
additional protection against heat.

« No dripping or open flames: While synthetic insulation
materials can melt and produce burning droplets during a
fire, sheep wool chars without producing an open flame.



* Low smoke development: The dense structure of wool
fibers ensures significantly less smoke is produced
during a fire compared to many other organic materials.

* During pyrolysis, sheep wool forms a carbon-rich sub-
stance — biochar — which can bind pollutants for soil or
water purification.

»Natural building materials don't want to burn!«
»Wool is more fire-resistant than steell«

A key concept in fire protection is the distinction between
combustibility and fire resistance. Sheep wool shows its
potential in this regard: despite its organic nature, it can protect
load-bearing structures in the event of a fire while also deliver-
ing excellent insulation performance. (Fig. 27, 28)

Sheep Wool as a Sustainable Building Material
In addition to its fire protection benefits, sheep wool offers
several other key advantages:

« Efficient thermal and sound insulation: Sheep wool
naturally regulates temperature and humidity, creating a
comfortable indoor climate.

* Durability and ease of use: Unlike synthetic materials,
sheep wool remains stable over decades without losing
its protective properties.

» Resource-efficient, circular construction: When combi-
ned with clay or wood, it enables the creation of stable,
energy-efficient buildings that require little to no energy-
intensive materials.

Sheep Wool for Soil Detoxification

In addition to its advantages as a building material, sheep
wool possesses a frequently underestimated ability: it
can cleanse contaminated soils. Thanks to the molecular
structure of its amino acids, it can bind and retain pollu-
tants from the soil. These include:

* Heavy metals such as mercury, lead, or cadmium

» Acids and bases, which it can neutralize due to its
chemical composition

* Nitrogen compounds, which it naturally contains, making
it usable as an organic fertilizer

Especially in war-affected or industrially contaminated
regions, sheep wool, combined with plants like hemp,
could make a valuable contribution to soil regeneration.
This combination could help improve long-term soil quality
and make the land suitable for agricultural use.

Future Perspectives and Challenges

Despite the significant advantages of sheep wool in the

construction sector, there are still considerable obstacles:

* Lack of standardization and certification: The use of
natural materials is often unnecessarily complicated due
to strict regulations. A simplified approval process could
help overcome this barrier.

* Industrial use and availability: Despite the large quanti-
ties of wool available, there is a lack of infrastructure for
industrial processing. Stronger collaboration between
agriculture and the construction sector is needed.

« Awareness-building: The benefits of sheep wool as a buil-
ding material and soil purifier are still not widely known.
Research and public outreach are essential.

Conclusion: Sheep wool is far more than a traditional
material — it addresses key challenges in the construction
industry: fire protection, sustainability, and environmental
regeneration. It could and should play a key role in the
architecture of the future, as it combines safety, ecological
responsibility, and resource efficiency.

With targeted research, adapted construction methods,
and increased use of circular materials, sheep wool has
the potential to revolutionize fire safety and contribute to
the purification of soil and water.
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Fomes-fomentarius © Vera Meyer
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Fungi

Mycelium, the extensive, thread-like cellular network of fungi,

is emerging as one of the most versatile materials of our time.
Unlike conventional industrial materials, mycelium is alive, self-
growing, and fully biodegradable. It naturally grows on agricultural
or forestry waste such as straw, hemp shives, or sawdust, binding
plant particles into lightweight, durable composites without the
need for synthetic adhesives or harmful chemicals.

Mycelium-based materials can be shock-absorbent, water-
repellent, fire-resistant, and insulating — all produced with minimal
energy input and safely returned to the environment at the end

of their life cycle. In short, mycelium is not just a substitute

for resource-intensive materials like plastic or concrete, but
represents a radically new paradigm for how we design, build,

and reconnect with the natural world.
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Abb. 2: Fomes- Fig. 3: Isolate mycelium from the fruiting body and grow it on various
fomentarius agricultural and forestry waste materials. © Pohl et al. (2022) Fung Biol
© Vera Meyer Biotechnol 9

Fig. 7: Fire tests according to EU standards showing that only the outer layer of the mycelium
burns, while the inner part remains unaffected. © Pohl et al. (2022) Fungal Biol Biotechnol 9 |
Schmidt et al. (2023) Fungal Biol Biotechnol 10
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Vera Meyer — Building with Fungi as a Radical
Act of Regeneration

As a professor and Doctor of Engineering, she leads the
Chair of Applied and Molecular Microbiology at TU Berlin.
She works at the intersection of science and art. Her
biotechnological research focuses on the use of fungi in
industrial applications, particularly in the development of
sustainable materials for the construction sector.

What Can Fungi Do?

» We only see the fruiting bodies of fungi above ground
with our eyes. The actual fungal network, the mycelium,
stretches underground and can cover several hundred
square kilometres.

* It is estimated that there are 5.6 million species of fungi
on Earth, a number comparable to animal species, but
only a small portion, around 130,000, has been studied
so far.

* Most fungi are saprophytes, meaning they decompose
dead organic matter and play a crucial role as recyclers
in nature.

* Only a few species are pathogenic (around 150-400 for
humans and approximately 6,000 for plants), and even
fewer — just 30 to 40 — are used in biotechnology as cell
factories to produce various substances.

* Fungi have long been an integral part of biotechnology.
Aspergillus niger gained historical importance during
World War | when it became a source of citric acid
production after traditional sources (like lemon trees)
became inaccessible. This discovery is considered the
birth of modern biotechnology and gave a significant
boost to the pharmaceutical company Pfizer, which later
mass-produced penicillin and, more recently, COVID-19
vaccines.

* With enzymes from Aspergillus niger, we can also wash
laundry at lower temperatures — around 20 degrees
Celsius.

* Fungal composites could completely replace Styrofoam,
which breaks down into microplastics and persists in the
environment for centuries.

»Whatever you have touched, eaten, or worn today...«

... probably has something to do with fungal biotechnology,
though you may not be aware of it. It influences our daily
lives through food and pharmaceuticals, as well as textiles
and cleaning agents. The market for fungal biotechnology
products is estimated at over 54 trillion USD across sec-
tors such as food, healthcare, environmental management,
and materials. (Fig. 1-3)

Fungi can recycle virtually any organic material on Earth.
Whatever we offer them as a food source — including
agricultural and forestry waste — they are able to convert
it into their own biomass and form compounds that can
serve as the foundation for entire industries.

We build with fungi! We « must - build « with * fungi!
The Tinder Fungus — Fomes fomentarius

* Properties of the Fruiting Body: Lightweight, water-repel-
lent, shock-absorbing (important for earthquake-prone
regions), and durable.

* The fruiting body itself is not used directly. Instead, the
mycelium is isolated and cultivated on agricultural and
forestry by-products, such as hemp shives or straw.
During cultivation, the mycelium binds the plant particles
together, forming a composite material that is stable,
lightweight, and sustainable.

* This material can be shaped freely as it grows and later
pressed into particle boards or flexible panels, depending
on the intended application. The full production process
takes around six weeks and offers endless design
possibilities — including 3D printing.
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Practical Applications and Challenges

* Production and Growth Control
The material must first be heated to 120 °C to ensure ste-
rility; growth of the wood-decay fungus is halted at 70 °C.
This process ensures that fungal growth is completely
stopped in the final material.

* Buoyancy and Insulation Properties
Due to the air content in mycelium, these composite
materials offer excellent insulation and — depending on
cultivation methods — can either float or sink in water.

* Repair and Adaptability
Small damages or holes in structures can be repaired by
applying fresh mixtures of mycelium material and briefly
reactivating them before final deactivation.

* Mycelium Combined with Bioplastics Enhances Material
Strength
Fire safety tests in accordance with EU standards show
that only the outer layer of the mycelium burns lightly,
while the inner structure remains unaffected — an indica-
tor of its resilience.

* Concrete and Recycling
Mycelium can also serve as a natural adhesive that
binds recycled concrete fragments together. This opens
up sustainable reuse options for construction rubble in
disaster or (post-)war areas such as Ukraine. (Fig. 4, 5)

On the pressing question of whether fungi could play a role
in the reuse or neutralization of the more than 1 million
tons of war and building debris in Ukraine, Vera Meyer
responds with optimism: »| believe so! Whatever you offer
to a fungus, it tries to grow on it. If concrete dust or small,
even large concrete particles are mixed together, the fun-
gus will attempt to grow into it, about 1-2 cm deep, before
it stops due to a lack of nutrients. However, if concrete is
combined with a plant or an organic source like straw or
hemp, the fungus happily grows around it! We've already
demonstrated this on a laboratory scale.«

Meyer’s approach is transdisciplinary; her work merges
science, society, and citizen science through artistic
methods. Through exhibitions and installations, she makes
complex technologies accessible; she brings fungal
architecture into dialogue with communities, policymakers,
and industry, and opens her work to public use through DIY
initiatives. (Fig. 6, 7)

Their goal: to build houses from mycelium-based materials
by 2030, thereby significantly contributing to reducing the
CO, footprint of the built environment, which currently
accounts for 37 % of global CO, emissions and 34 % of
global energy consumption.

Sven Pfeiffer — Echo 1- Digital Architecture
Meets the Intelligence of Mycelium

Professor of Digital Design, Planning, and Construction at
Bochum University of Applied Sciences, with a focus on
exploring the architectural potential of mycelium.

At the center of his research and teaching are the
following questions:

* How can we use digital methods to design architectural
spaces that respond more effectively to the planetary
constraints of the climate crisis?

* How can innovative, circular materials support the
transition toward a sustainable transformation of the
built environment?

* What role do digital design and construction methods
(such as artificial intelligence, 3D printing, and robotics)
play in this process?

Worldwide, the use of building materials is advancing

rapidly. Therefore, we need a function-oriented and

differentiated use of materials. It is essential to promote
circular construction systems in which all materials can be

reused. (Fig. 8)
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Fig. 10: Exterior and interior views of MY-CO SPACE.
A curved interior made of plywood arches covered with
mycelium © Wolfgang Giinzel, tinyBE

Fig. 11: MY-CO SPACE installation in June 2021 in
Frankfurt am Main © Julius Eirund, tinyBE | Fig. 12:
MY-CO SPACE sculpture at the Berlinische Galerie
© Berlinische Galerie
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Globally, research on fungal architecture is also gaining
momentum. A fundamental insight in this field is the
understanding that a building's structure consists of
multiple layers and components with varying lifespans.
Some materials last only a few decades, while the primary
structural elements can endure for a century or more. It is
therefore crucial to differentiate between these layers.

* The potential of mycelium-based building materials lies
in their ability to bond with other materials such as wood
or concrete for sustainable construction, enhancing
their properties in the process. Mycelium is lightweight,
exceptionally strong, and can be reused or composted
after its initial life cycle.

* The adoption of circular construction processes means
not only replacing traditional building materials with bio-
materials, but also upgrading existing structures through
extensions and modifications for continued use. The
most important step is entering a regenerative cycle that
allows us to reuse everything we build. (Abb. 9)

Challenges and applications:

* There are still major hurdles: developing mycelium-
based materials suitable for outdoor applications and
scaling up the production of fungal materials from
laboratory to industrial manufacturing. Local production
remains challenging, raising questions about on-site
versus industrial prefabrication.

* Certification processes, such as those already in place
in Ukraine, are crucial steps toward broader application.

MY-CO SPACE and Practical Experience:

Sven Pfeiffer's team gained initial experience in building with
fungi through the construction of a prototype called MY-CO
SPACE.

The MY-CO SPACE consists of a wooden substructure cove-
red with mycelium panels. This construction combines the
structural advantages of wood (stability, workability) with the
atmospheric and insulating properties of fungal materials.
The tactile and sensory qualities (texture, smell) of fungal
materials differ significantly from conventional materials,
creating unique interior spaces.

Currently, the team is developing a modular construction
approach that allows for the production of large modules
with wooden frames filled with mycelium-based elements.
(Fig. 10-16)

Martin Rahmel — Echo 2 — From Lab Bench to
Market: The Future of Mushroom Materials

Industrial Engineer, TU Berlin, Director of the Chemical
Invention Factory, specialized in advancing inventions in
the fields of green chemistry, sustainable materials, and
nanotechnology

The Challenge of Technology Transfer

Bringing innovative research from the lab to the market—
where it can have meaningful real-world impact—remains a
major challenge. While global research output has signifi-
cantly increased, its commercialization has not kept pace.

An article in The Economist (February 5, 2024) high-
lights that since the 1980s, the number of researchers
worldwide has risen by 275 %, from 4 million to 15 million.
Despite this growth, research productivity has declined

by 75%. This paradox underscores a critical issue: while
investments in research have surged, the expected
economic returns and societal benefits often fall short of
expectations.

From Idea to Market-Ready Product

* In materials science, it is unfortunately common for
important discoveries to remain within scientific publica-
tions without being transformed into viable, sustainable
products.

* Bridging this gap requires a structured infrastructure
that supports innovations through the critical phases
between early research and final industrial production.
This transition can only succeed if we move beyond the
laboratory and begin to align with market conditions,
including the development of prototypes, scaling proces-
ses, and the industrialization of production methods.

* Opportunity for Ukraine
Ukraine, often referred to as the »breadbasket of Europe,«
produces large quantities of renewable agricultural
resources. Instead of simply burning agricultural
byproducts, the country has a significant opportunity to
develop high-value, innovative materials. By harnessing
local renewable resources and focusing on the develop-
ment of sustainable materials, Ukraine can drive green
economic growth and rebuild its infrastructure using
cutting-edge technologies.
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Fig. 18-21: Different types of mycelium, mushroom foam © Yova Yager

Fig. 22: Mushroom paper Fig. 23: Mushroom leather ©
© Yova Yager Yova Yager
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Fig. 17: Mycelium © Yova Yager
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Yova Yager — Designing for Everyday
Imagination With Fungi

A Ukrainian designer and architect, is pioneering new
approaches to sustainable material design. Her work
focuses on replacing traditional plastics with natural
alternatives such as mycelium and hemp, highlighting the
power of interdisciplinary collaboration.

YY MYCO Collection

In her project, developed in collaboration with biologists
and innovators Yuliia Bialetska and Eugene Tomilin, Yager
explores how natural materials can transform everyday
life. The project was born after a lecture in 2019, in which
she introduced future materials such as bacteria-based
textiles, algae, coconut milk fibers, and fungi to a wider
audience in Ukraine.

Yager has recognized the communication gap between
designers, manufacturers, and scientists and is continu-
ously working to build a dialogue to find solutions that

are not only innovative but also beautiful and accessible.
To bring mycelium closer to people, her team has created
small, familiar household items—tableware and cutlery—
made from mycelium composites. These everyday items
encourage users to question material standards: Is it safe?
Biodegradable? Waterproof? Durable?

Yager is committed to mycelium because it is naturally
strong and inexpensive and does not require any chemical
additives. With the YY MYCO Collection, her team has
expanded its work to furniture, lighting, and art, using
biocomposites made from mushroom mycelium and
industrial hemp.

In 2021, the collection was presented at Paris Design
Week, not with the immediate goal of selling, but to raise
awareness and curiosity among designers and journalists
about sustainable materials. The collection includes

four types of material textures: fungal foam, fungal foam
plastic, pressed fungal foam plastic, and fungal leather,
all contributing to a future with less plastic and a stronger
connection to nature. (Fig. 17-23)

Yuliia Bialetska — Fungi as a Substitute for
Plastic

A Ukrainian entrepreneur leading innovation in sustainable
packaging as the CEO and co-founder of S.Lab. She deve-
lops biodegradable materials that replace harmful plastics
by combining agricultural waste with mycelium, offering
scalable and environmentally friendly solutions on a global
level.

Fungi as a substitute for plastic

S.Lab’s mission is the mass production of sustainable,
biodegradable materials that can realistically replace
harmful packaging solutions — in particular, polystyrene.
Polystyrene takes over 500 years to decompose, pollutes
soil and oceans, and enters our bodies as microplastics. In
the face of this urgent ecological threat — and increasing
social demand — Yuliia Bialetska and her team have
developed a solution: combining agricultural waste with
mushroom mycelium to create a fully biodegradable,
natural material.

In this process, plant stems such as hemp or flax are
shredded and mixed with mycelium, which grows through
the fibres and binds them into a durable composite.

The resulting material shares the qualities of polystyrene,
it is lightweight, insulating, and water-resistant, but quickly
decomposes in soil, seawater, or even home compost.
Scaling the Process

One of S.Lab’s key innovations is the scalability of their
production. The goal is to optimize manufacturing lines
and build a global network of mini-factories. Compared to
conventional alternatives, producing 1 kg of our packaging
helps avoid 6 kg of CO, emissions and saves 12 litres of
clean water.
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Fig. 25: Samples from the HOPE HOME « HALlIfl Lab © Kateryna Krolenko | Fig. 26: Samples © kos losts
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Kateryna Krolenko — HOPE HOME « HAZIIA
Fungi Lab

The HOPE HOME « HAZ1Il Fungi Lab is a grassroots
initiative at the intersection of biodesign, ecology, and
architecture; it is the practical consequence of the Zoom
conversation on fungi as a building material; it took
concrete shape during a material show on ecological
building materials and interdisciplinary workshops at the
Chamber of Architects in Kyiv in September 2024. In joint
discussions, a central question emerged:

What if we could harness nature itself to rebuild what
humans have destroyed

THOPE HOME - HAZLI Fungi Lab focuses on building
materials made from fungal mycelium. Such materials
have the potential to be CO,-negative while also neutrali-
zing hazardous debris. Recent studies show that fungi can
encapsulate — or even break down — asbestos. We believe
that the potential of fungi is far greater, and it is worth
exploring them in depth.

The lab’s activities rest on three pillars: research, educa-
tion, and community building.

We believe in the future of citizen science, where everyone
can contribute. Therefore, in addition to growing mycelium-
based materials, we work in the following areas:

* Teaching the fundamentals of biodesign

* Hosting lectures and hands-on workshops

* Co-developing solutions for green reconstruction

Our first step is to adapt the experiences of our German
colleagues to Ukrainian conditions and integrate cons-
truction debris into mycelium insulation blocks. Thanks to
the Impetus Accelerator, we were able to involve students
and volunteers who helped embed construction waste into
these mycelium blocks.

During a workshop at a student festival organized by the
local makerspace community Ostriv, we taught a group of
students the fundamentals of working with biomaterials
and explored symbiosis as a form of peaceful coexistence
with nature — an art that fungi have mastered!

Our plans are ambitious

In the short term, we aim to scale up production to
conduct field tests of fungal blocks in a village affected

by the war. In the medium term, our goal is to train local
communities to independently produce such materials and
grow fungi — creating new opportunities, particularly for
veterans and internally displaced persons.

Our long-term strategy is to build a nationwide network of
biodesign hubs. We plan to strengthen partnerships both
in Ukraine and abroad, expand into other biomaterials, and
develop solutions for climate adaptation, bioremediation,
and ecosystem restoration, including recovery from the
consequences of war.

Why is this important?

Ukraine has found itself on the front line of not only the
fight for its freedom, but also for a sustainable future amid
war and climate change. The problems we face today —
soil and drinking water contamination, disrupted energy
grids, and the environmental consequences of destruction
are challenges the entire world may soon encounter.

This project is an attempt to prove that reconstruction can
and must be green. We believe that innovations born in
times of crisis can offer scalable solutions to help commu-
nities worldwide become more resilient and thrive — even
in the darkest times.
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Alessandro Volpato — Every Kitchen Can Be
Turned into a Mushroom Lab

Biologist, educator, developer of open-source tools, and
mediator between science and society, with a focus ran-
ging from citizen science to biotech innovation to develop
new ideas for industry. »| build tools that make science
accessible.«

Do-it-yourself approach « Open Access and Open Source
All instructions are freely available online, and anyone
can edit, modify, and reuse them for their own purposes.
Impressive results have been achieved in workshops with
youth organizations, inclusion NGOs, students, and start-
ups. Architects and designers, in particular, are interested
in the easy-to-apply ecological and collaborative solutions
of recyclable and compostable mushroom-based mate-
rials for sustainable practice.

How can | recreate the equipment of a professional
mushroom lab to try out my own ideas?

In fact, many of these tools can be replaced by everyday
household items without compromising technical results;
every kitchen can be turned into a mushroom lab. This
practice has become so widespread that there is now a
wide range of specialized, affordable products that allow
enthusiasts to set up their own home lab.

Basic tools * everyday ingredients

Various glass containers, scalpels, a pressure cooker,

a still-air box, and everyday ingredients such as gelatin
powder, malt extract, potatoes, or grains make the kitchen
lab ready for use.

In the »Mind the Fungi« project by Vera Meyer and others,
in cooperation with the Department of Applied and
Molecular Microbiology at Technische Universitat Berlin,
we translated lab protocols into kitchen-friendly recipes.
These allow architects, designers, artists, and anyone
interested to produce mushroom-based materials accor-
ding to their own ideas.

Here is a small cabinet of curiosities:
www.top-ev.de/mushroomresources



http://www.top-ev.de/mushroomresources 
http://www.top-ev.de/mushroomresources 

Recipe — How to Cultivate Working Material from Wild Mushrooms

Although it looks like a simple cooking recipe, it meets the high standards of the Food and Drugs Administration Labora-
tory Manual for Mycology, which serves as the national reference standard in the United States.

© Dissolve 2 g agar powder (% teaspoon) and @ Drill an 8 mm hole into the lids of screw-top © Fill the jars with about half a finger's width of
2 g malt extract (for beer brewing) in 100 ml jars (jam, pickles, mustard, etc.) and seal it the prepared liquid, close them, and cover the
water and mix well . tightly with cotton. lid with aluminum foil.

O Sterilize in a pressure cooker for 40 minutes, © Sterilize a still-air box (e.g., an IKEA storage @ Wearing household gloves inside the still-air
then let cool. box with two hand holes) and knife/scalpel box, cut three 5x5x5 mm pieces of mycelium
with alcohol . from inside the mushroom stem.

@ And place them on the now solidified agar- ® Once the mycelium has grown about 2cm, cut @ And transfer it into a new screw-top jar with
gelatin. out a 5x5x5 mm cube of agar with mold-free agar-malt extract .
mycelium.
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Participatory Architecture from
Reused, Found, and Leftover
Materials

Wherever war, destruction, or economic change leaves traces,
materials remain: fractured bricks, bent steel beams, discarded
machines, entire building shells. What appears to be debris

can become the starting point for something new. Reusable

and participatory architecture understands these remnants

as a resource, not only material, but also social. It is about
collective processes: building together, do-it-yourself methods,
neighbourhood initiatives. HOPE HOME « HALIIA shows that the
focus is not on the completed building, but on the path toward it,
the involvement of residents, the experience of collective action,
and the possibility of regaining self-empowerment.

The approach remains sensitive to context. It responds to

local conditions and to the question of how to deal with the
remains of destroyed houses. In this way, it produces not only
physical structures, but also social spaces, places of exchange,
participation, and community.
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Benjamin Forster-Baldenius — An Architect
Who Does Not Build

Architect, situation designer, cultural activist, founding
member of raumlabor berlin (1999), and co-founder of the

Floating Yniversity in Berlin.

Participatory building and intervention practice
through four case studies

Repair Reuse Recycle

Re-use and repurposing have a very long history. For
centuries, we have encountered examples of dismantled
and recomposed buildings. Sometimes it is only small
architectural fragments that are taken along and displayed
as spolia — trophies of victory, like the French cannons at
the Berlin Victory Column. In other cases, entire buildings
have been dismantled and reconstructed elsewhere, such
as the Ishtar Gate in the Pergamon Museum.

Other buildings are simply adapted and completely trans-
formed through minimal intervention, like the Hagia Sophia
in Istanbul, which after 1,000 years as a Christian church
became a mosque for the next 500 years with only the
addition of a few minarets.

During times of conflict, destroyed buildings are often re-
used: as shelters, factories, schools, infirmaries, hideouts,
depots, barracks, prisons, and command posts. After

war, many of these buildings stand empty until new or
former uses reoccupy them. Whether through demolition,
conversion, renovation, or new construction, enormous
quantities of material are constantly being moved, reused,
recycled, or piled up into mounds of rubble, sometimes
even dumped into the sea for land reclamation.

Resourceful architects, confronted with scarcity and
mountains of debris, have always developed surprising
ideas. The Marseille architect Fernand Pouillon used sewer
pipes to construct refugee shelters. In Berlin, during the
construction of Stalinallee, Henselmann and Paulick relied
heavily on reused bricks. At the Hebbel Theater, an entire
row of windows was replaced using gin bottles.

Use what you find

A new kind of baroque emerges when one works with the
leftovers that wars leave behind. Aircraft parts, bunkers,
fuel depots, mobile field equipment, vehicles, weapons,
ammunition, combined with rubble, are assembled into
new structures. This demands a technique of bricolage,
which is rarely taught in architectural education.

Footnote: Bricolage (from French bricolage - tinkering, improvisation) refers to

a method of creation using existing, often heterogeneous materials, objects, or
fragments, combining them into something new.

Four case studies

Realised in peacetime by raumlabor berlin, these projects
reveal the potential to preserve the past, to tell stories,
and to generate new forms of Community even during
construction.

¢ The Third Space (Bochum, 2018-2020)

The task was to create, for the Ruhrtriennale 2018/19/20,
a place for large-scale performing arts within the monu-
mental halls of the Ruhr’s industrial heritage, a space
that would also accommodate small, quiet, experimental
formats. A modular construction kit was developed so
that the space could be adapted each year to site and
programme.

At its core was a decommissioned Transall transport
aircraft from the German Air Force. Also included were a
fuselage section from an Airbus A220, discarded seating
shells from various Rhineland football stadiums, accordion
joints from Berlin articulated buses, washing machine
windows, and plywood. In a local workshop, connecting
elements were made: tables, chair legs, furniture,
stairways, even a table tennis table. In the end, a space
was created that, for a few weeks each year, could be
reassembled in different configurations on the forecourt of
the Jahrhunderthalle.
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Fig. 1: Third Space 2018, Bochum © raumlabor Fig. 2: Plastic Democracy 2021, Diisseldorf Fig. 3: Plastic Democracy 2021,
© Rainer Schlautmann Diisseldorf © Rainer Schlautmann
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Fig. 7: [Working on] Common Ground 2022, Pristina Fig. 8: [Working on] Common Ground 2022, Pristina Fig. 9: [Working on] Common Ground 2022, Pristina
© Adthe Mulla © raumlabor © Tea Marta

86



» Neocodomousse (Saint-Nazaire, France, 2016)

{neo = new, co = together, domo = house, mousse = moss}
A German World War Il submarine bunker, whose massive
presence once led to the destruction of the entire city and
later shaped its reconstruction, was to be repurposed.
From this monumental structure of concrete, a place for
communal living was to be imagined, developed, and
perhaps even built. The materials were sourced exclusively
from waste and scrap regularly washed ashore or dumped
in the harbour — a radically ecological and resource-
conscious concept at the intersection of art, architecture,
urban development, and social experiment.

Saint-Nazaire is sustained by its fossil industries. Here,
the world’s largest cruise ships are built, along with
submarines, warships, aircraft, petroleum, and gas. Vast
scrap yards contain the metallic remnants of the French
nation, waiting to be shipped around the world. The end
of the fossil age would strip Saint-Nazaire of its economic
foundation.

For a vast art space inside the former submarine bunker,
we proposed a workshop for new communal architecture
using discarded materials. Each day, three truckloads of
scrap were delivered into the hall, processed by a team of
twenty specialists: walls made from refrigerators, washing
machines, and dumpsters; living cells clad with gutters,
circuit boards, licence plates, and Tetra Paks; inflatable
domes made from old uniforms; entrances constructed
from window frames, and more.

« A Common Ground (Pristina / Kosovo, 2021)

The task here was to support the capital of this small
nation, with its large diaspora investing heavily in “concrete
gold,” in securing a central urban area for collective
interests. We decided to salvage stones from the kilns of
the former brick factory, scrub them, glaze them, fire them,

and use them to create spaces for all kinds of gatherings.
During a summer school, with 120 hands, we built a kit-
chen, a workshop, a pool with a water-filtering landscape,
a garden, and a parcours through the history of the site.
The brick factory that produced the very bricks from which
Pristina was once built has stood silent since the Kosovo
War. Just before we began our work, it transferred owner-
ship from the state trust to the city. The nomadic biennial
Manifesta used this moment to speculate with us about
the cultural future of the site. We committed ourselves to
realising the project using only materials found on site,
earth, scrap, and brick.

* Floating YUniversity (Berlin 2018 to present)

In a centrally located rainwater basin, the task was to
establish an offshore campus for cities in transformation:
writing a concept, searching for funding, building alliances,
convincing stakeholders, and above all, enduring, enduring,
enduring. Once everything was finally secured, a strong
team was assembled, work began, and it never truly
stopped. Together with so many contributors that we can
no longer remember them all. Since 2019, it has been
operated by Floating e.V.

The Floating University is not a recycling project. It

is a collectively supported place of learning within a
multi-coded space: an element of urban infrastructure (a
rainwater reservoir), a habitat for numerous non-human life
forms, a place of recreation for a hundred allotment garde-
ners, and a university for all. Academic and non-academic
forms of learning intersect here. Research is carried out
through situational, site-specific, embodied, and scholarly
practices, addressing questions of nature-culture and
urban practice. All aspects of being and dwelling in the city
are examined alongside one another and viewed through
an intersectional lens. Terrestrial!
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Fig. 10: Floating University Opening night
© Victoria Tomaschko

Fig. 11: Floating University 2018 © Alexander Stumm

Fig. 13: Floating bniversity 2019, Climate Care Festival
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Fig. 15, 16: Micro-rationality © Ivan Protasov

Fig. 14: Floating bniversity 2018, closing ceremony
© Daniel Seiffert
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Fig. 17, 18: »House of Europe«, mobile project © Ivan Protasov
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lvan Protasov

An architect based in Kyiv, Ivan Protasov founded the
office Prototype in 2020 — an architecture and design
studio working with the concept of “micro-rationality,”

a methodology that places local conditions, available
materials, and adaptable use at the centre of the design
process.

The Prototype team applies the principle of micro-rationa-
lity, a method focused on the specific conditions of place
and on materials available on site. This approach leads to
spatial solutions designed to change, adapt, and be reused
over time. The studio works on projects of various scales,
with a strong emphasis on public and community-oriented
developments. The goal is always to address the imme-
diate needs of a place while respecting its unique context.
During construction, the process deliberately leaves room
to adjust outcomes and re-use existing resources.

A defining example is the Ukrainian-Danish Youth Centre in
Kyiv, completed in 2022 during the war. Located in an 18th-
century building formerly used by the Ministry of Justice,
Prototype created flexible spaces supporting youth
initiatives and cultural exchange in Ukraine. Numerous
small rooms were opened up to allow for versatile use.
Demolished structures and recovered construction debris
were sorted, recycled, and reintroduced into the project.

From the outset, partition walls and plasterboard structu-
res were dismantled, photographed, sorted, and categori-
zed. This formed the basis for reuse: furniture made from
plasterboard and wood, reinforced with polystyrene for
stability and insulation; seating constructed from plastic
pipes and carpets; lamps and furnishings assembled from
old aluminium components and light fixtures.

The resulting open spaces connect past and present
through the deliberate integration of recycled materials.
They remain adaptable, capable of hosting multiple
scenarios and uses.

»House of Europe«, Mobile Project / Ukrainian Pavilion
The House of Europe project was developed between 2020
and 2021 as part of the Ukrainian-European cultural asso-
ciation and was realised through an architectural compe-
tition. The aim was to create temporary spaces in towns
and villages with limited cultural infrastructure, serving for
one to two months as venues for events, exchange, and
information. The pavilion functioned both as a platform
for cultural programmes and as a form of outreach for the
organisation’s future initiatives.

The concept is based on a modular structure that can

be flexibly adapted to different urban settings. Two main
units, open boxes with roofing that function like an amphi-
theatre, and enclosed containers, form the core system.
Depending on the location, they can be arranged in various
configurations, transforming public spaces into cultural
meeting points 