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ABSTRACT

Imaginations of server practices that depend on renewable energy,
such as wind or solar, highlight alternative paradigms to the fossil
fuel intensive, resource hungry computation of cloud regimes.
More often than not, the materials used to maintain off-gridness,
such as batteries and solar panels, depend on intensive resource
extraction, land grabbing and damage to soil dependent
ecosystems. This raises important questions of how both
renewables and computing are dependent on extractive practices.
In response, the Windternet project explores how regenerative
commitments can act as resource "limits" capable of challenging
and generating alternative approaches in computing otherwise,
renewables and sustainable technological prototyping more
generally. Following propositions of regenerative agriculture and
related approaches that start from a point of not only sustaining but
actively improving socioecological relations, we outline an account
of the design practice of a grid-liberated, hybrid solar and wind
powered regenerative energy community server. Transversing
across different imaginaries of limits and abundance, we discuss
how components in the designs of regenerative prototypes can be
substituted, eliminated or repurposed. This includes growing
compost-promoting wind turbine blades from mycelium,
repurposing e-waste generators and developing a custom low-cost,
open source hybrid charge controller for low power servers. In
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doing so, we explore what it can mean to center regenerative
commitments when practicing with technological and
computational tools for the resourcing of community
infrastructures.
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1 Against energy and computational
monocultures

In this paper we discuss Windternet, a recently initiated
collaboration between two ongoing projects: Regenerative Energy
Communities (https://regenerative-energy-communities.org) and
Solar Internet (https://solarinternet.org/). Our collaboration focuses
on building practices for small-scale and low-powered solar-wind
microgeneration prototyping. To date, this has involved working
with both off the shelf and regenerative materials (such as
mushroom mycelium) for what we describe as the "speculatively
functional" purpose of powering a cloud- and grid-liberated server
for local experimental farming communities in Smaland, Sweden.
The project crosses art, design and computer science approaches
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with those of farming and bottom-up DIY energy experimentation.
The solar-wind prototype at the center of the research aims to
propose alternative material possibilities for renewable energy
prototyping and to highlight the potential of regenerative principles
to challenge and reframe paradigms around what can constitute
genuinely sustainable progress and innovation in fields such as
renewable energy and computing — working towards practices that
can be built on life and earth affirming infrastructures.

The work of the Regenerative Energy Communities (REC)
project is situated around the Brande Udde ("burnt peninsula")
farming site in VVaxjo, Sweden, a small-scale site of experimental
communal farming that has over its six years of existence included
farming collectives such as the Feminist Farmers, TheDirt and
other local individuals and families. Working on this 6,000 square
meter plot of land, these groups have over the last six years
experimented with growing methods inspired by regenerative
farming, permaculture and other forms of creative soil-based
practices for sustainable and community-minded growing. In the
care for practices of farming, food and community that we saw on
this student-driven farm, we, as educators, artists, designers and
technologists, were inspired to explore what kind of alternative
energy infrastructure might be able speak to the regenerative
practices and imaginaries that we saw on this space.

Doing so felt especially necessary in an age of Big tech & Big
oil [1] critical mineral extraction, resource hungry server farms and
the largely limited imaginaries of the current “energy crisis". In
specifically bringing together the fields of energy and agriculture,
the project aims to think through what are multiple and largely
destructive overlaps within practices of energy and agriculture
(including those of renewables), with their modes of extraction,
capitalist expansion over land and ongoing depletion of ecological
health [2, 3, 4, 5] (see also Smil [6] for a history of practices of
agriculture read through a framework of energy). In response to
this, a guiding question for REC's ongoing series of workshops and
prototyping experiments has been how can we make space for
communities to feel that both food (farming) and energy (electricity
+ electronics) are not something that is done to us, but that we do?
A method of collective experimentation that pushes against energy
(and computational) monocultures and towards the opening of
spaces for a plurality of possible energy communities and
prototypes.

The Solar Internet project has been exploring solar servers both
in practice and as a design tool for discussing the predominant
limitless growth paradigm in computing. During the project
different off-grid solar servers and on-grid solar-aware servers have
been created, and the constraints, possibilities and risks explored
[7].

Environmental sociologist Ryan Alan Sporer highlights how the
term "off-grid" has an important dual quality in its usage, namely
the way in which it refers to "material components and social
relations [...] It is an apolitical technical term for components. And
it is a social term for everything in between violent anti-society
extremists to teenager discursive hyperbole” [8]. We are weary of
certain toxic and isolationist cultures that have developed around
off-gridding [9] and propose a terminology of grid-liberated as an
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alternative way of speaking of elements of the Windternet
prototype. At a practical level, there is the potential of being
loosened from certain constraints or negative elements of electricity
grids, with one able to engage with resources and communities that
lie outside of any particular grid's affordances. But a shift in
emphasis from off-grid to grid-liberated also aims to emphasize a
sense of collective, from below modes of communal
infrastructuring, resourcing, knowledge sharing and making. As
Stephanie Wakefield points out, disaster response communities can
be instructive for "their interrogation of infrastructure”, an
interrogation that might include questions that "get at the heart of
any transformation in ways of living" [67]. Things are always in
relation, but rethinking the collective potentials of material
components and their social relations can be instructive for the
kinds of liberation-oriented potentials in practices focused on
supporting sustainable and empowering forms of collective
sufficiency, diversity and regeneration — as can be found in
examples such as agroecology (discussed further below), Right to
Repair movements [68, 69] and further afield.

Our research projects aim to address what can be understood as
a crisis of infrastructure and imagination in current approaches to
energy provision through designerly and creative computational
approaches to community engagement with technological
alternatives that stand in contrast to mainstream research and
development methods and attitudes towards technological
innovation [10, 11, 12, 13, 14, 15]. However, although both
projects work very specifically with addressing infrastructural
practices and planetary limits, there is a creative friction in our
approaches. Whereas the Solar Internet project focuses
generatively on "constraints" and computer science methods, REC
is informed by approaches to agroecology and sustainability
attuned to modes of care, growth and abundance, queer theory and
trans*feminist practices (cf. [16, 14, 17]). Windternet is an attempt
to bring these two ways together, and to work with some elastic
solidarities [18, 19] towards our respective approaches and as a
different way for both projects to think across disciplines and
practices.

1.1 Regenerative approaches

We see the approaches of alternative sustainable farming practices
as being a strong and challenging starting point for exploring
potentially more progressive, or at least very different, approaches
to community engagement with technological alternatives. In
Windternet we commit to regenerative approaches, not as a set of
principles to be distilled and applied, but as a way to address the
political ecologies of "limits" in computing, renewables and
regenerative energy — including what it means, who is posing the
question and who gets to respond [14].

Regenerative approaches and agroecology have attracted some
attention in recent years within the context of technology practices
and designing infrastructures. As political agroecologist Maywa
Montenegro de Wit [14] writes, feminist agroecology, regenerative
approaches and indigenous foodways provide groundings to more-
than human approaches. They also provide ways to counter some
of the people-free discourse in plant and soil science, rejecting the
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separations of human and non-human living worlds. As part of a
decolonial, queer and feminist approach to knowledge practices,
regenerative approaches can also foreground the importance of
plurality, diversity, interdependence, care, nonviolence and love. A
focus on regenerative approaches and indigenous food pathways
might furthermore provide ways to not "merely hijack existing
computational forms; but to transform them at every level", as Ron
Eglash et al. [20] articulate in their work on plant alliances and
decolonial computing (see also Ali [21]). And as Michelle
Westerlaken, Jennifer Gabrys and Danielo Urzedo [22] discuss in
their work, practices of "digital gardening" might inform an
approach to design digital technology towards epistemological
justice in forest and agroecological environments. Such approaches
are also explored in discussions on food production and the
necessity of critically engaging with the "digitalization" of various
forms of farming [73, 74, 75, 76]. Extending across these and
related approaches is an attempt to cultivate a relationship with and
practice of technology that “acknowledges and respects diverse
contexts and improves power dynamics by centering the agency
and biocultural knowledge of diverse farmers and communities"
[74].

At another end of the spectrum of discussions on regeneration,
design consultant and educator Daniel Wahl, author of the book
Designing Regenerative Cultures [23], speaks of designing
regenerative approaches that work "to pay more attention to
systemic relationships and interactions", with an overarching view
"to support the resilience and health of the whole system, to foster
diversity and redundancies at multiple scales, and to facilitate
positive emergence through paying attention to the quality of
connections and information flows in the system" [24]. Wahl draws
inspiration from design process facilitator Bill Reed, who wrote the
well-known piece "Shifting from ‘sustainability’ to regeneration",
in which he describes how shifting from sustainability to
regeneration "moves our frame of discourse from ‘doing things TO
nature’ to one of participation as partners WITH and AS nature"
[25]. The article includes the oft-cited "Trajectory of
Environmentally Responsible Design™ diagram, with its six levels
of environmental responsibility that progress from “Conventional
Practice" at the bottom up (positioned here as a “degenerating
system™) to "Regenerative" at the top. Such broad and generalised
systems-thinking style takes on regeneration (which Reed
characterises as "whole systems and living systems thinking") are
typical of many approaches invoking the regenerative as a concept
for rethinking approaches to sustainability.

Regeneration as a framework for computing has previously
been proposed in a LIMITS context in a 2018 paper by Mann,
Bates, Forsyth and Oshorne titled "Regenerative Computing: De-
limiting hope" [26]. Beyond its primary focus on outlining the need
for "a 'positive' approach to limits", the paper includes a list of
recommendations for moving towards a regenerative approach to
limits within computing. These include "developing narratives and

* See Beck's [30] archived 2009 post on "The Permaculture design principle of
Succession” for a sense of how Beck was thinking of permaculture as a model for
software design.
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stories of technology and computing that are more closely
intertwined with nature”, moving "beyond efficiency as the primary
lever available to computing”, and integrating inclusive, mutual
and reciprocal "ecological worldviews into computing’s narratives
and processes" [26].

1.2 Permaculture approaches

Another notable example from our perspective of attempting to
rethink and experiment with alternative modes of sustainable
technological prototyping in relation to sustainable modes of
farming is that of “permacomputing”, an active community whose
contributions have featured as papers and ongoing discussions
within  recent LIMITS gatherings and other forums
(https://permacomputing.net). A blend of the words permaculture
and computing, permacomputing "asks the question whether we
can rethink computing in the same way as permaculture rethinks
agriculture” [27]. The term was initially proposed by programmer
and demoscene coder-artist Ville-Matias Heikkild (Viznut) in a
2020 post [28] on the term and later 2021 update [29], though
several earlier examples, such as software engineer Kent Beck's
proposal of "Programming as a garden: Permaprogramming", are
also cited as predecessors to the concept®. In these posts,
permaculture principles and values are treated as helpful paradigms
for reframing ongoing issues for sustainable ICT, with Heikkila
highlighting several useful potential problems areas within ICT that
might be addressed by a permacomputing approach [28].

Permacomputing as "a potential field of convergence between
technology, cultural work, environmental research, and activism"
[31] has since been taken up by several wanting to explore it as a
framework for more sustainable modes of computing. In their
LIMITS 2023 paper "Permacomputing Aesthetics: Potential and
Limits of Constraints in Computational Art, Design and Culture",
Aymeric Mansoux, Brendan Howell, DuSan Barok and Heikkild
call for approaches that can help to "facilitate a transition from a
system in which practitioners use the latest digital tools and media
regardless of the environmental consequences, to a more strategic
system in which digital tools and media of all generations, are
carefully combined, crafted and used to form a less extractive
practice" [31]. In this iteration, permacomputing is particularly
focused on questions of reuse and repurposing, while also (as with
approaches in permaculture) working to craft "continuously
evolving design principles" that can "guide that very reuse and
repurposing, but also to inform the development of new software
and hardware when reuse and repurposing are not possible or
relevant” [31]. The article also highlights an important distinction
for thinking about limits (whether speaking of permacomputing or
regenerative prototyping), namely that of how "our design
constraints will exist in the grey area between these two categories,
self-imposed and externally imposed" [31].

One noticeable element of permacomputing from the
perspective of REC's focus on working with propositions of
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regenerative agriculture is that, with a few exceptions, those
involved in these discussions have not engaged as much as might
be done with more the concrete, ground-level practices of farming
and growing that guide permaculture, focusing instead on how the
more systems-level design principles of the practice might inform
practices of computing. Systems-oriented approaches can of course
be very valuable for working towards enduring sustainable models
of practice, however in REC we have found it useful to engage with
histories and practices of regenerative agriculture and agroecology,
not just as metaphor, but as a concrete way of rooting practice. In
our case, by focusing on modes of prototyping aimed at supporting
practices centered around soil and ecosystem health. We work with
the regenerative commitment that all our approaches in
infrastructure should not only take up regenerative computing as a
(generative) metaphor but also should nurture soil and ecosystem
health. Doing so can unearth unexpected and alternative ways of
approaching a technological practice.

1.3 Crossings for rupture and repair

Given the ongoing spread in awareness and uptake of alternative
growing practices such as permaculture and regenerative
agriculture, one might expect such crossings of knowledges to filter
further into discussions and software production. Take the
following example of a comment by software developer Paul
d'Aoust on a blog post by Dan Palmer [32] titled "On the Relation
between Designing and Implementing in Permaculture”, in which
d'Aoust states "I'm a software developer by day (permaculture
designer wannabe on the weekends)" and goes on to think aloud on
how software development methodologies of agile development
might draw inspiration from longer term planning perspectives of
permaculture. Or how Marloes de Valk, in their conversation with
Heikkild on permacomputing [27], stops to reflect on practices of
sustained observation in permaculture:

The hard part, it seems, is understanding that in terms of
sustainability, most of it comes down to not doing, not
buying, not adding, yet the initial response is often an
impulse purchase of a solar panel and a Raspberry Pi... In
certain cases a valid investment, but not always, and
careful observation of a problem might lead to different
conclusions and solutions. This made me think of a
section in a book on permaculture that explained how the
first year with a new piece of land you do nothing but
observing. Only after having seen the land and all its
inhabitants in the process of all seasons can you know
what could be done with minimal waste of energy for all
species involved, human and nonhuman.?

And so on. Fermenting crossings seeping through, possibly to take
root within approaches to computing.

In proposing to explore practices from regenerative agriculture
in relation to technology, we acknowledge that this is no easy task,

2 In the same interview de Valk also highlights the importance for permacomputing
approaches to think through alliances with other computing otherwise practices, such
as Trans*feminist computing [63] and the Feminist Server Manifesto [62].
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and it is not surprising that the potential connections in crossing
practices of technology with those of alternative modes of farming
have not been explored as much as they might be. As Jorge, who is
himself a practicing permaculture farmer, pointed out when
discussing our collaboration and REC's focus on regeneration, if
one looks at where the concept of regeneration and the regenerative
comes from in agriculture, one is working with regenerative natural
systems to begin with, systems whose ecological qualities are
intrinsically regenerative. In this sense, applying a regenerative
approach to farming is essentially working to let such inherently
regenerative processes flourish. This is of course very much not the
case for technology, and technological "ecosystems" currently don't
have anything like this quality, which presents a deep tension and
challenge to anyone wanting work with technology. One can
attempt to experiment with properties of mycelium or other
biodegradable materials and possibilities in fields such as organic
and bio-electronics that may progress towards such a goal, but we
are not there yet.

Questions surrounding the materiality of technology and
renewables are especially present for projects in Sweden, where
energy transitions in the Nordic regions have long-standing
histories and ongoing practices of what indigenous Sami parliament
president Aili Keskitalo and many others term as "green
colonialism" [33]. A form of colonialism that in Swedish and other
contexts includes the dispossession of indigenous territories and
ways of living with the land in the name of ecomodernist energy
transitions through energy intensive forms of mining, corporate
extractivism and ecocidal poisoning of land [34, 35, 36].

Deep-rooted rifts of ecological and social damage such as these
require urgent work in supporting what de Wit describes as
"pathways for further rupture and repair" [37]. Regenerative
practices in farming begin from a core set of explicit and intentful
closures, specifically the closure of damaging practices of tillage,
pesticide and fertilizer use. Any regenerative practice, including a
regenerative energy practice, will similarly necessitate identifying
intentful practices and commitments to closure, such as the closures
of colonial and extractivist practices as they continue to gather
steam in the present energy moment, where the "urgency" of a
"green energy transition" is prioritised over thorough
environmental and cultural impact assessments. Sweden and
Europe have been working to rush forward new laws (such as the
Critical Raw Materials Act) that pave the way for even more intense
and expansionist forms of mining and extraction [38], as well land
appropriation for the installation of monumental renewable energy
and associated infrastructures on an ecosystem-shifting and
culture-inhibiting scale [36]. From the beginning, REC have
centred the need to counteract such momentums, even at a micro
and local scale, and our focus on experimental uses of alternative
regenerative materials is grounded with these struggles of
materials, imagination and ecology in mind.
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2  Windternet

In putting forward an unstable microgeneration energy source that
will inevitably be limited in the amounts of energy that can be
consumed on it, Windternet, as an experiment in applying
regenerative approaches to energy prototyping, intentionally sets
out from what can be understood as a flipside to dominant forms of
energy provision and consumption within practices of energy,
agriculture and technology more generally.

Practically speaking, the collaboration involves developing a
Vertical Axis Wind Turbine constructed from fungal mycelium,
reconfiguring e-waste motors into generators and designing a
custom 5v hybrid charge controller for reconditioned batteries —
with the goal of running a raspberry pi based low energy internet
server. One identified risk for off-grid solar servers is that
constraints can be avoided just by oversizing battery and solar
system size, which opposes the primary environmental goal [7, 70].
Being able to generate energy with wind in addition to solar would
reduce the need of battery size during the winter, which is a central
problem for solar in Sweden, where there is a high degree of
seasonality, and could be a central positive environmental impact
of an off-grid/grid-liberated system.

The aim of the Windternet is to create a situated alternative
energy source that, in its current arrangement, can host digital
resources for experimental farming communities and facilitate a
space for resourcing imaginaries otherwise. The project includes
the following research questions as focal points for the research:

e How can a wind component supplement a solar server in the
extended and dark periods of Swedish winters?

e How can new additive fabrication techniques and regenerative
materials (e.g., mycelium-based 3D printed materials) be
designed and developed for practical use in the field in a way
that is open and accessible to the public?

e How can experimentation with alternative, regenerative
materials and energy-conscious computational practices
inspire further collaborations between the fields of design and
computer science in ways that promote sustainable practices
of innovation across both fields?

Despite being aware of the limitations of off the shelf solar
panels and a raspberry pi for regenerative practices (as noted by in
the earlier citation of Marloes), within REC we have learnt that
some approaches push into new imaginaries for renewables and
regenerative computing. The repeatability of the solar servers
enables a transitional infrastructure and a way to start the
conversation between the two approaches of the solar server and
REC. Thus Windternet is being carried out along two overlapping
tracks. The first works with off the shelf components — almost all
of which were composed of the standard toxic materials of
computing and energy generation — for a standard version that we
could get up and running for initial hands-on working. This consists
of:

% Documentation available at https://github.com/m0Ssss/hybrid_charge_controller

LIMITS ‘24, June 18-19, 2024

e Hybrid solar-wind 12V MPPT controller.
e 12V 100W standard solar panel.

e Permanent magnet generator.

e LiFePo battery for cold weather.

e 3D printed Vertical Axis Wind Turbine.
e  Raspberry Pi 4.

Based on this setup, the concurrent second track explores how
to develop a more regenerative version in which (as much as
possible given our constellation of knowledges) we would work to
swap in more regenerative components into the overall design. This
will include:

e Downsizing from camper van capacity of charging setup to
pocket battery pack capacity with a self-made DIY charge
controller that could be shared and made by others.

e A homegrown, non-extractive mycelium material for the
turbine blades.

e  Repurposing of locally sourced e-waste motors.

e  Raspberry Pi Zero/ Scavanged Pi's.

2.1 Charge controller

In conjunction with a small raspberry pi server from the Solar
Internet project, we discovered early on that we couldn't find any
open source, small scale (5 volt) hybrid power management and
charge systems for wind generators and solar panels on the market
that were not glued shut in a finished, ready-for-glamping product.
Despite not being especially familiar with electrical engineering,
we have delved into the rabbit hole of analogue power electronics,
focusing on developing a low cost, easily replicable, open source®
USB compatible system which could work with, as opposed to
against, all the intermittencies and inefficiencies of a small
generator. This resulted in Energy Meadow, a circuit that has been
designed so that it can work not only with wind and solar, but
various other types and scales of electrical generators (e.g.,
homemade piezoelectric generators, microbial fuel cells) which can
be "daisy chained" to each other.

Surveying what was out there as an off-the shelf possibility, we
purchased the smallest ready to use wind turbine hardware we
could find that didn't have turbine blades so that we could test our
mycelium turbine. This hardware (expectedly) ended up being
unnecessarily large to run a raspberry pi, geared as it was to off-
grid living and camper vans. It was both heavy and expensive — but
far too cheap if one incorporates its true social and environmental
costs. Interesting to note is that while we couldn't find many small-
scale options for wind generators, we were advertised the
possibility to purchase an entire monumental offshore wind turbine
for a million Swedish crowns.

Since any use of a chemical battery will have the largest
negative environmental impact from a life cycle perspective, our
aim has been to try to minimize the use of one as much as possible.
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Learning from the results of the solar server project [7], which was
down for a few weeks on the first winter (and then much more the
second winter, as the battery lost capacity and was damaged from
being charged during the freezing outdoor temperatures), the use of
wind in a hybrid (“energy meadow") system would rely on just
topping up what the solar could relatively steadily generate. We are
also however ok with down-time.

Special care was paid to battery protection circuitry, as existing
designs for battery protection for 5v systems are far more focused
on over temperature than under temperature charge protection
(presuming indoor charging), as well as overcharge (presuming
high and steady power) as opposed to over-discharge (running a
raspberry pi as long as possible without damaging the pi or the
battery). The off the shelf setup, on the other hand, is well equipped
for these scenarios (we purchased a self-heating battery) and the
charge controller hosts many options for setting charge
specifications.

Despite having a microcontroller already in the 5v set-up, we
opted to not use this to manage the power. This is partly due to
wanting to learn and make decisions about discrete components,
along with their material capabilities and problematics, and to not
design a black box system, but rather a narrative circuit that can be
used in an educational way. As highlighted in the publication
Autonomy in the Face of Agtech, narratives in a context of
technology and farming tend to be dominated by stories of
corporate accumulation, know-how and control, but these
narratives can be undone and replaced [73] — from the level of
community to circuits.
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Figure 1: "Energy Meadow" - solar/wmd hybrid charge
controller development board. Photography, Regenerative
Energy Communities, 2024. CC4R.

Another benefit of the design is that the charge controller can be
used for other lower cost applications where a microcontroller is
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not present and can be assembled partly with scavenged
components. We also aim to charge e-waste lithium batteries,
which can be found in many old appliances, and as such our circuit
incorporates the functionality of Ov charging, which allows for the
regeneration of severely depleted/badly cared for batteries.

Functionalities of the many power management ICs we have
been looking at, which are relatively new to the market and geared
toward solar applications, demonstrate to us how much the
technology that is available is in many ways due to fashion and
market dynamics. We unearthed a few components with interesting
low power functionalities which were developed decades ago but
fell out of fashion due to the development of CMOS and are now
relegated to specialty (i.e. expensive and hard to get) status. As non-
engineers delving into circuit design, we also see how important it
is for the foundations of electrical engineering that a constant, clean
power source can be assumed. Functionalities we feel a kinship
with however include Energy Harvesting, Bootstrapping and
"Sleep-in" mode, which speak more to pluralistic, submergent,
queer, crip time and bottom-up energy generation possibilities,
where rest and recovery are also situated as integral parts of the
energy generation process itself.

2.2 Homegrown mycelium turbine

In working early on to interpret and attend to regenerative
commitments of the farming community we were centered around,
it became clear that their stated commitments ostensibly ruled out
off the shelf energy sources (reflecting, in a smaller scale, the
damaging practices around mineral extraction and the
environmentally hazardous end of life issues for wind and solar).
With this in mind, we began to explore what kinds of regenerative
materials and biodiverse relations we could instead cultivate and
work with.

The design of the blades of the turbine brings together the
possibilities of combining computer aided design with biomass and
natural power in the root-like system of fungi, also known as
mycelium. Essentially the turbine blades consist of saw dust
(collected from a wood workshop waste container) and are bound
or held together through the introduction of mushroom spores. By
using a 3D printed mould the mycelium is allowed to grow in a
particular (turbine) shape, which structurally and slowly engineers
a solid (turbine) body.

Even if horizontal axis wind turbines (HAWT) have
undoubtedly gained more popularity compared with vertical axis
wind turbines (VAWT), our design decision opting for a VAWT
style is based on our situated context and geographical location as
a whole. As the direction of wind changes often at the farm, the
turbine design is made to be omni-directional, meaning the ability
to receive wind from any direction, which is made easier with a
VAWT over HAWT. Being able to accept wind from any direction,
the omni-directional turbines are favourable for placement in
turbulent places, such as rooftops or urban areas [71]. Another
benefit of VAWT over HAWT is that they are deemed more silent,
which is relevant for a socially active site such as the farm and other
similar sites and activities where such a turbine might be
implemented. Additionally, by placing the generator in the bottom,
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maintenance and installation and the general design of cables,
housing and fittings becomes more efficient and convenient. We
also deem that the slow speed and relatively large surface area,
coupled with the ability to position it very low to the ground,
significantly decreases the risk for impacting wildlife, such as
collision for birds and bats.

In terms of negatives, our experienced difficulties and limits to
date have mainly been with the design of the actual blades.
Specifically, the challenge of making a mould in which the
mycelium could grow in, as the overhang of the design causes the
ends to fall off. Another disadvantage is that our shape of blade,
known as savonious shape, requires more material than other
designs.

In addition to producing small amounts of wind-generated
energy, as it deteriorates over time into the soil, the mycelium
turbine concurrently has the potential to contribute to soil health via
processes of mycoremediation of heavy metals and other
contaminants from the farm's adjacent highway and the stimulation
of mycorrhizal networks whose topsoil nutrient highways create
even less of a need for fertilizer. The choice of mushroom variety
is a point for experimentation, with certain varieties being faster or
easier to grow, and others more or less suited to the ecosystem in
question. This kind of farming/growing of technological materials,
with their own timeframes and rhythms of tending and growing,
has created a different relation and understanding of what it means
to work with designerly and computational processes. Inspired by
the experimental and intentional practices of the farmers on the site,
we have found ourselves unlearning and recalibrating our own
relations to the materials, tools and processes of design and
computation.

Figure 2: Mycelium wid turbine and e—waéte motor.
Photography, Regenerative Energy Communities, 2024, CC4R.

4 Documentation of the exhibition available here (https://www.weareaia.ch/energy-
giveaway/) and here (https://regenerative-energy-communities.org/energy-giveaway).
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2.3 E-waste motor

While small scale solar power management systems have
developed considerably and are now ubiquitous in the consumer
and hobbyist market — running all sorts of IOT projects and USB
chargers on many scales (from municipal to hobbyist level) — we
have struggled to find something like this for wind. One hears that
massive wind turbines need to be as large as they are because of
efficiency reasons, but not being focused on efficiency per se we
aim to find out what this gap in the market is all about. Sticking to
regenerative commitments as much as possible has led to using e-
waste motors as a basis for generators to clean up our local
hardware ecosystems (e-waste bins), as well as not feeding into the
market of new neodymium magnets and kilometers of freshly spun
copper wire, or the aforementioned issues surrounding rare earth
mining and indigenous land-grabbing in Nordic and other regions.
While challenging, a further benefit of designing with e-waste is
that it can be assembled by people in many different contexts.

2.4 Server and hosted content

The most minimal server explored in the Solar Internet project
consisted in a Raspberry Pi Zero 2W running Nginx and static sites
compiled using Jekyll (https:/solarinternet.org/servers/offgrid).
The power usage of this setup is minimal — around 100mA idle to
140mA load (0.5W to 0.7W) — and with the Windternet we will
continue to explore minimum-energy hosting.

Given the highly non-regenerative, negative resource nature of
several of the components used for the Windternet setup, we see
the content hosted on it as serving an important role if it is to be
worth the using of such resources. As soon as the setup is ready to
be tested and put to use, we will collaborate with farmers and others
to explore what can be served by the server. An initial goal of the
server is to act as an active repository of regenerative resources and
practices of different kinds, similar to the library format that REC
used in our recent Energy Giveaway at the Humuspunk Libary
exhibition in Zurich, Switzerland*. As the server is running off-grid
and in situations without internet connection, the server can provide
a local repository of knowledge for situated regenerative practices
in a farm or community garden. But as the project develops, new
needs for on-site computational tools may arise that the server
could help with, for instance, biodiversity monitoring, a local
sensor gateway, recipes and other resources for regeneration.

The setup at the moment uses Raspbian Bookworm, NginX as
HTTP server and Accesspopup for creating a WiFi Hotspot. The
content is provided as static sites pre-compiled in Jekyll. The users
connect to the server's WiFi hotspot and the server is then located
at http://windternet.local This type of situated local server builds in
the tradition of tools like Splinter [39], who work with feminist
servers, situated publishing, active archives, extitutional networks,
(re)learning situations, hackable devices, performative protocols,
solidary infrastructures and other spongy practices to stake out
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paths towards speculative, libre, intersectional technologies
(SPLINT).

Figure 3: Wall text by TheDirt as part of their ""500sqm of
municipal land lease™ piece at the Energy Giveaway at the
Humuspunk Library exhibition in Zurich, Switzerland.
Photography, Nicolas Petit, 2023, CC4R.

Windternet is an attempt at making something appropriate for a
small group of experimental community farmers and trans*feminist
organisers. It is not trying to power a house, nor spending far above
its energy means for running a software project. It is not aimed at
further fleshing out ecomodernist or glossy technosolutionist
"smart" aesthetics and practices, with their tendencies of reliance
upon and reproduction of normative benchmarks and efficiency
measures [40, 41] that themselves carry with them longer histories
and violences of calculation [42] and dispossession [74]. Nor is it
interested in off-grid prepperism and isolationist ecofascist
imaginaries. Instead, the server explores what practices can work
within sustaining limits and a community-oriented spirit of hosting
and sharing regenerative resources that might inspire further
experimentation with the challenges that current practices of
technology, computation and farming present.

3 Regenerative propositions for regenerative
prototyping

When experimenting with sustainable energy prototyping of any
kind, it is hard not to be taken by a strong sense of how sedimented
and repetitive certain norms and imaginaries around sustainable
energy have become, especially in the defaulting to renewables in
their most iconic forms: the monumental wind turbine, the rooftop
solar panel, the hydroelectric dam — even if it is also the case that
such paradigms are being challenged by a range of different
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communities, actors and DIY flourishings. As Daniel from the REC
team put it while reflecting back on two years of working on the
project, one thing that we felt already early on, and which has come
to the fore in working with regenerative energy alternatives is the
question of what is being lost in sustainable energy transitions as
they are currently envisaged. While community-driven alternative
energy-based practices have rightly gained more attention (e.g.,
[43, 44]), there are still so many perspectives and possibilities that
are not commonly part of the sustainable energy transition
conversation [45, 46]. In contrast to the hyper rapid cycles of
innovation visible across many other technologically oriented
terrains, the field of sustainable energy remains centered around
what could be seen as relatively fixed formats. If nothing else, in
the work on Windternet, we want to create further space for the
emergence of prototypes and practices that, even if not entirely
field ready, are nevertheless replicable starting points for
contributing to collectively reimagining what methods and forms
alternative energy experimentation could take.

Figure 4: Early Windternet testing at Jorge's farm in Skarbéck,
Sweden. Photography, Regenerative Energy Communities,
2024, CC4R.

If renewables have often defaulted to a notion of replacing fossil
fuels without overtly challenging underlying and constantly
increasing energy needs [47], nor the problematic nature of the
materials that underpin renewables, our experiments with a
regenerative mode of prototyping that works towards not only
sustaining but actively repairing and improving the health of soil-
based ecosystems and their communities is partly an attempt to
challenge notions of what can constitute more genuinely
sustainable innovation within practices of energy and ICT more
generally. As with regenerative farming, doing so pushes one to
working with ecological processes of regeneration as opposed to
extraction. It is an approach that can deliberately challenge and
decenter [48] normative ideas around, for instance, what materials
one might work with in technological prototyping and who or what
can be included in practices around energy innovation.

In Windternet, this has involved processes of foraging for and
salvaging second hand and discarded electronics for repurposing as
components in the overall wind turbine setup — an intervention into
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and regeneration of e-waste ecosystems. It has also meant growing
materials from regenerative sources, as in the case of the mycelium
materials used for the turbine blades — a changing of technological
paradigms from off the shelf (with all of the multiple distances and
extractions involved) to one of from the soil, or from your/our
garden. And it means designing for end-of-life issues for the
components involved, most noticeably in this case of the
compostable and mycoremediation supporting elements of the
turbine. A form of what we describe as companion prototyping [72]
that, similar to practices of companion planting [49], strives to
cultivate diverse and interdependent communities of relations
amongst microorganisms and biotic life through micro regenerative
energy experimentations within technoecological limits. It is likely
a way to go until compostable circuits become convention, but
modes of reuse and rethinking of materials and their potentials for
being grown and later composted (rather than extracted and then
polluting) is a step in this direction.

Regenerative prototyping involves attending to the seemingly
straightforward fact that nothing is outside the ecological and
ecosystem cycle, and an overarching aim of this research is to
explore what possibilities lie in practices that aim to be
regenerative. We find regeneration a rich and complicated concept
to work with [50]; one that, in addition to its merits, is in need of
critical attention for the ways in which it can be appropriated and/or
shed of its community and political commitments [51, 52, 53]. The
project has learned from the on the ground practices of the local
farmers we work with on the farm site, as well as contemporary and
longer standing practices of regenerative and sustainable farming,
including agroecology and more recent practices evolving
alongside or out of such practices [54, 55, 25, 56, 16, 37, 57, 58].

Regenerative principles and commitments inherent to such
farming practices are helpful for the way in which they give a
concrete directive for prototyping and ways of working together,
while also carrying within them an implicit critique of approaches
aimed merely at sustaining things as they are [25]. Principles,
commitments and propositions, whether from regenerative
farming, permaculture or other practices, have a potential to act as
grounding points for accountable collective action and decision
making. In their capacity to frame and address both urgent and
longer terms questions of solidarity [59] and transformational
ecological practices [60], they can serve as practical guidelines,
vision statements and/or open-ended invocations for alternative
ways of being and making together.

4 Going forward

There are a rich spectrum of historical and recent examples that one
might turn to as touchstones for developing one's own sets of
commitments for practice. For example, the Black Panthers' Ten-
Point Platform and Program [61] and its forcefully holistic
approach to achieving justice; the collectively written A Feminist
Server Manifesto's outline for situated and "awkward" relational
technological practices [62], as well as its attentive follow-up (or
fork in the technological sense), the Wishlist for Trans*feminist
Servers [63]; the Design Justice Network's principles for "ways
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designers can support social justice" [64] and the CLEAR Lab's
manual for "intentional (rather than incidental) laboratory culture"”
[65]. As T.L. Cowan and Jas Rault observe, community manifestos
and commitments might be said to be the Central Processing Unit
for all the "heavy processing” [66] needed for regenerative
practices.

In our work, we have seen how regenerative principles and
propositions cultivate commitments. The defining and setting of
limits are a defining of commitments. A simple step of growing
materials such as mycelium for technological tasks and processes
will immediately involve a commitment to a growing and
cultivation process. While challenging, working with principles
and propositions of regeneration has in retrospect not felt like a
hinderance or limit. Rather, we are learning to trust the capacities
of these principles and propositions to take us in exciting and
positive change-oriented directions. At the same time, we also
understand that there are moments and instances that we can't break
away from them for reasons of practicality and keeping energy
capacities manageable.

The value of a prototype does not necessarily need to be seen in
what it achieves or does, but rather what it sets out to be and how it
makes people feel and question in imaginative, troubling and
thoughtful ways. Windternet embodies several questions, such as
what would it look like if we grew our own energy source, and what
is at risk of falling out of consideration in the pursuit of sustainable
energy transitions? As team member Miranda put it, this and other
REC prototypes in their current iterations — with their intermittent,
micro levels of energy generation — can alternatively be thought of
as being speculatively functional and functionally speculative. As
prototypes they can be stimulative for rethinking energy paradigms,
but also potentially stressful in a moment of an energy crisis (i.e.,
how will this help cut costs in my electricity bill). It is difficult to
hold spaces of possibility and alternative ways of practice in the
face of such tensions and pressures. But these intermittent
social/material/technical/ecological energies that the prototypes
harvest and electrify can stimulate reflections on current energy
practices and the efficiencies and inefficiencies of energy-
consuming devices, such as what are they made efficient for (e.g.,
size, speed, turbo-capitalisms). In other words, functionally
speculative in relation to what and for whom?

As design and computer science practitioners, we increasingly
experience (with mixed emotions) a democratisation of computer
aided software and hardware. As their possibilities and energy
needs increase at a rapid pace, this begs the question, what are we
going to use them for? What doors are being opened and closed
with these approaches in technology? The regenerative mycelium
material, charge controller and other recovered and repurposed
elements of the turbine strive to be a small yet unfolding response
to this question. They point to materials, methods and modes of
making that are not limited to servers, solar or wind. As
implemented in Windternet, they intentionally address difficult
questions of hardware and materials that continue to lie at the core
of sustainable energy and ICT. But this implementation represents
only a fraction of what such tools could be used for, and one
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increasingly doesn't need have to expert knowledge to do so,
though the material barriers to entry continue to create divides.
With such tools becoming more accessible, they point to
alternatives and favourable futures where industry doesn't have to
dictate what we can do, and instead that we make what we think is
preferable from a perspective of usability, sustainability and other
"limits".

In sourcing regenerative materials grown directly from soil and
salvaged from various local sites and ecosystems (farms, e-waste
containers, second-hand stores) we have found ourselves and those
who have participated in working on the different regenerative
prototypes produced in REC to date (https://regenerative-energy-
communities.org/prototypes) forming a different relation to matter
and energy. It is a challenging but inspiring shift to imagine energy
(but also art, design, computer science, DIY hacking, etc.)
communities starting from communal soil and ecosystem health
rather than modes of control and monitoring of energy use.

A recurring theme for our research has been how working with
regenerative materials and systems has a cascading effect in which
one material, scale, cycle or relation within these experiments
highlight how much more there is to learn and unlearn. In such a
regenerative approach, we have experienced a sense of art, design,
energy and technology as being on the terms of something like a
mycelium mold taking hold, an unreliable water pump, a
questioning workshop participant, a seasonal weather pattern or
other processual forms of making and companionship. For artists,
designers and programmers, but also for many other disciplines and
approaches, one typically starts from seeing things on one's own
terms, or the discipline's terms, or the terms of the materials
normally presented as what one should work with when it comes to
a specific problem. Opening onto the terms of an ecosystem or
collective conditions and commitments of a community supports
and sustains other possibilities for resourcing, relating and making.
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