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Abstract

CO;-inheritance ist eine neue Form des Klimaschutzes, die nicht kostet, sondern zuriick-
zahlt. Urlauber, Schrauber, Biker und Alltagshelden konnen damit steigende CO,-Preise
abfedern - nicht durch Verzicht, sondern durch Teilhabe. Hinter jedem Klimageld?-button
arbeitet eine Maschine, die CO; bindet und dabei ihren eigenen Nachfolger erschafft. Was
entsteht, ist kein Offset — sondern eine Wertschopfungskette aus Stein. CO; wird zum
Produktionsfaktor, der sich vererbt. Dieses System folgt keiner Spendenlogik, sondern der
joint-product formula: Riickfluss fiir den Nutzer, Replikationskapital fiir das System. Kli-
maschutz wird industriekompatibel — durch kapitalistische Produktionslogik.
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1 The button that pays back — CO;-inheritance in everyday life

Flying, camping, refueling, heating — CO; costs are rising. But instead of cutting back, people
can now get back what they pay: through CO;-inheritance.

The klimageld?-button works like a personal feedback channel. A single touch reveals
what’s working in the background for you: a machine that binds CO; from exhaust gases,
transforms it into rock—and extracts from it the base material for its own successor. The
button is not a gadget, but a gateway: to a new infrastructure that doesn’t promise climate
action—it delivers it. Automatically, continuously, visibly. No subscription. No login.
Just a stone—that connects what has long been separated: climate protection and capital
flow. A smartphone scan—right where the CO, tax usually hits: at the fuel pump, when buy-
ing heating oil, on vacation. Not as an appeal, but as an answer. Not symbolic—but measurable.



Fliegen, Campen, Tanken, Heizen.
- v, CO.-Steuer belastet.
s | —_ : { - 5 i . . .
INCERRFCI S C L Dieser Button gibt etwas zuriick.

Auszahlung aus CO:-Speicherung.

Figure 1: *
Core message: NFC-enabled button with logo: klimageld?
Pain point

The CO, tax doesn’t hit the head — it hits the gut: when refueling, traveling, living. Those who
have to pay for their hobby pay twice — financially and emotionally. But this price is not a law
of nature. It can be reclaimed.

Vision
CO;-inheritance starts where climate action becomes tangible. Not on a bank statement, but
in the trunk. Behind every Klimageld?-button, a machine is at work binding CO;—and using

that material to build its successor. No account, no interface. Just a physical stone that works
for you—for years.

Role in the energy mix

This technology doesn’t replace photovoltaics or wind turbines. It complements—where
change doesn’t come through infrastructure, but through everyday life. Where renunciation
isn’t socially enforceable, it enables return.

Target group

Bikers, campers, off-roaders, pilots, heating oil users—people with emission-intensive hobbies
who act not out of defiance, but out of conviction. Those who love technology don’t want to
slow down—they want to switch. CO3-inheritance creates a new platform for exactly that: not
for morality, but for participation.

Access via emotion and simplicity

The entry point is not a text, but a moment: an image, a scan, a number on the display. No
dashboard, no password. Just a physical symbol with real impact—immediately felt, understood
later.

2 The structural blockage of the carbon removal market

Why isn’t a mass market for negative emissions emerging?

Because the market creates impact, but no connection to ownership. Today, anyone removing
CO; from the atmosphere gives up the economic claim to it by selling the certificate. The impact
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remains, but the economic link ends. A one-way street for a circular task.

Certificates are consumables - not made for end users

The carbon removal market has so far followed a logic of consumption: certificates are gener-
ated, sold, and retired. That is correct from a climate accounting perspective—but economi-
cally insufficient from an end user’s point of view. Anyone selling a product whose impact is
not linked to them owns not a growing system, but a one-time moment. Companies can work
with that logic. End users need a different one: ownership without obligation, impact without
administrative burden—a connection that lasts.

CO;-inheritance as a model of ownership

CO;-inheritance replaces the one-time sale with a scalable ownership model. Carbon removal
becomes more than just a data point—it becomes the foundation of a system that replicates
itself. What you initiate multiplies: as technical infrastructure, as payback, as inheritance.
The button belongs to you. The assigned Rock-Cell works for you—not in your possession, but
in your name.

Why end users only pay - but don’t earn

As long as companies have to buy certificates, every form of climate protection ultimately in-
creases product costs. Whether through CO; tax, compensation, or carbon removal—the cost
ends up with the end user. Today’s system knows only one direction: pay.

CO;-inheritance reverses that logic. When end users generate credits themselves, they
don’t just participate—they benefit. Value creation doesn’t come through price premiums, but
through payback. The button makes visible what only experts normally see: those who store,
earn. Not later. Now.

From market failure to market innovation

It’s not market failure that carbon removal isn’t scaling—it’s the result of flawed system as-
sumptions. CO;-inheritance introduces a new thesis: climate action doesn’t work as consump-
tion, but as an asset form. Impact that isn’t deleted, but retained. Payback that grows. Ma-
chines that replicate themselves—not as utopia, but as an operating model.

3 Technology Concept Rock-Cell

Introduction: Technology as a Carrier of Economic Logic

Rock-Cell is more than a machine. It is a new production principle—a technical platform that
links industrial processes with climate protection and economic autonomy. At its core lies the
principle of CO;-inheritance: a machine not only produces a product but also almost entirely
manufactures its own successor generation—from COy.

Structure: Compact CO, Storage Cell

The Rock-Cell measures approximately 2 meters and has a calculated nominal capacity of 1
tCOqe per installation unit. Its central functional principle is based on the use of CO; as a
raw material for producing a carbonated construction material—essentially a technologized
mineralization process.
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Replication occurs through the mineralization of water using carbonic acid derived from
CO; gas. Additive manufacturing (e.g., belt printing) is used to print the mechanics, which
are then operated by robots that are also additively manufactured. The construction principle
follows a decimally decreasing logic:

» 90% replicated: Made from CO;-bound carbonate rock (e.g., petrified from hydromagne-
site to magnesite) for the load-bearing structure (gravel-string-wall composite)

* 9% circular: Monolithically printed from reusable PETG for robotic components and the
valve board

» 0.9% linear: External parts (motors, electronics, and—requiring minimal time—cobot and
belt printer)
Location Dependency
The actual performance of a Rock-Cell varies depending on the location:

» Environmental factors: temperature, solar radiation, dust load, quality of the natural
input rock, undesired biological processes in the water

» Site-specific factors: quality of the CO; source (e.g., biogas), topography, regional land
use agreements

» Demand: activation through user interest (e.g., ordering additional Rock-Cells)

Rock-Cells are preferably installed at regional biogas facilities. This combines visibility with
technical functionality and reduces transport emissions. In Germany, there are approximately
9,000 biogas plants.

Functionality: CO;-inheritance as a System

CO;-inheritance is not viewed as an end in itself but as a new production logic:

» Magnified mineralization: CO; is converted into carbonate rock through a pH-cyclic pro-
cess (pH4-pH9)

» Passive phase management: utilization of slow but efficient sedimentation processes in-
stead of energy-intensive separation

 Reversibility and circularity: materials can be disassembled, shredded, and reprinted
» Print-on-site & print-in-place: parts are printed and deployed directly on location

KPI: Rock output/input ratio = 162 %

Economic Design: CO,-inheritance through Replication
Rock-Cell leverages generative growth:
« All ongoing costs are assigned to the replicated “child”

« The CO; credits remain with the “parent” and can be economically utilized by the existing
customer

» Through the sale of new Rock-Cells, the original owner aims to reach payback within a
few years—ideally comparable to or faster than balcony solar systems

Rock-Farm GmbH | Platanenstr. 21 12529 Schonefeld Brandenburg| DE328840044 | rock-cell.com 4


https://rock-cell.com

Figure 2: Rock-Cell can be installed decentrally at existing biogas facilities—Germany alone
offers around 9,000 suitable locations.

A credit stream without repurchase is created: the machine refinances itself through the
value of its offspring
KPI: Payback period per Rock-Cell (target: comparable to balcony solar systems, i.e., 4-8
years)
Platform Strategy: Extensive Multiplication

Rock-Cell is not designed as a centralized supermachine, but as a platform for decentralized
industrial processes:

Even the slowest process scales exponentially through CO;-inheritance.

A slow but cost-efficient process scales through many instances—not through intensity.
This opens up new possibilities beyond conventional high-performance production.
Future Vision:

» Developers use Rock-Cell as a kit to integrate their own processes
» Scaling occurs via distribution across a growing network of installed cells

* A new industrial economy: extensive rather than intensive use of natural resources

Permanence: CO, in Rock—Forever

The reaction between CO3, magnesium, and calcium produces solid MgCOz or CaCO3. These
compounds are:
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e permanently stable
* non-biodegradable
» flexibly applicable in form (sculpture, foundation, surface, etc.)

KPI: Carbon removed per year = 1 tCOze (per cell, under calculated standard conditions)

4 The CO, to Cash Process

Introduction: The Stone as Interface

At the heart of the Rock-Cell system is neither a dashboard nor an app—but a stone. It serves as
a physical and symbolic interface between user and technology. The monolith stone symbolizes
not only a piece of CO;-binding material but also a digital key: it is manufactured together with
the Rock-Cell and exemplifies the design possibilities that CO;-inheritance enables—beyond
simply fueling the growth of the technology. It contains an NFC chip that is linked to a specific
Rock-Cell, which can be visited on-site. This enables a new kind of interaction: not opaque,
but verifiable by anyone. Not subscription-based, but participatory for all.

Pain Point: The CO, Tax as an Invisible Glutton

Since 2021, fossil fuels in Germany have become increasingly expensive due to national CO;
pricing—a trend that will accelerate further with the introduction of the European Emissions
Trading System in 2027. According to the ADAC and other sources, a yearly reduction in cer-
tificate availability is expected from that point onward, pushing fuel prices upward. Specific
forecasts suggest up to 19 cents in additional costs per liter of gasoline—on top of normal mar-
ket fluctuations.

Those particularly affected are individuals who drive not for work but for joy—motorcyclists,
vintage car enthusiasts, recreational pilots, or camper van owners. For them, neither the com-
muting allowance nor the planned climate dividend applies. This means: anyone engaged in
a CO;y-intensive hobby must fully bear the rising costs—even though their actual annual emis-
sions are often low (e.g., 0.8 tCO; for typical motorcycle use).

The CO; price currently hits those who travel with passion and responsibility—not for work,
but out of conviction, enthusiasm, and a sense of connection to technology, nature, or commu-
nity. In recreational settings, CO; pricing imposes a tangible burden, despite total emissions
often being comparatively minor. A technology switch is not yet economically viable in many
of these areas, and the perceived pressure to change feels more frustrating than motivating.

But this is precisely where the potential for a new type of solution emerges: Rock-Cell tar-
gets those who don’t want to give up their hobby—and are looking for an autonomous, technical
answer to CO; costs. The technology generates CO; credits whose value can rise in step with
the tax—offering, for the first time, an option based not on renunciation but on responsibility
and participation. If you love your vehicle, you can now do more than just offset: you can show
that progress works differently.

Process Chain: From Air to Payout

The value chain starts with atmospheric CO; and ends with financial reimbursement. The pro-
cess unfolds in four steps:

1. Store CO2: The Rock-Cell binds CO; from biogenic exhaust through mineral conversion
into carbonate rock.
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2. Generate carbon credit: The bound CO; is represented as a digital carbon credit.
3. Sell the credit: The credit is sold on voluntary or regulated markets.

4. Payout to customer: Revenue is proportionally distributed to Rock-Cell owners—made
visible through interaction with the NFC stone.

Access: Scan Instead of Logging In

By scanning the NFC stone with a smartphone, the user can activate the system: an amount is
entered (e.g., for a fuel purchase), and the stone shows whether that amount is already covered
by CO,-based value creation. This occurs without an account, without an app download, and
without complex administration. The stone is the user interface.

Customer Bonding: Symbolism and Experience

The Rock-Cell can be visited, personalized, and experienced. Users can visit their cell at a re-
gional biogas facility, touch it, listen to it working, or engrave their own logo on it. The process
becomes tangible: climate action as action—not abstraction.

Technological Layer of Trust

By linking to a real machine, a new level of trust is created: the user knows that “their” stone is
connected to a real, physically operating cell. CO,-inheritance thus becomes plausible, visible,
and experientially grounded over time.

Conclusion

CO; is not only stored—it is transformed: into building material, into credits, into financial
relief. And it all begins with a simple gesture: scan the stone. Money back. Especially in a
future of rising CO, prices, Rock-Cell offers a future-proof perspective: those who generate
CO; credits today may offset tomorrow’s CO, taxes—perhaps even entirely. This keeps the
hobby alive—not despite climate protection, but thanks to active participation in it.

5 CO;-inheritance as the Dominant System Logic

Introduction: From Global Goal to Individual Benefit

Carbon removal has long been seen as a global task without a local lever. Removing CO;
from the atmosphere is undoubtedly necessary to avoid crossing planetary boundaries. But as
long as impact counts only collectively, individuals lack a direct incentive to participate. CO3-
inheritance—that is, CO; removal with its own value stream—changes exactly that: it makes
climate action tangible, rewarding, and economically viable on an individual level.

Definition: What Does CO,-inheritance Mean?

CO;-inheritance refers to a techno-industrial process of material CO; sequestration, in which
a machine or a networked machine system continuously generates new instances of itself. The
goal is the ongoing scaling of carbon removal capacity through a largely autonomous inher-
itance mechanism of building material, in which at least 90% of the mass of successor units
consists of CO-bound material. Its financial self-sufficiency stems from the fact that revenues
from CO; credits and potential sales of successor units are used to cover operations, payback,
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and, if applicable, returns for the predecessor systems. This creates a closed value loop that
links ecological impact with economic autonomy. The system is based on three core princi-
ples:

1. Technology instead of subscription: The Rock-Cell generates CO; credits that can be sold.

2. Return instead of indulgence: Revenues do not go to a middleman, but directly to the
user.

3. Replication instead of consumption: Rock-Cell binds CO; in carbonate construction ma-
terial that is not produced for external markets, but flows directly into building new Rock-
Cells. The system thus uses its own material output to scale itself—independent of third-
party price acceptance.

Because Rock-Cell is both material producer and material consumer, a stable internal mar-
ket with a predictable value emerges. New customers know: price erosion is not factored in—it
is deliberately excluded, in favor of a fair and growth-capable carbon removal market.

Value Creation Through Technology

The system fundamentally differs from conventional CO; offset models. In those models, cus-
tomers pay for a promised removal whose details often remain vague. With Rock-Cell, by con-
trast, value creation is technology-based, visible, and traceable. The machine binds CO; into
carbonate rock, generates a tradable asset from it, and returns the proceeds.

Since end customers do not directly pay the CO; tax themselves but instead experience
it as higher prices, the focus lies on the return flow. The CO; credits generated by Rock-Cell
are therefore preferentially sold to companies that must directly settle the CO; tax—while the
financial return benefits the end user. This relieves the burden without requiring users to nav-
igate complex market processes.

The result is a new economic category: the combination of environmental impact and cap-
ital flow. Customers do not merely support a technology—they become active participants in a
climate-positive system.

Comparison to Conventional Offset Systems

Criterion Conventional Carbon Credits | Rock-Cell (2 m Self-Monetizing Unit)
Payback None High likelihood

Usage type Consumable Asset form

Lifespan Short Long

Value development | Moderate Very high

Representation Digital account Physical, tangible object

Risk exposure Indirect, unpredictable Direct, calculable

These characteristics fundamentally differentiate Rock-Cell from conventional CO, offset
offerings: Instead of symbolic participation in a process, it provides tangible, strategically de-
ployable, and economically viable involvement.

The Swap Logic: When the Price Rises, So Does the Protection

A central element of the Rock-Cell model is the so-called swap logic: when the CO; tax in-
creases, market prices for CO; credits are also expected to rise. Owning a Rock-Cell means not
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only generating credits but also creating a form of inflation protection for one’s leisure activi-
ties. Each credit sold can offset real expenses—such as fuel or travel costs.

The effect: users become more independent from political fluctuations and gain a new level
of control over their personal CO; balance. CO;,-inheritance thus becomes a tool of resilience.

Conclusion: A Technology with a Social Function

Rock-Cell shows that technological progress can serve not only climate protection but also
social cohesion. People who might otherwise feel like losers under political tax logic become
co-creators of a technical counterworld. They experience participation instead of renunciation.
And they can not only see their contribution to climate protection—but also feel it. In their
wallet, in daily life, in their outlook.

6 Economic Logic and the Joint-Product Formula

Introduction: Why Scaling Is Possible Without a Cost Explosion

CO;-inheritance creates a new cost architecture: annual operating expenses (OPEX) are dis-
tributed across the lifecycle and future generations, thereby directly reducing the cost of CO;
sequestration through scaling. Costs that were previously assigned to CO, sequestration now
appear as part of capital investments (CAPEX)—specifically in the next generation of Rock-
Cells. This asset formation is not a zero-sum game, but a platform strategy for CO,-inheritance
that challenges the classical production logic of the Industrial Revolution across markets.

Core Concept: Two Exceptions in Economic Cost Accounting

Traditional cost accounting assumes that all process costs are aggregated. However, two well-
known exceptions exist:

» Parent-child relationships: Natural or technical replication generates new output with-
out linearly attributing all original expenditures. Example: Prusa 3D printers printing
parts for new printers.

» Joint products: A process yields multiple products in fixed ratios (e.g., gasoline and
diesel in refineries). Total costs are allocated product-specifically.

Rock-Cell combines both principles: One machine binds CO, (Product A: credit) while
simultaneously producing building material for its own successor generation (Product B).

Formula Framework: Deriving the Joint-Product Logic

The economic evaluation of technical CO5 removal methods follows the classical business cal-
culation of unit costs in capital-intensive projects. Capital expenditures (CAPEX) are evenly
distributed across the economic lifetime (L) and combined with the annual operating expenses
(OPEX). This yields the following base formula for the linear cost structure of technical CO;
removal:

CCAPEX
CtCOs lin = I3
Based on Equation (I, the total cost rate cannot fall below the operating expenses (OPEX).
However, economic theory recognizes two exception concepts that allow for a restructuring of
the cost architecture: parent-child relationships and joint products.

+ COPEX,Jahr )]
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Parent-Child Logic and Joint Products: A New Cost Architecture

Let us begin with parent-child relationships: In classical industrial processes, all costs are ag-
gregated. In agriculture, however, photosynthesis is not accounted for as an input cost. This is
not simply due to the “free nature” of biological systems but reflects the principle of reproduc-
tion: parent-child relationships—whether natural or artificial—can occur without direct cost
attribution. In industry, early examples exist: Prusa Research and the RepRap project use 3D
printers to produce parts for other 3D printers. Similarly, Franka Emika employs robots to as-
semble new robots. However, the economic value created through these strategies remains
modest—typically below 10% of conventional value creation.

The second exception concerns joint products. These are processes that inevitably yield
multiple products in a fixed ratio—like diesel and gasoline in crude oil refining. Since process
costs cannot be directly assigned to a single product, specific methods exist to allocate costs
among them.

Based on these two concepts, we reorganize the cost equation: a machine system is devel-
oped that generates two joint products—(A) carbon credits through CO; sequestration, and (B)
a building material that contains the bound CO; and is used to construct replicas of the system
itself.

We define a nominal production rate of 1tCOse per year (Product A) and a fixed ratio d for
the building material (Product B). According to the joint-product logic, all operating costs are
attributed to material B, while all capital costs are assigned to carbon credits A. This leads to
the following equations:

For Product A (carbon credit):

CCAPEX
— : 2
AT L xQa )
with Q4 =1 (1tonne COze per year)
N CCALPEX 3)
For Product B (building material):

COPEX
cg = 4
P 0s @

with QB =dx QA
= cp = 0% )

where L is the system’s operational lifetime.

In the next step, we assume that cp not only reflects the cost of producing the building
material, but also covers a significant portion of the replication and installation costs for a
child version of the machine system. To express this, we introduce a fixed replication factor r:

T+ CCAPEX, child = CB,parent 6)

This relationship means that a share r of the capital cost of the next system (child) is already
embedded in the operating costs of the parent system—specifically in Product B (the building
material). If » = 1, full self-replication is achieved; if » < 1, replication is only partial and must
be externally supplemented.

Assuming that the child system is identical in build (ccapgx, child = ccapex), Equation @
simplifies to:

C
r=—2 (7)
CCAPEX
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This formulation links replication capability directly to the underlying cost structure: the
higher the share of replication cost covered by Product B, the greater the replication factor
r—up to full replication at » = 1.

Based on the joint-product logic and the replication relationship in Equation (6), we can
now derive an alternative cost structure for systems based on CO;-inheritance.

Unlike the linear model (cf. Equation [I), a replicating system does not require sepa-
rate accounting for capital expenditures, as these are proportionally embedded in Product B
(the building material). The cost of CO; removal thus results solely from operating expenses
(OPEX), distributed over the replication effect, system lifetime, and material-to-carbon ratio.

Given:

» Annual operating costs: copgx

» Replication factor: r (share of CAPEX covered by Product B)
* Material-to-CO, ratio: d

 System lifetime: L

we derive the following formula for the specific cost of CO; removal under the replication
model:

COPEX
CtCOq,rep = rd-L (8)

This demonstrates: while the linear model (1) cannot structurally fall below its OPEX floor,
the replicating model (8) allows for a systemic redistribution of operating costs—enabling cu-
mulative cost reductions that amplify over generations.

7 Why Enhanced Weathering Is Not the Benchmark Here

A new cost architecture changes the game.

Cognitive Trap: “EW = expensive” - Why That Doesn’t Apply Here

Enhanced Weathering (EW) is often considered a relatively expensive method for CO; removal
in public and scientific discourse. The reasoning: mineral processes are hard to scale, in-
volve high transportation and milling costs, and bind CO; slowly. But this perspective falls
short—because it assumes a linear cost model. It treats the process purely as a service: input
in, CO; out—priced per ton.

Rock-Cell breaks this linear paradigm. Through CO;-inheritance and the monetary inte-
gration of CO; into real assets, the classical cost structure is systemically transformed. Instead
of increasing marginal costs, the model opens up the possibility of reducing the effective cost
of CO; removal by a factor of 10—even with a mineral-based process. EW remains, but its cost
logic is transformed: from an expensive service model into a scalable, productive infrastruc-
ture. The cognitive trap “EW = expensive” no longer applies—it is inverted.

Formula Framework: EW Ten Times Cheaper Through CO,-inheritance

The chemical basis of mineralization and petrification follows the reaction:

MgSi04+4 COz+4 HyO — 2 Mgt +4 HCO3 ™ +H,S8i04 — 2 MgCO3(v)+Si0s(v)+2 COz+4 Hy0
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From the mass balance, we derive a material ratio of d = 1.62, indicating how much solid
output is produced per ton of CO; sequestered. This value defines the fixed output factor of the
building material (joint product B) relative to the carbon sink performance (product A).

The replication factor is set to » = 0.9. It indicates what share of the child system’s capital
expenditure is already covered by product B (building material) of the parent system. The repli-
cation degree thus reflects the intended replication rate achieved through CO;-inheritance.

The selected system lifetime is L = 6.86 years. This value is chosen so that, given the
parameters above, a calculated cost reduction by a factor of 10 is achieved in comparison to the
linear model:

CeCOg rep = COPEX _ COPEX ©)
’ r-d-L 10
This illustrates: by leveraging CO;-inheritance and treating the mineral output as a struc-
tural joint product, the specific cost of CO; removal can be reduced by an order of magnitude
compared to classical Enhanced Weathering.

8 Technical Implementation — Nine Strategic Levers

Many processes have historically been considered uneconomical due to their extensive resource
demands. With the advent of CO;-inheriting systems like Rock-Cell, such processes can now
be scaled efficiently and used economically. Petrification is one such process—and Rock-Cell
was designed to enable it.

1. Passive Phase Separation: Control of Gas, Liquid, and Solid Phases

In Figure[3] items 1 to 12 represent valves. Items 14 and 17 show the pressurized prechamber
cylinders. Items 13, 15, 16, and 18 represent expansion chambers that seal the prechamber. In
the dissolution containment, raw material is sedimented in a pile, beneath which sits a basin
connected to the lower part of the pressurized prechamber. Prepared water drips onto the pile.

Printed robots can insert mobile sensors into the prechamber from above and operate the
valves. Under pressure, water in the chamber is infused with CO;, lowering the pH to 4. Under
vacuum, remaining CO; is degassed (pH 7), and the pH is then raised to 9 by adding ammonia.

The ammonia is not consumed in the process, but forms a reversible compound with dis-
solved CO; in prechamber 14:

NHj3 + H,CO3 — NH4HCO3

In acidic conditions (pH 4), it remains as a salt and does not contribute to basicity. When
switching to vacuum, CO, is expelled and the ammonia becomes chemically active again. This
enables a cyclic pH regulation process with minimal substance use.

Significance of this Technical Lever

The passive phase separation architecture shown here demonstrates that Rock-Cell is
not a monofunctional special-purpose tool, but a systemically controlled reaction space.
The ability to modulate pressure, vacuum, and chemical environments allows precise
control of reaction conditions—at minimal energy input.

This establishes the foundation for adaptive material production: Rather than producing
a single output, Rock-Cell can support various feedstocks, process profiles, and material
forms—without mechanical conversion.
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Figure 3: Schematic structure of a Rock-Cell (simplified)

Rock-Farm GmbH | Platanenstr. 21 12529 Schonefeld Brandenburg| DE328840044 | rock-cell.com

13


https://rock-cell.com

2. Stable Permanence: Shaping and Crust Formation as Petrification

Traditional artisanal petrification has used mineral-rich water to form stone objects for cen-
turies. Recognized as UNESCO heritage, the company Fontaines Pétrifiantes produces stone
objects up to 1 cm thick within one year using natural molds and spring water [Fon25]. E]

However, the scalability of this process is limited—by the availability of highly mineralized
spring water and the year-long production cycle. Rock-Cell overcomes these limitations.

In the precipitation containment (see Figure[3), the building material is formed and stored di-
rectly. Rock-Cell compresses biogenic CO; into a closed water cycle with alternating pH phases
that drive targeted mineral precipitation in the vacuum prechamber (14) and containment.
Residual CO; is collected via a vacuum line, recirculated, and used for controlled powder for-
mation—especially hydromagnesite from dunite. E]

Alternatively, Ca;SiO4/MgO from the Kanan process [CK25] can be introduced to enable
targeted crust formation in the containment—analogous to the principles of petrification de-
scribed in [Fon25].

For market introduction, we focus on powdered material that reacts to magnesite in the
next cycle and hardens structurally in the gravel composite—ensuring long-term form stabil-
ity. Powder is essential in the early phase, as 162% replication alone does not meet material
demand. To achieve meaningful climate impact, Rock-Cell must scale rapidly—even using con-
ventional materials such as gravel. With initial customer installations, we take a decisive step:
We qualify on-site gravel production through cascading Rock-Cells, paving the way for CO;
storage in formstone. Because formstone petrification is more than science—it is craftsman-
ship. One that requires practical experience—even for robots and artificial intelligence.

Strategic Relevance of this Principle

This chapter outlines a clear strategy for gradually expanding Rock-Cell functionality:
from powdered output to crusted objects to formstone production.

This introduces a principle that extends far beyond technical feasibility: customer in-
stallations evolve into platforms. Every new application—whether using custom molds,
substrates, or partner processes—strengthens the system. Rock-Cell grows not only in
numbers, but also in functional depth.

3. Enhanced Mineralization: pH,/pH, Cycles for CO, Sequestration

The Rock-Cell features a mirrored design. This allows the closed water circuit to be reversed
or cascaded by connecting multiple Rock-Cells—enabling dynamic pH cycling within the con-
tainment zones. In single-unit operation with constant pH conditions, the efficiency of rock
weathering is limited by the formation of passivating silicate layers. Only through cyclic shifts
between pH 4 and pH 9 can these layers be removed—while simultaneously increasing magne-
sium release.

o . —9
1. Time at R = 110 mol:

Conservative consensus rate for enhanced weathering over land under natural conditions.

2. Time at R ~ %fsm‘ﬂ:
This value is based on [Str+18], reflecting optimized pH conditions and a realistic poten-
tial under field-improved scenarios.

'Report on the natural petrification technique of Fontaines Pétrifiantes de Saint-Nectaire (Auvergne, France), a
traditional rock-formation manufacturer using volcanic spring water.
YouTube video: https://www.youtube.com/watch?v=PzizJ]7YEGdc

Long-term geochemical permanence is ensured through controlled conversion from hydromagnesite to mag-
nesite—see section on pH cycling.
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Figure 4: Reaction time as a function of grain size and dissolution rate. Smaller grains and
higher rates significantly accelerate CO; sequestration.

3. Time at R = %fsm‘)l:
Under laboratory conditions with pH cycling (pH 4-9), significantly increased rates are
realistic. The removal of amorphous silicate layers through alkaline flushing dramatically

boosts reaction performance.

Petrification also benefits greatly from interlinked Rock-Cells operating in targeted pH cy-
cles: The Rock-Cell first produces amorphous and hydrated carbonates such as hydromagne-
site. Only through deliberate and repeated pH cycling—particularly via cyclical acidification
and re-alkalization—is a high magnesite (MgCO3) content achieved. This proportion increases
with each cycle, reaching over 90% [Van21]. This mineral is considered geochemically stable
and has been preserved in geological formations for millions of years. Thus, Rock-Cell is not
only active—but also permanently effective.

Strategic Relevance of this Principle

Rock-Cell is not only decentral and replicating—it is also chainable. Targeted pH cy-
cling across networked units increases dissolution performance by one to two orders
of magnitude—depending on grain size, pH control, and reaction conditions. In this
way, slow rock weathering becomes an active lever for CO; sequestration—optimized for
replication, output, and economic viability.

4. Decimal Scaling: Replicative, Circular, and Linear Material Flows

The decimal scaling logic of the Rock-Cell is as follows: 90% of the material is structurally
replicated (e.g., carbonate rock), 9% is circularly printed and fully recyclable (e.g., PETG used
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for valve housings and hose geometries), and only 0.9% remains as conventional linear com-
ponents (e.g., motors, electronics). Each of these material flows follows its own technical and
economic logic—together they form the backbone of a strategically scalable CO; infrastructure.

The apparent contradiction—that the mechanics themselves are not fully repli-
cated—dissolves when viewed through the lens of replication logic: What matters is not
aesthetic total replication, but the economic tethering of the system to its own output. The
central commitment is:

New Rock-Cells are primarily built from the material of existing Rock-Cells.

This principle—economically anchored and technically feasible—ensures that each gener-
ation is embedded within the same material network. Buyers benefit directly: Anyone who
owns a Rock-Cell knows that future Rock-Cell customers will depend on their material. The
structural output of every existing unit is the only available source for the next—making it
non-substitutable.

Concretely, this means: complex components like valve assemblies are manufactured via a
so-called print-in-place process, in which multiple interlocking parts are printed in a single op-
eration and can move mechanically against one another in operation (this concept is elaborated
in the following chapter). After their expected lifecycle (e.g., 3,000-10,000 cycles), these com-
ponents are fully shredded, reprocessed into filament, and reused in improved form. The hose
itself is pressure-optimized and, thanks to geometric refinement, reaches cycle counts previ-
ously seen only in industrial-grade components. This enables a fully automatable recycling
loop within the PETG fraction—a material that remains form-stable even under temperature
and weather fluctuations.

Functional and Economic Relevance

Decimal scaling creates a production system with extremely high leverage: one order
of magnitude more in replicative materials—one less in critical components. Rock-Cell
does not replace today’s industrial parts—it redefines tomorrow’s material flow: circular,
reliable, and structurally secured.

5. Unlimited Lifespan: Forward and Reverse Construction

The Rock-Cell’s gravel-string composite system is fully reversible, modular, and circular. Its
structural design deliberately avoids concrete—thereby not only eliminating conventional CO,
emissions but also preserving the full recyclability of its mineral materials.

The structure is built from carbonated gravel, tensioned into a stable spatial framework
using a continuous basalt fiber cord. For disassembly, it suffices to expose and unwind the
end of the cord: the structure collapses, and the materials remain reusable. Unlike natural
stone-concrete composites, there are no bonded residues. The gravel retains its original qual-
ity.

This technique is inspired by the "Rock Print" principle developed at ETH Zurich, which was
publicly demonstrated in the Rock Print PavilionE] That structure supported a steel roof weigh-
ing one ton and was safe for visitors to walk on. Historical precedents, such as wall remnants in
the Gobi Desert, demonstrate that fiber-reinforced granular structures are extremely durable.
Their ability to reorganize dynamically in response to foundational shifts prevents cracking—a
key to practically unlimited longevity.

*Rock Print Pavilion — Research demonstrator for robot-assisted granular construction, developed by Gra-
mazio Kohler Research (ETH Zurich) on behalf of the Gewerbemuseum Winterthur. Project team: P. Aejmelaeus-
Lindstrom, G. Rusenova (lead), H. Mayer, A. Mirjan, E. Lombardini, ]. Medina Ibafez. [YouTube Video
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The Rock-Cell deploys a Yaskawa HC10 DT IP67 robotic arm on a mobile Husarion Panther
platform, equipped with a printed multifunction tool. The system can handle gravel loads up
to 8 kg with a cycle time of approximately one minute. This enables a daily output of around
10 meters of wall—fully autonomous in continuous 24/7 operation.

=

S A IQ;,

Figure 5: Autonomous construction using mobile robotic system: material pickup from con-
tainer, placement, and structure building.

When relocating to a new site, the Rock-Cell can be removed without a trace—an advantage
especially relevant for leased land.

Aesthetic integration has also been successfully demonstrated: facade blocks allow for vi-
sually appealing exterior surfaces as needed. Thus, Rock-Cell is not only functionally robust
but also adaptable to the surrounding landscape. Additionally, the roof structure can support
automated farming—eliminating the need for agricultural land. Rock-Cell can enhance road-
side strips and marginal lands with integrated irrigation and robotic biodiversity measures,
transforming low-ecology zones into thriving microhabitats.

Conclusion: The materials used do not degrade over time—they can be dismantled, shred-
ded, and redeployed. Rock-Cell creates permanent yet reversible value—an exceedingly rare
combination in the construction industry.

6. Radical Machines: Universal and Infinite Systems

Rock-Cell operates using only two core devices: a collaborative robot (cobot) on a mobile plat-
form and an infinity belt printer for robotic structural components. This radical minimization
of machinery enables a robust, low-maintenance, and highly replicable production system.

Cost Analysis: Robotic System

With a purchase price 0of€40,000 for the robot and platform (Yaskawa HC10 DT IP67 + Husar-
ion Panther), the annualized cost—assuming a five-year depreciation—amounts to €8,000.
Based on 300 operating days and an annual output of 3,000 linear meters of wall, this results in
robotic costs of approximately €2.67 per meter—a benchmark value compared to manual labor
or fixed infrastructure.

Cost Analysis: Belt Printer

The infinity belt printer used to fabricate structural and functional components costs ap-
proximately €1,000. It enables additive manufacturing of all non-mineral components—such
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as valve boards, brackets, and housings. The PETG filament used is priced below €20/kg (bulk
rates around€15/kg). The "print-in-place" strategy eliminates nearly all assembly: components
are printed directly in their intended location, fitted, and deployed. If a part fails, it is shredded
and immediately reprinted—bypassing traditional repair. Installation costs are minimized, and
maintenance logic shifts fundamentally: wear is replaced by cyclical reproduction.

Platform Logic via Machine Universalization

The combination of a universal robot and a continuously operating belt printer forms the
foundation of a machine-based platform strategy. Once a process is successfully implemented,
additional, low-threshold manufacturing steps can be mapped onto the same hardware. What
currently works with carbonated gravel can later extend to other material processes—without
new machinery, without additional infrastructure. This makes capacity replication not just
cheaper, but universally adaptable.

Figure 6: Expanded Rock-Cell model: conveyor-belt printer and robot in a separate tunnel with
printed roof structure, autonomous and unattended.

Functional and Economic Relevance

Rock-Cell is more than a machine—it is a universal production platform. Its structural
components are printed directly on-site, and its processes require no traditional assem-
bly chains. This creates a system that not only binds CO, but also unlocks new forms of
value—through mechanical self-adaptation, replicability, and continuous expandability.

7. Minimal Assembly: On-Site and In-Situ Print Structures

Rock-Cell is built around the radical minimization of installation effort. Its structural compo-
nents are not pre-assembled, but fabricated directly on-site—via additive manufacturing with
infinity belt printers that produce components to exact geometry.

This “print-in-place” strategy not only saves on logistics and labor costs but also reduces
system risk: there are no complex subassemblies requiring traditional installation. Every step
is reversible, every part is recyclable—PETG can be shredded and re-extruded on-site. Both in-
stallation and disassembly can be performed autonomously, ensuring material purity through
source-code-based control.
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The result is a new category of production logic: not centralized and industrial, but decen-
tralized and regenerative—with minimal installation demands and maximal reusability.

8. Inherent Growth: Energetically Viable — Economically Connected

Rock-Cell can operate with both silicate rock (e.g., dunite) and carbonate-based material de-
rived from the so-called Kanan process. The choice of input depends on local conditions. While
traditional Direct Air Capture (DAC) requires substantial energy, the Kanan process signifi-
cantly reduces energy demand per ton of CO3, and Enhanced Weathering with dunite requires
even less. Both rock types are abundantly available on a global scale and are not limiting fac-
tors. [CK25] [Str+18]

Nonetheless, DAC remains the investor favorite—Enhanced Weathering (EW) is often seen
as incompatible with B2B value chains because it lacks direct utility or integration.

Why Rock-Cell Enables B2B Integration

Rock-Cell bridges the existing gap between CO; removal and real economic usability.
While traditional EW processes provide no embedded value stream, Rock-Cell creates a B2B-
compatible pathway via a decentralized ownership model:

» End customers (e.g., users of fueling networks) purchase their own Rock-Cell or fractional
ownership in one.

» The Rock-Cell continuously generates CO; credits, which do not need to be monetized
through resale in the B2B context.

 Instead, credits can be converted within a partner system (e.g., fueling networks) into
discounts, loyalty points, or user benefits.

« For customers: No business license, no taxes, no complexity—but tangible financial relief
as CO; prices rise.

» For businesses: Customer loyalty driven by technological participation, plus potentially
tradable credits within regulated carbon markets.

Rock-Cell as a Strategic B2B Instrument

Rock-Cell unlocks a new business model in the carbon removal space: consumers fund
permanent CO; storage, while businesses convert the resulting credits into customer
loyalty. This reduces costs, strengthens engagement, and enables future regulatory
alignment—e.g., by qualifying as part of a decentralized machine-based removal fleet
within emissions trading systems.

9. Generational Leverage: Parent-Child Logic in Technical Reproduction

CO; inheritance is more than technical scaling—it’s an economic leverage structure. Each Rock-
Cell generates not only carbon credits, but also assets: new Rock-Cells. These “child units” op-
erate autonomously, producing credits and material of their own—and contribute significantly
to the amortization of the “parent unit.”

What is taken for granted in agriculture through seeds is re-engineered here technologi-
cally: a replication cycle as an economic multiplier.
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Pilot Projects, Developer Kits, and Third-Party Access

To enable targeted research in inheritable CO, storage technologies, we offer a dedicated De-
veloper Kit for universities and research institutions. Based on the Rock-Cell principle, the kit
is designed as a modular platform for academic use and enables investigation of scalable cluster
structures under real operating conditions.

The capability for serial production of this Developer Kit has been successfully validated at
the Brandenburg facility. As a result, research teams now have access to an expandable testbed
for experimenting with material flows, pH cycling, and replication paths—without needing to
undergo market entry or certification proceduresf_f]

9 Sustainability and Regulatory Classification

Sustainability Through Mineral Storage

The Rock-Cell technology sequesters CO; permanently through mineralization. Unlike biolog-
ical methods such as reforestation or soil carbon enrichment, this storage form is chemically
stable, non-biodegradable, and potentially durable over thousands of years. This permanence
is crucial for the long-term effectiveness of carbon removal processes—especially when inte-
grated into political frameworks like net-zero strategies.

MRV: Measurement, Reporting, and Verification

A dedicated MRV method is currently under development, offering a high level of transparency.
Rather than directly measuring CO,, it assesses the solid material inputs and outputs and their
chemical composition via laboratory sampling. In essence, the verification burden is no higher
than that of standard industrial quality control. Since both input and output occur within the
same year and are accessible for weighing and lab analysis, the system enables greater trans-
parency with less effort.

The goal is to ensure compatibility with existing voluntary carbon markets, while simulta-
neously creating a structure that is ready for integration into future regulated markets (such as
ETS 2, starting in 2027).

Legal Framework: Emission Control and Facility Safety

For deployment at biogas facilities, the relevant regulatory framework is the German Federal
Emissions Control Act (BImSchG). Since the Rock-Cell operates as a downstream gas treatment
system, a permit under BImSchG may be feasible—especially if additional chemical processes
(e.g., pH cycling, filtration) are integrated. Legal assessments must be made on a case-by-case
basis, depending on site-specific conditions.

In terms of structural safety, the design complies with the Machinery Directive and, where
applicable, the Pressure Equipment Directive (PED), provided certain internal pressures are
reached. Thanks to a layout where pressurized vessels are always physically separated from
human access by a wall, a simplified approval process is targeted. From above, the reactor is
theoretically accessible, but the pressurized components are made from elastic, non-shattering
materials—an important factor for regulatory acceptance.

Recognition in the Emissions Trading System (ETS)

The long-term goal is integration of the Rock-Cell into the European Emissions Trading System
(ETS). In future ETS schemes for the building or agriculture sectors, this technology could be

“For more information and research access, visit lwww.rock—cell.com/academicl
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recognized as a tool for achieving negative emissions—provided validated methods for carbon
removal compensation exist (e.g., under the Carbon Removal Certification Framework, CRCF).
Until then, Rock-Cell will operate within voluntary markets, while establishing a technically
auditable foundation for future regulatory recognition. On voluntary platforms, certifications
are typically issued only once a FOAK (First-of-a-Kind) facility enters trial operation.

Rock-Cell is designed to minimize regulatory complexity while maximizing compatibil-
ity with relevant legal frameworks. Sustainability here means not only durable carbon
storage—but also political and institutional readiness for the future.

10 Limitations and Delimitations

Technical Limits: 10% External Materials Remain Necessary

Despite achieving a replication rate of 90%, Rock-Cell still depends on external compo-
nents—particularly electronics, robotics, and grinding technology. These parts cannot be repli-
cated and must be sourced from industrial supply chains. However, since they constitute only a
minor share of the overall system mass, the replication factor remains high. That said, supply
chain disruptions may lead to temporary system downtime.

Scaling Limits Due to Logistics and Regulation

Key bottlenecks for widespread adoption include:

» Access to suitable raw material (e.g., dunite) in sufficiently fine granularity and re-
gional proximity

» Regulatory uncertainty, such as the recognition of carbon credits, exhaust gas treat-
ment, or emissions control

» Technological maturity of the overall system, especially regarding full automation of
replication

These are not structural barriers but rather scale-dependent friction points that can be re-
solved through research, investment, and partnerships.
Distinction from Pyramid Schemes

Rock-Cell is a technical system for CO; removal—not a financial product. Returns are not gen-
erated through sales to new investors but through verifiably produced carbon credits and phys-
ically manufactured building material. There are:

* no sales hierarchies,
» no promises of guaranteed returns,
* no systemic reliance on continuous new investments.

Replication here is a technical — not financial—principle. It replaces industrial supply
chains, not market mechanisms.
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Realistic Expectations Over Visionary Framing

The technology does not promise miracles; it follows a real-economy logic: cost-effective pro-
cesses scale through quantity, not intensity. While this approach may be unfamiliar, it is well-
founded. Early pilot deployments are designed to ensure transparency and generate an empir-
ical data basis—without fueling market hype or inflated expectations.

Acknowledging Limits to Build Trust

Being transparent about replication limits and regulatory hurdles is part of the strategy:
Rock-Cell is not flawless, but it is designed to learn and adapt—and it documents its
progress openly. Trust is built not through exaggerated promises, but through credible
boundaries.

11 Outlook and Societal Impact

Perspective: Through CO; inheritance, carbon removal becomes economically self-sustaining.
This new cost structure transforms CO; storage into standard infrastructure—decentralized, re-
gional, and an integral part of a regenerative economy. Carbon removal thus becomes a growth
driver: not just transforming existing markets but creating entirely new ones. What once was
black gold will be carbon—intelligently embedded in assets that enable cross-market value cre-
ation.

From Narratives of Sacrifice to Logics of Participation

Public discourse often associates climate protection with restriction and sacrifice. Technolo-
gies like Rock-Cell reverse this narrative: those who store CO; do not merely “compensate” but
become part of a visible, positive transformation—one that includes financial returns.

This participatory model enables new social alliances, especially with groups traditionally
skeptical of climate policy. Where there is emotional attachment to technology, freedom, or
mobility, new connections become possible—not through moral appeals, but through agency
and benefit.

The Stone as Symbol: A New Status Object?

The NFC-enabled stone assigned to each Rock-Cell is more than a user interface—it is a sym-
bol of ownership, connection, and transparency. It links the immaterial (digitization, carbon
markets) with the tangible (material, machine, location).

Rather than obscure carbon offsets, it creates a new form of technical presence in ev-
eryday life: visible, verifiable, identifiable. This may give rise to new rituals and identi-
ties—comparable to those around solar panels or electric vehicles: ownership means partic-
ipation and signals values.

Regional Anchoring and New Spaces of Production

Rock-Cell is decentralized infrastructure. Each unit is located in a specific place, in cooperation
with regional partners, farmers, utilities, and craft businesses. This visibility is not inciden-
tal—it is intentional, because only visible infrastructure can foster public acceptance.

Industrial value creation shifts away from centralized mega-structures toward modular,
scalable islands. Where biogas plants, gravel pits, or wind farms once stood alone, new hy-
brid production sites emerge—visible, accessible, and socially embedded.
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Scaling with Public Support

Scaling is not just a technical issue—it is a social one. Rock-Cell addresses this through trans-
parency, modularity, and the active involvement of end users. Personal access through the
stone, on-site visits, and the narrative of “my cell is working for me” are core elements of a
new ecological economy.

In areas where public support often breaks down—such as grid expansion, carbon taxes, or
perceived lifestyle constraints—Rock-Cell generates the opposite effect: the technology is not
a burden, but an invitation.

Conclusion: From Climate Cost to Civic Participation

Rock-Cell is not just a technology—it is next-generation infrastructure. It enables re-
turns instead of burdens, participation instead of admonition, and presence instead
of opacity. It shows that even the most abstract form of climate action—carbon re-
moval—can become concrete, tangible, and socially transformative.
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