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0.1 Abstract

In the context of the evolving landscape of Bitcoin mining, small-scale home miners play
a pivotal role in promoting network decentralisation and enhancing the security of the
blockchain. This thesis investigates the viability and impact of using Bitaxe Ultra ASIC
chips for small-scale Bitcoin mining operations. The primary objectives of the study is to
develop an accessible, cost-e�ective mining solution, analyse its performance metrics, and
assess its contribution to the overall network hashrate.

The research involved both theoretical modelling and empirical analysis. A comprehensive
evaluation was conducted to measure key performance indicators such as hashrate, power
consumption, and e�ciency. The Bitaxe Ultra, featuring the BM1366 ASIC chip demon-
strated a hashrate of approximately 0.5 TH/s per device, with a power consumption of 12W.
The study found that the deployment of approximately 1,380,000 Bitaxe Ultra devices could
contribute 0.1% to the total Bitcoin network hashrate, equating to 0.69 EH/s. This con-
tribution would signi�cantly impact the network, enhancing decentralization and security.
Additionally, the economic analysis revealed that the low operational costs make small-scale
mining �nancially viable for individual users. The environmental impact can be minimized
by leveraging renewable energy sources.

Future work should concentrate on developing a dedicated benchmarking tool, conducting
detailed heat management studies, and fostering collaborations with large mining facilities
with a view to further exploring the scalability and sustainability of small-scale mining solu-
tions. The �ndings of this research provide a foundational understanding of the potential and
challenges of integrating small-scale mining into the broader Bitcoin mining ecosystem.
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1 Introduction

In the rapidly evolving landscape of Bitcoin mining, the maxim "don't trust, verify" is not
just a slogan but a fundamental principle that underpins the entire ecosystem. This ethos,
rooted deeply in the Bitcoin community, emphasizes the importance of transparency and
trust through veri�cation. However, the predominance of closed-source hardware in the
mining industry presents a signi�cant challenge to this principle, creating a paradox where
trust is often placed in opaque systems that users cannot fully understand or verify. This
thesis examines the Bitaxe project, an ambitious open-source initiative designed to bridge
the gap between trust and transparency in Bitcoin mining.

The transition from closed-source dominance to open innovation represents a pivotal shift
towards empowering users and operators in the Bitcoin mining ecosystem. While closed-
source systems o�er simplicity and ease of use, they often present users with a binary choice:
to blindly trust the technology or to remain on the periphery of understanding. This seg-
regation is particularly pronounced in Bitcoin mining, where the intricacies of hardware
performance and reliability are pivotal to the network's security and e�ciency. The Bitaxe
project represents a paradigm shift in the �eld of open innovation, challenging the status
quo by advocating for transparency, inclusivity, and the democratisation of mining technol-
ogy.

This thesis examines the Bitaxe project as a model for future developments in Bitcoin mining.
It considers the potential bene�ts and drawbacks of fostering open-source projects within a
predominantly proprietary system. This thesis proposes that the future of Bitcoin mining
and, by extension, the broader blockchain ecosystem lies in the adoption of open innova-
tion, where trust is established not on the opacity of closed systems but on the veri�able
transparency of open-source solutions. The Bitaxe project will serve as a lens through which
this thesis will propose some changes in this transition. The objective is to gain insight into
the potential of open-source principles to rede�ne the foundations of trust and innovation in
Bitcoin mining.

1.1 Motivation

In the context of the rapidly evolving digital economy, it is becoming increasingly important
to have a clear understanding of the intricate dynamics of the markets and the services
on which we rely. As consumers and participants in the digital age, we often rely on the
technologies and platforms that facilitate our daily transactions, placing our trust in them
without question, sometimes without a comprehensive understanding of their inner workings.
This blind trust presents a signi�cant risk, particularly in the context of digital currencies
such as Bitcoin, where transparency and security are of paramount importance. The Bitcoin
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1 Introduction

community adheres to the ethos of "don't trust, verify", underscoring the necessity of tools
that enable users to take ownership of their digital assets securely and transparently.

The necessity for research in this area arises from a critical examination of the current
Bitcoin mining landscape, where the hiding power of proprietary mining hardware and soft-
ware poses signi�cant risks to the networks integrity and accessibility. By investigating the
evolution and implications of open-source mining solutions, a confrontation of these chal-
lenges can be achieved directly, advocating for a return to Bitcoin's foundational principles
of decentralization, transparency, and community participation.

Open-source initiatives like the Bitaxe project aim to democratize Bitcoin mining. Unlike the
current landscape, dominated by proprietary mining hardware, from less than �ve di�erent
manufactures, Bitaxe represents a groundbreaking shift towards transparency, inclusivity,
and empowerment for the individual miner and the broader community. By developing
and supporting open-source mining solutions, projects like this, may have the potential to
transform Bitcoin mining into a more open, equitable, and veri�able process like shown
in Figure 1.1. In doing so, the community that drives the Bitaxe project Open Source
Miners United (OSMU) not only advocate for a more transparent digital economy but also
contribute to the foundational principles of decentralization and trust that Bitcoin was built
upon.

Figure 1.1: Open Source Development in Bitcoin Mining
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1.2 Research Purpose and Approach

1.2 Research Purpose and Approach

The advent of blockchain technology and cryptocurrency mining has highlighted the crucial
role of hardware in maintaining and securing decentralized networks. However, the distri-
bution of proprietary hardware in this �eld presents signi�cant obstacles, including reduced
transparency, limited accessibility, and the potential for centralization. This thesis proposes
to explore these challenges through the lens of the Bitaxe project, an open-source hardware
and software initiative designed to o�er a viable alternative to proprietary systems.

Free and open source software (FOSS) embodies principles of transparency, collaboration,
and freedom, enabling individuals and communities to contribute to and bene�t from tech-
nology without restrictions. The Bitaxe project, rooted in Free Open Source (FOS) prin-
ciples, aims not only to democratize access to cryptocurrency mining but also to foster
innovation and inclusivity within the blockchain ecosystem. By developing an open-source
Application-Speci�c Integrated Circuit (ASIC) benchmarking tool, Bitaxe's objective is to
provide a comprehensive solution for testing and analyzing mining hardware, thereby facili-
tating greater transparency regarding the underlying technology used in such devices.

The utilization of collected data through the Bitaxe benchmarking tool will enable a system-
atic comparison between open-source and proprietary hardware projects. This comparative
analysis aims to highlight the advantages of open-source solutions in terms of performance,
cost-e�ectiveness, and community engagement. Alternatively, it would be bene�cial to iden-
tify the disadvantages and lack of knowledge that may impede the ability to compete with
proprietary hardware. The following research questions will guide this investigation:

ˆ How can an open-source project like Bitaxe address the challenges posed by proprietary
hardware in the cryptocurrency mining industry?

ˆ What features and capabilities are essential for an e�ective ASIC benchmarking tool,
and how can these be implemented in an open-source project?

ˆ What are the potential impacts of Bitaxe on the broader blockchain and cryptocurrency
mining communities?

1.3 Procedure and Structure

This section provides an overview of the research procedure and the structure of this thesis.
It outlines the methodological approach taken to achieve the research objectives and provides
a guide to the organization of the document.

The research for this thesis was conducted through a combination of theoretical modeling,
empirical analysis, and practical implementation. The following steps outline the procedure
followed:

ˆ Literature Review : A comprehensive review of existing literature on Bitcoin mining,
ASIC chips, and small-scale mining solutions was conducted to establish a foundation
for the research.

ˆ Theoretical Modeling : Mathematical models were developed to represent the rela-
tionship between hashrate and power consumption of ASIC chips.
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ˆ Empirical Data Collection : Data was collected from various Bitaxe Ultra devices to
measure performance metrics such as hashrate, power consumption, and temperature
under di�erent operating conditions.

ˆ Data Analysis : The collected data was analyzed to validate the theoretical models
and to understand the performance and e�ciency of the Bitaxe Ultra devices.

ˆ Cost and Energy Analysis : An economic analysis was conducted to evaluate the
initial and operational costs, and an energy consumption analysis was performed to
assess the feasibility and sustainability of small-scale mining.

ˆ Future Work and Recommendations : Based on the �ndings, recommendations
for future research and development were proposed, focusing on areas such as bench-
marking tools, heat management, and collaboration with large mining facilities.

The structure of this thesis is organized into the following chapters:

Chapter 1 introduces the background and the Bitaxe project, outlining the research ob-
jectives and questions. Chapter 2 describes the background basics needed for this thesis.
Chapter 3 describes the current solution of the Bitcoin mining network and sets out the
requirements for this thesis. Chapter 4 is a detailed review of existing literature on Bit-
coin mining, ASIC technology, and small-scale mining operations. Chapter 5 introduces the
concept of a Benchmarking Framework and the theoretical concept of small-scale mining op-
erations. Chapter 6 features the implementation of the Concept of a Benchmarking Tool and
Analyzing potential outcomes of small-scale mining solutions. Chapter 7 evaluates the key
�ndings and compares them with the requirements. Chapter 8 summarizes the key �ndings,
discusses their implications, and concludes the thesis.
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2 Basics

This chapter will examine the fundamental concepts and topics that are essential for an
understanding of the core thesis of this work. Topics like the open source ethos, the core
principles of Blockchain technologies, are chosen for its direct relevance to the exploration of
the Bitaxe project. In order to provide a comprehensive introduction to the topics that will
be discussed in this section, it is necessary to �rst present a brief overview of the subject
matter.

2.1 Open Source

Open source is a term that resonates deeply within the digital era, embodying a philoso-
phy that extends far beyond the mere sharing of code. At its core, open source is about
the freedom of knowledge, a meaningful aspect that has revolutionized the way we create,
share, and utilize technology. The following introduction aims to examine the fundamental
principles of open-source software, demonstrating how these principles encourage innovation,
collaboration and the democratization of technology.

The open-source movement is founded on the premise that software and hardware should be
freely available for anyone to use, modify, and distribute. This concept challenges traditional
models of proprietary software and hardware, where source code is kept secret to maintain
competitive advantage. Instead, open source thrives on the belief that sharing knowledge
freely fosters a more inclusive, innovative, and e�cient approach to problem-solving. It is
a testament to the power of collective intelligence, where diverse perspectives and expertise
converge to create robust, versatile, and secure software solutions.

The freedom associated with open source goes beyond the mere ability to access and mod-
ify code. It represents a broader ideology of knowledge sharing as a fundamental human
right. This ethos is encapsulated in the four essential freedoms de�ned by the Free Software
Foundation: the freedom to run the program for any purpose, the freedom to study how
the program works and change it, the freedom to redistribute copies, and the freedom to
distribute copies of your modi�ed versions [fre]. These freedoms ensure that open source
software remains a tool for empowerment, enabling individuals and organizations to adapt
technology to their needs without the constraints of licensing fees or restrictive terms of
use.

The impact of open source on the technological landscape is profound and far-reaching.
It has been the driving force behind some of the most signi�cant innovations in the digi-
tal age, including the Linux operating system, the Apache HTTP Server, and the Mozilla
Firefox browser, among countless others. These projects exemplify how open source prin-
ciples encourage experimentation, rapid iteration, and the sharing of knowledge, leading to
high-quality software that bene�ts everyone [BHP+ 12].
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Moreover, the open source movement has catalyzed a cultural shift in how we think about
ownership and collaboration. It challenges the notion that progress is best achieved through
competition and secrecy, proposing instead a model where sharing and collaboration are the
keys to innovation. This approach has fostered a vibrant global community of developers,
users, and advocates who are committed to making technology accessible and usable by as
many people as possible [Fit06].

While the open-source model has been celebrated for its innovation, collaboration, and
accessibility, there are instances where it faces challenges or negative outcomes [CV17].
These can range from security vulnerabilities to sustainability issues of projects. Many open
source projects struggle with sustainability, as they rely heavily on volunteer contributions
and may lack the �nancial support needed for maintenance. This can lead to outdated
software, security vulnerabilities, and project abandonment [�AF08].

Also the myth that open source software and hardware is inherently of higher quality due to
its openness has been challenged. Without rigorous quality control and active maintenance,
Open Source Software (OSS) projects can su�er from bugs and reliability issues, as [MFH00]
stated.

Another issue of the open source ethos can be that the open source licensing can also feature
a variety of issues, as it can be a legal mine�eld for businesses and developers. Mixing code
with incompatible licenses can lead to legal challenged and restrict the use or distribution
of software as been stated in this case study [VBP+ 17].

2.2 Bitcoin

This section will cover a brief overview of Bitcoin1. How it has been introduced in 2009 and
what the core concept of a peer-to-peer cash system is.

2.2.1 Introduction into Bitcoin

Bitcoin, the world's �rst cryptocurrency, has emerged as a groundbreaking innovation in
�nancial technology, challenging traditional notions of currency and banking. Introduced in
2009 by an enigmatic �gure or group known as Satoshi Nakamoto, Bitcoin presented a novel
concept: a digital currency operating independently of central banks, using a decentralized
network to verify transactions and manage the issuance of new units. This introduction
delves into the origins, mechanisms, signi�cance, and challenges of Bitcoin, o�ering insights
into its role as a pioneer in the cryptocurrency revolution [Nak08].

Bitcoin is a cryptographic currency based on ideas from Hashcash[B+ 02] and b-money[Dai98]
which aims to be completely distributed, free of central authorities or points of control, using
a peer-to-peer network to facilitate transactions. Bitcoin itself is de�ned by a short white
paper published under a pseudonym Satoshi Nakamoto, with a reference implementation
[Nak08]. As described in [KDF13], Bitcoin is a �xed-value cryptographic object represented
as a chain of digital signatures over the transactions in which the coin was used. Furthermore,

1 In this paper, "Bitcoin" refers to the ecosystem and the blockchain, while "bitcoins" refers to the actual
coins.
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this paper expresses that a coin in this Blockchain can be checked for validity simply by
checking the cryptographic validity of the signatures that constitute its history. Ownership
of bitcoins is de�ned by Bitcoin addresses, which correspond to public keys within the
network's cryptographic framework. Technically, a Bitcoin address does not directly hold
bitcoins; instead, it is associated with a set of Unspend Transaction Output (UTXO). These
UTXOs can be accessed and transferred using the corresponding private key, allowing the
owner to initiate transactions. When a user sends bitcoins, they e�ectively create a new
transaction, signing it digitally to authorize the transfer of bitcoins from their address to
another.

While the protocol underlying Bitcoin allows a recipient to cryptographically verify that a
transaction is a legitimate instruction to transfer funds, it does not inherently safeguard
against the risk of double spending. Speci�cally, although the recipient can con�rm that the
sender previously possessed the bitcoins being transferred, there is no way to ensure that
these same coins have not already been used in another transaction. To address the issue
of double spending, participants in the Bitcoin network employ a peer-to-peer protocol that
includes a distributed timestamping service. This service maintains a sequential record of
all Bitcoin transactions ever executed, structured into a log known as the blockchain. Trans-
actions within this blockchain are grouped into blocks, each of which includes a sequence
number, a timestamp, the cryptographic hash of the preceding block, some metadata, a
nonce, and a collection of veri�ed Bitcoin transactions [Nak08][KDF13].

The blocks are linked together in a hash chain, where each block references the cryptographic
hash of its predecessor. This linkage ensures the integrity of the blockchain by enabling
veri�cation that no prior block has been altered. While the blockchain features backward
links from each block to the original block or genesis block, it does not contain forward links.
This absence of forward links means that while there is a clear path backward from any
given block to the start of the blockchain, the path forward may not be singular, giving the
blockchain the structure of a tree that may branch as it expands [KDF13]. The Blockchain
is shown in Figure 2.1.

Figure 2.1: Example Blockchain. The genesis block is on the left. Mining (expanding) occurs
on the longest branch.

In the Bitcoin Network, any participant has the opportunity to become a miner and con-
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tribute to the network by mining new blocks. These blocks, which append new transactions
to the blockchain, are considered valid if the miner successfully selects a nonce that results
in the block's hash being below a predetermined target. This requirement forms the basis
of a proof-of-work puzzle, which is a computational challenge designed to be di�cult to
solve but straightforward to verify once completed. Successfully solving this proof-of-work
puzzle serves as a demonstration that the miner has committed a signi�cant amount of
computational e�ort [BBH + 13].

2.2.2 Origins and Philosophical Underpinnings

The inception of Bitcoin in 2009 was marked by the publication of the Bitcoin white pa-
per [Nak08], where Satoshi Nakamoto outlined a vision for a peer-to-peer electronic cash
system that would operate securely without the need for a central authority. The motiva-
tion behind Bitcoin's creation was multifaceted, rooted in a critique of the existing �nancial
system's vulnerabilities | notably, in
ation, privacy concerns, and the ine�ciencies of cross-
border transactions. Bitcoin's philosophical foundation is inseparable from the principles of
�nancial autonomy, privacy, and resistance to censorship. This re
ects a libertarian ethos
that challenges the role of the state and �nancial institutions in controlling money.

2.2.3 Technological Innovation: Blockchain

At the heart of Bitcoin is blockchain technology, a distributed ledger that records all trans-
actions across a network of computers. This technology ensures transparency, security, and
integrity of data without the need for intermediaries. Each transaction is veri�ed by network
participants, known as miners, who use powerful computers to solve complex mathematical
problems, a process that in turn rewards them with newly minted bitcoins. This mechanism,
known as proof of work, not only facilitates the creation of new bitcoins but also secures the
network against fraudulent activities.

The blockchain's immutable nature means that once a transaction is recorded, it cannot
be altered or deleted, providing a tamper-proof record of transaction history. This as-
pect of blockchain technology has far-reaching implications beyond cryptocurrencies, with
potential applications in supply chain management, voting systems, and digital identity
veri�cation.

2.2.4 The Evolution of Bitcoin

Bitcoin's journey from an obscure cryptographic experiment to a mainstream �nancial asset
is a testament to its enduring appeal and resilience. The �rst known transaction with
Bitcoin was the purchase of two pizzas in 2010, a milestone celebrated annually as "Bitcoin
Pizza Day." Over the years, Bitcoin has experienced signi�cant volatility, with dramatic
price swings that have attracted both fervent supporters and skeptical critics. Despite this,
Bitcoin has seen growing adoption as a means of payment and as an investment, spurred
by increasing interest from institutional investors and recognition by major companies and
�nancial institutions.
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2.3 Bitcoin Mining

The history of cryptocurrency is also marked by challenges, including regulatory examina-
tion, concerns over its use for illicit activities, and debates over its environmental impact due
to the energy-intensive nature of mining. Nevertheless, these challenges have also prompted
discussions about potential avenues for innovation in regulatory approaches, the potential
for more energy-e�cient consensus mechanisms, and the broader implications of digital cur-
rencies for �nancial privacy and security.

2.2.5 Signi�cance and Impact

Bitcoin's signi�cance extends beyond its role as a digital currency. It represents a paradigm
shift in how money is understood and used, highlighting the potential for technologies like
blockchain to democratize �nancial systems and empower individuals. Bitcoin has spurred
the development of thousands of other cryptocurrencies, each with unique features and
potential use cases, contributing to a vibrant and diverse ecosystem of digital assets.

Moreover, Bitcoin has ignited a global conversation about the future of money, privacy,
autonomy, and the role of technology in reshaping �nancial landscapes. It challenges tra-
ditional �nancial models and o�ers a glimpse into alternative forms of value exchange and
storage, raising critical questions about trust, governance, and the equitable distribution of
wealth.

2.2.6 Looking Ahead

As Bitcoin continues to evolve, its future remains a subject of intense speculation and debate.
Issues like scalability, regulatory frameworks, and the advent of new technologies such as
quantum computing represent both challenges and opportunities for Bitcoin. Nonetheless,
its legacy as the �rst cryptocurrency and its role in popularizing blockchain technology are
undisputed.

In conclusion, Bitcoin is not just a digital currency; it is a technological and philosophical
movement that questions the very foundations of the �nancial system. Its development and
adoption re
ect a growing desire for greater control over personal �nancial transactions and
skepticism towards traditional banking and monetary policies. Whether Bitcoin will become
a universal form of currency or remain a niche digital asset, its impact on the �nancial
industry and beyond is undeniable, paving the way for a future where digital currencies play
a central role in our economic systems.

2.3 Bitcoin Mining

Bitcoin mining itself describes the process that is essential in creating new Blocks on the
Blockchain. This mining process involves a mechanism called proof-of-work which is taken
from Hashcash[B+ 02]. It describes a mechanism by an adaptive algorithm based on the
recent blockchain history to maintain the long-term invariant that a newer block be mined
every ten minutes on average.

Miners must �nd a nonce value that makes a double SHA-256 hash of the block's header be
less than

�
65535� 208

di�culty

�
[BT17]:
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SHA-256 is designed to be non-invertable, the primary approach is to use a brute force
method. Therefore, if the di�culty is twice as large, it would take twice as many brute-force
tries on average to �nd the corresponding nonce.

The Bitcoin Mining di�culty is adjusted every 2016 blocks using the worlds total hashrate,
the network hash rate, in order to target an average block-creation time of 10 minutes.

Each machine, that mines gets a correspondingly smaller fraction of the current 24Ö 6 Ö
3.125 = 450 BTCs bounty that is available per day[BT17].

2.4 Bitaxe-Project

Bitcoin introduced the world to a decentralized �nancial system, unlike anything before.
However, the backbone of Bitcoin, blockchain technology, required a process known as mining
to validate transactions and secure the network.

In the early days, mining was a simple task. Enthusiasts and pioneers could mine Bitcoin
using the CPUs in their personal computers. As the network grew, so did the di�culty
of mining, leading to the adoption of more powerful GPUs. This era marked the �rst
evolution in Bitcoin mining, signi�cantly increasing the hash rate and e�ciency of mining
operations.

However, the quest for e�ciency did not stop there. The community saw the advent of
FPGAs (Field-Programmable Gate Arrays), which o�ered better performance than GPUs
but at a higher cost and complexity. FPGAs were a stepping stone, paving the way for a
groundbreaking innovation: ASICs (Application-Speci�c Integrated Circuits).

ASICs were designed solely for Bitcoin mining, o�ering unparalleled e�ciency and speed
compared to their predecessors. This leap forward sparked a technological arms race, with
companies and developers competing to create the most powerful and e�cient miners.

The Bitaxe project, an embodiment of innovation and community-driven development in
this narrative. Developed by a team of dedicated engineers and cryptocurrency enthusiasts,
Bitaxe represented a signi�cant leap forward in mining technology.

The Bitaxe project aimed to create a miner that is not only powerful but also accessible
to the broader community. It featured cutting-edge ASIC chips, mainly from the already
settled big ASIC manufacturers, optimized for maximum e�ciency, and an open-source
design that encouraged collaboration and improvement. The project symbolizes the potential
of collective e�ort in advancing technology.

Bitaxe, previously known as DayMiner, was initially conceptualized by Skot in early 2021.
The project embarked on its journey with the development of its �rst prototype, which made
use of the BM1387 chip (an ASIC chip developed by Bitmain). This initial prototype not
only proved to be functional but also laid the groundwork for the project's future innovations.
As the project progressed, the team began to experiment with an array of chips, both in
series and through the introduction of newer models. This phase of experimentation and
advancement led to the project's rebranding as Bitaxe.
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