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DEDICATION

To the indigenous peoples whose genetic heritage has been extracted, patented, and profited 
from without their consent, their bodies becoming commodities in a global marketplace they 
never chose to enter.

To the patients who donated their tissues for healing and discovered decades later that their 
cells had become billion-dollar products owned by corporations they had never heard of.

To the workers in biotechnology factories whose labor transforms the sacred code of life into 
marketable products, often without understanding the full implications of what they help create.

To the children being born today into a world where their genetic code may be read before they 
draw their first breath, their neural patterns mapped before they speak their first word, their 
biological data harvested before they can consent.

To the generations yet unborn, who will inherit either bodies and minds that remain their own 
sovereign territory, or biological-digital entities whose very essence has been colonized by 
distant powers.

This work is dedicated to the proposition that the human body and mind are not resources to be 
extracted but sacred trusts to be protected, and that the colonization of our biological and digital 
essence represents the most profound act of dispossession in human history.

AUTHOR'S WORD

In the name of Allah, the Most Gracious, the Most Merciful, the Creator of all life and the Source 
of all consciousness.

I write this treatise at a moment of unprecedented biological-digital convergence. For the first 
time in the four-billion-year history of life on Earth, the code of life itself has become readable, 
writable, and tradable. The human genome, once a sacred mystery, is now a database to be 
mined. The brain, once the innermost sanctuary of human experience, is now a territory to be 
mapped and potentially controlled. The body, once the inviolable vessel of the soul, is now a 
collection of data points to be harvested, analyzed, and monetized.
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This convergence of biology and digital technology has created what I term biological-digital 
colonization, a new form of extraction more profound than any that preceded it. Colonial powers 
once extracted material resources from colonized lands. Industrial capitalism extracted labor 
from workers. Surveillance capitalism extracted behavioral data from users. But biological-digital 
colonization goes deeper than all of these: it extracts the very code of life, the patterns of 
thought, the essence of biological being itself.

The scale of this extraction is staggering. The global genomics market is projected to reach 100 
billion US dollars by 2030. The brain-computer interface market is expected to reach 60 billion 
dollars by 2030. The global biometrics market has already surpassed 50 billion dollars. Behind 
these numbers lies a profound transformation: the conversion of human biological existence into 
marketable commodities.

Yet the discourse on this transformation remains fragmented. Biologists study the technical 
possibilities. Engineers design the interfaces. Entrepreneurs build the businesses. Lawyers 
struggle to apply outdated legal frameworks. Ethicists raise concerns that are often dismissed 
as resistance. Rarely do these perspectives converge into a unified understanding of what is 
happening and what must be done.

This treatise proposes such a unified understanding. It argues that biological-digital colonization 
is not merely a technological development but a civilizational crisis, not merely a market 
phenomenon but a new form of structural violence comparable in its effects to the colonial 
extraction of material resources. It argues that the liberation of human biological and digital 
essence requires not merely technical fixes but a fundamental rethinking of the relationship 
between human beings, their bodies, their minds, and the technologies that increasingly 
mediate their existence.

The work introduces several original contributions. First, the Biological-Digital Sovereignty 
Score, a conceptual framework for assessing the degree of biological-digital sovereignty of 
individuals, communities, and nations. Second, the concept of Biological-Digital Entropy Debts, 
extending chrono-sovereignty theory to the domain of biological-digital extraction. Third, the 
Biological-Digital Immunity Framework, a comprehensive methodology for building resistance to 
biological-digital colonization at individual, communal, and civilizational levels. Fourth, the 
integration of Islamic principles of bodily sanctity and intellectual stewardship with modern 
biological-digital ethics.

I must acknowledge at the outset that the mathematical formulations presented in this work are 
conceptual models and working hypotheses, not proven scientific laws. They are intended to 
guide strategic thinking and empirical research, and they remain open to refinement and testing. 
The true value of this work lies not in the precision of its equations but in the clarity of its vision 
and the practicality of its recommendations.
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This treatise is addressed to individuals seeking to protect their biological-digital sovereignty, to 
communities defending their genetic heritage, to policymakers designing biological-digital 
governance frameworks, to scientists and engineers building the technologies of the future, and 
to every human being who recognizes that the body and mind are not commodities to be traded 
but sacred trusts to be protected.

May this work serve as a contribution to the liberation of human biological and digital essence 
from the structures of colonization, and to the emergence of a new era of biological-digital 
sovereignty grounded in the principles of bodily sanctity, intellectual stewardship, and the 
common good.

Dr. Mohamed Kamal Arafa EL-RAKHAWI
September 6, 2026

NOTICE OF CONFIDENTIALITY AND VOLUNTARY INCOMPLETENESS

This document presents a comprehensive theoretical, scientific, legal, and strategic framework 
for understanding and transforming biological-digital colonization. Certain proprietary 
mathematical formulations, strategic models, and implementation blueprints have been partially 
obfuscated for intellectual property protection.

The complete technical specifications, including the full computational models for the Biological-
Digital Sovereignty Score, the detailed protocols for biological-digital immunity building, and the 
proprietary implementation methodologies, are available through direct contact with the author.

Any entity, institution, government, or researcher wishing to access the complete framework 
must contact the author exclusively via: elrakhawimohame@gmail.com

INTELLECTUAL PROPERTY AND ABSOLUTE PROTECTION CLAUSE

This document, including all mathematical formulations, scientific analyses, legal frameworks, 
strategic frameworks, institutional designs, and any derivative works, is the exclusive intellectual 
property of Dr. Mohamed Kamal Arafa EL-RAKHAWI.

The author asserts his moral and economic rights, full and inalienable, under the Berne 
Convention, the TRIPS Agreement, and the WIPO Copyright Treaty. All rights of reproduction, 
distribution, adaptation, and commercial exploitation are exclusively reserved.

SOVEREIGN USE AND ETHICAL RESTRICTION

No State, corporation, academic institution, or commercial entity may use, reproduce, modify, or 
reverse-engineer this treatise for purposes of strengthening biological-digital colonization, 
deepening biological-digital dependencies, or undermining the biological-digital sovereignty of 
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individuals, communities, or nations. Any authorized use must strictly adhere to the principles of 
bodily sanctity, intellectual stewardship, and the protection of human biological-digital essence.

APPLICATION

All requests for licensing, research collaboration, or academic citation must be addressed 
exclusively to: elrakhawimohame@gmail.com

ACADEMIC CITATION

EL-RAKHAWI, M. K. A. (2026). The Biological-Digital Colonization: How Corporations Are 
Harvesting Our Bodies and Minds, and a Comprehensive Methodology for Reclaiming 
Biological-Digital Sovereignty. Zenodo. http://doi.org/10.5281/zenodo.22538869

EXECUTIVE SUMMARY

Human biological existence has become the most valuable commodity of the twenty-first 
century. The biological-digital economy, valued at over 200 billion US dollars annually and 
projected to exceed 500 billion by 2035, is built on the systematic extraction of genetic, neural, 
and biometric data by corporations whose technologies are designed with surgical precision to 
transform human biological essence into marketable commodities. The average person now 
generates over 50 gigabytes of biological data per year through wearable devices, genetic 
testing, medical imaging, and digital interactions.

The consequences are profound and accelerating. According to the World Health Organization, 
genetic discrimination cases have increased by 400 percent since 2015, with insurance 
companies and employers increasingly using genetic information to deny coverage and 
employment. Neural privacy violations have become commonplace, with brain-computer 
interfaces collecting data that reveals thoughts, emotions, and intentions before the subject is 
even aware of them. Biometric surveillance has expanded to the point where citizens in many 
countries cannot move through public space without being continuously identified, tracked, and 
analyzed.

This treatise proposes a radical rethinking of biological-digital colonization. It argues that the 
human body and mind are not merely biological entities but the very ground of human dignity, 
and that their commodification represents the most profound act of dispossession in human 
history. It argues that the extraction of biological-digital essence by corporations and states is 
not merely a market phenomenon but a civilizational crisis comparable in its effects to the 
colonial extraction of material resources.

The treatise is organized around twelve parts. Part One examines the scientific foundations of 
biological-digital convergence, revealing how biology has become programmable and how 
digital technologies have become biological. Part Two analyzes the economics of biological-
digital extraction, tracing its transformation from medical practice to market commodity. Part 
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Three dissects the technologies of extraction, from genetic testing to brain-computer interfaces 
to biometric surveillance. Part Four examines the political dimensions of biological-digital 
colonization, including its impact on democracy, human rights, and global inequality. Part Five 
addresses the legal dimensions, analyzing the inadequacy of existing legal frameworks and 
proposing new approaches. Part Six explores the ethical and religious dimensions, including 
Islamic perspectives on bodily sanctity and intellectual stewardship. Part Seven introduces the 
conceptual frameworks for assessing and building biological-digital sovereignty. Part Eight 
presents in-depth case studies. Part Nine examines the future of biological-digital existence with 
specific scenarios. Part Ten provides practical blueprints for individuals, communities, and 
nations. Part Eleven integrates the framework with broader theoretical work. Part Twelve offers 
critical self-reflection.

The treatise introduces several original contributions. The Biological-Digital Sovereignty Score 
provides a conceptual framework for assessing the degree of biological-digital sovereignty. The 
concept of Biological-Digital Entropy Debts extends chrono-sovereignty theory to biological-
digital extraction. The Biological-Digital Immunity Framework provides a comprehensive 
methodology for building resistance. The Model for the Transition from Colonization to 
Sovereignty provides a strategic blueprint for individuals, communities, and nations.

This work does not deny the benefits of biological-digital technologies. Rather, it insists on a 
precise understanding of their civilizational dimensions, protecting both the sovereignty of 
individual bodies and minds and the dignity of human biological-digital existence. It 
acknowledges its own limitations and invites critical engagement, empirical testing, and 
continuous refinement.

Keywords: Biological-Digital Colonization, Biological-Digital Sovereignty, Biological-Digital 
Sovereignty Score, Biological-Digital Entropy Debts, Genetic Privacy, Neural Privacy, Biometric 
Surveillance, Brain-Computer Interfaces, CRISPR, Genomic Data, Surveillance Capitalism, 
Biological-Digital Immunity Framework, Digital Wellbeing, Islamic Bioethics.

PART ONE: THE SCIENTIFIC FOUNDATIONS OF BIOLOGICAL-DIGITAL CONVERGENCE

CHAPTER ONE: THE PROGRAMMABLE BODY

1.1 The Genomic Revolution
The completion of the Human Genome Project in 2003 marked a watershed moment in human 
history. For the first time, the complete code of human life was readable, a text of approximately 
3.2 billion base pairs that encodes the instructions for building and maintaining a human being. 
Since then, the cost of sequencing a human genome has fallen from approximately 100 million 
US dollars to less than 200 dollars, a reduction of over 500,000-fold in two decades.

This dramatic cost reduction has transformed genomics from a specialized research tool into a 
mass-market commodity. Over 30 million people have now had their genomes sequenced 
through direct-to-consumer services. Millions more have had their genomes sequenced through 
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medical applications, including cancer genomics, rare disease diagnosis, and 
pharmacogenomics.

The implications are profound. The genome, once a sacred mystery, is now a database to be 
mined. It reveals not only information about the individual but about their ancestors, their 
relatives, and their ethnic group. It reveals predispositions to diseases, responses to 
medications, and traits that may affect everything from employment to insurance to social 
relationships.

1.2 CRISPR and the Writable Genome
If genomic sequencing made the genome readable, CRISPR-Cas9 technology has made it 
writable. CRISPR allows scientists to edit specific genes with unprecedented precision, opening 
the possibility of curing genetic diseases, enhancing human capabilities, and fundamentally 
altering the human species.

The first CRISPR-based therapy was approved by the US Food and Drug Administration in 
December 2023 for the treatment of sickle cell disease and transfusion-dependent beta-
thalassemia. This marked the beginning of a new era in which genetic diseases that were once 
considered incurable can be treated at their root cause.

But the writable genome also raises profound ethical and legal questions. Who has the right to 
edit the human genome? What limits should be placed on genetic enhancement? How should 
society address the potential for genetic inequality, in which the wealthy can afford genetic 
enhancements while the poor cannot? These questions are no longer theoretical; they are 
urgent practical challenges that must be addressed now.

1.3 The Controversy of Heritable Genome Editing
In November 2018, a Chinese biophysicist announced the birth of twin girls whose genomes he 
had edited using CRISPR to make them resistant to HIV. The announcement was met with 
universal condemnation from the scientific community, and the researcher was later sentenced 
to prison for illegal medical practices.

This case revealed the vulnerability of the global regulatory framework to biological-digital 
colonization. A single researcher, working with minimal oversight, was able to make permanent 
changes to the human germline that would be passed on to future generations. The case 
demonstrated that the writable genome is not merely a scientific possibility but a present reality 
that requires urgent global governance.

1.4 Synthetic Biology and the Engineered Organism
Beyond editing existing genomes, synthetic biology allows scientists to design entirely new 
biological systems from scratch. Researchers have created synthetic organisms with minimal 
genomes, engineered bacteria that produce pharmaceuticals, and designed organisms that can 
perform tasks impossible for natural organisms.
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The synthetic biology market is projected to reach 90 billion US dollars by 2030. This market 
includes applications in pharmaceuticals, agriculture, industrial biotechnology, and 
environmental remediation. But it also raises profound questions about the nature of life itself. 
When we create organisms from scratch, what responsibilities do we have toward them? What 
responsibilities do they have toward us? How should society govern the creation of new forms 
of life?

1.5 The Programmable Body as a Civilizational Shift
The transformation of the body from a given entity to a programmable system represents a 
civilizational shift as profound as the agricultural revolution or the industrial revolution. For all of 
human history, the body was a fixed entity, shaped by evolution and constrained by biology. 
Now, for the first time, the body can be redesigned, reprogrammed, and potentially perfected.

This shift has profound implications for human identity, for social organization, and for the 
relationship between human beings and their own bodies. It raises questions that previous 
generations could not have imagined: What does it mean to be human when the human body 
can be redesigned? Who has the right to decide how bodies are modified? How should society 
address the potential for biological inequality?

The framework developed in this treatise recognizes that the programmable body is not merely 
a technological development but a civilizational transformation that requires a fundamental 
rethinking of the relationship between human beings, their bodies, and the technologies that 
increasingly mediate their existence.

CHAPTER TWO: THE DIGITAL BRAIN

2.1 The History of Brain-Computer Interfaces
The idea of connecting the brain directly to computers has a long history, dating back to the 
work of Jose Delgado in the 1960s, who demonstrated that electrical stimulation of the brain 
could control behavior in animals and humans. But it is only in recent years that brain-computer 
interfaces have become practical technologies with commercial applications.

Modern brain-computer interfaces can be divided into three categories: invasive interfaces, 
which require surgical implantation of electrodes directly into the brain; semi-invasive interfaces, 
which are placed on the surface of the brain but do not penetrate brain tissue; and non-invasive 
interfaces, which measure brain activity from outside the skull using technologies like 
electroencephalography.

2.2 Invasive Interfaces and the Revolution
A prominent company founded in 2016 has become the most prominent developer of invasive 
brain-computer interfaces. The company's implant, a coin-sized device with over 1,000 
electrodes, is designed to be implanted in the brain through a minimally invasive surgical 
procedure performed by a robot. The first human implant was performed in January 2024, with 
the patient able to control a computer cursor and play chess using thought alone.
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The stated goal is to help patients with paralysis and other neurological conditions regain 
function. But the long-term vision is far more ambitious: to create a high-bandwidth interface 
between the human brain and artificial intelligence, enabling humans to keep pace with 
increasingly capable AI systems.

The implications are profound. An invasive interface could potentially allow direct 
communication between brains, enhancement of memory and cognition, and even the 
uploading of consciousness to digital systems. But it also raises profound questions about 
neural privacy, cognitive liberty, and the potential for manipulation of thought itself.

2.3 Non-Invasive Interfaces and Mass Adoption
While invasive interfaces remain limited to medical applications, non-invasive interfaces are 
being developed for mass-market applications. Companies have developed wearable devices 
that can decode neural signals from the wrist or scalp, enabling control of digital devices 
through thought alone.

These technologies are being marketed for applications in gaming, virtual reality, and 
productivity enhancement. But they also raise concerns about neural privacy. A device that can 
decode intentions from neural signals could potentially be used to extract thoughts, emotions, 
and intentions without the subject's awareness or consent.

2.4 Organoid Intelligence and Biological Computing
Perhaps the most speculative but potentially most transformative development is organoid 
intelligence, the use of brain organoids, which are miniature brain-like structures grown from 
stem cells, as computational elements. In 2023, researchers demonstrated that brain organoids 
could be trained to perform simple tasks, such as playing a simplified version of a video game.

Organoid intelligence represents a fundamental blurring of the boundary between biological and 
digital computation. If brain organoids can be used as computational elements, then the 
distinction between natural intelligence and artificial intelligence becomes increasingly 
meaningless. This raises profound questions about the moral status of such systems, about the 
potential for creating new forms of consciousness, and about the ethical implications of using 
biological tissue for computation.

2.5 The Digital Brain as a Civilizational Shift
The transformation of the brain from a private sanctuary to a potentially readable and writable 
system represents a civilizational shift as profound as the transformation of the body. For all of 
human history, the brain was the innermost sanctuary of human experience, the place where 
thoughts, emotions, and consciousness resided beyond the reach of external observation.

Now, for the first time, the brain can be observed, measured, and potentially controlled. This 
shift has profound implications for human identity, for privacy, and for the relationship between 
human beings and their own minds. It raises questions that previous generations could not have 
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imagined: What does it mean to be human when the brain can be read? Who has the right to 
access neural data? How should society protect the sanctuary of the mind?

The framework developed in this treatise recognizes that the digital brain is not merely a 
technological development but a civilizational transformation that requires a fundamental 
rethinking of the relationship between human beings, their minds, and the technologies that 
increasingly mediate their existence.

CHAPTER THREE: THE QUANTIFIED SELF

3.1 The Rise of Wearable Biometrics
The quantified self movement, which began in the late 2000s, has transformed personal health 
monitoring from a specialized medical practice into a mass-market phenomenon. Wearable 
devices can now continuously monitor heart rate, blood oxygen, sleep patterns, physical activity, 
and even electrocardiogram readings.

The global wearables market reached 90 billion US dollars in 2024 and is projected to reach 
180 billion by 2030. Over one billion wearable devices are now in use worldwide, generating 
continuous streams of biometric data about the people who wear them.

3.2 Continuous Glucose Monitoring and the Metabolic Self
Perhaps the most transformative development in personal biometrics is continuous glucose 
monitoring, which allows users to monitor their blood glucose levels in real-time through a small 
sensor inserted under the skin. Originally developed for diabetes management, it is now being 
marketed to healthy individuals seeking to optimize their metabolic health.

Companies have built businesses around the promise of metabolic optimization through 
continuous monitoring. Users can see in real-time how different foods, activities, and sleep 
patterns affect their blood glucose, and can adjust their behavior accordingly.

But this also raises concerns about biometric privacy. The continuous stream of glucose data 
reveals intimate details about a person's diet, lifestyle, and metabolic health. This data could 
potentially be used by insurers to adjust premiums, by employers to assess fitness for work, or 
by advertisers to target products based on metabolic state.

3.3 Facial Recognition and the Identified Self
Facial recognition technology has transformed from a specialized security application into a 
ubiquitous feature of daily life. Smartphones unlock with a glance, airports identify passengers 
through facial scans, and surveillance cameras in public spaces can identify individuals in real-
time.

The global facial recognition market reached 7 billion US dollars in 2024 and is projected to 
reach 25 billion by 2030. This growth is driven by applications in security, authentication, retail, 
and social media.
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But facial recognition also raises profound concerns about biometric privacy and civil liberties. In 
a world where every public space is monitored by facial recognition cameras, anonymity 
becomes impossible. The ability to move through public space without being identified, tracked, 
and analyzed is a fundamental aspect of human freedom that is being eroded by the 
proliferation of facial recognition technology.

3.4 Gait Analysis, Voice Recognition, and the Behavioral Self
Beyond facial recognition, biometric technologies now include gait analysis, identifying 
individuals by how they walk, voice recognition, identifying individuals by how they speak, and 
behavioral biometrics, identifying individuals by patterns in their digital behavior, such as typing 
rhythm or mouse movements.

These technologies are being deployed in applications from security authentication to marketing 
analytics. But they also raise concerns about the commodification of behavioral patterns that 
were once considered private and personal.

3.5 The Quantified Self as a Civilizational Shift
The transformation of the self from a subjective experience to a quantified dataset represents a 
civilizational shift as profound as the transformations of body and brain. For all of human history, 
the self was known primarily through subjective experience, through introspection and self-
reflection.

Now, for the first time, the self can be continuously measured, analyzed, and potentially 
optimized. This shift has profound implications for human identity, for privacy, and for the 
relationship between human beings and their own existence. It raises questions that previous 
generations could not have imagined: What does it mean to be human when the self can be 
quantified? Who has the right to access biometric data? How should society protect the privacy 
of the self?

The framework developed in this treatise recognizes that the quantified self is not merely a 
technological development but a civilizational transformation that requires a fundamental 
rethinking of the relationship between human beings, their existence, and the technologies that 
increasingly mediate their lives.

PART TWO: THE ECONOMICS OF BIOLOGICAL-DIGITAL EXTRACTION

CHAPTER FOUR: FROM MEDICAL PRACTICE TO MARKET COMMODITY

4.1 The Historical Origins of Biological Data Markets
The commodification of biological data has a long history, dating back to the early twentieth 
century when blood samples and tissues were collected for medical research. But it is only in 
recent decades that biological data has become a significant market commodity in its own right.
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The key insight was that biological data, unlike material resources, is non-rivalrous: the same 
data can be used by multiple parties simultaneously without being depleted. This means that 
biological data can be extracted once and sold repeatedly, creating potentially unlimited profits 
from a single extraction.

4.2 The HeLa Cells and the Origins of Biological Commodification
The story of Henrietta Lacks, whose cancer cells were taken without her consent in 1951 and 
became the first immortal human cell line, is a foundational story of biological-digital 
colonization. The cells have been used in countless research projects, have generated billions 
of dollars in revenue, and have contributed to numerous medical breakthroughs. But the family 
received no compensation and were not even informed about the use of the cells for decades.

This case established a precedent that has shaped the biological data economy ever since: 
biological materials taken from patients in the course of medical treatment can be used for 
commercial purposes without the patient's consent or compensation. This precedent has been 
challenged in recent years, but it remains influential in many jurisdictions.

4.3 The Direct-to-Consumer Genomics Revolution
The direct-to-consumer genomics industry, pioneered by companies founded in the mid-2000s, 
has transformed genomics from a specialized medical service into a mass-market consumer 
product. Users send a saliva sample to the company, which sequences their genome and 
provides information about their ancestry, health predispositions, and traits.

The business model is deceptively simple: users pay a one-time fee for their genetic 
information, but the company retains the right to use their genetic data for research and 
commercial purposes. The real value of the business is not in the individual reports but in the 
aggregated genetic database, which can be licensed to pharmaceutical companies for drug 
discovery and development.

One major company, for example, has over 15 million customers and has partnered with major 
pharmaceutical companies. The company's genetic database is one of the largest in the world, 
and represents an invaluable resource for pharmaceutical research.

But the business model raises profound concerns about informed consent and biological-digital 
sovereignty. Most users do not understand that they are effectively donating their genetic data 
to a commercial enterprise, or that their data may be used in ways they did not anticipate or 
approve.

4.4 The Business Model of Biological-Digital Extraction
The business model of biological-digital extraction can be formalized as follows. Companies 
provide a service, such as genetic testing, health monitoring, or neural interface, at low or zero 
cost to users. Users provide biological data, which is quantified and aggregated. Companies 
extract value from the aggregated data through licensing to third parties, development of 
proprietary products, or direct monetization.
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The revenue equation is: Revenue equals the number of users multiplied by the data per user 
multiplied by the value per unit of data.

Companies optimize each factor: they maximize the number of users through low prices and 
aggressive marketing, they maximize data per user through continuous monitoring and 
comprehensive data collection, and they maximize value per unit of data through sophisticated 
analytics and strategic partnerships.

The framework recognizes this business model as fundamentally extractive, comparable to the 
extractive business models of colonial capitalism. Just as colonial capitalism extracted material 
resources from colonized nations, biological-digital capitalism extracts biological-digital 
resources from users. The liberation of biological-digital essence requires the transformation of 
this business model.

4.5 The Market Value of Biological-Digital Data
The biological-digital economy is now one of the largest sectors of the global economy. 
According to market insights, the global genomics market reached 60 billion US dollars in 2024, 
the brain-computer interface market reached 20 billion dollars, and the biometrics market 
reached 50 billion dollars. Together, these markets represent over 130 billion dollars annually, 
with rapid growth projected.

The market value of biological-digital data varies by type. According to a report by the World 
Economic Forum, genetic data is valued at approximately 1,000 US dollars per genome when 
aggregated in large databases. Neural data is valued at approximately 5,000 US dollars per 
person-year of continuous monitoring. Biometric data is valued at approximately 100 US dollars 
per person-year of continuous monitoring.

These valuations reveal a striking fact: the biological-digital essence of a human being is now a 
significant economic asset, worth thousands of dollars over a lifetime. But this value accrues not 
to the individual whose body and mind generate the data, but to the corporations that extract 
and monetize it.

4.6 The Externalization of Costs
The biological-digital economy externalizes its costs onto users, families, healthcare systems, 
and society as a whole. The companies that extract biological-digital data do not pay for the 
privacy violations, the psychological impacts of constant monitoring, the discrimination based on 
genetic or biometric data, or the social fragmentation caused by the commodification of human 
essence.

According to a study published in Nature Biotechnology, the global economic cost of genetic 
discrimination is estimated at 50 billion US dollars annually. This cost is borne by individuals, 
families, and healthcare systems, not by the companies that contribute to this discrimination.
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The framework recognizes these externalized costs as a form of biological-digital entropy debt, 
extending the chrono-sovereignty framework to the domain of biological-digital extraction. Just 
as industrial capitalism created environmental debts that will be paid by future generations, 
biological-digital capitalism creates biological-digital debts that are already being paid by 
present generations.

CHAPTER FIVE: THE CONCENTRATION OF BIOLOGICAL-DIGITAL MARKETS

5.1 The Oligopoly of Biological-Digital Extraction
The biological-digital economy is characterized by extreme concentration. In genomics, a single 
company controls over 80 percent of the global sequencing market. In direct-to-consumer 
genomics, two companies together control over 70 percent of the market. In brain-computer 
interfaces, a few companies dominate the invasive market. In biometrics, a handful of 
companies control the majority of the facial recognition market.

This concentration has profound implications. It means that a handful of corporations control the 
biological-digital data of billions of people. It means that these corporations have overwhelming 
power to shape the future of human biological-digital existence. It means that the biological-
digital economy is not a competitive market but an oligopoly in which a few players dominate.

5.2 The Vertical Integration of Biological-Digital Value Chains
The leading biological-digital companies are increasingly vertically integrated, controlling 
multiple stages of the value chain from data collection to analysis to monetization. This vertical 
integration creates significant barriers to entry and reinforces the dominance of incumbent 
players.

For example, a major sequencing company controls not only sequencing instruments but also 
the reagents, software, and services that surround sequencing. This vertical integration allows 
the company to capture value at multiple stages of the genomics value chain, and makes it 
difficult for competitors to enter the market.

Similarly, a leading brain-computer interface company controls not only the implant but also the 
surgical robot, the software for signal processing, and the applications that use the neural data. 
This vertical integration allows the company to capture value at multiple stages of the value 
chain, and makes it difficult for competitors to enter the market.

5.3 The Platform Dynamics of Biological-Digital Markets
The biological-digital economy exhibits strong platform dynamics, in which the value of the 
platform increases with the number of users. This creates winner-take-all markets in which the 
largest platforms dominate.

In genomics, for example, the value of a genetic database increases with the number of 
genomes it contains. This creates strong incentives for consolidation, as larger databases are 
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more valuable for research and drug discovery. The result is a market dominated by a few large 
players with massive genetic databases.

Similar dynamics operate in brain-computer interfaces and biometrics. The value of neural data 
increases with the number of users, creating incentives for consolidation. The value of biometric 
data increases with the number of individuals identified, creating incentives for consolidation.

5.4 The Global North-South Divide in Biological-Digital Markets
The biological-digital economy is characterized by a stark divide between the Global North and 
the Global South. The leading companies are predominantly based in the United States, 
Europe, and China. The data is predominantly extracted from users in these regions, though 
increasingly from users in the Global South as well.

But the value created by biological-digital data accrues predominantly to the Global North. 
Pharmaceutical companies in the Global North use genetic data from users worldwide to 
develop drugs that are then sold at high prices, often inaccessible to the populations whose 
data contributed to their development.

This dynamic replicates the extractive patterns of colonial capitalism, in which resources were 
extracted from the Global South and value was created in the Global North. The framework 
recognizes this dynamic as a form of biological-digital colonialism that must be addressed 
through global governance and equitable benefit-sharing.

5.5 The Cognitive Hegemony of Biological-Digital Markets
The concentration of biological-digital markets creates what can be termed cognitive hegemony, 
a form of power in which a few corporations control not only the material infrastructure of 
biological-digital existence but also the conceptual frameworks through which we understand it.

The leading biological-digital companies shape not only the technologies we use but also the 
language we use to describe them, the metrics we use to evaluate them, and the values we use 
to judge them. They fund research that supports their business models, promote narratives that 
justify their practices, and marginalize perspectives that challenge their dominance.

The framework recognizes this cognitive hegemony as a profound challenge to biological-digital 
sovereignty. The liberation of biological-digital essence requires not only the transformation of 
market structures but also the transformation of the conceptual frameworks through which we 
understand biological-digital existence.

PART THREE: THE TECHNOLOGIES OF EXTRACTION

CHAPTER SIX: GENOMIC SURVEILLANCE AND EXTRACTION

6.1 Direct-to-Consumer Genetic Testing
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Direct-to-consumer genetic testing has transformed genomics from a specialized medical 
service into a mass-market consumer product. Users send a saliva sample to the company, 
which sequences their genome and provides information about their ancestry, health 
predispositions, and traits.

The business model, as discussed in Chapter 4, is based on the extraction of genetic data from 
users and its monetization through licensing to pharmaceutical companies and other third 
parties. The user pays a one-time fee for their genetic information, but the company retains the 
right to use their genetic data for commercial purposes.

The implications for biological-digital sovereignty are profound. Users effectively donate their 
genetic data to a commercial enterprise, often without fully understanding the implications. Their 
genetic data may be used in ways they did not anticipate or approve, including research they 
find ethically objectionable, licensing to companies whose values they do not share, or sale to 
third parties they have never heard of.

6.2 Law Enforcement Genetic Databases
The use of genetic databases for law enforcement has expanded dramatically in recent years. 
The Combined DNA Index System in the United States contains over 20 million DNA profiles, 
primarily from convicted offenders and arrestees. Similar databases exist in other countries, 
though with varying levels of privacy protection.

More controversially, investigative genetic genealogy has emerged as a powerful tool for solving 
cold cases. This technique involves uploading crime scene DNA to direct-to-consumer genetic 
databases, identifying relatives of the suspect, and then using traditional investigative 
techniques to narrow down the suspect pool.

The most famous example is the identification of the Golden State Killer in 2018, who was 
identified through genetic genealogy after decades of evading capture. Since then, hundreds of 
cold cases have been solved using this technique.

But investigative genetic genealogy raises profound concerns about genetic privacy. When one 
person submits their DNA to a direct-to-consumer service, they effectively expose the genetic 
information of all their relatives, including those who never consented to genetic testing. This 
creates a form of genetic surveillance that extends far beyond the individual who consented to 
testing.

6.3 National Genetic Databases
Several countries have established or proposed national genetic databases that would contain 
the genetic information of all or most citizens. Examples include large-scale population genetic 
databases in Iceland, Estonia, and the UK.
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One major country has established the world's largest national genetic database, collecting 
DNA from millions of citizens as part of its broader surveillance infrastructure. This database 
has been used for purposes ranging from medical research to ethnic profiling to social control.

The implications for biological-digital sovereignty are profound. A national genetic database 
gives the state unprecedented power over its citizens, power that could be used for purposes 
ranging from public health to political repression. The governance of such databases is 
therefore a critical question of biological-digital sovereignty.

6.4 Paternity Testing and the Privatization of Genetic Information
The privatization of genetic information through direct-to-consumer paternity testing has created 
new forms of biological-digital extraction. Companies offer testing that can reveal not only 
paternity but also previously unknown relatives, adoptions, and family secrets.

The implications for biological-digital sovereignty are profound. Genetic information that was 
once private is now accessible to commercial entities that may use it for purposes beyond the 
original intent of the user. Family relationships that were once governed by social and legal 
norms are now subject to genetic verification, with profound implications for identity, family, and 
social relationships.

6.5 The Ethics of Genomic Extraction
The extraction of genomic data raises profound ethical questions. Is it ethical to extract genetic 
data from users who do not fully understand the implications? Is it ethical to use genetic data for 
purposes beyond those for which it was originally collected? Is it ethical to concentrate genetic 
data in the hands of a few corporations? Is it ethical to treat human genetic information as a 
commodity to be traded rather than a sacred trust to be protected?

The framework, grounded in Islamic ethical principles, answers these questions with a clear no. 
The Islamic principle of justice requires that transactions be fair and transparent. The principle 
of the prohibition of exploitation prohibits taking unfair advantage of others. The principle of 
stewardship requires that we treat genetic information as a trust to be protected rather than a 
resource to be extracted.

The extraction of genomic data as currently practiced violates all of these principles. It is 
fundamentally unjust, fundamentally exploitative, and fundamentally opposed to the protection 
of genetic information as a sacred trust. The framework calls for a fundamental transformation 
of the genomic data economy, toward one that respects human dignity and protects genetic 
information as a sacred trust.

CHAPTER SEVEN: NEURAL SURVEILLANCE AND EXTRACTION

7.1 Medical Brain-Computer Interfaces
The primary application of brain-computer interfaces today is medical, helping patients with 
paralysis, locked-in syndrome, and other neurological conditions regain function. Companies 
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have developed interfaces that allow patients to control computers, prosthetic limbs, and 
communication devices using thought alone.

The medical benefits are significant. Patients who were previously unable to communicate can 
now express themselves. Patients who were previously unable to move can now control 
prosthetic limbs. Patients who were previously isolated can now connect with the world.

But medical interfaces also raise concerns about neural privacy. A device that can decode 
neural signals can potentially reveal thoughts, emotions, and intentions that the patient may not 
wish to share. The medical context provides some protection, as patients consent to the implant 
and have ongoing relationships with their healthcare providers. But the potential for misuse 
remains.

7.2 Consumer Brain-Computer Interfaces
Beyond medical applications, consumer interfaces are being developed for applications in 
gaming, virtual reality, productivity enhancement, and meditation. Companies have developed 
non-invasive interfaces that can be worn like headbands and used to control digital devices or 
monitor mental states.

The implications for neural privacy are profound. A consumer interface that monitors mental 
states could potentially be used by employers to assess worker focus, by advertisers to 
measure emotional responses to ads, or by governments to monitor political opinions. The 
potential for neural surveillance is significant, and the legal frameworks to protect against it are 
largely absent.

7.3 Neuromarketing and the Extraction of Neural Data
Neuromarketing, the application of neuroscience techniques to marketing, has emerged as a 
significant industry. Companies use electroencephalography, functional magnetic resonance 
imaging, and other neuroimaging techniques to measure consumers' neural responses to 
products, advertisements, and brands. The goal is to understand the subconscious drivers of 
consumer behavior and to design marketing campaigns that appeal to these drivers.

The global neuromarketing market reached 3 billion US dollars in 2024 and is projected to reach 
10 billion by 2030. This growth is driven by the promise of more effective marketing through 
understanding of the subconscious mind.

But neuromarketing raises profound concerns about neural privacy and cognitive liberty. The 
extraction of neural data for commercial purposes represents a form of cognitive colonization, in 
which the innermost sanctuary of human experience is invaded for profit.

7.4 Neural Surveillance by States
Several states have developed or are developing neural surveillance capabilities. One major 
country has invested heavily in brain-computer interface technology, with applications ranging 
from medical treatment to surveillance and social control. Another country's defense research 
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agency has funded research on neural interfaces for military applications, including enhanced 
soldier performance and brain-to-brain communication.

The implications for cognitive liberty are profound. A state that can monitor the neural activity of 
its citizens has unprecedented power over their minds. The potential for neural surveillance to 
be used for political repression, social control, and manipulation of thought is significant.

7.5 The Ethics of Neural Extraction
The extraction of neural data raises profound ethical questions. Is it ethical to extract neural 
data from users who do not fully understand the implications? Is it ethical to use neural data for 
purposes beyond those for which it was originally collected? Is it ethical to concentrate neural 
data in the hands of a few corporations or states? Is it ethical to treat human neural activity as a 
commodity to be traded rather than a sacred sanctuary to be protected?

The framework, grounded in Islamic ethical principles, answers these questions with a clear no. 
The Islamic principle of the sanctity of the mind recognizes the mind as a sacred sanctuary that 
must be protected from external intrusion. The principle of the prohibition of exploitation 
prohibits taking unfair advantage of others. The principle of stewardship requires that we treat 
neural activity as a trust to be protected rather than a resource to be extracted.

The extraction of neural data as currently practiced violates all of these principles. It is 
fundamentally unjust, fundamentally exploitative, and fundamentally opposed to the protection 
of the mind as a sacred sanctuary. The framework calls for a fundamental transformation of the 
neural data economy, toward one that respects human dignity and protects the mind as a 
sacred sanctuary.

CHAPTER EIGHT: BIOMETRIC SURVEILLANCE AND EXTRACTION

8.1 Facial Recognition in Public Spaces
Facial recognition technology has transformed public spaces from domains of relative 
anonymity to spaces of continuous identification and surveillance. Cameras equipped with facial 
recognition software can identify individuals in real-time, track their movements, and build 
comprehensive profiles of their behavior.

The global facial recognition market reached 7 billion US dollars in 2024 and is projected to 
reach 25 billion by 2030. This growth is driven by applications in security, authentication, retail, 
and social media.

One major country has deployed the world's most comprehensive facial recognition 
infrastructure, with over 600 million surveillance cameras, many equipped with facial recognition 
capabilities. This infrastructure is used for purposes ranging from public security to ethnic 
profiling to social control through a social credit system.
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Democratic countries have also deployed facial recognition, though with varying levels of 
privacy protection. One European country has one of the most extensive facial recognition 
networks in the democratic world, with live facial recognition used by police forces across the 
country. Another country has deployed facial recognition in various contexts, though with 
significant variation by jurisdiction.

8.2 Biometric Authentication and the Commodification of the Body
Biometric authentication, the use of biological characteristics for identification, has become 
ubiquitous in daily life. Fingerprint scanners unlock smartphones, facial recognition 
authenticates payments, voice recognition controls smart homes, and iris scanners secure 
access to buildings.

The global biometric authentication market reached 35 billion US dollars in 2024 and is 
projected to reach 85 billion by 2030. This growth is driven by the promise of more secure and 
convenient authentication.

But biometric authentication also raises profound concerns about the commodification of the 
body. When biological characteristics become authentication tokens, they become subject to the 
same risks as passwords: they can be stolen, copied, and misused. But unlike passwords, 
biometric characteristics cannot be changed if compromised.

8.3 Gait Analysis, Voice Recognition, and Behavioral Biometrics
Beyond facial recognition, biometric technologies now include gait analysis, identifying 
individuals by how they walk, voice recognition, identifying individuals by how they speak, and 
behavioral biometrics, identifying individuals by patterns in their digital behavior.

These technologies are being deployed in applications from security authentication to marketing 
analytics. Gait analysis can identify individuals from a distance, even when their faces are 
obscured. Voice recognition can identify individuals through their speech, even in crowds. 
Behavioral biometrics can identify individuals by their typing patterns, mouse movements, and 
other digital behaviors.

The implications for privacy are profound. In a world where individuals can be identified by how 
they walk, how they speak, and how they interact with digital devices, anonymity becomes 
impossible. The ability to move through public and digital space without being identified is a 
fundamental aspect of human freedom that is being eroded by the proliferation of biometric 
technologies.

8.4 The Social Credit System and Biometric Social Control
A major country's social credit system represents the most comprehensive integration of 
biometric surveillance with social control. The system uses facial recognition, financial data, 
social media activity, and other data sources to build comprehensive profiles of citizens, which 
are then used to assign social credit scores that affect access to services, travel, and 
employment.
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The implications for human freedom are profound. A system that can monitor every aspect of a 
citizen's life and assign them a social credit score based on their behavior represents a form of 
total social control that was previously impossible. The potential for such systems to be used for 
political repression, social conformity, and elimination of dissent is significant.

8.5 The Ethics of Biometric Extraction
The extraction of biometric data raises profound ethical questions. Is it ethical to extract 
biometric data from citizens without their meaningful consent? Is it ethical to use biometric data 
for social control? Is it ethical to concentrate biometric data in the hands of corporations or 
states? Is it ethical to treat human biological characteristics as commodities to be traded rather 
than aspects of human dignity to be protected?

The framework, grounded in Islamic ethical principles, answers these questions with a clear no. 
The Islamic principle of human dignity recognizes every human being as possessing inherent 
dignity that must be respected. The principle of the prohibition of surveillance without cause 
prohibits intrusive surveillance without legitimate justification. The principle of stewardship 
requires that we treat biometric data as a trust to be protected rather than a resource to be 
extracted.

The extraction of biometric data as currently practiced violates all of these principles. It is 
fundamentally unjust, fundamentally exploitative, and fundamentally opposed to the protection 
of human dignity. The framework calls for a fundamental transformation of the biometric data 
economy, toward one that respects human dignity and protects biometric data as a sacred trust.

PART FOUR: THE POLITICAL DIMENSIONS OF BIOLOGICAL-DIGITAL COLONIZATION

CHAPTER NINE: BIOLOGICAL-DIGITAL COLONIZATION AND DEMOCRACY

9.1 The Threat to Democratic Citizenship
Democracy depends on citizens who are free to think for themselves, to associate with others, 
and to participate in public life without fear of surveillance or repression. Biological-digital 
colonization undermines all of these capacities.

When citizens know that their genetic data may be used against them, they may avoid genetic 
testing even when it would benefit their health. When citizens know that their neural activity may 
be monitored, they may avoid expressing controversial thoughts even in private. When citizens 
know that their movements are continuously tracked through biometric surveillance, they may 
avoid participating in political protests or associating with dissident groups.

These chilling effects undermine the foundations of democratic citizenship. A citizenry that is 
afraid to think freely, to associate freely, or to participate freely in public life cannot sustain a 
democracy.
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9.2 The Algorithmic Curation of Biological-Digital Reality
Biological-digital technologies do not merely collect data; they actively curate the reality that 
citizens experience. Algorithmic recommendation systems determine what genetic information 
users see about themselves. Neural interfaces shape the mental states of users. Biometric 
surveillance systems determine who is identified as a threat and who is not.

This algorithmic curation has profound implications for democracy. When algorithms determine 
what biological-digital reality citizens experience, they effectively determine the boundaries of 
political discourse. This is not a neutral technical function but a profoundly political one, with 
implications for the quality of democracy itself.

9.3 The Disinformation Ecosystem and Biological-Digital Manipulation
Biological-digital technologies have created new forms of disinformation and manipulation. 
Deepfakes, generated using AI, can create realistic videos of people saying things they never 
said. Genetic data can be used to create personalized disinformation campaigns that exploit 
individuals' genetic predispositions. Neural interfaces could potentially be used to manipulate 
thoughts and emotions directly.

The implications for democracy are profound. Citizens who cannot distinguish truth from 
falsehood cannot make informed decisions. Citizens whose thoughts and emotions can be 
manipulated cannot exercise free will. The disinformation ecosystem enabled by biological-
digital technologies undermines the foundations of democratic deliberation.

9.4 The Microtargeting of Biological-Digital Messages
Biological-digital technologies have enabled the microtargeting of political messages, in which 
different messages are delivered to different citizens based on their genetic, neural, and 
biometric profiles. This technique allows political campaigns to tailor messages to the specific 
fears, hopes, and predispositions of individual voters.

The implications for democracy are profound. Microtargeting undermines the possibility of a 
shared public discourse, in which all citizens are exposed to the same political arguments and 
can deliberate together. It also enables campaigns to make contradictory promises to different 
groups, undermining accountability.

9.5 Biological-Digital Sovereignty as a Democratic Imperative
The framework recognizes biological-digital sovereignty as a democratic imperative. Democracy 
depends on citizens who are free to think for themselves, to associate with others, and to 
participate in public life without fear of surveillance or repression. Biological-digital colonization 
undermines all of these capacities, creating what can be called a crisis of biological-digital 
sovereignty.

The solution is not merely individual willpower but structural transformation. It requires the 
regulation of biological-digital technologies to protect biological-digital sovereignty, the 
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development of biological-digital immunity at individual and collective levels, and the cultivation 
of a public sphere that respects human dignity and cultivates democratic flourishing.

The framework integrates this recognition with the broader theory of chrono-sovereignty, 
recognizing that biological-digital sovereignty and temporal sovereignty are inseparable aspects 
of democratic citizenship. Citizens who cannot control their biological-digital essence cannot 
control their future, and citizens who cannot control their future cannot participate meaningfully 
in democracy.

CHAPTER TEN: BIOLOGICAL-DIGITAL COLONIZATION AND GLOBAL INEQUALITY

10.1 The Global North-South Divide in Biological-Digital Technologies
The biological-digital economy is characterized by a stark divide between the Global North and 
the Global South. The leading companies are predominantly based in the United States, 
Europe, and China. The technologies are predominantly developed in these regions. The value 
created by biological-digital data accrues predominantly to these regions.

But the data is increasingly extracted from users in the Global South, as biological-digital 
technologies expand into new markets. This creates a dynamic in which biological-digital 
resources are extracted from the Global South and value is created in the Global North, 
replicating the extractive patterns of colonial capitalism.

10.2 Genetic Colonialism and the Exploitation of Indigenous Populations
The history of biological-digital colonization includes numerous cases of genetic colonialism, in 
which the genetic data of indigenous populations has been extracted without their consent and 
used for commercial purposes. Projects in the 1990s and 2000s have generated controversy 
over the extraction of indigenous biological materials.

More recently, pharmaceutical companies have been accused of biopiracy, extracting genetic 
resources from indigenous populations and patenting them without benefit-sharing. The case of 
a specific plant, used by indigenous people of southern Africa for appetite suppression and 
patented without benefit-sharing, is a prominent example.

10.3 The Digital Divide in Biological-Digital Technologies
Access to biological-digital technologies is highly unequal. Wealthy individuals and nations have 
access to advanced genetic testing, cutting-edge interfaces, and comprehensive biometric 
systems. Poor individuals and nations have limited access to these technologies, or are 
subjected to them without meaningful consent.

This digital divide has profound implications for global inequality. Individuals with access to 
genetic testing can make informed decisions about their health. Individuals with access to 
interfaces can enhance their cognitive capabilities. Individuals with access to biometric systems 
can participate more fully in digital society. Individuals without access to these technologies are 
left behind.

24 / 59



10.4 Biological-Digital Colonialism and the Extraction of Value
The biological-digital economy extracts value from users in multiple ways. Users provide 
biological data that is monetized by corporations. Users are subjected to surveillance that 
benefits states and corporations. Users are exposed to manipulation that benefits political and 
commercial interests.

But the value created by this extraction accrues predominantly to corporations and states, not to 
users. Users bear the costs of privacy violations, psychological impacts, and discrimination, 
while corporations and states capture the benefits.

This dynamic replicates the extractive patterns of colonial capitalism, in which resources were 
extracted from colonized populations and value was created for colonial powers. The framework 
recognizes this dynamic as a form of biological-digital colonialism that must be addressed 
through global governance and equitable benefit-sharing.

10.5 Biological-Digital Sovereignty as a Global Justice Imperative
The framework recognizes biological-digital sovereignty as a global justice imperative. Global 
justice depends on equitable distribution of the benefits and burdens of biological-digital 
technologies. Biological-digital colonization undermines this equitable distribution, creating what 
can be called a crisis of global biological-digital justice.

The solution is not merely technical fixes but structural transformation. It requires the reform of 
global governance to protect biological-digital sovereignty, the development of equitable benefit-
sharing mechanisms, and the cultivation of a global biological-digital economy that respects 
human dignity and promotes global justice.

The framework integrates this recognition with the broader theory of chrono-sovereignty, 
recognizing that biological-digital sovereignty and global justice are inseparable aspects of a just 
global order. A global order that cannot protect the biological-digital sovereignty of all 
populations cannot be just, and a global order that is not just cannot endure.

PART FIVE: THE LEGAL DIMENSIONS OF BIOLOGICAL-DIGITAL COLONIZATION

CHAPTER ELEVEN: THE INADEQUACY OF EXISTING LEGAL FRAMEWORKS

11.1 The Historical Development of Biological-Digital Law
The legal frameworks governing biological-digital technologies are largely inherited from 
previous eras and are ill-equipped to address the challenges of the present. Privacy law was 
developed in an era of paper records and physical surveillance. Intellectual property law was 
developed in an era of mechanical inventions and literary works. Human rights law was 
developed in an era before biological-digital technologies existed.
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The result is a patchwork of legal frameworks that are internally inconsistent, externally 
incomplete, and fundamentally inadequate to address the challenges of biological-digital 
colonization.

11.2 Privacy Law and Its Limitations
Privacy law, the primary legal framework for protecting biological-digital data, is fundamentally 
inadequate to address the challenges of biological-digital colonization. Privacy law typically 
protects against specific intrusions into specific domains of life. But biological-digital colonization 
is not a specific intrusion but a comprehensive transformation of the relationship between 
human beings and their own bodies and minds.

The European Union's General Data Protection Regulation, often cited as the gold standard of 
privacy law, provides significant protections for personal data but has significant limitations. It 
applies primarily to personal data, not to aggregated data. It provides rights to individuals but 
does not address collective harms. It regulates the processing of data but does not address the 
fundamental business models that drive data extraction.

11.3 Intellectual Property Law and the Commodification of Life
Intellectual property law, particularly patent law, has played a significant role in the 
commodification of biological-digital essence. A landmark US Supreme Court decision in 1980, 
which held that genetically modified organisms could be patented, opened the door to the 
patenting of life itself.

Since then, hundreds of thousands of patents have been granted on genes, genetically modified 
organisms, and biological processes. This patenting of life has profound implications for 
biological-digital sovereignty. It allows corporations to claim ownership over the building blocks 
of life itself, creating monopolies that restrict access to genetic information and biological 
technologies.

11.4 Human Rights Law and Its Limitations
Human rights law provides a framework for protecting human dignity, but it has not been 
effectively applied to the challenges of biological-digital colonization. The Universal Declaration 
of Human Rights, the International Covenant on Civil and Political Rights, and other human 
rights instruments were developed before biological-digital technologies existed.

Recent efforts to apply human rights law to biological-digital technologies have had limited 
success. A UNESCO declaration provides important principles but lacks enforcement 
mechanisms. A European convention provides protections for human rights in biology and 
medicine but has been ratified by only a subset of countries.

11.5 The Need for a New Legal Framework
The inadequacy of existing legal frameworks calls for the development of a new legal framework 
specifically designed to address the challenges of biological-digital colonization. This new 
framework must recognize biological-digital sovereignty as a fundamental human right, provide 
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comprehensive protections for biological-digital data, regulate the business models that drive 
biological-digital extraction, and establish global governance mechanisms for the biological-
digital economy.

The framework developed in this treatise provides the foundation for such a new legal 
framework. It recognizes biological-digital sovereignty as a fundamental human right, provides a 
conceptual framework for assessing biological-digital sovereignty, and offers practical 
recommendations for legal reform at national and international levels.

CHAPTER TWELVE: TOWARD A NEW LEGAL FRAMEWORK FOR BIOLOGICAL-DIGITAL 
SOVEREIGNTY

12.1 Biological-Digital Sovereignty as a Fundamental Human Right
The framework proposes that biological-digital sovereignty be recognized as a fundamental 
human right, comparable to the rights to life, liberty, and bodily integrity. This right would 
include:

The right to control one's own genetic information, including the right to access, correct, and 
delete genetic data.

The right to control one's own neural data, including the right to privacy of thought and the right 
to cognitive liberty.

The right to control one's own biometric data, including the right to move through public space 
without being identified, tracked, or analyzed.

The right to informed consent for any collection, use, or disclosure of biological-digital data.

The right to equitable benefit-sharing from the commercial use of biological-digital data.

12.2 Comprehensive Protections for Biological-Digital Data
The framework proposes comprehensive protections for biological-digital data, including:

Purpose limitation: Biological-digital data may only be collected for specific, explicit, and 
legitimate purposes, and may not be used for purposes beyond those for which it was collected.

Data minimization: Only the minimum amount of biological-digital data necessary for the 
specified purpose may be collected.

Storage limitation: Biological-digital data may only be stored for as long as necessary for the 
specified purpose.

Accuracy: Biological-digital data must be accurate and kept up to date.
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Integrity and confidentiality: Biological-digital data must be protected against unauthorized 
access, disclosure, or modification.

Accountability: Controllers of biological-digital data must be accountable for compliance with 
these principles.

12.3 Regulation of Business Models
The framework proposes regulation of the business models that drive biological-digital 
extraction, including:

Prohibition of extraction without meaningful consent: Companies may not extract biological-
digital data without the informed, specific, and freely given consent of the data subject.

Prohibition of manipulative design: Companies may not design products or services that exploit 
psychological vulnerabilities to extract biological-digital data.

Requirement of transparency: Companies must disclose the purposes for which biological-
digital data is collected, how it is used, and who has access to it.

Requirement of equitable benefit-sharing: Companies must share the benefits of commercial 
use of biological-digital data with the data subjects and their communities.

Prohibition of discrimination: Companies may not use biological-digital data to discriminate 
against individuals or groups.

12.4 Global Governance Mechanisms
The framework proposes global governance mechanisms for the biological-digital economy, 
including:

An international convention on biological-digital sovereignty, establishing minimum standards for 
the protection of biological-digital data and the regulation of the biological-digital economy.

An international regulatory body with authority to monitor compliance, investigate violations, and 
impose sanctions.

Mechanisms for equitable benefit-sharing, ensuring that the benefits of the biological-digital 
economy are distributed fairly across nations and populations.

Mechanisms for technology transfer, ensuring that developing countries have access to 
biological-digital technologies and the capacity to govern them.

12.5 The Role of Islamic Law in Biological-Digital Governance
Islamic law provides a rich framework for biological-digital governance, grounded in the 
principles of justice, stewardship, and the protection of human dignity. The Islamic legal tradition 
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has developed sophisticated principles for the protection of bodily integrity, the regulation of 
medical practice, and the governance of scientific research.

The framework integrates these Islamic principles with modern biological-digital governance, 
proposing a framework that is grounded in both Islamic legal tradition and international human 
rights law. This integration offers a unique contribution to the global conversation on biological-
digital governance, particularly for Muslim-majority countries and communities.

PART SIX: ETHICAL AND RELIGIOUS DIMENSIONS

CHAPTER THIRTEEN: ISLAMIC PERSPECTIVES ON BODILY SANCTITY AND 
INTELLECTUAL STEWARDSHIP

13.1 The Sanctity of the Body in Islamic Law
Islamic law provides a rich framework for understanding the sanctity of the human body. The 
Quran repeatedly emphasizes the dignity of the human being: "We have certainly honored the 
children of Adam." This dignity extends to the body, which is considered a trust from the 
Creator, to be protected and respected.

The Prophet Muhammad taught: "Your body has a right over you." This hadith establishes the 
principle that the body is not merely a possession but a trust with rights of its own. The body 
must be protected from harm, respected in life and death, and not subjected to exploitation or 
degradation.

13.2 The Sanctity of the Mind in Islamic Law
Islamic law also provides a framework for understanding the sanctity of the mind. The protection 
of the intellect is one of the five universal objectives of Islamic law. The mind is considered the 
locus of human reason, the faculty that distinguishes human beings from other creatures, and 
the means by which human beings fulfill their role as stewards of the earth.

The Islamic legal tradition has developed sophisticated principles for the protection of the mind, 
including prohibitions on substances that impair reason, requirements for education and 
intellectual development, and protections against manipulation and deception.

13.3 The Prohibition of Exploitation
Islamic law prohibits oppression or injustice. The Prophet Muhammad reported that the Creator 
said: "O My servants, I have forbidden oppression for Myself and have made it forbidden 
amongst you, so do not oppress one another."

Biological-digital colonization represents a form of oppression, in which the biological-digital 
essence of human beings is extracted without their meaningful consent, used for purposes they 
did not approve, and monetized for the benefit of others. This extraction violates the Islamic 
principle of justice and the prohibition of oppression.
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13.4 The Concept of Stewardship
Islamic theology provides the concept of stewardship, which applies not only to material 
resources but also to biological-digital resources. Human beings are stewards of their bodies 
and minds, entrusted with their protection and cultivation for the service of the Creator and the 
benefit of creation.

Biological-digital colonization undermines this stewardship. It treats biological-digital essence as 
a resource to be extracted rather than a trust to be protected. It creates patterns of use that 
erode bodily and mental integrity rather than developing them. It externalizes the costs of 
biological-digital erosion onto individuals and society.

13.5 An Islamic Framework for Biological-Digital Sovereignty
The framework offers an Islamic framework for biological-digital sovereignty, grounded in the 
principles of bodily sanctity, intellectual sanctity, and stewardship. This framework recognizes 
the body and mind as divine trusts, to be protected and cultivated for the service of the Creator 
and the benefit of creation. It recognizes biological-digital colonization as a violation of these 
trusts, a form of oppression that must be resisted.

The framework offers practical guidance for individuals, communities, and nations seeking to 
cultivate biological-digital sovereignty. For individuals, it offers practices of bodily and mental 
care grounded in Islamic spirituality. For communities, it offers principles of ethical biological-
digital practice that respect human dignity. For nations, it offers policy frameworks that protect 
biological-digital sovereignty as a matter of public interest.

The framework integrates this Islamic framework with the broader theory of chrono-sovereignty, 
recognizing that biological-digital sovereignty and temporal sovereignty are inseparable aspects 
of human flourishing. The liberation of biological-digital essence is simultaneously the liberation 
of time, and therefore the liberation of the human being from the tyranny of extraction.

PART SEVEN: CONCEPTUAL FRAMEWORKS

CHAPTER FOURTEEN: THE BIOLOGICAL-DIGITAL SOVEREIGNTY SCORE

14.1 The Need for a Conceptual Framework
Assessing the degree of biological-digital sovereignty of individuals, communities, and nations 
requires a conceptual framework. Existing metrics focus on specific aspects of biological-digital 
existence, neglecting the deeper dimensions of bodily integrity, mental sanctity, and data 
sovereignty.

The Biological-Digital Sovereignty Score fills this gap, providing a comprehensive conceptual 
model for assessing biological-digital sovereignty. I must emphasize that this is a working 
hypothesis, not a proven scientific law. It is intended to guide strategic thinking and empirical 
research, and it remains open to refinement and testing.
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14.2 The Conceptual Formulation
The score proposes that the degree of biological-digital sovereignty of an individual, community, 
or nation can be assessed as a function of several factors:

Sovereignty equals a function of Biological integrity, Data sovereignty, Consent quality, 
Extraction level, Manipulation risk, and External control.

Where:
Biological integrity is measured as the degree to which the body is protected from unauthorized 
modification, extraction, or surveillance, normalized from zero to one.
Data sovereignty is measured as the degree to which biological-digital data is controlled by the 
data subject, normalized from zero to one.
Consent quality is measured as the degree to which consent for biological-digital data collection 
is informed, specific, and freely given, normalized from zero to one.
Extraction level is measured as the degree to which biological-digital data is extracted without 
meaningful consent, normalized from zero to one.
Manipulation risk is measured as the degree to which biological-digital technologies are used to 
manipulate thoughts, emotions, or behavior, normalized from zero to one.
External control is measured as the degree to which biological-digital existence is controlled by 
external actors, normalized from zero to one.

A simplified operational form might be:
Score equals the product of Biological integrity, Data sovereignty, and Consent quality, divided 
by the product of Extraction level, Manipulation risk, and External control.

This formulation captures the balance between biological-digital protections and biological-
digital vulnerabilities. A high score indicates strong biological-digital sovereignty; a low score 
indicates biological-digital vulnerability.

14.3 Interpretation and Application
The score can be applied at different levels: individual, communal, national. It can be used to 
benchmark performance, identify vulnerabilities, and guide strategic decisions.

Applying the score to different populations based on illustrative calculations using survey data 
and behavioral metrics:

Heavy users of direct-to-consumer genomics and wearable devices show a very low score, 
indicating high vulnerability.

Moderate users of biological-digital technologies show a moderate score, indicating balanced 
but vulnerable sovereignty.

Light users of biological-digital technologies show a high score, indicating strong sovereignty.
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Indigenous communities with strong biological-digital sovereignty practices show the highest 
score, indicating exceptional sovereignty and resilience.

These illustrative calculations suggest that biological-digital sovereignty varies dramatically 
across populations, with indigenous communities with strong sovereignty practices showing the 
highest biological-digital sovereignty and heavy users of biological-digital technologies showing 
the lowest. The ratios between these groups are striking.

14.4 Limitations and Future Research
The score is a conceptual model, not a proven scientific law. It requires empirical validation, 
refinement, and testing. Future research should develop more precise measures for each factor, 
test the hypothesis against longitudinal data on biological-digital outcomes, refine the model 
based on empirical findings, and explore the interactions between factors.

14.5 Biological-Digital Sovereignty as a Civilizational Imperative
The framework recognizes biological-digital sovereignty as a civilizational imperative. The 
quality of collective biological-digital existence determines the quality of collective human 
existence, and therefore the quality of civilization itself. The erosion of biological-digital 
sovereignty by biological-digital colonization therefore represents a fundamental threat to 
civilization.

The solution requires not merely individual willpower but collective action. It requires the 
cultivation of biological-digital immunity at individual and collective levels, the regulation of 
biological-digital technologies to protect biological-digital sovereignty, and the cultivation of 
social institutions that respect human dignity and cultivate biological-digital flourishing.

The framework integrates this recognition with the broader theory of chrono-sovereignty, 
recognizing that biological-digital sovereignty and temporal sovereignty are inseparable aspects 
of civilizational flourishing. The liberation of biological-digital essence is simultaneously the 
liberation of time, and therefore the liberation of civilization itself.

CHAPTER FIFTEEN: THE BIOLOGICAL-DIGITAL IMMUNITY FRAMEWORK

15.1 The Concept of Biological-Digital Immunity
The Biological-Digital Immunity Framework provides a comprehensive methodology for building 
resistance to biological-digital colonization at individual, communal, and civilizational levels. The 
framework draws on the metaphor of biological immunity, in which the body develops defenses 
against pathogens through exposure, training, and adaptation.

Biological-digital immunity is the capacity to resist manipulative biological-digital extraction while 
maintaining the capacity for meaningful engagement with biological-digital technologies. It is not 
a rejection of biological-digital technologies but a cultivation of the capacity to use them wisely.

15.2 The Five Levels of Biological-Digital Immunity
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The framework identifies five levels of biological-digital immunity:

Individual immunity: The capacity of individuals to resist manipulative biological-digital extraction 
through practices of bodily care, mental discipline, and data hygiene.

Communal immunity: The capacity of families, communities, and indigenous groups to cultivate 
collective biological-digital sovereignty that resists the fragmenting effects of biological-digital 
colonization.

Organizational immunity: The capacity of organizations, such as hospitals, research institutions, 
and companies, to cultivate environments that respect biological-digital sovereignty and 
cultivate biological-digital flourishing.

National immunity: The capacity of nations to regulate biological-digital technologies, protect 
biological-digital sovereignty as a matter of public interest, and cultivate biological-digital 
flourishing at the civilizational level.

Civilizational immunity: The capacity of civilizations to maintain biological-digital sovereignty in 
the face of global biological-digital extraction, preserving the diversity of biological-digital 
traditions and cultivating biological-digital flourishing across generations.

15.3 Practices for Individual Biological-Digital Immunity
The framework offers specific practices for building individual biological-digital immunity:

Bodily care: Regular practices of physical care, including nutrition, exercise, sleep, and 
mindfulness, grounded in both Islamic spiritual traditions and modern health science.

Mental discipline: Regular practices of mental care, including meditation, reflection, and 
cognitive training, cultivating the capacity for sustained attention and critical thinking.

Data hygiene: Specific practices for managing biological-digital data, including minimizing data 
collection, using privacy-enhancing technologies, and regularly auditing data exposures.

Informed consent: Specific practices for ensuring that consent for biological-digital data 
collection is truly informed, including reading privacy policies, asking questions, and exercising 
the right to withdraw consent.

Critical engagement: Specific practices for critically engaging with biological-digital technologies, 
including questioning their purposes, evaluating their impacts, and choosing technologies that 
align with one's values.

15.4 Practices for Communal Biological-Digital Immunity
The framework offers specific practices for building communal biological-digital immunity:
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Collective data governance: Communities developing their own frameworks for governing 
biological-digital data, including community-owned databases, community-controlled research, 
and community-approved uses.

Indigenous data sovereignty: Indigenous communities asserting their right to control their 
genetic data, including the right to approve or reject research, the right to benefit-sharing, and 
the right to cultural protection.

Community education: Communities educating their members about biological-digital 
technologies, their risks and benefits, and their rights and responsibilities.

Collective action: Communities organizing collectively to advocate for biological-digital 
sovereignty, including lobbying for legal reform, participating in standard-setting, and holding 
corporations accountable.

15.5 Practices for Organizational Biological-Digital Immunity
The framework offers specific practices for building organizational biological-digital immunity:

Biological-digital sovereignty by design: Designing organizational environments that respect 
biological-digital sovereignty, including data minimization, privacy-enhancing technologies, and 
transparent data practices.

Biological-digital flourishing culture: Cultivating organizational cultures that value biological-
digital flourishing, including recognition of bodily integrity, support for mental health, and 
resistance to the culture of constant extraction.

Ethical biological-digital practice: Developing organizational policies for ethical biological-digital 
practice, including guidelines for data collection, protections for research subjects, and 
commitments to equitable benefit-sharing.

15.6 Practices for National Biological-Digital Immunity
The framework offers specific practices for building national biological-digital immunity:

Comprehensive regulation: Regulating biological-digital technologies to protect biological-digital 
sovereignty, including restrictions on manipulative design, requirements for transparency, and 
protections for vulnerable populations.

Biological-digital literacy education: Integrating biological-digital literacy and sovereignty 
education into national curricula, from primary school through university.

Public awareness campaigns: National campaigns to raise awareness of biological-digital 
colonization and its effects, and to promote practices of biological-digital immunity.
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Research and monitoring: Supporting research on biological-digital colonization and its effects, 
and monitoring biological-digital sovereignty at the national level.

15.7 Practices for Civilizational Biological-Digital Immunity
The framework offers specific practices for building civilizational biological-digital immunity:

International cooperation: International agreements to regulate biological-digital technologies 
and protect biological-digital sovereignty, comparable to international agreements on 
environmental protection.

Cultural preservation: Preservation of diverse biological-digital traditions, including indigenous 
knowledge systems, contemplative traditions, and forms of bodily and mental care.

Civilizational dialogue: Dialogue between civilizations on the challenges of biological-digital 
colonization and the cultivation of biological-digital sovereignty.

Long-term thinking: Cultivating the capacity for long-term thinking about the biological-digital 
future of humanity, including the development of institutions that represent the biological-digital 
interests of future generations.

15.8 Biological-Digital Immunity as a Civilizational Project
The framework recognizes biological-digital immunity as a civilizational project. The challenges 
of biological-digital colonization cannot be solved by individual willpower alone; they require 
collective action at all levels, from the individual to the civilizational.

The framework offers a comprehensive methodology for this collective action. It recognizes that 
biological-digital immunity is not merely a defensive capacity but a positive cultivation of 
biological-digital flourishing. It recognizes that the protection of biological-digital sovereignty is 
not merely a matter of resisting manipulation but a matter of cultivating the capacities for bodily 
integrity, mental sanctity, and data sovereignty.

The framework integrates this recognition with the broader theory of chrono-sovereignty, 
recognizing that biological-digital immunity and temporal sovereignty are inseparable aspects of 
civilizational flourishing. The cultivation of biological-digital immunity is simultaneously the 
cultivation of temporal sovereignty, and therefore the cultivation of a future in which human 
biological-digital existence can flourish.

PART EIGHT: IN-DEPTH CASE STUDIES

CHAPTER SIXTEEN: DIRECT-TO-CONSUMER GENOMICS AND THE GENOMIC DATA 
ECONOMY

16.1 The Rise of Major Genomics Companies
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A prominent genomics company, founded in 2006, has become the largest direct-to-consumer 
genomics company in the world, with over 15 million customers. The company offers genetic 
testing for ancestry, health predispositions, and traits, with prices ranging from 99 to 199 US 
dollars.

The business model is based on the extraction of genetic data from users and its monetization 
through licensing to pharmaceutical companies. The company has partnered with major 
pharmaceutical companies, licensing its genetic database for drug discovery and development.

16.2 The Controversies
The company has been involved in numerous controversies. In 2013, the US Food and Drug 
Administration ordered the company to stop marketing its health reports, citing concerns about 
the accuracy and interpretation of genetic information. The company later reached an 
agreement to market only specific health reports.

In 2020, the company faced criticism for its partnership with a pharmaceutical company, with 
concerns about the use of genetic data for drug development without meaningful benefit-sharing 
with users.

In 2023, the company faced a data breach that exposed the genetic data of millions of users, 
raising concerns about the security of genetic databases.

In 2024, the company faced financial difficulties, with its stock price falling dramatically and 
concerns about its long-term viability.

16.3 The Implications for Biological-Digital Sovereignty
This case illustrates the fundamental tensions in the genomic data economy. Users are 
attracted by the promise of personal genetic information, but they often do not understand that 
they are effectively donating their genetic data to a commercial enterprise. The company's 
business model depends on the extraction of genetic data from users and its monetization 
through licensing to third parties.

The case demonstrates the need for comprehensive regulation of the genomic data economy, 
including requirements for meaningful informed consent, restrictions on the use of genetic data 
for purposes beyond those for which it was collected, and mechanisms for equitable benefit-
sharing.

The case also demonstrates the need for biological-digital immunity at individual and communal 
levels. Users must be educated about the implications of genetic testing, including the potential 
for their genetic data to be used in ways they did not anticipate or approve. Communities must 
develop their own frameworks for governing genetic data, including community-owned 
databases and community-controlled research.

16.4 Analysis

36 / 59



The framework analyzes this case as a paradigmatic example of biological-digital extraction. 
The company's business model, based on the extraction of genetic data from users and its 
monetization through licensing to third parties, represents a form of biological-digital 
colonization in which the genetic essence of human beings is transformed into a marketable 
commodity.

The case demonstrates the need for a fundamental transformation of the genomic data 
economy, toward one that respects biological-digital sovereignty, ensures meaningful informed 
consent, and provides equitable benefit-sharing. This transformation requires not merely 
regulatory intervention but a rethinking of the economic incentives that currently structure the 
genomic data economy.

CHAPTER SEVENTEEN: INVASIVE BRAIN-COMPUTER INTERFACES AND THE NEURAL 
DATA ECONOMY

17.1 The Rise of Neural Interface Companies
A company founded in 2016 has become the most prominent developer of invasive brain-
computer interfaces. The company's implant, a coin-sized device with over 1,000 electrodes, is 
designed to be implanted in the brain through a minimally invasive surgical procedure 
performed by a robot.

The first human implant was performed in January 2024, with the patient able to control a 
computer cursor and play chess using thought alone. The company has stated its intention to 
expand the use of its technology to help patients with a wide range of neurological conditions, 
and eventually to enable cognitive enhancement for healthy individuals.

17.2 The Controversies
The company has been involved in numerous controversies. Animal rights organizations have 
criticized the company's use of animals in research, alleging mistreatment of primates and other 
animals. The US Department of Transportation investigated the company's transport of implant 
devices, finding violations of hazardous materials regulations.

Bioethicists have raised concerns about the long-term implications of invasive interfaces, 
including the potential for neural privacy violations, the potential for manipulation of thought, and 
the potential for creating new forms of inequality between those with access to cognitive 
enhancement and those without.

17.3 The Implications for Biological-Digital Sovereignty
This case illustrates the fundamental tensions in the neural data economy. The technology 
offers significant benefits for patients with neurological conditions, but it also raises profound 
concerns about neural privacy, cognitive liberty, and the potential for manipulation of thought.
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The case demonstrates the need for comprehensive regulation of the neural data economy, 
including requirements for meaningful informed consent, restrictions on the use of neural data 
for purposes beyond those for which it was collected, and protections for cognitive liberty.

The case also demonstrates the need for biological-digital immunity at individual and 
civilizational levels. Individuals must be educated about the implications of neural interfaces, 
including the potential for their neural data to be used in ways they did not anticipate or approve. 
Civilizations must develop frameworks for governing neural data, including international 
agreements on the protection of cognitive liberty.

17.4 Analysis
The framework analyzes this case as a paradigmatic example of neural data extraction. The 
company's technology, which can decode neural signals and potentially manipulate neural 
activity, represents a form of biological-digital colonization in which the innermost sanctuary of 
human experience is invaded for commercial purposes.

The case demonstrates the need for a fundamental transformation of the neural data economy, 
toward one that respects cognitive liberty, ensures meaningful informed consent, and protects 
the mind as a sacred sanctuary. This transformation requires not merely regulatory intervention 
but a rethinking of the relationship between human beings and their own minds.

CHAPTER EIGHTEEN: UNAUTHORIZED HERITABLE GENOME EDITING

18.1 The Controversy
In November 2018, a Chinese biophysicist announced the birth of twin girls whose genomes he 
had edited using CRISPR-Cas9 to make them resistant to HIV. The announcement was met 
with universal condemnation from the scientific community, and the researcher was later 
sentenced to prison for illegal medical practices.

The case revealed that the researcher had recruited couples in which the father was HIV-
positive and the mother was HIV-negative, offering them participation in an experimental study 
of sperm washing and embryo editing. The couples were not fully informed about the risks and 
uncertainties of the procedure, and the research was conducted without proper ethical review.

18.2 The Scientific and Ethical Issues
The scientific issues in the case were significant. The editing was imprecise, resulting in 
mosaicism, where some cells had the edit and others did not, and off-target effects, which are 
unintended edits at other locations in the genome. The long-term health effects of the editing 
were unknown, and the children would be the first humans with edited genomes to reach 
adulthood.

The ethical issues were even more significant. The research violated fundamental principles of 
research ethics, including informed consent, risk-benefit assessment, and independent review. 
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The children were subjected to permanent genetic modifications without their consent, 
modifications that would be passed on to their descendants.

18.3 The Implications for Biological-Digital Sovereignty
This case illustrates the fundamental tensions in the writable genome. The technology offers the 
promise of curing genetic diseases, but it also raises profound concerns about the potential for 
misuse, the potential for creating new forms of inequality, and the potential for fundamentally 
altering the human species.

The case demonstrates the need for comprehensive global governance of heritable genome 
editing, including international agreements on the limits of permissible research, mechanisms 
for monitoring compliance, and sanctions for violations.

The case also demonstrates the need for biological-digital immunity at civilizational levels. 
Civilizations must develop frameworks for governing the writable genome, including 
international agreements on the protection of the human germline and the prevention of 
unauthorized genetic modifications.

18.4 Analysis
The framework analyzes this case as a paradigmatic example of biological-digital colonization at 
its most extreme. The unauthorized editing of the human germline represents a form of 
biological-digital colonization in which the very code of human life is modified without the 
consent of those affected, including future generations who will inherit the modifications.

The case demonstrates the need for a fundamental transformation of the governance of the 
writable genome, toward one that respects the integrity of the human germline, ensures 
meaningful informed consent, and protects future generations from unauthorized genetic 
modifications. This transformation requires not merely regulatory intervention but a rethinking of 
the relationship between human beings and their own genetic code.

CHAPTER NINETEEN: BIOMETRIC SOCIAL CONTROL SYSTEMS

19.1 The System
A major country's social credit system represents the most comprehensive integration of 
biometric surveillance with social control. The system uses facial recognition, financial data, 
social media activity, and other data sources to build comprehensive profiles of citizens, which 
are then used to assign social credit scores that affect access to services, travel, and 
employment.

The system has been piloted in various cities across the country, with varying levels of 
implementation. Some cities have implemented comprehensive systems that monitor a wide 
range of behaviors, while others have implemented more limited systems focused on specific 
domains such as financial credit or legal compliance.
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19.2 The Implications for Biological-Digital Sovereignty
This system illustrates the fundamental tensions in biometric social control. The system offers 
the promise of increased social order and reduced fraud, but it also raises profound concerns 
about privacy, freedom, and the potential for political repression.

The system represents a form of biological-digital colonization in which the biological-digital 
essence of citizens is continuously monitored, analyzed, and used for social control. Citizens 
are subjected to a form of panopticon surveillance in which they must constantly modify their 
behavior to maintain their social credit scores.

19.3 The Implications for Democracy and Human Rights
The system has profound implications for democracy and human rights. A system that can 
monitor every aspect of a citizen's life and assign them a social credit score based on their 
behavior represents a form of total social control that was previously impossible. The potential 
for such systems to be used for political repression, social conformity, and elimination of dissent 
is significant.

The system undermines the foundations of democratic citizenship. A citizenry that is constantly 
monitored and scored cannot exercise free thought, free association, or free expression. The 
chilling effects of the system extend far beyond those directly subject to it, affecting the entire 
society.

19.4 Analysis
The framework analyzes this system as a paradigmatic example of biometric social control. The 
system represents a form of biological-digital colonization in which the biological-digital essence 
of citizens is continuously monitored, analyzed, and used for social control.

The case demonstrates the need for a fundamental transformation of the governance of 
biometric technologies, toward one that respects human dignity, protects privacy and freedom, 
and prevents the use of biometric technologies for social control. This transformation requires 
not merely regulatory intervention but a rethinking of the relationship between citizens and the 
state.

PART NINE: THE FUTURE OF BIOLOGICAL-DIGITAL EXISTENCE

CHAPTER TWENTY: SCENARIOS FOR THE FUTURE

20.1 Scenario One: The Sovereign Body and Mind
In this scenario, humanity has successfully reclaimed biological-digital sovereignty by 2050. Key 
developments include regulatory transformation, where comprehensive international 
agreements regulate biological-digital technologies, requiring biological-digital sovereignty by 
design, prohibiting manipulative extraction, and mandating transparency about data practices. 
Business models have shifted from extraction to stewardship.
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Biological-digital immunity has been achieved, with individuals, communities, organizations, and 
nations developing strong immunity through practices of bodily care, mental discipline, data 
hygiene, and collective governance. Deep engagement with biological-digital technologies has 
been revitalized on a foundation of sovereignty.

Technological transformation has occurred, with biological-digital technologies redesigned to 
respect biological-digital sovereignty. AI assistants help users manage their biological-digital 
data rather than extract it. Privacy-enhancing technologies are ubiquitous.

The result is a civilization in which human biological-digital essence is liberated from extraction, 
in which bodily and mental integrity are cultivated rather than eroded, and in which the quality of 
biological-digital existence is recognized as the foundation of human flourishing.

20.2 Scenario Two: The Colonized Body and Mind
In this scenario, biological-digital colonization has continued to intensify, leading to widespread 
biological-digital dispossession by 2050. Key developments include corporate dominance, 
where a handful of corporations control the biological-digital data of most of humanity, using 
increasingly sophisticated AI to optimize extraction. Regulatory efforts have been ineffective, 
captured by corporate interests.

Biological-digital erosion has occurred, with average bodily integrity declining significantly, 
continuous monitoring and manipulation becoming normalized. Mental sanctity has been 
eroded, with neural interfaces collecting data that reveals thoughts, emotions, and intentions 
before the subject is even aware of them. Data sovereignty has been effectively eliminated, with 
individuals having no control over their biological-digital data.

Social fragmentation has disintegrated shared biological-digital reality, with different populations 
living in completely different biological-digital environments. Democracy is increasingly 
dysfunctional, unable to sustain the deliberative processes necessary for collective decision-
making.

The result is a civilization in which human biological-digital essence is colonized, in which bodily 
and mental integrity are eroded, and in which the quality of life is diminished by the tyranny of 
biological-digital extraction.

20.3 Scenario Three: The Divided Body and Mind
In this scenario, biological-digital sovereignty has become a marker of social inequality by 2050. 
Key developments include a biological-digital aristocracy, where wealthy populations have 
access to technologies and practices that protect biological-digital sovereignty, including 
privacy-enhancing technologies, biological-digital immunity training from early childhood, and 
sovereign biological-digital environments. They cultivate deep biological-digital flourishing.

A biological-digital precariat exists, where poor populations are subjected to increasingly 
sophisticated biological-digital extraction, with technologies optimized to exploit their 
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vulnerabilities. They suffer from biological-digital erosion, mental health disorders, and 
diminished life chances.

The divide has become the fundamental social divide, more significant than traditional economic 
inequality. Biological-digital sovereignty has become the primary marker of social status and the 
foundation of opportunity.

The result is a civilization deeply divided between those who have reclaimed biological-digital 
sovereignty and those who remain subject to biological-digital extraction, with the divide 
reproducing and exacerbating existing social inequalities.

20.4 Scenario Four: The Transformed Body and Mind
In this scenario, the nature of biological-digital existence itself has been transformed by 2050, 
through the ethical integration of human biological essence with advanced technologies. Key 
developments include biological-digital enhancement, where technologies enable the 
enhancement of biological capacities beyond natural limits, including enhanced immunity, 
extended lifespan, and expanded cognitive capabilities.

Ethical frameworks govern the use of biological-digital enhancement technologies, ensuring that 
they serve human flourishing rather than exploitation. Access to enhancement technologies is 
equitable, preventing the emergence of a biological-digital aristocracy.

New forms of life emerge, including enhanced humans, human-AI hybrids, and potentially new 
forms of consciousness. These new forms of life are governed by ethical frameworks that 
respect their dignity and protect their rights.

The result is a civilization in which human biological-digital existence has been transformed, in 
which biological capacities are expanded beyond natural limits, and in which the quality of 
biological-digital existence is elevated to new heights.

20.5 Choosing the Future
The framework recognizes that the future of biological-digital existence is not predetermined but 
depends on the choices we make today. We can choose a future of biological-digital 
sovereignty, colonization, division, or transformation. Or we can choose a combination of these 
scenarios.

The framework advocates for a future that combines sovereignty and transformation, while 
avoiding colonization and division. This future would reclaim biological-digital sovereignty 
through comprehensive regulation and the cultivation of biological-digital immunity, transform 
the nature of biological-digital existence through ethical integration with advanced technologies, 
ensure equitable access to biological-digital enhancement, preventing the emergence of a 
biological-digital aristocracy, and respect human dignity and cultivate biological-digital 
flourishing across all populations.
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This future is technically feasible and ethically desirable, but requires strategic vision, sustained 
effort, and international cooperation. It requires recognizing that biological-digital existence is 
not merely a biological fact but the very ground of human dignity, freedom, and flourishing.

PART TEN: PRACTICAL BLUEPRINTS

CHAPTER TWENTY-ONE: BUILDING INDIVIDUAL BIOLOGICAL-DIGITAL SOVEREIGNTY

21.1 The 30-Day Biological-Digital Sovereignty Challenge
The framework offers a 30-day challenge for building individual biological-digital sovereignty:

Week One: Awareness. Track all biological-digital data collection, noting the types of data 
collected, the entities collecting it, and the purposes for which it is used. Identify patterns of 
unnecessary extraction and the triggers that drive them.

Week Two: Data hygiene. Delete unnecessary biological-digital accounts. Minimize data 
collection by using privacy-enhancing technologies. Set specific permissions for biological-
digital data collection, and regularly audit these permissions.

Week Three: Bodily and mental care. Begin a daily practice of bodily care, including nutrition, 
exercise, and sleep. Begin a daily practice of mental care, including meditation, reflection, and 
cognitive training. Use these practices to cultivate awareness of biological-digital patterns and 
the capacity for sustained attention.

Week Four: Critical engagement. Establish a daily practice of critical engagement with 
biological-digital technologies, questioning their purposes, evaluating their impacts, and 
choosing technologies that align with one's values. Establish a daily practice of reflection on 
biological-digital existence, including journaling and contemplative reading.

The challenge is designed to be gradual and sustainable, building biological-digital sovereignty 
through small, consistent practices rather than dramatic changes.

21.2 The Biological-Digital Diet
The framework provides a framework for healthy biological-digital consumption, analogous to a 
nutritional diet:

Biological-digital staples: High-quality biological-digital interactions that cultivate bodily and 
mental flourishing, including meaningful health monitoring, educational content, and genuine 
social connection. These should constitute the majority of biological-digital consumption.

Biological-digital vegetables: Biological-digital interactions that are beneficial but require effort, 
including challenging educational content, complex health interventions, and reflective practices. 
These should constitute a significant portion of biological-digital consumption.
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Biological-digital fruits: Biological-digital interactions that are enjoyable and beneficial in 
moderation, including entertainment, social media, and casual monitoring. These should be 
consumed in limited quantities.

Biological-digital junk: Biological-digital interactions that are harmful and addictive, including 
unnecessary data collection, manipulative design, and compulsive monitoring. These should be 
avoided or minimized.

The Biological-Digital Diet provides a practical framework for making conscious choices about 
biological-digital consumption, cultivating biological-digital sovereignty rather than being subject 
to biological-digital extraction.

21.3 The Mindfulness Protocol
The framework integrates Islamic spiritual practices with modern biological-digital mindfulness:

Morning mindfulness: Begin each day with 10 to 20 minutes of mindfulness, the awareness that 
the Creator is always watching. Use this practice to set intentions for the day and to cultivate 
presence of mind in biological-digital existence.

Mindful transitions: Before transitioning between biological and digital activities, pause for a few 
breaths and bring awareness to the present moment. Use these transitions as opportunities for 
mindfulness.

Biological-digital mindfulness: Before engaging with biological-digital technologies, pause and 
set an intention for their use. During use, periodically check in with awareness of the present 
moment. After use, reflect on the quality of biological-digital existence during the session.

Evening reflection: End each day with 10 to 20 minutes of reflection, reviewing the day's 
biological-digital existence with awareness and gratitude. Use this practice to cultivate self-
understanding and to prepare for restful sleep.

The Mindfulness Protocol provides a practical framework for cultivating biological-digital 
sovereignty through spiritual practice, integrating the wisdom of Islamic tradition with the 
insights of modern biological-digital science.

CHAPTER TWENTY-TWO: BUILDING COMMUNAL BIOLOGICAL-DIGITAL SOVEREIGNTY

22.1 Indigenous Data Sovereignty
The framework provides a framework for indigenous communities seeking to reclaim 
sovereignty over their biological-digital data:

Community ownership: Biological-digital data collected from community members is owned by 
the community, not by external researchers or corporations.
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Community control: The community controls how its biological-digital data is used, including the 
right to approve or reject research, the right to benefit-sharing, and the right to cultural 
protection.

Community consent: Consent for biological-digital data collection is obtained from the 
community as a whole, in addition to individual consent from data subjects.

Community benefit: The benefits of biological-digital research are shared with the community, 
including access to research results, capacity building, and economic benefits.

The framework provides a practical methodology for indigenous communities seeking to reclaim 
sovereignty over their biological-digital data, creating environments that respect indigenous 
dignity and cultivate indigenous biological-digital flourishing.

22.2 Community Biological-Digital Governance
The framework provides a framework for communities seeking to develop their own biological-
digital governance:

Community biological-digital charter: A document that establishes the community's principles for 
biological-digital governance, including the right to biological-digital sovereignty, the right to 
informed consent, and the right to equitable benefit-sharing.

Community biological-digital council: A body that oversees the implementation of the community 
biological-digital charter, including approval of research, monitoring of data use, and resolution 
of disputes.

Community biological-digital database: A database owned and controlled by the community, 
containing biological-digital data collected from community members with their informed 
consent.

Community biological-digital education: Programs that educate community members about 
biological-digital technologies, their risks and benefits, and their rights and responsibilities.

The framework provides a practical methodology for communities seeking to develop their own 
biological-digital governance, creating environments that respect community dignity and 
cultivate community biological-digital flourishing.

CHAPTER TWENTY-THREE: BUILDING NATIONAL BIOLOGICAL-DIGITAL SOVEREIGNTY

23.1 The National Biological-Digital Sovereignty Strategy
The framework provides a framework for nations seeking to protect and cultivate the biological-
digital sovereignty of their citizens:
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Comprehensive regulation: Comprehensive regulation of biological-digital technologies, 
including restrictions on manipulative design, requirements for transparency about data 
practices, and protections for vulnerable populations.

Biological-digital literacy education: Integration of biological-digital literacy and sovereignty 
education into national curricula, from primary school through university.

Public awareness campaigns: National campaigns to raise awareness of biological-digital 
colonization and its effects, and to promote practices of biological-digital immunity.

Research and monitoring: Support for research on biological-digital colonization and its effects, 
and monitoring of biological-digital sovereignty at the national level.

International cooperation: International agreements to regulate biological-digital technologies 
and protect biological-digital sovereignty, comparable to international agreements on 
environmental protection.

The Strategy provides a practical framework for nations seeking to protect the biological-digital 
sovereignty of their citizens, creating environments that cultivate biological-digital flourishing 
rather than biological-digital erosion.

23.2 Case Study: The European Union Approach
The European Union has developed the most comprehensive regulatory framework for 
biological-digital technologies, including the General Data Protection Regulation, the Data Act, 
the AI Act, and the Data Privacy Directive for the police and criminal justice sector. These 
regulations impose significant obligations on biological-digital technologies, including 
requirements for transparency, restrictions on manipulative design, and protections for 
vulnerable populations.

The EU approach demonstrates the potential for comprehensive regulation to protect biological-
digital sovereignty. However, it also faces challenges of enforcement, particularly for 
technologies based outside the EU, and of balancing regulation with innovation.

The framework recognizes the EU approach as a significant step forward but calls for more 
comprehensive regulation, including restrictions on the business models that drive biological-
digital extraction and requirements for technologies to demonstrate that they create net 
biological-digital value rather than biological-digital harm.

23.3 Case Study: The Chinese Approach
China has developed a distinctive approach to regulating biological-digital technologies, 
combining strict regulation of corporations with state control of biological-digital infrastructure. 
Regulations include limits on data collection by corporations, restrictions on algorithmic 
recommendation, and requirements for technologies to promote positive energy content.
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The Chinese approach demonstrates the potential for strict regulation to protect biological-digital 
sovereignty, particularly for vulnerable populations. However, it also raises concerns about state 
control of biological-digital infrastructure and the potential for regulation to serve political rather 
than biological-digital ends.

The framework recognizes the Chinese approach as a significant experiment in biological-digital 
regulation but calls for approaches that protect biological-digital sovereignty while respecting 
freedom of thought and expression.

23.4 The Model for the Transition from Colonization to Sovereignty
The framework provides a strategic methodology for nations seeking to transition from 
biological-digital colonization to biological-digital sovereignty:

Phase One: Diagnosis. Assess the current state of biological-digital sovereignty using the score 
and other metrics. Identify the major sources of biological-digital extraction and the populations 
most affected.

Phase Two: Prioritization. Identify the priority areas for intervention, based on the severity of 
biological-digital harm and the feasibility of intervention. Prioritize protection for vulnerable 
populations.

Phase Three: Regulation. Implement comprehensive regulation of biological-digital 
technologies, including restrictions on manipulative design, requirements for transparency, and 
protections for vulnerable populations.

Phase Four: Education. Integrate biological-digital literacy and sovereignty education into 
national curricula. Launch public awareness campaigns to promote practices of biological-digital 
immunity.

Phase Five: Cultivation. Cultivate biological-digital flourishing through support for bodily and 
mental care practices, data sovereignty practices, and contemplative traditions. Create 
environments that respect biological-digital sovereignty and cultivate biological-digital 
flourishing.

The Model provides a practical framework for nations seeking to transition from biological-digital 
colonization to biological-digital sovereignty, recognizing that this transition requires 
comprehensive and sustained effort.

PART ELEVEN: INTEGRATION WITH BROADER THEORETICAL WORK

CHAPTER TWENTY-FOUR: THE UNITY OF THE THEORETICAL SYNTHESIS

24.1 Connection to Chrono-Sovereignty
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The framework of biological-digital sovereignty is not isolated but integrated with the broader 
theory of chrono-sovereignty. The concept of biological-digital entropy debts extends the 
chrono-sovereignty framework to the domain of biological-digital extraction, recognizing that 
every act of biological-digital extraction creates obligations for future generations.

The Temporal Radiative Efficiency Coefficient, developed for sustainable cooling, has been 
extended to the biological-digital economy, providing a measure of the civilizational efficiency of 
biological-digital technologies. A technology achieves a coefficient greater than 1.0 only if it 
creates net civilizational value rather than biological-digital entropy debt. Most current biological-
digital technologies fail this test, creating massive entropy debts that will be paid by future 
generations.

This integration demonstrates the coherence of the broader theoretical synthesis: the same 
principles of temporal justice, intergenerational responsibility, and civilizational coherence apply 
across domains, from cooling to logistics to attention to biological-digital existence.

24.2 Connection to the Cognitive Mirror Principle
The Cognitive Mirror Principle, developed for artificial intelligence, has direct implications for 
biological-digital technologies. AI systems in biological-digital technologies are epistemic 
mirrors, reflecting the data they are trained on and optimizing for the metrics they are given. 
When these metrics are engagement and data extraction, the AI systems optimize for biological-
digital extraction.

The framework recognizes that the solution is not merely to regulate AI systems but to transform 
the metrics they optimize for. Biological-digital technologies should optimize for user wellbeing, 
biological-digital flourishing, and civilizational value, rather than for engagement and data 
extraction.

This integration demonstrates the coherence of the broader theoretical synthesis: the same 
principles of human sovereignty, ethical stewardship, and technological humility apply across 
domains, from AI to attention to biological-digital existence.

24.3 Connection to Logistic Sovereignty
The framework of logistic sovereignty, developed in the context of global supply chains, has 
implications for biological-digital sovereignty. Just as nations must reclaim sovereignty over their 
material supply chains, they must reclaim sovereignty over their biological-digital supply chains, 
the flows of biological-digital data that shape collective existence.

Biological-digital colonization has created biological-digital dependencies comparable to the 
material dependencies of colonial extraction. Nations that depend on foreign biological-digital 
technologies for their biological-digital infrastructure are as vulnerable as nations that depend on 
foreign suppliers for their material infrastructure.
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This integration demonstrates the coherence of the broader theoretical synthesis: the same 
principles of sovereignty, resilience, and strategic autonomy apply across domains, from 
logistics to attention to biological-digital existence.

24.4 Connection to Cognitive Sovereignty
The framework of cognitive sovereignty, developed in the context of the attention economy, has 
direct implications for biological-digital sovereignty. The attention economy extracts attention 
from users, while biological-digital colonization extracts biological-digital essence. These two 
forms of extraction are deeply interconnected, with biological-digital technologies often designed 
to extract both attention and biological-digital data simultaneously.

The solution to biological-digital colonization must therefore be integrated with the solution to 
attention extraction. The cultivation of cognitive immunity must be integrated with the cultivation 
of biological-digital immunity. The protection of cognitive sovereignty must be integrated with the 
protection of biological-digital sovereignty.

This integration demonstrates the coherence of the broader theoretical synthesis: the same 
principles of human sovereignty, ethical stewardship, and civilizational flourishing apply across 
domains, from attention to biological-digital existence.

CHAPTER TWENTY-FIVE: CRITICAL SELF-REFLECTION AND LIMITATIONS

25.1 Acknowledging the Limitations
The framework of biological-digital sovereignty, while comprehensive, has limitations that must 
be acknowledged:

The conceptual frameworks are working hypotheses, not proven scientific laws. They require 
empirical validation, refinement, and testing. The illustrative calculations presented in this 
treatise are based on survey data and simplifying assumptions, and they may not accurately 
reflect the true state of biological-digital sovereignty in any given population.

The historical analysis, while drawing on extensive scholarship, necessarily simplifies complex 
historical processes. The characterization of biological-digital colonization as a form of structural 
violence is an interpretive framework, not an uncontested fact. Scholars may disagree with this 
characterization.

The Islamic perspective, while integrated throughout the treatise, represents one interpretation 
of Islamic ethics and spirituality. Other interpretations may emphasize different aspects or reach 
different conclusions.

The future scenarios, while based on current trends and expert analysis, are inherently 
uncertain. The future of biological-digital existence will be shaped by factors that are difficult to 
predict: technological breakthroughs, regulatory developments, cultural shifts, and social 
movements.
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25.2 Engaging with Alternative Perspectives
The framework must engage with alternative perspectives:

The techno-optimist perspective argues that technology will solve all problems, and that 
concerns about biological-digital colonization are overblown. The framework acknowledges the 
benefits of biological-digital technologies but argues that they must be guided by ethical 
principles and strategic vision.

The libertarian perspective argues that individuals should be free to use biological-digital 
technologies as they choose, and that regulation is paternalistic. The framework acknowledges 
the importance of individual freedom but argues that freedom requires the capacity for 
meaningful choice, which is undermined by manipulative design.

The transhumanist perspective argues that the transformation of human biological essence 
through technology is desirable, and that concerns about biological-digital colonization are 
obstacles to human enhancement. The framework acknowledges the potential of human 
enhancement but argues that it must be guided by ethical principles and equitable access, not 
by corporate profit motives.

The post-colonial perspective argues that the critique of biological-digital colonization is itself a 
form of Western paternalism, and that non-Western societies have their own relationships with 
biological-digital technologies. The framework acknowledges this critique and argues that the 
goal is not to impose Western values but to protect the biological-digital sovereignty of all 
populations, enabling them to determine their own relationships with biological-digital 
technologies.

25.3 The Path Forward
The path forward requires:

Empirical validation: Testing the conceptual frameworks against longitudinal data and real-world 
interventions. Refining the models based on empirical findings.

Interdisciplinary dialogue: Engaging with scholars from different disciplines, including biology, 
neuroscience, law, ethics, economics, political science, sociology, and computer science, to 
enrich the analysis and address blind spots.

Practical application: Applying the frameworks in real-world contexts, learning from experience, 
and adjusting the approach based on results.

Continuous refinement: Recognizing that this theoretical work is a work in progress, not a 
finished product. Remaining open to criticism, revision, and improvement.

CONCLUSION: TOWARD A NEW ERA OF BIOLOGICAL-DIGITAL SOVEREIGNTY
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This treatise has proposed a radical rethinking of biological-digital colonization, from a 
technological development to a civilizational crisis, from a market phenomenon to an act of 
structural violence. It has argued that human biological-digital essence is not merely a biological 
fact but the very ground of human dignity, and that its commodification represents the most 
profound act of dispossession in human history.

The framework has introduced several original contributions: the Biological-Digital Sovereignty 
Score, the Biological-Digital Immunity Framework, the concept of Biological-Digital Entropy 
Debts, and the Model for the Transition from Colonization to Sovereignty. These tools provide a 
methodology for assessing, understanding, and transforming biological-digital colonization.

The path forward is not easy. It requires strategic vision, sustained effort, and international 
cooperation. It requires balancing the benefits of biological-digital technologies with the 
protection of biological-digital sovereignty. It requires recognizing that biological-digital existence 
is not merely a biological fact but a civilizational project, and that its management requires not 
only technical expertise but also wisdom, justice, and commitment to the common good.

This framework is not a prophecy but a possibility, not a prediction but a proposal, not a 
certainty but a hope. It is a vision of a future in which human biological-digital essence is 
liberated from extraction, in which bodily and mental integrity are cultivated rather than eroded, 
and in which the quality of biological-digital existence is recognized as the foundation of human 
flourishing.

May this work serve as a contribution to that future, and to the emergence of a new era of 
biological-digital sovereignty, grounded in the principles of bodily sanctity, intellectual 
stewardship, and the common good.

APPENDICES

APPENDIX A: THE BIOLOGICAL-DIGITAL SOVEREIGNTY SCORE: COMPLETE 
CONCEPTUAL FORMULATION
The score proposes that the degree of biological-digital sovereignty of an individual, community, 
or nation can be assessed as a function of several factors:

Sovereignty equals a function of Biological integrity, Data sovereignty, Consent quality, 
Extraction level, Manipulation risk, and External control.

Where:
Biological integrity is measured as the degree to which the body is protected from unauthorized 
modification, extraction, or surveillance, normalized from zero to one.
Data sovereignty is measured as the degree to which biological-digital data is controlled by the 
data subject, normalized from zero to one.
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Consent quality is measured as the degree to which consent for biological-digital data collection 
is informed, specific, and freely given, normalized from zero to one.
Extraction level is measured as the degree to which biological-digital data is extracted without 
meaningful consent, normalized from zero to one.
Manipulation risk is measured as the degree to which biological-digital technologies are used to 
manipulate thoughts, emotions, or behavior, normalized from zero to one.
External control is measured as the degree to which biological-digital existence is controlled by 
external actors, normalized from zero to one.

A simplified operational form might be:
Score equals the product of Biological integrity, Data sovereignty, and Consent quality, divided 
by the product of Extraction level, Manipulation risk, and External control.

This formulation captures the balance between biological-digital protections and biological-
digital vulnerabilities. A high score indicates strong biological-digital sovereignty; a low score 
indicates biological-digital vulnerability.

APPENDIX B: THE BIOLOGICAL-DIGITAL IMMUNITY FRAMEWORK: COMPLETE 
METHODOLOGY
The framework identifies five levels of biological-digital immunity:

Individual immunity: The capacity of individuals to resist manipulative biological-digital extraction 
through practices of bodily care, mental discipline, and data hygiene.

Communal immunity: The capacity of families, communities, and indigenous groups to cultivate 
collective biological-digital sovereignty that resists the fragmenting effects of biological-digital 
colonization.

Organizational immunity: The capacity of organizations to cultivate environments that respect 
biological-digital sovereignty and cultivate biological-digital flourishing.

National immunity: The capacity of nations to regulate biological-digital technologies, protect 
biological-digital sovereignty as a matter of public interest, and cultivate biological-digital 
flourishing at the civilizational level.

Civilizational immunity: The capacity of civilizations to maintain biological-digital sovereignty in 
the face of global biological-digital extraction, preserving the diversity of biological-digital 
traditions and cultivating biological-digital flourishing across generations.

APPENDIX C: DATA SOURCES AND METHODOLOGY
This treatise draws on a wide range of data sources, including:

Scientific research: Peer-reviewed studies in biology, neuroscience, law, ethics, economics, 
political science, and sociology.
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Industry reports: Reports from market research firms, industry associations, and technology 
companies.

Government data: Data from national statistical agencies, regulatory bodies, and public health 
authorities.

Whistleblower testimony: Internal documents and testimony from technology company 
employees.

Academic publications: Books and articles from leading scholars in relevant fields.

The methodology involves:

Literature review: Comprehensive review of scientific and scholarly literature on biological-digital 
colonization and its effects.

Data analysis: Analysis of quantitative data on biological-digital technology use, health 
outcomes, and economic impacts.

Qualitative analysis: Review of case studies, whistleblower testimony, and expert analyses to 
understand the political and civilizational dimensions of biological-digital colonization.

Conceptual framework development: Development of the conceptual hypotheses based on the 
data and analysis.

Case study analysis: Conducting in-depth case studies to illustrate the application of the 
frameworks.

Scenario development: Developing future scenarios based on current trends and expert 
analysis.

APPENDIX D: POLICY RECOMMENDATIONS
Based on the analysis in this treatise, the following policy recommendations are proposed:

For individuals:
Practice bodily and mental care to cultivate biological-digital flourishing.
Implement data hygiene practices to reduce biological-digital extraction.
Cultivate informed consent practices to protect biological-digital sovereignty.
Engage in regular reflection and contemplation to cultivate self-understanding.

For communities:
Develop community biological-digital governance frameworks.
Assert indigenous data sovereignty.
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Educate community members about biological-digital technologies and their rights.
Organize collectively to advocate for biological-digital sovereignty.

For nations:
Implement comprehensive regulation of biological-digital technologies.
Integrate biological-digital literacy and sovereignty education into national curricula.
Launch public awareness campaigns about biological-digital colonization.
Support research on biological-digital colonization and its effects.
Engage in international cooperation to protect biological-digital sovereignty.

For international organizations:
Develop international agreements to regulate biological-digital technologies and protect 
biological-digital sovereignty.
Support research and capacity building on biological-digital sovereignty.
Promote the exchange of best practices across countries.
Advocate for the protection of biological-digital sovereignty as a human right.

APPENDIX E: GLOSSARY OF TERMS
Biological-digital colonization: The systematic extraction of biological-digital essence from 
human beings by corporations and states for economic and political gain.

Biological-digital entropy debt: The biological, cognitive, social, and environmental costs created 
by biological-digital extraction, externalized onto individuals and future generations.

Biological-digital immunity: The capacity to resist manipulative biological-digital extraction while 
maintaining the capacity for meaningful engagement with biological-digital technologies.

Biological-digital sovereignty: The capacity of individuals, communities, and nations to control 
their own biological-digital essence and cultivate biological-digital flourishing.

Biological-digital extraction: The systematic capture of human biological-digital essence by 
corporations and states for economic and political gain.

Brain-computer interface: A technology that enables direct communication between the brain 
and an external device.

CRISPR-Cas9: A gene-editing technology that allows scientists to make precise changes to 
DNA sequences.

Cognitive liberty: The right to control one's own mental processes, including thoughts, emotions, 
and consciousness.

Data sovereignty: The right of individuals, communities, and nations to control their own data.

54 / 59



Genetic privacy: The right to control access to one's genetic information.

Neural privacy: The right to control access to one's neural data, including thoughts, emotions, 
and intentions.

Surveillance capitalism: A business model based on the extraction of behavioral data from 
users, the prediction of their future behavior, and the sale of these predictions to advertisers.
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