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Executive Summary

What if farms could monetise surplus electricity from their on-farm renewable energy
projects (REPs), regardless of variability or seasonality? Imagine a digital cash crop that
grows only on excess energy, counter-seasonal to the core business. That crop is bitcoin
mining. Treated as a form of digital crop rotation, bitcoin mining may allow agribusinesses to
monetise otherwise low-value energy and, where feasible, reuse heat without compromising
farm-first operations.

Agriculture faces growing pressure to improve environmental performance while remaining
commercially viable. REPs are a visible response, yet adoption is often constrained by
mismatches between peak generation and on-site demand, weak or negative feed-in tarifts
(FiTs), export caps, and the cost and losses associated with storage and transmission. This
paper asks: How might adopting bitcoin mining impact the viability of REPs in agriculture? It
evaluates behind-the-meter (BTM) bitcoin mining as a flexible, interruptible load that can
monetise surplus generation, yet stand down when the farm needs the energy, and in some
settings provide recoverable heat.

Framed by the Resource-Based View (RBV) and assessed through VRIO, the study used a
qualitative comparative approach within a constructivist paradigm, drawing on secondary
research from documented integrations of bitcoin mining with utility-scale renewables and
adjacent energy systems. Across the reviewed studies, a consistent pattern emerges: pairing
flexible BTM mining with REPs can increase utilisation of generation assets, shorten
payback periods and improve return on investment (ROI), support methane mitigation in
biogenic systems by monetising otherwise flared energy, and act as a highly responsive load
when required to stand down.

The model is potentially symbiotic. Farms gain a flexible, on-site consumer of surplus
electricity that can lift REP utilisation, improve cash flow and strengthen project economics;
miners gain direct access to curtailed or stranded energy and siting rights through a direct
relationship with the land and energy owner, avoiding some of the complexity typical of grid-
scale power purchasing arrangements. In suitable agricultural settings, co-location may also
add a second value stream through heat reuse. Larger enterprises may require dedicated
internal capability, while smaller enterprises may rely on specialist external advisers.

Overall, REP + BTM bitcoin mining treats surplus energy as a seasonal, storable cash crop
harvested digitally, expanding the feasible set of on-farm renewables by turning “use it or
lose it” generation into value. As an enabling technology, it may help reframe REPs as more
commercially resilient assets, improving project bankability and supporting broader
renewable build-out, with positive implications for agricultural decarbonisation. Policy
considerations include recognising verifiable flexible BTM loads in export-constrained grids,
clarifying taxation and custody treatment of mined BTC, and supporting human capital
development at the Agriculture x Bitcoin knowledge interface.
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Abbreviations & Terminology Standards

Core terminology

Bitcoin — the network/protocol.

bitcoin mining — process of block construction/validation via proof-of-work (PoW).
blockchain — the time-ordered chain of blocks appended by miners.

BTC — the tradable digital asset (unit of account) transacted on Bitcoin.

hashrate — aggregate rate of hashing (e.g., TH/s, PH/s).

miner — individual computer hardware (ASIC) performing hashing.

mining operator (or operator) — the person/company operating above miners.

Energy & grid

AD — anaerobic digestion.

BTM (behind-the-meter) — located on the customer side of the connection point.
CEA — controlled-environment agriculture (e.g., greenhouses).

CHP — combined heat and power (cogeneration).

Co-located — physically siting adjacent to the REP (often BTM).

FiT / FiTs — feed-in tariff(s).

kW — kilowatt (power, electrical).

kWh — kilowatt-hour (energy, electrical).

kWth — kilowatt (thermal) (power).

PPA — power purchase agreement.

RAS — recirculating aquaculture system.

REP / REPs — renewable energy project(s) (on-farm unless stated otherwise).

VESS — Virtual Energy Storage System.

Bitcoin & mining

ASIC — application-specific integrated circuit (bitcoin mining hardware).
fee(s) — transaction fees on Bitcoin (not an acronym).

J/TH — joules per terahash (ASIC efficiency metric).

PoS (proof-of-stake) — consensus used by some non-Bitcoin cryptocurrencies.

PoW (proof-of-work) — Bitcoin’s consensus mechanism.



Finance, analysis & governance

AUD / USD — Australian dollar / United States dollar.

CAPEX / OPEX — capital expenditure / operating expenditure.

CBO — Chief Bitcoin Officer.

DR — demand response.

EPC / EPCs — engineering, procurement and construction (contractor/operator).
FMD — Farm Managed Deposit.

NPV / IRR — net present value / internal rate of return.

RBYV — Resource-Based View (theoretical lens).

VRIO — Valuable, Rare, costly to Imitate, and Organised (RBV test).

Mechanisms used in this study

M1 Surplus monetisation — monetising otherwise low-value surplus energy.
M2 Sizing autonomy — enabling larger renewable sizing by absorbing surplus on-

site.

M3 Value time-shift — shifting value from low-price to higher-value uses/cash-flow

profiles.

M4 Thermal coupling — re-using miner heat for productive applications on-farm.

Vi



1. Introduction

Agriculture is increasingly challenged to improve environmental performance while
remaining commercially resilient. Renewable energy projects (REPs) are often presented as
one response to that challenge, offering the prospect of lower operating costs, reduced
emissions and greater energy independence. Yet on-farm adoption remains uneven. In many
agricultural settings, the commercial case for renewable generation is weakened by a familiar
set of constraints: generation does not always align with farm demand, export pathways are
often limited or weakly remunerated, storage remains costly, and compliance requirements
can dilute already marginal returns (Kaparaju, Mathias & Singh, 2023). The result is a
recurring problem of underutilised renewable capacity and “use it or lose it” surplus (Velicky,

2023).

This paper examines whether bitcoin mining may help address that problem. Specifically, it
explores how adopting bitcoin mining might impact the viability of renewable energy
projects in agriculture. The central proposition is that, when operated behind the meter,
bitcoin mining may function as a flexible, interruptible and revenue-generating load capable
of absorbing surplus renewable electricity, standing down when the core agricultural business
requires the energy, and in some cases producing recoverable heat as an additional source of
value. Under this framing, bitcoin mining may also be understood as a ‘digital cash crop’: a
counter-cyclical, revenue-generating use of surplus electricity that remains secondary to the

core agricultural enterprise.

The significance of this proposition is not that bitcoin mining becomes the principal purpose
of the farm energy system, but that it may act as an enabling and augmenting technology for
renewable adoption. By creating an alternative pathway for surplus monetisation, it has the
potential to improve asset utilisation, reduce curtailment, support more commercially useful
project sizing and, in some agricultural settings, offset existing heating costs through thermal
coupling. The broader implication is that commercially motivated renewable build-out may
become more feasible in agriculture when surplus energy can be converted into value rather

than treated as an unavoidable penalty of intermittent generation (Hakimi et al., 2024).



Agriculture is a particularly important setting in which to examine this possibility. Farms
often combine seasonal mismatch between generation and demand, integrated control over
land and energy assets, and practical on-site uses for low- to medium-grade heat. These
characteristics may make agriculture not merely another host for the model, but one of the

sectors in which it is especially coherent.

Methodologically, the study adopted a constructivist, qualitative comparative approach using
secondary sources. It was framed through the Resource-Based View (RBV) and interpreted
using the VRIO lens (Barney, 1991; Largan & Morris, 2019) to examine whether co-locating
bitcoin mining with renewable generation may create a resource bundle that is valuable, rare,
difficult to imitate and organisationally supportable within agricultural enterprises. As direct
farm-scale evidence remains limited, it translates mechanisms documented in adjacent
settings into agricultural contexts. Four recurring mechanisms organise the analysis: surplus
monetisation, sizing autonomy, value time-shift and thermal coupling. These are interpreted
across a set of agricultural archetypes to assess where the concept appears strongest, most

constrained, and most promising for future applied research.

The scope of the paper is deliberately limited to Bitcoin. Other digital assets are excluded
because their consensus mechanisms, governance structures and energy characteristics differ
materially from those of Bitcoin. The analysis is also situated primarily in the Australian
agricultural context, particularly in relation to tariffs, export constraints, rural network
conditions and farm operating environments, while recognising that many of the underlying
mechanisms have broader relevance beyond Australia. The paper does not claim universal
applicability, nor does it present bitcoin mining as superior to all alternatives in all
circumstances. Its purpose is more specific: to assess whether, under identifiable commercial
and operational conditions, bitcoin mining may improve the viability of renewable energy

projects in agriculture.

The contribution intended is both academic and practical. Academically, the paper responds
to the limited farm-scale literature by bringing together adjacent energy, mining and
agricultural research within a single mechanism-based framework. Practically, it speaks to
agribusiness managers, policy advisers, investors and technology providers who may need to
assess the concept without assuming either that it is inherently transformative or that it can be
dismissed outright. A visual summary of the core relationships examined in the paper is

provided in Appendix A.



2. Background: Bitcoin, Mining and Energy Use

This section provides sufficient background for readers unfamiliar with Bitcoin to understand
the argument that follows. It does not attempt a full technical or monetary history. Instead, it
explains the core features relevant to this study: why Bitcoin exists, why mining uses energy,
how Bitcoin differs from alternative crypto systems, and why those characteristics matter

when considering renewable energy projects in agricultural settings.

For the purposes of this paper, four features matter most. First, Bitcoin is a decentralised
monetary network with no central corporate operator. Second, the network is secured through
proof-of-work, meaning mining requires real-world electricity and specialised hardware
(Nakamoto, 2008). Third, bitcoin mining is highly flexible, interruptible and location-
agnostic compared with most industrial loads. Fourth, because mining converts electricity
into a globally tradable digital asset, it creates unusual possibilities for monetising surplus
energy (KPMG, 2023). These are the properties that make Bitcoin relevant to the present

analysis.

2.1. Why Bitcoin has value
Bitcoin is often described as “digital gold” because it combines monetary scarcity with digital
portability. Like gold, it is costly to produce, difficult to counterfeit, and not issued by a state.
Unlike gold, it can be transferred globally in small units through software, with settlement
that is not dependent on a bank or other central intermediary (Cambridge Centre for
Alternative Finance, 2025). These features help explain why BTC has attracted attention as a
monetary asset rather than merely as a payment novelty. A representation of how BTC scores

against gold and fiat currencies on the properties of money scale is available in Appendix B.

For this paper, the significance of Bitcoin’s value is practical rather than philosophical. If
bitcoin mining is to be considered as a way of monetising surplus renewable energy, the
output must be capable of storing and transferring economic value beyond the point of
generation. That is what gives mining relevance to the agricultural energy problem examined
here. At the time of writing, the successful mining of a single Bitcoin block yields 3.125 BTC
plus transaction fees, representing a gross reward of roughly A$530,000 before operating

costs and price movements.



2.2. Maturation of the asset class
Bitcoin has matured substantially from its origins as a niche digital experiment associated
with extreme volatility and speculative retail interest (KPMG, 2023). In recent years, its
market capitalisation has at times exceeded USS$2 trillion, placing it among the world’s larger
asset classes and challenging the view that it remains a marginal or unserious financial
instrument (Monchau, 2025). Institutional engagement has also deepened: large asset
managers have launched spot Bitcoin exchange-traded products (Cohen & Jacobs, 2025);
sovereign wealth funds and pension-linked investors have disclosed exposure through these
vehicles, and some nation-states have participated directly through treasury holdings
(Guzman, 2025) or mining activity using domestic energy resources (Sergeenkov, 2025;
Renteria, 2024). At the corporate level, publicly listed firms have also adopted BTC as part of
treasury strategy (Knowles, 2025).

The surrounding financial and reporting architecture has evolved as well. Changes to
accounting treatment, particularly fair-value recognition for in-scope crypto assets in the
United States, have reduced one of the practical barriers to institutional balance-sheet use
(Deloitte, 2024). More broadly, the growth of custodial services, exchange-traded access,
public reporting and research coverage has made Bitcoin easier to evaluate within
conventional financial and governance frameworks than was the case in its earlier years
(Kennedy, 2025). These developments do not remove risk or volatility, but they do materially

weaken the claim that Bitcoin can be dismissed outright as a fringe curiosity.

For the purposes of this paper, the significance of that maturation is practical. If bitcoin
mining is to be considered as a mechanism for monetising surplus renewable electricity, the
output it produces must be sufficiently liquid and institutionally legible to warrant serious
analysis. The point is not that BTC is risk free, but that it has matured enough to be treated as
a plausible economic output within an academically grounded discussion of renewable

energy project viability.

2.3. Why does Bitcoin exist?
Bitcoin exists to allow digital transfer and storage of value without reliance on a central
operator (Nakamoto, 2008). Conventional digital payment systems such as Visa, Mastercard
and PayPal also move value electronically, but they do so through permissioned networks

controlled by companies and financial intermediaries. Bitcoin performs a similar basic



function through a decentralised system in which the ledger is maintained and verified by a

distributed network rather than by a single institution.

This distinction matters because Bitcoin’s design links monetary transfer to a system that is
open, borderless and resistant to unilateral control. In the context of this paper, however, the
most important consequence is that the network is maintained through proof-of-work. That is
what connects Bitcoin to energy. The integrity of the ledger depends on miners expending
real-world electricity and hardware effort to secure the system. Mining is therefore not
incidental to Bitcoin; it is the mechanism through which the network operates and through

which new BTC is issued.

2.4. The Bitcoin ledger (Blockchain)

Bitcoin’s ledger is commonly described as a blockchain (Nakamoto, 2008): a time-ordered
record of transactions grouped into blocks and linked cryptographically to the blocks before
them. For non-technical readers, it is enough to understand that this design makes the
transaction history transparent, sequential and extremely difficult to alter retrospectively.
Each new block builds on the one before it, so falsifying the record would require redoing the

proof-of-work for that block and all subsequent blocks.

In practical terms, the blockchain is the mechanism that allows Bitcoin to function without a
central bookkeeper. Transactions are verified, grouped into blocks and added to the ledger
through a distributed process rather than by a single company or bank. This is what gives
Bitcoin its unusual combination of openness, verifiability and resistance to unilateral control.
For the purposes of this paper, the most important point is that maintaining this ledger
requires mining, and mining requires energy. See Appendix C for a simplified visual

analogy.

2.5. Bitcoin mining explained
Bitcoin mining is the process through which new blocks are added to the blockchain and new
BTC is issued. Miners use specialised computers to perform vast numbers of cryptographic
calculations in competition to produce a valid block. The successful miner is rewarded with
newly issued BTC and transaction fees (Nakamoto, 2008). This process is known as proof-of-

work.



In this context, the key significance of mining is not the detailed computer science, but its
operational and economic characteristics. Mining converts electricity into a digital asset, does
so through highly modular hardware, and can be interrupted rapidly with foregone revenue as
the principal opportunity cost. These properties distinguish mining from most other industrial
loads. They are also what make it relevant to renewable energy project economics: mining
can act as a flexible behind-the-meter user of electricity that is available when generation

exceeds the needs of the core business.

2.6. Why Proof-of-Work, not Proof-of-Stake (Alt coins)

This study is concerned with Bitcoin specifically rather than with digital assets in general.
That distinction matters because Bitcoin uses proof-of-work, whereas many other crypto
systems rely on proof-of-stake or other consensus mechanisms. In proof-of-work, the security
of the ledger depends on real-world expenditure of energy and hardware effort. In proof-of-

stake, validation rights are generally tied to ownership of the asset itself.

For the argument developed in this paper, proof-of-work is essential because it is what links
Bitcoin directly to energy systems. The electricity consumed in mining is not incidental to the
network; it is part of the mechanism through which the ledger is secured, and transactions are
validated. That does not make proof-of-work superior for all possible purposes, but it does
make Bitcoin uniquely relevant to a discussion about renewable energy monetisation.
Because mining is grounded in real electricity use, it can be analysed as an energy load with

commercial characteristics, not merely as an abstract digital process.

2.7. Mining hardware, energy use and operational characteristics
Bitcoin mining is now conducted almost entirely with specialised hardware known as ASICs,
which are designed specifically for Bitcoin’s proof-of-work algorithm. Over time, these
machines have become more efficient, producing greater output per unit of electricity
consumed (Dasaklis et al., 2025). At the network level, however, total electricity use is not
fixed. It varies with BTC price, transaction-fee conditions, hardware efficiency and mining
difficulty, which means mining should not be understood as a static or perfectly inelastic
demand (Ibafiez et al., 2023). Several visual illustrations of Bitcoin mining equipment are

available in Appendix D.

What is more important here is how mining behaves operationally as an energy load.

Compared with many industrial uses of electricity, mining is unusual in being highly



interruptible, modular and location-agnostic. It can ramp up when electricity is abundant and
stand down quickly when that electricity is needed elsewhere. It can also be deployed in
relatively small, modular increments and located close to low-cost or otherwise underutilised
energy resources (Rudd et al., 2024). These characteristics allow mining to function as a
buyer of last resort for surplus generation and, in some contexts, as a form of demand
response (Dewhurst, 2025). They also explain why mining is relevant to behind-the-meter

renewable energy projects on farms rather than only to utility-scale systems.

Figure 2-1: Example ASIC Bitcoin Mining Machine (Bitmain, 2025)

2.8. Environmental narrative and waste-heat reframing
Public debate about bitcoin mining has focused heavily on electricity use and associated
emissions (Paez, 2024). That concern is legitimate, but the environmental significance of
mining depends on the energy source, site design and the counterfactual use of the electricity
involved. Contemporary assessments increasingly show a mixed energy portfolio, including a
substantial role for renewable and otherwise curtailed energy sources, while cautioning

against simplistic or outdated accounting assumptions (KPMG, 2023).

In this study, the more important environmental question is not whether mining uses
electricity, but how it is situated within a broader energy system. If mining is paired with
surplus renewable generation that would otherwise be curtailed or weakly exported, the
relevant comparison changes. The issue becomes whether mining can improve utilisation of
renewable assets and reduce waste within that system. A related point concerns heat. Like

most electrical processes, mining converts much of its energy input into heat.



In many settings that heat is simply a by-product, but in agricultural contexts it may become a
usable secondary output where there is a proximate demand for low- to medium-grade heat.
This possibility is taken up later in the paper as one of the more distinctive agricultural

advantages of the model.

2.9. Why this matters for agriculture
These characteristics make bitcoin mining relevant to agriculture in a way that may not be
immediately obvious to non-specialist readers. Farms often operate with variable loads,
seasonal demand profiles, weak export economics and increasing pressure to improve
environmental performance (Kaparaju et al., 2023). In that setting, a highly interruptible,
behind-the-meter electricity user capable of converting surplus generation into a globally
tradeable output has potential commercial significance. The relevance is greater still where
agricultural businesses also have practical uses for recovered heat, control over land and
siting, and a need to size renewable assets around seasonal or future business requirements

rather than around current export limits alone.

3. The Problem

On-farm renewable energy projects promise lower operating costs, reduced emissions and
greater control over energy supply. Yet many projects underperform once built, not because
the technology fails, but because the commercial conditions around it are often unfavourable
(Kaparaju, Mathias & Singh, 2023). The central misalignment is that renewable generation
rarely matches neatly with farm demand, while the alternatives for dealing with surplus
energy, whether exported, stored, curtailed or converted into other forms, are often
constrained, lossy or weakly remunerated. The result is a recurring “use it or lose it” problem
in which valuable electricity is produced at the wrong time, sold into the wrong market, or
not monetised at all (Vega-Marcos et al., 2022). What is missing, in many cases, is a digital
cash crop: a way to convert surplus electricity into revenue at the point of generation that,
much like a conventional cash crop, makes productive use of existing assets, infrastructure
and seasonal conditions without displacing the farm’s core output. The subsections that

follow set out the main dimensions of that problem in agricultural settings.



3.1. Social expectations: Environment and decarbonisation
Agricultural businesses face increasing pressure to reduce waste, lower emissions and
demonstrate credible decarbonisation pathways, particularly where methane-intensive waste
streams or energy-intensive operations are material. Methane’s short-term warming effect is
widely recognised as far stronger than CO: on a 20-year basis, which increases pressure to
capture and productively use biogenic gas where feasible (Rudd et al., 2024). Anaerobic
digestion can assist with this, but where on-site energy demand is already met, or export
value is weak, excess gas may still be flared, achieving mitigation while destroying potential
energy value (Kaparaju, Mathias & Singh, 2023). In parallel, many farms are adopting solar,
wind or other renewable systems to lower electricity costs and reduce emissions, yet these
assets bring their own mismatch problems when generation does not coincide with demand.
The result is that decarbonisation goals alone do not guarantee commercially viable energy

projects.

3.2. Seasonal and structural misalighment in generation vs demand
Agricultural loads are rarely flat. Irrigation, pumping, refrigeration, drying, aeration, heating
and cooling arrive in pulses shaped by season, weather and production cycles. Renewable
generation, by contrast, follows the availability of sun, wind or biogas rather than the
operational calendar of the farm. Peak farm demand may therefore fail to coincide with peak
generation, while quieter periods can produce persistent surplus. Without a credible way to
time-shift, store or monetise that surplus, effective asset utilisation falls, and project returns

weaken (Vega-Marcos et al., 2022).

3.3. Declining export value and feed-in tariffs
Even where surplus electricity can be exported, it is often sold into weak or volatile tariff
conditions. Many jurisdictions pay little for exports during high-generation periods, and
oversupplied systems can even produce short-lived negative pricing. Weak rural feeders may
impose export caps or control limits when local voltage rises, reducing the farm’s ability to
monetise generation precisely when it is most abundant. This compresses project returns,

weakens payback and reduces confidence in sizing renewable assets ambitiously.

3.4. Sizing to the network, not to the business
Because export limits, voltage constraints and protection settings often tighten as network

capacity fills, renewable projects are frequently sized to what the grid will tolerate rather than



to what the business may actually need (Velicky, 2023). In some locations, practical export
capacity is already exhausted, leaving small generators effectively unable to sell additional
power at all. The result is an uncomfortable compromise: systems may be too small to meet
peak or future operational demand yet still exposed to surplus risk in quieter periods
(Kaparaju, Mathias & Singh, 2023). This constraint may become more material as farms
electrify more of their operating base. Electric tractors, autonomous platforms, battery-
powered implements and other emerging systems may increase future on-farm electricity
demand, yet those loads may arrive gradually rather than all at once. This is one of the most

commercially distorting features of the problem.

3.5. Compliance and stabilisation cost centres
Renewable projects also face costs that improve compliance but do not generate revenue.
Export limiters, relays, remote disconnects, voltage management and related equipment may
be necessary for safety and grid integrity, yet they add capital cost, testing obligations and
ongoing compliance burden without directly improving return. At small scale, these non-

earning costs can materially dilute project viability.

3.6. Time-shifting alternatives and their limits
Several technologies can reduce the mismatch between renewable generation and farm

demand, but each has limits at farm-scale.

Batteries provide fast response, resilience and short-duration time-shifting, but they
require substantial upfront capital, incur charge—discharge losses, degrade with
cycling and are constrained by finite storage capacity. Once full, additional surplus
still must be curtailed, exported or otherwise managed. Their usefulness also declines
where surplus occurs in extended off-season periods rather than in short intraday

windows.

Green hydrogen offers a different pathway, but electrolysers generally require
steadier duty cycles with no risk of batch interruption. They also involve significant
conversion, compression, storage and transport costs. For smaller or highly variable

farm systems, these requirements can be commercially difficult to justify.
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Pumped hydro is effective at large scale, but highly site-dependent and rarely
granular enough for individual farms. It requires suitable topography, water rights and

civil works, and does not scale easily to modest agricultural projects.

These options show that time-shifting is possible, but not frictionless. At farm-scale, the cost
and operating complexity of conventional storage or conversion can outweigh the value of

the surplus energy being managed.

3.7. Market proximity and self-sovereign energy monetisation
The problem is not only one of generation, but also of market access. Farms are often located
far from major demand centres, which means surplus electricity or energy-derived products
must usually be sold into constrained local networks or through costly transport pathways.
Electricity remains tied to local grid conditions and transmission constraints. Bioenergy often
requires upgrading, compression, transport or pipeline access before it can reach an
addressable market (Kaparaju, Mathias & Singh, 2023). These factors leave many farms

captive to local infrastructure and tariff settings.

The problem then, is not only surplus generation itself, but the lack of a way to convert that
surplus into value at the point of generation without relying on external export settings,
nearby markets or heavy transport infrastructure. In this sense, bitcoin mining can be
understood as a digital cash crop: a self-sovereign mechanism for harvesting value directly

from excess electricity.

3.8. Policy volatility and path dependence
Feed-in tariffs can be reduced, export caps tightened, and new compliance obligations
introduced with limited notice. Once a renewable project is sized and commissioned under
one policy setting, later changes can trap it in a weaker commercial position. This path
dependence discourages ambitious sizing and adds another layer of uncertainty to already

marginal project economics.

4. Literature Review: Purpose, scope and selection

This literature review examines how existing research, and methodologically transparent
institutional analysis, can inform the question of whether adopting bitcoin mining may

improve the viability of renewable energy projects in agriculture. Because direct farm-scale
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evidence remains limited, the review draws not only on agricultural material, but also on
adjacent settings in which similar mechanisms have already been examined, including utility-
scale renewable energy systems, microgrids, biorefineries, landfill gas applications and
broader flexible-load energy studies. The full secondary source set used in the analysis,
including the sources screened and retained as the analytical evidence base, is listed in

Appendix F.

The review therefore prioritises sources on three grounds: relevance to the research question,
methodological transparency, and conceptual transferability to agricultural contexts. The
source base includes peer-reviewed journal articles as well as higher-quality technical and
institutional publications where they provide useful empirical, modelling or policy insight not

yet well represented in the academic literature.

4.1. Conceptual anchors and definitions
Across the literature examined, bitcoin mining is generally treated as a controllable,
electricity-intensive computational process that is highly interruptible, location-agnostic and
capable of converting electricity into a saleable digital asset. These features underpin several
recurring conceptual framings in the literature. Mining is variously described as a flexible
load, a form of demand response, a virtual energy storage system, or a buyer of last resort for
otherwise curtailed generation. Although these concepts are not identical, they converge
around the same core proposition: mining may create economic value from surplus or weakly
remunerated electricity under certain operational conditions (Velicky, 2023; Rudd et al.,
2024; Lal & You, 2024; KPMG, 2023; Ibanez et al., 2023; Hakimi et al., 2024;
Hajiaghapour-Moghimi et al., 2024; Campbell & Larsen, 2023; Bruno, Weber & Yates,
2023).

For this paper, these conceptual anchors matter because they shift the question away from
whether mining consumes electricity, which is self-evident, and towards how it behaves
within an energy system. The literature is therefore relevant less as commentary on Bitcoin in
isolation than as a basis for understanding whether mining may improve asset utilisation,
curtailment outcomes, project economics or energy monetisation where renewable generation

and local demand are mismatched.
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4.2. Theme A: Flexible load and demand response (DR)
One of the clearest areas of agreement in the literature is that bitcoin mining can operate as a
fast, interruptible electrical load. Modelling studies, case material and industry analyses
describe miners curtailing load during periods of grid scarcity, participating in demand
response and, in some contexts, contributing to ancillary service behaviour. This matters
because it distinguishes mining from many conventional industrial loads: the primary
economic cost of interruption is foregone revenue rather than process failure or lost physical

product (Rudd et al., 2024; Campbell & Larsen, 2023; Bruno, Weber & Yates, 2023).

The main caveat is that these benefits depend on operating behaviour and siting. Mining does
not produce positive system outcomes automatically. Where it is inflexible or supplied by
carbon-intensive marginal generation, environmental outcomes may worsen (KPMG, 2023).
Where it is operated responsively and paired with renewable or otherwise constrained
generation, the literature suggests more positive system effects. This conditionality is
especially relevant to agriculture, where behind-the-meter flexibility rather than grid-scale

balancing is the more immediate commercial concern.

4.3. Theme B: Mining as a virtual energy storage system (VESS)
A second recurring theme is the framing of bitcoin mining as a form of virtual energy
storage. In this interpretation, mining does not store electricity physically, but absorbs surplus
electricity and converts it into BTC, allowing economic value to be preserved and realised
later. This has been modelled especially clearly in microgrid contexts, where mining can
reduce curtailment and create a financial storage function without the cycle limits,

degradation or finite vessel constraints associated with conventional batteries (Hajiaghapour-

Moghimi et al., 2024).

This literature is particularly relevant to the present study because it helps explain why
mining may matter in settings characterised by seasonal or structural surplus. The key
distinction is that the storage function is financial rather than electrical. This makes the
concept especially interesting for agriculture, where surplus may recur over long or irregular

periods.

4.4. Theme C: Economics for wind and solar with mining
A substantial portion of the literature addresses the economics of co-locating mining with

wind and solar generation. These studies generally report improved project economics under
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price, tariff and capital-cost assumptions, including shorter payback periods, stronger internal
rates of return and the possibility of sizing renewable systems more ambitiously when a

flexible local offtaker is available (Vega-Marcos et al., 2022). In this body of work, mining is
treated less as an abstract digital activity and more as a commercial mechanism for improving

renewable asset utilisation.

The main limitation is sensitivity. These outcomes depend heavily on tariff structures,
curtailment conditions, BTC market assumptions, timing of capital deployment and the
treatment of mining as either a continuous or interruptible load. That does not undermine the
relevance of the literature, but it does mean the findings should be interpreted as conditional
rather than universal. For agriculture, the importance of this theme lies in the possibility that
similar economic logic may apply to on-farm renewable systems facing weak export value or

persistent mismatch between generation and demand.

4.5. Theme D: Waste-to-energy opportunities
Another theme concerns the use of bitcoin mining in waste-to-energy settings such as landfill
gas, stranded methane and biorefinery contexts. Here the central logic is that mining can
monetise variable, constrained or otherwise low-value energy streams, while also improving
the economics of facilities that deliver a real-world environmental service such as methane
mitigation (Rudd et al., 2024; Semaan et al., 2025; KPMG, 2023). This is especially relevant
to agricultural discussion where anaerobic digestion and combined heat and power already sit

within the broader renewable and waste management landscape.

The strongest relevance to this paper is conceptual. These studies show that mining may
improve the capital structure of systems whose primary output or environmental value
already exists but is commercially constrained, making them useful for thinking about farms

with biogenic energy opportunities even though direct farm-scale evidence remains sparse.

4.6. Theme E: Environmental accounting and debate quality
The environmental literature around bitcoin mining remains contested, but recent work
increasingly emphasises the importance of boundary conditions, contemporaneous data and
methodological transparency (Ibaiiez et al., 2023). More recent assessments describe a mixed
electricity portfolio with a meaningful share of renewable and otherwise constrained energy

sources (Cambridge Centre for Alternative Finance, 2025), while also criticising simplistic
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footprint claims built on outdated assumptions or inappropriate system boundaries (Paez,

2024).

In this context, the value of this theme lies less in settling the environmental debate in general
than in clarifying that outcomes are operationally contingent. Whether mining worsens or
improves environmental outcomes depends on how it is powered, whether it responds

flexibly, and what counterfactual use of the electricity is assumed.

4.7. Theme F: System build-out and renewable integration
A final theme concerns whether mining may support broader renewable build-out. Macro-
level modelling and practitioner analysis suggest that flexible mining demand can increase
optimal renewable capacity in some systems by creating demand for generation that would
otherwise be curtailed or weakly remunerated. The implications of this go beyond project-
level return: mining may also impact the commercial conditions under which renewable

capacity is built in the first place (Velicky, 2023; Vega-Marcos et al., 2022).

This theme is especially important for agriculture because the central issue is often not simply
whether a farm can install a renewable project, but whether it can justify building one at the
size and configuration that makes strategic sense. If mining supports more viable or more
appropriately sized renewable assets, then its significance extends beyond monetising surplus

and into enabling adoption itself.

4.8. Points of convergence and contention
Viewed as a whole, the literature reveals several strong points of convergence. First, bitcoin
mining is widely recognised as a flexible, interruptible and location-agnostic load. Second,
there is meaningful support for the proposition that mining can reduce curtailment and
improve utilisation of renewable assets under the right operating conditions. Third, a growing
body of work suggests that co-location with renewables can improve project economics,
although the magnitude of that improvement remains sensitive to context. Finally, there is
credible evidence that mining can participate in real demand response rather than functioning

only as a fixed or passive load.

The main points of contention concern environmental outcomes, generalisability and
evidence quality. Emissions effects vary with siting and dispatch behaviour (KPMG, 2023).

Reported economic benefits are often sensitive to tariffs, BTC price assumptions and capital
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timing. Most importantly for this paper, farm-scale evidence remains limited. Much of the
literature still derives from utility, industrial or municipal contexts, which means agricultural

transferability must be argued carefully rather than assumed.

Table 4-1 below summarises these points of convergence, contention and agricultural

relevance across the main themes identified in the reviewed literature.
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4.9. Thematic and gap analysis table

Table 4-1: Literature Review Thematic and Gap Analysis

What the literature broadly

agrees on

Where studies disagree

/ caveats

Representative sources

Relevance to farms

Gap this paper addresses

Flexible load / DR Mining is rapidly curtailable; Emissions outcomes Bruno, Weber & Yates (2023); BTM flexibility valuable; Lack of farm-scale DR
can participate in DR/ancillary depend on DR design and Cambridge Digital Mining Industry ~ potential DR aggregation = pathways and case data
services grid mix Report (2025)

VESS / pseudo Absorbs surplus; curtailment Benefits depend on Hajiaghapour Moghimi et al. (2024)  Mirrors seasonal Limited farm-scale validation,

storage driven towards zero; operating dispatch rules; batteries surplus/deficit on farms O&M and controls detail
costs cut may still be needed

Solar/Wind Shorter payback and better Highly sensitive to tariffs, Hakimi et al. (2024); Bruno, Weber ~ Export-weak hours Need agriculture-specific

economics NPV/IRR in some contexts; BTC price, CAPEX timing & Yates (2023) common on farms price/tariff mapping
switching optionality

Waste-to-energy Monetises variable waste Site-specific gas quality; Rudd et al. (2024); Semaan et al. Strong fit for AD/CHP Sparse piggery/dairy farm
energy; supports methane policy dependence (2025) on farms case evidence

mitigation

Environmental
accounting

Mixed energy portfolio; debate
hinges on boundaries and
up-to-date data

Some critiques rely on
outdated or partial
assumptions

Cambridge (2025); Bruno, Weber &
Yates (2023)

Boundaries critical
(avoid double counting)

Farm-specific boundaries
under-specified

System build-out

Mining demand can raise
optimal VRE capacity

Risk of higher emissions
absent flexible, renewable
operation

Bruno, Weber & Yates (2023)

Signals potential for
larger REPs on farms

Need micro-to-macro linkage
for agriculture
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4.10. Implications of the synthesis
The literature as a whole supports a conditional, rather than universal, proposition. Where
bitcoin mining is co-located with renewable generation, operated as a flexible load, and
aligned with conditions of surplus or weak export value, it may improve project economics
and renewable utilisation. For this study, the key implication is that the mechanisms are
credible enough to warrant disciplined translation into agricultural contexts. The literature
does not yet prove the case for farms directly, but it provides sufficient support for the four
mechanisms developed later in the paper: surplus monetisation, sizing autonomy, value time-

shift and thermal coupling.

4.11. Positioning the paper’s contribution
The central gap in the literature is the absence of sustained agricultural analysis at farm-scale.
Existing studies provide evidence for flexible load behaviour, renewable co-location, virtual
storage logic and waste-to-energy monetisation but rarely bring these strands together in a
form that speaks directly to agricultural renewable projects. This paper responds to that gap
by translating the most credible mechanisms from adjacent literature into agricultural
settings, using a Resource-Based View framework and a qualitative comparative analysis of

agricultural archetypes.

The contribution is therefore not to claim farm-level proof where none yet exists, but to
provide an academically grounded, mechanism-based assessment of where the concept
appears strongest, where it remains conditional, and why agriculture may be particularly well

suited to this configuration.

5. Methodology and Methods

5.1. Research paradigm and methodology
This study adopted a constructivist research paradigm to examine how adopting bitcoin
mining might impact the viability of renewable energy projects (REPs) in agriculture. A
constructivist approach was appropriate because the inquiry did not seek to measure a single

universal effect, but to interpret how a novel configuration might create value under differing
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technical, commercial and agricultural conditions (Crotty, 1998). The study was therefore

concerned with context, meaning and transferability rather than experimental proof.

Methodologically, the paper used a qualitative comparative analysis of agricultural
archetypes using secondary sources. This design was selected because direct farm-level
empirical evidence on the co-location of bitcoin mining with on-farm REPs remains limited,
while a growing body of literature exists on adjacent applications in utility-scale renewables,
microgrids, landfill gas, biorefineries and flexible-load energy systems (Largan & Morris,
2019). The task of the study was therefore not to claim farm-level causality, but to assess
whether the mechanisms observed in those adjacent settings could be translated credibly into

agricultural contexts.

The comparative element of the design sat at two levels. First, the study compared recurring
patterns across the selected literature to identify how bitcoin mining had been shown to
interact with surplus generation, curtailment, demand response, project economics and heat
use. Second, those patterns were interpreted across a set of agricultural archetypes to evaluate
where the opportunity appeared strongest, weakest, or most conditional. In this sense, the
archetypes did not function as empirical case studies, but as structured industry categories

through which conceptual transferability could be examined.

This design also suited the purpose of the paper. The intention was to provide an
academically grounded, high-level framework capable of starting informed discussion among
agribusiness professionals, policy advisers and investors, rather than to resolve every
engineering or economic detail for a single farm. The resulting contribution is therefore best
understood as mechanism-based and exploratory: it identifies where the concept appears
promising, where it remains conditional, and what future empirical work would be required

to test it more directly.

5.2. Research questions
The guiding question for this study was: How might adopting bitcoin mining impact the
viability of renewable energy projects in agriculture? To explore that question in a structured
way, the analysis considered four related lines of inquiry concerning financial performance,

environmental implications, policy settings and implementation practicality.
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1. Financial viability: In what ways might bitcoin mining enhance financial returns and
shorten payback periods for on-farm renewable energy projects?

2. Environmental viability: To what extent might bitcoin mining, by improving the
financial viability of renewable energy projects, support greater adoption of
renewables in agriculture and thereby contribute to improved environmental
outcomes?

3. Political and regulatory viability: How do existing Australian policy and regulatory
settings, particularly in relation to BTC custody and taxation, shape the prospects for
collaboration between bitcoin mining and agricultural renewable energy initiatives?

4. Implementation viability: What practical barriers and opportunities exist for
deploying bitcoin mining within agricultural renewable energy systems, including
issues such as ASIC costs, infrastructure requirements, noise management and

specialised labour availability in rural settings?

5.3. Source selection, extraction and synthesis
The study drew on secondary sources spanning peer-reviewed journal articles, technical
reports, industry analyses and institutional publications addressing bitcoin mining, renewable
energy systems, flexible loads, curtailment, waste-to-energy applications and renewable
energy monetisation. Because direct empirical studies of on-farm renewable energy projects
paired with bitcoin mining remain limited, the source base necessarily extended to adjacent
settings in which similar technical and commercial mechanisms had already been
documented, including utility-scale renewable projects, microgrids, landfill gas systems and

biorefineries. The full secondary source set is listed in Appendix F.

The source base included both conventional academic literature and methodologically
transparent institutional and technical publications from organisations such as the Cambridge
Centre for Alternative Finance, KPMG, the Bitcoin Policy Institute and the Digital Assets
Research Institute, alongside peer-reviewed energy and systems journals. These sources were
prioritised not because they reached identical conclusions, but because they provided
sufficiently clear technical, economic or policy analysis to allow structured comparison

across the emerging literature.
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Source selection followed three principles. First, sources needed to be relevant to the central
research question, particularly in relation to flexible demand, behind-the-meter operation,
curtailment reduction, project economics, demand response, or heat recovery. Second,
priority was given to studies with methodological transparency, whether through empirical
reporting, explicit modelling assumptions, or clearly reasoned technical analysis. Third,
sources were selected for their capacity to support conceptual transfer into agriculture, rather
than simply for their discussion of Bitcoin in isolation. Opinion-only material, undocumented
calculations, non-Bitcoin cryptocurrency literature, and duplicative lower-quality reports

were excluded where a stronger original source was available.

Once selected, the literature was reviewed through a thematic synthesis process. An initial
deductive pass identified recurring issues already suggested by the research problem, such as
surplus generation, export constraints, weak feed-in tariffs, flexible load behaviour, heat use
and environmental claims. A second, more inductive pass was then used to identify emergent
patterns and tensions across the material, including themes such as social licence, treasury
practice, rural amenity, implementation capability and policy uncertainty. This process

allowed the analysis to move beyond description and towards explanation.

From this synthesis, four recurring mechanisms were identified as the most useful way to
organise the evidence: surplus monetisation, sizing autonomy, value time-shift and thermal
coupling. These mechanisms did not emerge as rigid variables, but as recurring explanatory
patterns that appeared across multiple sources and helped clarify how adopting bitcoin
mining might impact renewable energy project viability. Quantitative attributes reported in
the literature, such as curtailment rates, revenue comparisons, tariff conditions and payback
effects, were considered where available, but were interpreted comparatively rather than
combined into a formal meta-analysis. Given the heterogeneity of the evidence base, the
emphasis of the study remained on disciplined qualitative interpretation rather than numerical

aggregation.

5.4. Theoretical framework: Resource-Based View and VRIO
The study used the Resource-Based View (RBV), operationalised through the VRIO
framework, as its primary theoretical lens (Barney, 1991). RBV was appropriate because the
paper was concerned with whether a novel combination of resources and capabilities could
improve the viability of renewable energy projects in agricultural settings. Rather than asking

only whether bitcoin mining could generate revenue, the study asked whether the co-location
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of mining with on-farm renewable assets could create an advantage grounded in resources

that were valuable, rare, costly to imitate and organisationally supportable.

This lens was particularly well suited to the subject matter. Agriculture is already organised
around the management of scarce and site-specific resources, including land, energy,
infrastructure, biological feedstocks, labour and seasonal operating capacity. Likewise,
bitcoin mining is fundamentally shaped by access to scarce energy, efficient hardware, and
low-friction operating environments. RBV therefore provided a way to analyse the combined
configuration not as a simple technology add-on, but as a resource bundle whose value
depended on the interaction between farm assets, renewable generation, load flexibility, heat-

use opportunities and organisational capability.

The VRIO framework helped structure that analysis. “Value” directed attention to whether
bitcoin mining could improve utilisation, reduce curtailment, increase revenue per surplus
kilowatt-hour, or support broader project economics. “Rarity” and “Imitability” focused
attention on the distinctive features of agricultural settings, including co-located land,
renewable potential, feedstocks, heat sinks, interconnection rights and rural siting conditions,
which may be difficult for stand-alone mining operators to replicate. “Organisation”
highlighted a final but critical issue: whether farms could actually govern and operate such a
configuration through dispatch rules, maintenance routines, custody arrangements, safety

practices and managerial capability.

RBV/VRIO also offered an important secondary benefit for this study: it created a common
conceptual language across three domains that do not usually share one. Agribusiness
operators, renewable energy practitioners and bitcoin mining operators each work with
different vocabularies, assumptions and priorities. By grounding the analysis in resources,
capabilities and organisational fit, the framework made it easier to compare these domains
without reducing the complexity of any one of them. Accordingly, RBV/VRIO was not only

analytically appropriate, but also communicatively useful for a cross-sector audience.

5.5. Conceptual framework
The conceptual framework translated the literature review and the RBV/VRIO lens into a
practical model for interpreting how adopting bitcoin mining might impact the viability of
renewable energy projects in agriculture. Its purpose was not to simulate a farm system in

engineering detail, but to identify the principal pathways through which value could be
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created, constrained or redistributed when an interruptible behind-the-meter bitcoin mining

load was co-located with on-farm renewable generation.

At the centre of the framework were four recurring mechanisms identified through the
thematic synthesis of the literature: surplus monetisation, sizing autonomy, value time-shift
and thermal coupling. Together, these mechanisms provided the bridge between the broader
evidence base, and the agricultural contexts examined later in the paper. They explained not
only how bitcoin mining might create value, but also why that value would be expected to
vary across farm settings depending on resource mix, seasonality, network constraints, heat-

use opportunities and organisational capability.

The first mechanism, surplus monetisation, captured the ability of bitcoin mining to absorb
otherwise low-value or curtailed electricity and convert it into a saleable digital output,
effectively functioning as a digital cash crop. The second, sizing autonomy, referred to the
possibility that a flexible on-site offtaker could support larger or more appropriately sized
renewable projects by reducing the penalty associated with surplus generation in off-peak or
off-season periods. The third, value time-shift, described a financial rather than electrical
storage function: surplus energy could be converted into bitcoin and sold immediately or held
under treasury policy, altering the timing and form of value realisation without physically
storing electricity. The fourth, thermal coupling, addressed the possibility that waste-heat
from mining equipment could be recovered for productive agricultural uses where distances,

temperatures and hygiene conditions allowed.

These mechanisms were not treated as equal in strength or certainty. Rather, they formed a
structured way of assessing where the concept appeared strongest, where it depended heavily
on context, and where claimed benefits required more caution. The framework therefore
allowed the paper to move beyond a binary question of whether bitcoin mining was “good”
or “bad” for agriculture and instead ask under what conditions specific forms of value

creation became more or less plausible.

The framework also recognised that outcomes would be shaped by a set of moderating
conditions. These included feed-in tariff levels, export constraints, load seasonality, the
availability of anaerobic digestion or combined heat and power, proximity of useful heat
sinks, noise and amenity limits, and the broader economics of bitcoin mining itself. With this

in mind, the framework was deliberately conditional. It assumed farm-first dispatch, a
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renewable-first operating logic, and a governance structure capable of managing curtailment,
maintenance, safety and custody. It did not assume that every farm would benefit equally, nor
that every mechanism would apply in every agricultural setting. Instead, it provided the
interpretive structure used in the findings chapter to compare where co-location appeared
most commercially attractive, most constrained, or most promising for future applied

research.

5.6. Analytical approach
The analytical approach was designed to move from broad cross-sector evidence to a
disciplined interpretation of agricultural relevance. Following the literature review, the
analysis focused on four recurring mechanisms through which bitcoin mining appeared to
impact renewable energy project performance: surplus monetisation, sizing autonomy, value
time-shift, and thermal coupling. These mechanisms were treated as explanatory categories
rather than as strict predictive variables. Their purpose was to organise the evidence in a way
that made the interaction between Bitcoin mining, renewable energy and agriculture legible

to the reader.

To interpret those mechanisms systematically, the study applied the Resource-Based View
through the VRIO lens. This enabled the analysis to examine whether the combination of
farm resources, renewable assets and a flexible behind-the-meter bitcoin mining load could
create value that was valuable, rare, costly to imitate and organisationally supportable. Using
RBV/VRIO also provided a common analytical language across three otherwise disparate

domains: agribusiness, energy systems and Bitcoin mining.

The mechanisms were then considered across a set of agricultural archetypes selected to
reflect materially different operating conditions, including variation in seasonality, thermal
demand, export constraints, anaerobic digestion potential and load shape. The purpose of this
step was not to score industries in a strict quantitative sense, but to test the conceptual
transferability of the mechanisms under recognisably different farm conditions. The
archetypes therefore functioned as a comparative discipline, helping to reduce

overgeneralisation and keep the analysis grounded in practical agricultural settings.
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Judgements were kept qualitative throughout. Greater confidence was assigned where a
mechanism appeared repeatedly across multiple credible sources, had been economically
modelled, and had been shown to be technically feasible in adjacent contexts. Confidence
was reduced where the mechanism depended more heavily on farm-specific assumptions,
particularly in the absence of direct empirical evidence from agricultural applications. The
resulting findings should therefore be read as strongest where evidence converged across the
literature, and more conditional where translation into agriculture remains conceptually

plausible but not yet field validated.

5.7. Limitations
This study was undertaken as a Master of Agribusiness research project rather than as a
commissioned consultancy or field-based commercial investigation. That context imposes
important limits on what can be claimed. The analysis relies entirely on secondary sources
and did not include primary data collection such as interviews, site instrumentation, or
bespoke economic modelling. Time, access and assessment requirements also shaped the
scale of the inquiry. These constraints do not invalidate the contribution of the paper, but they
do mean the findings should be read as evidence-informed and interpretive rather than as

definitive farm-level proof.

A second limitation arises from the novelty of the topic. There is very little published work
dealing directly with on-farm renewable energy projects co-located with behind-the-meter
bitcoin mining. Most of the more detailed technical and economic evidence comes from
adjacent settings such as utility-scale renewables, microgrids, landfill gas systems,
biorefineries and broader flexible-load applications. This paper therefore translates
mechanisms identified in those settings into agricultural contexts. That translation is argued
transparently through the Resource-Based View, the conceptual framework and the
comparative archetype approach, but it remains a translation rather than a direct farm-scale
validation. The findings should therefore be understood as conditional and context-sensitive

rather than universal.

There are also deliberate scope limitations. The analysis focuses on Bitcoin only and does not
generalise to other digital assets whose consensus mechanisms, governance structures and
energy characteristics differ materially. This choice reflects the specific relevance of
Bitcoin’s proof-of-work design, decentralised governance and global liquidity to the research

question. The paper is also framed primarily in the Australian agricultural context, especially
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in relation to tariffs, export constraints, rural grid conditions and farm operating
environments, although many of the underlying energy and commercial mechanisms are
likely to have broader relevance internationally. Even so, one-for-one transfer between

jurisdictions, industries or individual farms should not be assumed.

Methodological and data limitations remain significant. Publicly available evidence is often
partial, modelled or commercially filtered, particularly where detailed performance and cost
data are treated as proprietary by mining operators or energy developers. This creates familiar
risks of selection bias, publication bias and uneven terminology across sources. The study
addresses this by favouring methodologically transparent sources, triangulating recurring
patterns across the literature, and maintaining a mechanism-based analysis rather than
attempting a formal meta-analysis. Even so, the study does not include full optimisation
modelling, dynamic network simulation or engineering design for heat recovery, all of which

would be necessary for project-level investment decisions.

Finally, the paper is exposed to exogenous conditions that can change over time. BTC price,
fees, mining difficulty, feed-in tariffs, export rules and network requirements all evolve,
sometimes quickly. For that reason, the analysis focuses on structural mechanisms such as
surplus monetisation, sizing autonomy, value time-shift and thermal coupling rather than on
any single price snapshot or policy setting. The paper should therefore be read as a
mechanism-centred assessment of a credible and promising configuration, not as a definitive
cost-benefit study for any one farm. That limitation also points directly to the next research

need: farm-scale, longitudinal and method-transparent testing under real operating conditions.
6. Findings

This section presents the findings of the comparative analysis, organised around the four
recurring mechanisms identified in the literature and conceptual framework: surplus
monetisation, sizing autonomy, value time-shift and thermal coupling. It then considers the
conditions that strengthen or constrain those mechanisms and interprets their relevance across

a set of agricultural archetypes.

6.1. Overview of cross-case findings
Across the literature reviewed, the findings did not support all mechanisms with equal

strength. Instead, a clear hierarchy emerged. The strongest and most consistently supported
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mechanism was surplus monetisation: the use of bitcoin mining as a flexible behind-the-
meter offtaker capable of converting otherwise curtailed or low-value electricity into a
saleable digital output. From that central pattern flowed two related but more conditional
advantages. The first was sizing autonomy, whereby a flexible local offtaker could support
larger or more commercially useful renewable energy projects than export settings alone
would justify. The second was value time-shift, in which the economic value of surplus
electricity could be realised in a different form and at a different time through BTC rather
than through immediate export. Thermal coupling appeared as a further potential benefit, but
one that was substantially more dependent on farm-specific layout, heat demand, temperature

requirements and hygiene constraints.

Overall, the cross-case evidence suggested that co-location of bitcoin mining with renewable
energy projects may strengthen the commercial case for on-farm build-out by increasing
capital utilisation, reducing curtailment, introducing a diversified and uncorrelated revenue
stream, and lowering exposure to weak or changing feed-in tariff settings. At the same time,
the findings remained conditional rather than universal. The evidence was strongest where
the mechanism had been repeatedly documented, technically demonstrated, and economically
modelled in adjacent settings; it became more tentative where translation into agriculture
relied on farm-specific assumptions rather than direct field evidence. The findings presented
below should therefore be read not as a claim that all farms would benefit equally, but as an
interpretation of where the concept appeared most commercially plausible, most constrained,

and most promising for future applied research.

6.2. Surplus monetisation as the strongest recurring pattern
Surplus monetisation emerged as the strongest and most consistently supported finding in the
study. Across the reviewed literature, bitcoin mining repeatedly appeared as a flexible offtake
mechanism capable of absorbing electricity that would otherwise be curtailed, exported at
weak prices, or stranded by location and timing. In practical terms, this meant that mining
offered a way to convert low-value surplus energy into revenue without depending on the
presence of strong export markets, transmission access, or conventional time-shifting
infrastructure. Of the four mechanisms examined, this was the least speculative and the most

immediately legible from a commercial perspective.
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This mechanism appeared strongest for three reasons. First, it was the most directly
evidenced in the literature on co-location with renewable energy systems, where mining had
already been modelled or documented as a buyer of last resort for excess generation. Second,
it was the easiest mechanism to understand commercially: if a renewable energy project
produces electricity at times when the farm cannot use it and the grid will not pay well for it,
a flexible behind-the-meter mining load creates an alternative revenue pathway. Third, it
depended on fewer assumptions than the later mechanisms. Unlike thermal coupling, it did
not require a suitable nearby heat sink. Unlike broader claims around sizing autonomy or
storage substitution, it did not depend on more layered interactions between duty cycles,
project design, and farm operations. It simply required the existence of genuine surplus

electricity that could be monetised more effectively than through export alone.

In agricultural terms, the significance of surplus monetisation is straightforward. It allows
bitcoin mining to function as a digital cash crop: much like a conventional cash crop
leverages surplus land or water to generate counter-seasonal income, bitcoin mining captures
additional value from assets already committed to production without displacing the core
enterprise. That income can improve payback, lift asset utilisation, and reduce the
commercial penalty associated with seasonality and mismatched load profiles. In settings
where surplus generation is recurring rather than occasional, this also strengthens the case for
building renewable systems closer to peak or future business needs, rather than sizing them
narrowly to avoid export risk. The result is not merely that less power is wasted, but that

more of the renewable asset becomes economically useful over the year.

However, the mechanism is not unconditional. Its advantage narrows where feed-in tariffs
remain strong, where export access is generous, or where little genuine surplus exists in the
first place. It is also affected by the economics of bitcoin mining itself, including hardware
efficiency, operating capability, and the timing of BTC market cycles. The mechanism
therefore does not guarantee that mining will outperform export in all circumstances; rather,
the evidence suggests that it does so often enough under weak-FiT and curtailment-prone
conditions to materially affect the business case. This is why surplus monetisation functions
as the commercial anchor of the paper: it introduces uncorrelated, diversified revenue from
energy that would otherwise be low-value, while increasing sovereign control over how

behind-the-meter generation is converted into economic return.
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6.3. Sizing autonomy and renewable project scale
The second major finding concerned sizing autonomy. Across the literature and its translation
into agricultural settings, a recurring pattern was that renewable energy projects are often
constrained not by the underlying needs of the business, but by the limits of the network into
which they export. Where feed-in tariffs are weak, export caps are tight, or stabilisation
requirements become costly, project developers are pushed towards sizing decisions that
reflect network tolerance rather than operational demand. In agricultural terms, this can
produce an awkward outcome: systems that are too small to meet peak or future business
needs yet still exposed to curtailment or poor export economics when generation exceeds

immediate on-farm demand.

By acting as a flexible, behind-the-meter buyer of last resort, effectively a commercial
sponge for surplus generation, bitcoin mining can absorb energy that would otherwise make a
larger renewable build commercially unattractive. This does not eliminate the physical limits
of the site or the grid, but it can materially reduce the financial penalty associated with
surplus electricity in shoulder seasons, off-peak periods, or lower-demand parts of the
production cycle. As a result, renewable projects may be sized more confidently towards

actual business requirements rather than being artificially compressed to avoid export risk.

This point is especially relevant where the farm is in a growth phase. A business may know
that its future electricity needs will rise as new infrastructure, processing capacity, irrigation,
refrigeration or electrified farm machinery come online, yet still hesitate to build the
renewable project to that future requirement because the interim years would generate too
much surplus under weak export conditions. This is likely to become more relevant as
agriculture gradually electrifies, with electric tractors, autonomous transport platforms,
battery-powered implements and other on-farm electric systems increasing the future load
that renewable projects may need to support. Much like buying the right-sized tractor for the
business a farm is becoming, rather than the smaller machine it happens to need today, the
commercial challenge is not only correct sizing but keeping the larger asset productive in the
meantime. In that situation, co-located bitcoin mining can function as a commercially useful
bridge. It provides a revenue-generating outlet for excess generation in the early years, with
the expectation that its role can scale down over time as the core agricultural business grows

into the renewable capacity. In effect, this is a form of digital crop rotation: a counter-cyclical
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use of surplus renewable capacity that keeps the larger asset commercially productive while

the underlying business catches up.

For agriculture, this matters because load is rarely constant across the year or across the life
of the enterprise. Drying, irrigation, refrigeration, heating and processing loads rise and fall
with season, harvest, livestock cycles, climate and business expansion. A project sized only
to average or minimum demand may under-serve the enterprise when operational needs are
highest, while a project sized to peak or future demand may appear uneconomic if the surplus
created in quieter periods has no credible use. Bitcoin mining offers one way to narrow that
gap. It does so not by removing seasonal variation, but by improving the utilisation of larger

renewable assets across the full operating cycle of the farm.

The strength of this mechanism is more conditional than surplus monetisation. It depends on
project design, control capability, farm duty cycles and local network settings. It can also be
eroded where stabilisation obligations or other compliance costs rise faster than the benefit
created by a flexible local offtaker. For that reason, sizing autonomy should not be read as a
universal argument for building the largest possible renewable system. Rather, the finding
suggests that bitcoin mining may allow some farms to size renewable energy projects closer
to business need and strategic intent, including future growth, instead of allowing weak

export settings to dictate the commercial ceiling of the investment.

6.4. Value time-shift as financial energy storage
The third finding concerned value time-shift, which the literature most clearly framed
through the idea of bitcoin mining as a Virtual Energy Storage System (VESS). In this
context, mining does not store electricity physically in the way a battery does. Instead, it
converts surplus electricity into a digital asset whose economic value can be realised later and
elsewhere. This distinction is important. The mechanism is not electrical storage, but
financial value storage: excess generation is transformed into BTC at the moment it is
available, and that BTC can then be sold at a later time under a chosen treasury policy rather

than at the instant the electricity is produced (Hajiaghapour-Moghimi et al., 2024).

This creates a form of time-shift. Under conventional export arrangements, value is tied
closely to the conditions of the local grid at the instant of generation. When surplus electricity
coincides with wider oversupply, feed-in tariffs weaken and the economic return on that

generation falls accordingly. By contrast, when surplus electricity is converted into BTC, the
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farm is no longer forced to realise value immediately through the local electricity market. It
can sell mined BTC progressively, hold it for a later period, or manage it within a defined
treasury framework. Understood in this way, mining provides a way of shifting value through

time without requiring physical electricity storage.

It also creates a form of space-shift. Electricity exported to the grid remains bound to local
infrastructure, local demand conditions and the losses inherent in transmission. The same is
true, in different ways, of gas or biomethane, which requires compression, storage, transport
and access to a proximate or connected market. BTC does not face those constraints in the
same way. Once created, it can be sold into a global market without the transmission losses of
electrical networks or the logistical constraints of pipelines and hauled molecules. That
location-agnostic quality is one of the most distinctive features of the mechanism: value
created from surplus on-farm energy can be realised far beyond the local market without

requiring the physical movement of electricity itself.

This helps explain why bitcoin mining is not simply comparable to batteries. Batteries remain
important for fast response, resilience, outage support and intraday management of critical
loads, but they are capital-intensive, degrade with cycling, and are limited by finite storage
capacity. Once a battery is fully charged, additional surplus still must be curtailed, exported,
or otherwise managed. Battery sizing also requires an upfront bet on how much storage will
be needed. If the system is oversized, capital is stranded; if undersized, the farm quickly
returns to the same export and curtailment problem it was trying to solve. Bitcoin mining
does not remove those trade-offs entirely, but it does offer a different solution to recurring or
long-duration surplus: it can continue absorbing energy so long as generation is available and

mining economics remain viable, without being capped by a fixed storage vessel.

For that reason, the strongest interpretation of this mechanism is not that bitcoin mining
replaces batteries, but that it performs a different function. Batteries store electricity for later
electrical use. Bitcoin mining stores the economic value of surplus electricity in digital form,
enabling that value to be shifted across both time and space. In agricultural settings marked
by seasonal surplus, weak export prices and distance from large energy markets, that
distinction may be commercially significant. The evidence remains more conditional than for
surplus monetisation, but it suggests that VESS is one of the more novel and strategically

important contributions of the co-location model.
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6.5. Thermal coupling in agricultural settings
The fourth finding concerned thermal coupling. While this was the most context-dependent
of the four mechanisms, it should not be treated as a trivial add-on. In agricultural settings,
the recovery and productive reuse of mining heat may represent a genuinely important source
of additional value, because many farm businesses already have local, recurring demand for
low- to medium-grade heat. In those cases, bitcoin mining does not merely generate revenue
from surplus electricity; it can also offset heating costs that the business would otherwise

incur through electricity, LPG, diesel or other fuels.

This possibility is particularly significant because it may improve the economics of co-
location in agriculture beyond those described in much of the existing literature. Utility-scale
renewable projects or remote industrial sites may benefit from surplus monetisation alone,
but farms often possess something those settings do not: practical on-site uses for the heat
generated by mining equipment. Poultry sheds, greenhouses, dairy hot-water systems,
aquaculture tempering, grain-drying pre-heat and related applications all suggest that
agriculture may be uniquely positioned to capture a second layer of value from the same

electricity input.

Thermodynamically, this reframing is straightforward. Conventional electric heating passes
current through a resistive element to produce heat and nothing more. A bitcoin mining
machine also passes electricity through circuits and generates heat as a by-product, but in the
process, it additionally produces a saleable digital output. In that sense, mining may be
understood not simply as an electricity consumer, but as a dual-output process: it produces
BTC and heat simultaneously. Where the heat can be recovered and put to work, the effective
economics of the system may become more favourable than those of conventional electrical

heating alone.

The practical value of this mechanism, however, depends on context. Seasonal mismatch
remains important: some farms may have strongest heat demand in winter, while renewable
generation, particularly solar, peaks in sunnier periods. Temperature grade also matters. In
many agricultural applications, mining heat may be most useful as a first-stage pre-heating
source rather than as a complete replacement for an existing heating system. A greenhouse,
brooding shed, or grain dryer may still require a secondary heat source to reach the
temperature, control and stability needed for the process. Distance is another key constraint,

because long runs between miners and heat loads reduce efficiency and add cost. For these
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reasons, thermal coupling should not be assumed automatically, but neither should it be

dismissed as marginal.

The more accurate interpretation is that thermal coupling can be a major advantage where an
agricultural business already has meaningful heating demand in a form and location
compatible with mining heat recovery. In those situations, the co-location model does more
than monetise surplus electricity; it can improve both sides of the farm energy equation by
creating revenue and reducing operating cost at the same time. That possibility may be one of
the most distinctive reasons why agricultural applications warrant closer attention than a

simple transfer of the non-farm literature might suggest.

6.6. Conditions shaping the opportunity
The findings did not suggest that co-location of bitcoin mining with on-farm renewable
energy projects would be attractive under all circumstances. Rather, the strength of the
opportunity was shaped by a set of recognisable conditions that either amplified or

constrained the value of the four mechanisms.

Table 6-1 below summarises the main moderating conditions identified in the analysis and

indicates how they appear to strengthen, weaken or condition each of the four mechanisms.

Table 6-1: Moderator x Mechanism Map

Moderator M1 Surplus M2 Sizing M3 Time-shift M4 Thermal

Low/zero/negative FiT A A A —
High import vs export tariff A A A —
spread

Weak feeder / export caps A A A —
Strong feeder / generous export v v — —
Pronounced seasonality A A A A
Nearby heat loads (s30-50 m) — — — A
AD + CHP available A A A A
Tight hygiene/noise limits — A — v
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High BTC price/fees (sustained) A A A —

Legend: A strong positive influence - A conditional positive - — mixed/neutral - V negative
influence

The most important of these was the strength of local export economics. Where feed-in tariffs
were weak, near zero, or occasionally negative, the relative attractiveness of bitcoin mining
increased sharply. Under those conditions, the opportunity cost of diverting surplus electricity
away from the grid was low, and the case for a behind-the-meter buyer of last resort became
easier to justify. Conversely, where export tariffs remained strong and access to the grid was
relatively unconstrained, the comparative advantage of mining narrowed because the farm

already had a simple and commercially acceptable outlet for excess generation.

Closely related to this was the condition of the local network. Weak feeders, export caps and
constrained rural grid infrastructure strengthened the appeal of co-location because they
increased the penalty associated with surplus generation. In such settings, mining did not
create the surplus problem; rather, it offered one way of managing it on site. This point is
important in agricultural contexts, where businesses are often distant from major demand
centres and exposed to infrastructure settings they do not control. A flexible behind-the-meter
load can therefore increase commercial sovereignty by reducing dependence on external tariff

settings, export approvals and changing network rules.

Seasonality was the next major moderator. Agricultural enterprises rarely operate with flat
load profiles. They move through periods of high and low demand shaped by harvest,
livestock cycles, irrigation, refrigeration, heating and broader business activity. This
seasonality often creates the exact mismatch that undermines renewable project economics:
generation is available when the business does not always need it most. Under those
conditions, the value of a flexible local buyer becomes more compelling, particularly when it
can monetise surplus in quieter periods and step back as core business demand rises. Mining
can serve as an interim commercial sponge for excess generation in early years, allowing a
renewable asset to be built closer to future business need rather than permanently undersized

to suit present export limitations.

The economics become stronger again where the farm has meaningful local heat demand. For
businesses such as horticultural enterprises with greenhouses and cold rooms, poultry

operations, aquaculture systems or mixed enterprises with seasonal heating requirements, the

34



possibility of recovering mining heat may materially improve the overall case. In these
settings, a renewable project may reduce electricity costs for the core business, while co-
located mining creates an off-season or off-peak revenue stream and also offsets part of the

heating bill.

Anaerobic digestion and combined heat and power can strengthen the case further by
providing a more stable year-round energy and heat profile. Likewise, the economics of
bitcoin mining itself still matter. ASIC efficiency, operating capability, and the broader BTC
market cycle all influence how attractive the model appears at any given point in time. Noise
and amenity considerations remain relevant, but they sit lower in the hierarchy of commercial
drivers. They are more likely to shape how a project is designed than whether the opportunity

exists in principle.

Considered together, these moderators suggest that the most compelling opportunities will
not be found by asking whether bitcoin mining is inherently suitable for agriculture, but by
asking whether the resource and constraint profile of a given farm lines up with the
mechanisms identified in this study. The practical implication is that an agribusiness reader
should be able to recognise the conditions in their own enterprise. A horticultural business
facing weak export economics, strong roof-top solar potential, seasonal cold storage demand,
and existing greenhouse heating costs may see a very different opportunity from a farm with
strong grid export rights and little need for heat. The concept is therefore best understood as
conditional but legible: where the right pieces align, the commercial logic becomes

substantially easier to see.

6.7. Agricultural archetypes analysis
The mechanisms identified in this study did not apply uniformly across agriculture. Their
relevance depended on the operating profile of the enterprise, particularly the interaction
between renewable generation, seasonal electricity demand, local heat requirements, and
export constraints. For that reason, the agricultural archetypes were used not as precise
engineering models, but as practical industry categories that help show where the opportunity

may look stronger, weaker, or differently configured depending on the business.

Across the archetypes, the broad pattern remained consistent: the opportunity strengthened
where the farm combined recurring surplus generation, weak export economics, and either

meaningful seasonal mismatch or a proximate heat use. What differed was the form that
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advantage was most likely to take. In some industries, such as grain or horticulture, the
clearest value lay in monetising off-season or off-peak surplus that would otherwise be
weakly remunerated. In others, such as dairy, piggeries, poultry, greenhouses and
aquaculture, the potential for thermal reuse became more prominent because the farm already
had a practical demand for low- to medium-grade heat. Sugar and cane operations sat
somewhat differently again, because existing energy systems based on bagasse and CHP may
already be relatively sophisticated, shifting the issue from basic viability to integration and

marginal gain.

Table 6-2 summarises these differences at a high level. Its purpose is not to rank industries,
but to help the reader locate the concept in relation to recognisable agricultural settings. The
most relevant mechanisms, opportunities and constraints will vary by enterprise, but the table
illustrates how the same co-location model may have quite different commercial meanings

depending on the underlying resource and operating profile of the farm.
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Table 6-2: Agricultural Archetypes and Indicative Points of Fit

Archetype

Most relevant

mechanisms

Main opportunity

Main constraints

Grain M1, M2, M4 Seasonal surplus generation and potential Intermittent heat demand and distance between

(drying/aeration) low-grade heat use for drying or shed generation, miners and drying infrastructure
tempering

Sugar/cane (bagasse | M1, M3, M4 Bagasse-based CHP and strong on-site Seasonal operation and reduced marginal value

CHP) energy integration during crushing periods where existing process heat systems already

dominate

Dairy & piggeries M1, M3, M4 Anaerobic digestion plus recurring hot-water | Practical integration of generation, mining and heat

(AD+CHP) demand recovery within farm layouts

Poultry (brooding) M1, M4 Large shed-roof solar and strong brooding Proximity and acoustic management in enclosed
heat demand operating environments

Greenhouses/CEA M1, M4 Persistent heating demand and strong Seasonalvariability in both thermal demand and
potential for thermal reuse renewable generation

Horticulture + M1, M2 Seasonal cold storage loads and off-season Uneven demand profile and often limited direct

cold-stores surplus monetisation use for recovered heat

Aquaculture M1, M4 Proximate and recurring low-grade heat Variable renewable generation opportunities and

(RAS/ponds) demand site-specific integration economics
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6.8. Takeaway
Collectively, the findings suggest that the value of co-locating bitcoin mining with on-farm
renewable energy projects is neither uniform nor speculative in the abstract. Rather, it
appears strongest where identifiable commercial and operational conditions align, and where
the resource profile of the farm allows one or more mechanisms to reinforce the others. The
discussion that follows therefore turns from what the evidence suggests to what those
findings mean for agribusiness, policy, investment and the broader question of how

renewable projects in agriculture might be made more commercially viable.

7. Discussion

7.1. Why agriculture may be especially well suited
The discussion to this point suggests that agriculture should not be understood as merely
another possible application of bitcoin mining co-location. Rather, it may be one of the
settings in which the model is especially well suited, because the sector combines three
conditions that appeared repeatedly in the findings: seasonal mismatch between generation
and demand, practical on-site uses for low- to medium-grade heat, and integrated control over
land, energy assets and operations. These unique features may allow agricultural enterprises
to capture value from co-location in ways that are less available, or less commercially

coherent, in many non-farm settings.

The first of these conditions is seasonal and operational mismatch. Agriculture frequently
experiences irregular or cyclical energy demand shaped by harvest, irrigation, livestock
production, refrigeration, drying, heating and broader business activity. Renewable
generation, by contrast, follows the weather and the season rather than the farm calendar.
This mismatch is precisely what weakens the economics of many on-farm renewable energy
projects, particularly where export value is low (Kaparaju et al., 2023). The findings indicate
that bitcoin mining may be especially relevant in this context because it can act as a flexible
behind-the-meter buyer of last resort during periods when the farm has surplus energy but
limited immediate use for it. This means the agricultural problem is not incidental to the

model; it is one of the very reasons the model may fit.
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The second condition is proximate heat demand. Many agricultural businesses already
consume heat in forms that may be compatible with recovered mining heat, whether through
brooding, greenhouse tempering, hot-water systems, grain drying pre-heat or aquaculture.
This matters because it introduces the possibility of a second value stream from the same
electricity input. In settings where bitcoin mining is paired with renewable generation, but no
practical heat sink exists, the economics rest largely on electricity monetisation alone. In
agriculture, by contrast, there may be cases where co-location improves the economics on
both sides of the ledger: it generates revenue from surplus electricity while also offsetting
heating costs already borne by the business. This does not make thermal coupling universal,
but it does help explain why agriculture may improve on, rather than simply inherit, the

economics found elsewhere in the literature.

The third condition is integrated control. Farms often control, within one business or one
closely managed operating environment, the land, roof space, generation asset, load, siting
decisions and day-to-day operational priorities that determine whether co-location works in
practice. That concentration of decision rights is significant. In many non-farm settings,
renewable generation, flexible demand and heat use may sit across separate owners, contracts
or regulatory arrangements, increasing coordination cost and reducing commercial flexibility.
On-farm co-location can shorten those pathways. It does not remove complexity, but it can
reduce the friction involved in aligning generation, mining, heat use and operational control

behind the meter.

These conditions suggest that the significance of bitcoin mining in agriculture is broader than
the simple addition of another revenue stream. The more important point is that agriculture
may offer a particularly coherent operating environment for the model itself. Where seasonal
mismatch, local heat demand and integrated resource control align, co-location may be more
than technically feasible; it may be strategically well matched to the structure of the farm

business.

7.2. Bitcoin mining enabling renewable adoption
If agriculture is especially well suited to the model, the next interpretive question is why that
matters. The answer suggested by the findings is that bitcoin mining may function as an
enabling technology for renewable adoption in agriculture by improving the commercial
logic of renewable energy projects that might otherwise remain underbuilt, undersized or

financially unattractive (Semaan et al., 2025). Accordingly, the importance of co-location is
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not that bitcoin mining becomes the principal objective of the farm energy system. Rather, its
significance lies in its ability to augment the renewable project and strengthen the business

case for building it in the first place.

This is a meaningful distinction. Much of the pressure on agriculture to adopt renewable
energy has come from environmental expectations, emissions targets and broader social or
policy narratives around stewardship and decarbonisation. Those pressures may be real, but
they do not automatically create commercially viable projects. The findings of this study
suggest that bitcoin mining may help bridge that gap by converting surplus generation from a
financial penalty into a source of value. Where feed-in tariffs are weak, export pathways
constrained, or thermal loads locally available, the renewable project no longer relies as
heavily on compliance logic or reputational benefit alone. It can instead be supported by a

more durable commercial rationale.

That matters because broader adoption typically depends first on positive project economics.
A farm is far more likely to build, expand or correctly size a renewable energy project when
the economics are robust enough to justify the capital outlay. In that sense, bitcoin mining
may contribute to decarbonisation not by displacing the environmental agenda, but by

making it easier for renewable investment to proceed through commercial incentives.

The findings also suggest that this enabling role may be particularly important in cases where
a farm would otherwise undersize a renewable project to avoid surplus exposure. This point
may become more important as farm energy demand shifts from diesel toward a broader
electrified operating base. As electric tractors, autonomous transport platforms, battery-
powered field equipment and robotic systems become more common, farms may increasingly
need renewable projects sized for a future load profile that has not yet fully arrived. Bitcoin
mining may provide a commercial bridge during that transition by monetising surplus
generation until those electrified loads grow into the capacity. In agricultural terms, this
resembles digital crop rotation: a counter-cyclical use of asset capacity that improves
commercial resilience without displacing the farm’s primary purpose. The environmental
consequence of that commercial decision may be greater renewable penetration on-farm,
better utilisation of generation assets, and in some cases reduced reliance on fossil-based
heating through heat recovery. The point is not that bitcoin mining guarantees those
outcomes, but that it may improve the probability that renewable projects are built at all or

built at a scale that more meaningfully affects farm energy use.
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For that reason, bitcoin mining is best understood here as an enabling technology rather than
an end in itself. Its significance lies in what it may unlock: more financially viable renewable
projects, greater scope for on-farm adoption, and a pathway by which agricultural
decarbonisation can be advanced through commercial incentives rather than compliance
pressure alone. That is the broader meaning of the findings for agribusiness, policy and

Investment.

7.3. RBV/VRIO and the symbiotic advantage

Viewed through the Resource-Based View, the significance of co-location is not simply that
two activities happen to sit on the same site. Its deeper significance is that agriculture and
bitcoin mining may create a complementary resource bundle whose value is greater than
either activity operating alone. The farm contributes assets and conditions that are difficult
for a stand-alone miner to assemble independently: land and roof area for renewable
generation, potential wind or bioenergy feedstocks, proximate thermal uses, existing grid
rights, and direct control over the operating environment. The miner contributes something
equally distinctive: a flexible, interruptible, revenue-generating load that can absorb surplus
generation, stand down instantly when required, and in some cases produce usable heat as a

second output. The symbiosis lies in the way those resources reinforce one another.

From a VRIO perspective, the combined configuration appears valuable because it can
increase utilisation of renewable assets, reduce curtailment, diversify cash flow and, in some
settings, offset existing heating costs. It may also reduce exposure to weak feed-in tariffs and
give the farm more control over how surplus energy is converted into economic return. These
are not trivial gains. They go to the heart of what makes renewable projects commercially
difficult in agriculture: underused generation capacity, seasonal mismatch, and weak export
economics. By addressing those pressures, the combined bundle may improve the viability of

the renewable project itself rather than simply adding a separate side business.

The bundle may also be relatively rare and difficult to imitate. Agricultural businesses can
bring together, in one site and often under one decision-making structure, the land, renewable
potential, feedstocks, heat demand and operating flexibility that make co-location attractive.
A miner can move hardware quickly, but cannot as easily replicate the permitting
environment, farm layout, existing energy infrastructure, social licence, and tacit operational

knowledge of a mature agricultural site. Likewise, a farm can install solar or digestion assets,
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but does not automatically possess a flexible, globally marketable revenue outlet for surplus

generation. It is the combination that creates the distinctive position.

Organisation remains the most conditional part of the VRIO logic. The opportunity depends
not only on resource endowment, but on whether the farm can govern the configuration
effectively through farm-first dispatch rules, telemetry, maintenance routines, treasury
settings, custody arrangements and clear commercial relationships with any mining partner.
In that sense, the model does not reward resources alone; it rewards the capacity to organise
them coherently. This is why the human-capital and governance burden remains important
throughout the paper. The symbiotic advantage exists in principle, but it becomes durable

only when the business is organised to capture it.

7.4. Where the opportunity is strongest
The findings and discussion together suggest that the opportunity is strongest not wherever
bitcoin mining and renewable energy can technically be combined, but where several specific
commercial and operational conditions align. At its strongest, the model sits in enterprises
facing weak or negative feed-in tariffs, constrained export pathways, recurring seasonal
mismatch between generation and demand, and either a meaningful local heat requirement or
a clear strategic case for building renewable capacity closer to future business need. Under
those conditions, the co-location model addresses multiple problems at once: it monetises
surplus, improves utilisation, reduces exposure to export weakness, and in some cases, offsets

heating costs already carried by the business.

This is why some agricultural enterprises may find the model especially compelling. A farm
with strong solar potential, recurring off-season surplus, limited export value, and local heat
demand may not just have a technical use for bitcoin mining, but a coherent commercial
rationale for it. Likewise, enterprises in a growth phase may see value in using mining as an
interim buyer of excess generation while the core business grows into a larger renewable
build. In these settings, mining is not merely an opportunistic add-on. It can become part of
the logic that allows the renewable asset to be built or sized more appropriately in the first

place.

The opportunity becomes weaker where those conditions do not hold. Farms with strong
feed-in tariffs, unconstrained export rights, little recurring surplus, or no practical use for

recovered heat may have less reason to introduce the additional complexity of mining. The
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same is true where the renewable opportunity itself is weak, where the farm lacks the
capability to manage dispatch and governance, or where hardware, siting and operating
constraints materially erode the benefit. In such cases, more conventional options such as
direct self-consumption, right-sized storage, efficiency investment, or delayed renewable

expansion may remain more attractive.

The argument of the paper is not that bitcoin mining is inherently superior to all alternatives,
nor that every farm should pursue it. Rather, the claim is that it becomes commercially and
strategically meaningful under identifiable conditions, and that agriculture contains more of
those conditions than may be immediately obvious. Framed this way, the model is neither
universal nor fringe. It is conditional, but legible: where the right resource profile, constraints
and operating logic align, the opportunity becomes easier to justify; where they do not, it

should be rejected without hesitation.

7.5. Responding to common criticisms
Several criticisms continue to shape public and professional responses to bitcoin mining, and
these need to be addressed directly if the agricultural co-location model is to be assessed
fairly. The first is the claim that mining “wastes” energy (Mora et al., 2018). In the context
examined here, that criticism is incomplete. The argument of this paper is not that any
electricity can be justified simply because it is consumed by mining, but that surplus
renewable electricity which would otherwise be curtailed, weakly exported or stranded may
be converted into a saleable output under conditions where its alternative value is low. The
relevant question is therefore not whether mining uses electricity, but whether it can improve
the utilisation and viability of renewable assets that might otherwise remain underperforming

or underbuilt.

A related criticism is that mining creates heat without sufficient productive use (Mora et al.,
2018). The literature suggests a more conditional answer. In many settings, recovered heat
may indeed have limited value, and where no practical use exists it should not be overstated
in the business case. In agriculture, however, that conclusion may be too blunt. Many farm
enterprises already consume heat in forms compatible with pre-heating or tempering
applications, which means mining heat may have greater practical value than in many non-
farm contexts. The issue is therefore not whether mining produces heat, but whether the

temperature, distance and demand profile of the site allow that heat to be used productively.
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Noise and amenity are more practical than conceptual criticisms, but they remain important.
In rural settings, mining does not escape scrutiny simply because farms are accustomed to
machinery and infrastructure. Acoustic treatment, enclosure design and siting still matter,
both for operational fit and social licence. These are design and implementation issues rather
than reasons to dismiss the model in principle, but they do affect whether a project is

acceptable in practice.

The most persistent criticism, however, concerns BTC itself. Some readers will see the model
as too exposed to volatility, too speculative, or too dependent on the performance of a digital
asset they do not trust. That concern cannot be dismissed, but it should be framed more
carefully. The relevant comparison is not between BTC and an imagined risk-free alternative,
but between BTC-enabled surplus monetisation and the actual alternatives facing many
farms: weak export prices, curtailment, undersized renewable projects, or expensive storage.
In that context, bitcoin mining should be judged not as a stand-alone investment thesis, but as
one possible commercial mechanism for improving the viability of renewable assets under
real operating constraints. Volatility remains a real managerial issue, particularly for treasury
policy and timing of sales, yet the available comparative data suggest that common
assumptions about BTC as uniquely unstable are often overstated or insufficiently
contextualised (Strategyl3, 2025). For that reason, the legitimacy of the model depends less
on blanket claims for or against Bitcoin than on disciplined project design, conservative
treasury governance, and clear recognition of the alternatives it is being asked to outperform.
Indicative comparative visuals on BTC volatility and risk-adjusted performance are provided

in Appendix E.

7.6. Returning to the research questions
The central research question of this study asked how adopting bitcoin mining might impact
the viability of renewable energy projects in agriculture. Overall, the findings and discussion

suggest that the answer is conditional but materially positive.

Financially, bitcoin mining may improve renewable project viability by increasing utilisation
of generation assets, reducing curtailment, diversifying revenue and, in some cases,
shortening payback by creating value from surplus electricity that would otherwise be weakly
monetised. Environmentally, its significance lies less in mining itself than in its potential to
support greater renewable build-out and, where heat can be recovered, to reduce purchased

heating energy within the agricultural business.
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The policy and regulatory dimension are more mixed. The paper does not suggest that
government intervention is the primary driver of viability, but it does indicate that regulatory
clarity matters. Taxation treatment, custody rules, recognition of flexible behind-the-meter
loads, and the treatment of export-constrained sites all affect how confidently farms and
investors can assess the model. Political viability therefore depends less on subsidy than on
whether institutions can provide sufficient clarity for commercially motivated adoption to

proceed.

Implementation viability remains the most practically conditional of the four lines of inquiry.
The concept is strongest where the farm has recurring surplus, weak export economics,
manageable integration requirements and the organisational capability to operate the system
coherently. It weakens where those conditions do not hold, or where complexity overwhelms
the value created. The overall answer to the research question is therefore neither universal
endorsement nor speculative dismissal. Rather, bitcoin mining appears to offer a credible
augmentation pathway for on-farm renewable energy projects under identifiable commercial
and operational conditions, with agriculture potentially better positioned than many other

sectors to capture that value.

7.7. Bitcoin mining as digital crop rotation
By this point in the paper, the phrase “digital crop rotation” can be understood more
precisely. The analogy is not intended to romanticise bitcoin mining or force a superficial
comparison with agricultural practice. Its value lies in the way it captures the counter-cyclical
role mining may play within the farm energy system. Like a rotational crop, bitcoin mining
can keep an asset productive during periods when the core enterprise would otherwise leave
capacity underused. But unlike a conventional crop, it does not depend on sowing windows,
climatic timing or biological growth cycles. It can switch on when surplus exists and switch

off the moment the core business needs the energy back.

That counter-cyclical quality is one of the most agriculturally significant features of the
model. Its value lies not simply in generating revenue, but in allowing the renewable asset to
rotate between the needs of the core business and a secondary, interruptible use without ever
becoming commercially idle. During periods of peak operational demand, such as harvest,
irrigation, refrigeration turn-ups, processing, brooding or other core business loads, mining
can stand down instantly so that the renewable asset serves the farm first. When those peak

demands pass and surplus generation returns, mining can scale back up just as quickly. In this

46



sense, it behaves as a purpose-built, interruptible load that sits around the rhythms of the farm
rather than competing with them. That makes it unusually well matched to agricultural
seasonality: it is the rare “crop” that can expand and contract perfectly around the needs of

the main enterprise.

Seen this way, the crop rotation analogy does more than make the concept accessible. It helps
explain why co-located bitcoin mining may be strategically useful in agriculture. It is a
secondary use of renewable capacity that can remain dormant when the core business needs
the energy and productive when the core business does not. It can therefore support a larger
or more future-oriented renewable asset without locking the farm into permanent oversupply
or forcing it to treat surplus as waste. The renewable project does not sit fallow in quieter

periods; it continues to earn.

That is the broader interpretive point of the paper. Bitcoin mining is not presented here as the
principal reason to build renewable energy projects on farms. Rather, it is presented as a
potentially enabling and augmenting technology: one that may improve commercial viability,
support more appropriate sizing, and in some settings add a second value stream through heat
reuse. The notion of digital crop rotation captures that role neatly. It describes a flexible,
counter-cyclical use of renewable capacity that can move with the seasonal and operational
rhythms of agriculture, helping turn “use it or lose it” generation into a commercially useful

part of the farm system.

8. Recommendations

8.1. Implications for agribusiness operators
For agribusiness operators, the central managerial implication is that bitcoin mining reframes
the problem of renewable energy project design. The question is no longer simply how to
minimise export or recover capital under weak feed-in tariffs, but how to maximise the
productive use of on-farm generation while preserving farm-first dispatch. In practical terms,
this means evaluating bitcoin mining not as a separate speculative activity, but as a flexible
behind-the-meter mechanism that may improve asset utilisation, reduce curtailment, and

create an additional revenue stream from periods of surplus generation.

This has consequences for project sizing and investment logic. Where farms face weak export

economics, recurring seasonal mismatch, or a credible future growth pathway, the analysis
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indicates that bitcoin mining may justify renewable projects sized closer to business need
rather than constrained by current export settings alone. For operators, this requires a shift in
mindset from defensive sizing to strategic utilisation. It also requires discipline. Mining
should be treated as an augmenting load that remains subordinate to the operational energy
needs of the farm. The commercial value lies precisely in that flexibility: it can absorb
surplus when available and stand down the moment the core enterprise requires the

electricity.

Thermal coupling, where feasible, introduces a further managerial consideration. Farms with
meaningful heating demand should assess recovered mining heat as a potential operating-cost
offset, but only where proximity, temperature grade and system design make that value
realistic. It should be treated as an upside, not assumed automatically. More broadly,
agribusiness managers should approach the model as they would any other capital
investment: with attention to duty cycles, operating complexity, risk tolerance, and the

specific conditions under which the projected advantage is expected to emerge.

8.2. Implications for mining operators and integrators
For mining operators, agriculture presents a potentially attractive but distinct operating
environment. The opportunity lies in access to behind-the-meter energy, shorter commercial
pathways to the energy decision-maker, and in some cases proximity to practical heat sinks
that may improve the overall economics of deployment. Unlike utility-scale arrangements,
where mining operators often depend on complex contractual structures and external
curtailment dynamics, farm-based co-location may offer more direct alignment between

generation, load and operational control.

That opportunity comes with conditions. Agricultural settings require mining operators to
adapt to farm-first dispatch, rural amenity expectations, and the realities of working within an
operating agricultural enterprise rather than a dedicated energy or industrial site.
Interruptibility is therefore not a constraint to be reluctantly accepted; it is a core feature of
the value proposition. Operators seeking to work in this space need commercial models,
hardware configurations and control systems that can accommodate irregular duty cycles and

rapid response to the farm’s operational priorities.

Integrators, EPCs and service providers also have a role in determining whether the model

becomes practical at scale. The paper’s findings suggest demand for modular, certifiable,
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agriculturally appropriate deployment models rather than highly customised one-off builds in
every case. This includes enclosure and acoustic solutions, telemetry and dispatch controls,
thermal recovery interfaces where relevant, and clear maintenance arrangements suitable for
rural operating conditions. In this sense, the opportunity is not only for miners themselves,
but for a broader support ecosystem capable of translating the concept into workable farm-

level systems.

8.3. Governance and implementation priorities
A recurring implication of the analysis is that the technical opportunity alone is not enough.
Whether co-located bitcoin mining improves the viability of on-farm renewable energy
projects depends heavily on governance, operational capability and implementation
discipline. The model rewards flexibility, but it also introduces new layers of coordination
across energy management, mining operations, treasury practice and, in some cases, thermal
integration. For that reason, the most immediate implementation priority is not scale, but

control.

The first governance requirement is a clear farm-first operating framework. Dispatch rules
should ensure that mining remains subordinate to the core agricultural business, with the
ability to stand down automatically when on-farm demand rises, or other operational
thresholds are triggered. This is central to both the commercial and social legitimacy of the
model. Without this discipline, the arrangement risks being perceived as a mining project
attached to a farm rather than a renewable-first agricultural energy system augmented by

mining.

The second priority is capability. This paper has repeatedly shown that the strongest
opportunities emerge where the business can organise the configuration coherently. That
includes basic competence in ASIC operations, load control, maintenance planning, treasury
management and BTC custody, as well as an understanding of how these interact with farm
operations. In larger enterprises, this may justify a dedicated cross-domain lead such as a
Chief Bitcoin Officer (CBO). In smaller businesses, it may be better addressed through
specialist advisers, service providers or joint venture models rather than assuming the

capability already exists internally.

The third priority is phased implementation. Farms and mining partners should avoid treating

co-location as an all-or-nothing commitment at the outset. A staged pilot approach is more

49



appropriate: begin with conservative assumptions, validate duty cycles, observe real surplus
behaviour, and only then scale if the expected commercial logic is borne out in practice. In
this respect, governance is not simply about risk control; it is part of the process through

which the concept becomes investable.

8.4. Policy and regulatory implications
The policy implications of this paper are narrower than a subsidy case and more practical
than a broad ideological argument. The findings do not suggest that co-located bitcoin mining
requires special financial support to be viable. Rather, they suggest that clearer and more
coherent institutional settings would reduce uncertainty and allow commercially sound

projects to proceed or be rejected on their merits.

The most immediate issue is the treatment of flexible behind-the-meter loads in export-
constrained or weak-grid settings. Where bitcoin mining can be shown to operate as a
genuinely interruptible buyer of last resort, there is a case for regulatory recognition of its
functional role in reducing back feed, curtailment and export stress. This does not imply
exemption from standards or safety obligations. It implies that policy and network settings
should be capable of distinguishing between inflexible new demand and demand that can

rapidly stand down in support of farm-first use and local network conditions.

Taxation and custody treatment also matter. This includes not only the treatment of mined
BTC and treasury holdings, but also the classification of mining hardware, enclosures,
controls and associated infrastructure within existing tax and depreciation frameworks. For
commercial adoption outside the digital-asset sector, clarity on whether such assets are
treated analogously to other productive farm machinery and energy infrastructure may
materially affect investment confidence. The policy priority here is not preferential treatment
for its own sake, but clarity. Farms and investors need to know how mined BTC is
recognised, how treasury decisions are treated, and how associated capital equipment and

operational costs fit within existing accounting and tax frameworks.

A further implication concerns capability development. If agriculture is to explore this model
seriously, then the relevant skills base will need to broaden beyond conventional farm energy
literacy. Regional training pathways, specialist advisory capacity and method-transparent

pilot reporting would all improve the quality of decision-making. In that sense, the policy role
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is enabling rather than directive: reduce ambiguity, support capability, and allow evidence-

based adoption to develop where the commercial case is strongest.

8.5. Practical recommendations
Several practical recommendations follow from the findings and discussion. First,
agribusiness operators should assess bitcoin mining only in conjunction with a renewable-
first operating logic and clear evidence of recurring surplus, weak export economics, or
strategic reasons to size renewable capacity closer to future business need. Without those

conditions, the additional complexity is unlikely to be justified.

Second, any serious evaluation should begin with site-specific commercial logic rather than
general enthusiasm for either Bitcoin or renewable energy. The relevant questions are
straightforward: how often does surplus occur, what is the alternative value of that energy,
how interruptible can mining be in practice, and is there a realistic opportunity to recover
heat? These are the questions that determine whether co-location is commercially plausible,

not abstract claims about the technology in isolation.

Third, implementation should proceed conservatively. Pilot-scale deployment, documented
dispatch rules, telemetry, and explicit treasury governance should come before larger-scale
commitments. This is particularly important in a novel cross-domain setting where businesses

may overestimate either the upside or the ease of integration.

Fourth, mining operators and integrators seeking to work with agriculture should design for
agricultural conditions rather than assume agricultural sites can simply host standard mining
infrastructure. Acoustic control, enclosure design, maintenance accessibility, fit with seasonal

farm rhythms, and simple thermal interfaces where relevant will all matter to adoption.

Finally, policymakers and industry bodies should focus on clarity, recognition and capability.
The most useful interventions are likely to be those that clarify tax, treasury and custody
treatment, recognise the distinctive role of flexible behind-the-meter loads in export-

constrained systems, and support the development of practical skills and human capital.
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9. Future Research

9.1. Priorities for future research
The strongest conclusion to emerge from this study is not that the case for co-locating bitcoin
mining with on-farm renewable energy projects has been fully proven, but that it is now
sufficiently credible to justify targeted applied research. Future research should therefore
focus less on abstract debates about whether the concept is possible and more on testing

where, when and under what conditions it performs well in practice.

The first priority is financial performance under real operating conditions. The paper has
argued that surplus monetisation, sizing autonomy, value time-shift and thermal coupling
may improve renewable project viability, but the strength of those effects is likely to vary
materially by enterprise type, tariff environment, duty cycle and operating discipline. Future
research should therefore test how REP + behind-the-meter bitcoin mining configurations
perform across full seasonal cycles, including their effects on curtailment, marginal revenue

per surplus kilowatt-hour, project payback and broader capital utilisation.

The second priority is thermal integration. This study indicates that agriculture may be
unusually well positioned to capture additional value from recovered mining heat, but that
claim remains highly context dependent. Future work should identify where thermal reuse is
practically meaningful, what forms of heat recovery are most effective across different
archetypes, and when mining heat functions as a meaningful offset rather than a marginal

bonus.

The third priority is implementation capability. The paper has repeatedly shown that
governance, organisational capability and dispatch discipline are central to the viability of the
model. Future research should therefore examine not only technical and financial
performance, but also the practical routines, partnerships and skills required to operate the

configuration coherently within agricultural businesses.

9.2. Research designs and evidence
Given the state of the evidence base, the most valuable next step is field-quality applied
research rather than further abstract modelling in isolation. Longitudinal pilot studies across
representative agricultural archetypes would provide the strongest foundation for advancing

the concept. These should include interval data on generation, farm load, miner load,
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curtailment, export events, tariff exposure and, where relevant, thermal-loop performance.
Without this level of operational data, claims about viability will remain plausible but only

partially validated.

Comparative designs would also be valuable. Matched-site or before-and-after studies could
help estimate how co-location changes surplus utilisation, self-consumption, export reliance
and revenue stability. For thermal integration, engineering trials comparing air-side and
hydronic recovery approaches across different farm settings would be especially useful.
Likewise, economic optimisation work remains important, but it should be grounded in
realistic agricultural load shapes, seasonal demand patterns and treasury assumptions rather

than generic renewable-plus-mining scenarios.

Research should also pay closer attention to dispatch behaviour. One of the paper’s more
important claims is that bitcoin mining may be especially valuable in agriculture because it
can act as a counter-cyclical, purpose-built interruptible load, standing down at moments of
peak farm demand and returning as soon as the surplus window reopens. Testing that claim
requires metered evidence of duty cycles and operating response over time, not simply static

modelling of average energy balances.

In short, the strongest future evidence will come from work that combines technical
measurement, commercial analysis and operational observation. The next phase of research
should therefore be interdisciplinary by design, linking agribusiness, energy systems, mining
operations and governance rather than treating the issue as a single-domain optimisation

problem.

9.3. Policy, capability and collaboration
Future research should also extend beyond technical and financial questions into the
institutional settings that may enable or constrain adoption. Policy experiments focused on
the recognition of flexible behind-the-meter loads, treatment of export-constrained sites,
taxation of mined BTC and treasury holdings, and the classification of mining hardware,
enclosures, controls and associated infrastructure within existing depreciation and
deductibility frameworks would be especially valuable. This could also include examining

whether mined BTC held within a farm treasury structure might, under defined conditions,

53



warrant treatment analogous to agricultural income-smoothing mechanisms such as Farm
Managed Deposits. The purpose of such research is not to seek subsidy as a default response,
but to clarify whether uncertainty in these areas is unnecessarily slowing commercially

rational adoption.

Capability development is another important research pathway. If the model is to move from
conceptual credibility to practical deployment, the sector will need better understanding of
the skill profiles, advisory structures and governance routines that make projects workable.
Research into training pathways, operator playbooks, maintenance models, custody practices
and energy systems management would therefore fill an important gap between technical

feasibility and real-world implementation.

Collaboration will be essential. The most useful future work is unlikely to come from a single
discipline or industry acting alone. Applied partnerships between farms, mining operators,
integrators, network businesses, universities, regional training institutions and relevant
industry bodies would provide a better basis for transparent pilots and shared learning. In that
respect, future research is not only about proving or disproving the concept. It is also about

building the cross-domain capability required to evaluate it properly.

9.4. Closing note on future research
The principal gap identified by this paper is no longer a lack of plausible mechanisms. It is a
lack of farm-scale, method-transparent evidence across full operating seasons. That is a more
constructive research problem. It means the conversation can now move from whether the
idea is inherently serious to how it should be tested, where it is most likely to work, and what

evidence would be sufficient to support wider adoption.
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10. Conclusion

This paper asked how adopting bitcoin mining might impact the viability of renewable
energy projects in agriculture. The answer that emerges from the literature, comparative
analysis and discussion is conditional but materially positive. Under identifiable commercial
and operational conditions, co-locating bitcoin mining with on-farm renewable energy
projects may improve viability by increasing asset utilisation, reducing curtailment,
diversifying revenue and, in some cases, adding value through heat recovery. The
significance of the model is therefore not that bitcoin mining becomes the primary purpose of
the farm energy system, but that it may strengthen the business case for renewable investment

where that case would otherwise remain weak, undersized or commercially marginal.

The strongest finding of the paper is that surplus monetisation appears to be the most robust

and immediately transferable mechanism. Where farms face weak feed-in tariffs, constrained
export pathways or recurring periods of excess generation, bitcoin mining may function as a

flexible behind-the-meter buyer of last resort, converting otherwise low-value electricity into
a globally tradeable digital output. From that central mechanism flow three more conditional
advantages: more confident sizing of renewable projects towards business need, the ability to
shift the value of surplus electricity through time and space without physically storing it, and,

in suitable cases, productive use of mining heat within the agricultural enterprise.

A further conclusion is that agriculture may be especially well suited to this model relative to
many other sectors. The sector combines several conditions that repeatedly strengthened the
case throughout the paper: seasonal mismatch between generation and demand, practical uses
for low-to-medium-grade heat, and integrated control over land, energy infrastructure and
operating decisions. These characteristics mean that agriculture does more than host the
model; in some cases, it may improve on the economics described elsewhere in the literature.
This is particularly relevant where farms must currently size renewable projects to network
limits rather than to strategic business requirements, or where they carry heating loads that
may be partially offset through thermal coupling. This may become increasingly relevant as
farm systems gradually transition from fossil-fuel energy reliance towards broader electrified

operations.
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At the same time, the paper does not support universal adoption or unqualified enthusiasm.
The opportunity weakens where export economics are already strong, where little genuine
surplus exists, where heat cannot be used, or where the farm lacks the operational and
governance capacity to manage the configuration coherently. Bitcoin mining is not a
substitute for disciplined project design, and it is not superior to all alternatives in all
circumstances. Its relevance is conditional. The contribution of this paper is to show that
those conditions are not random or unknowable, but recognisable and open to structured

assessment.

The broader implication is that bitcoin mining may be better understood in agricultural
settings not as an end in itself, but as an enabling and augmenting technology for renewable
adoption. Where it improves commercial viability, it may support greater renewable build-
out, more appropriate project sizing and, by extension, more commercially grounded progress
towards agricultural decarbonisation. In that sense, “digital crop rotation” captures the
paper’s final interpretive insight: a flexible, counter-cyclical use of renewable capacity that
can stand down when the core enterprise needs the energy and return when surplus reappears.
It is not a universal solution, but under the right conditions it appears credible and
strategically meaningful. More importantly, it now appears sufficiently grounded to warrant
serious discussion among agribusiness operators, investors, policymakers and technology
providers, and to justify the applied trials and interdisciplinary collaboration needed to test its

practical value further.
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Appendix A: Concept Map
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Figure 11-1: Integration of Bitcoin Mining on Farm (Author, 2025)
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Appendix B: Properties of Money

Table 11-1: Properties of Money

Property Fiat currency (e.g. AUD, USD) Bitcoin (BTC)
Scarcity Variable: policy-driven supply (can Naturally scarce; new supply Fixed cap (21m); predictable issuance
expand) slow
Durability Good (digital records) Excellent (doesn’t corrode) Excellent (digital; redundant copies)
Divisibility High (cents) Limited (requires Very high (to tiny fractions)
minting/assay)
Portability High domestically; cross-border Low (heavy; slow to move) Very high (minutes, any distance)
restricted
Verifiability By institutions Requires assay/testing By software; instant
Fungibility High in practice High with standard bars/coins High at protocol level*
Censorship- Low-medium (accounts can be frozen)  High physically, but hard to High (permissionless; bearer-like)
resistance move
Seizure resistance Low-medium (legal/administrative) Medium (physical custody High with good self-custody
needed)
Settlement finality Two-three days typical across banks When physically delivered ~minutes on-chain (grows with

confirmations)

Storage/transport cost Low domestically; compliance High (vaulting, insurance, Low (self-custody hardware; network fee)
overhead shipping)

Acceptability/liquidity Very high (legal tender) High (but niche for payments) Growing; strong for savings/remittances




Appendix C: The Bitcoin Train Station
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Figure 11-2: Bitcoin Network as a Train Station Analogy (Author, 2025)
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Appendix D: Illustrative Bitcoin mining infrastructure visuals

Figure 11-5: Inside a Bitcoin Mine (RIOT Platforms, 2025)

Figure 11-6: Solar Powered Bitcoin Mine (Aspen Creek Digital Corp, 2025)
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Appendix E: Indicative BTC volatility and risk-adjusted return visuals
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Figure 11-7: BTC vs Major Asset Classes (Kennedy, 2025)

© Bitcoin Historical Volatility Index - TW - BitMEX @
016.34 H16.68 L16.34 C16.68 +0.34 (+2.08%)

16.68 16.68
it ] oo
200 Day 15.69
200 Week 27.14

-~

4

2017 2018 2019 2020 2021 2022 2023 2024 2025

Figure 11-8: BTC Historical Volatility (BitMEX, 2025)

®

2026

usp ~

220.00

200.00

180.00

160.00

140.00

120.00

100.00

80.00

60.00

=20.00

-40.00

=-60.00

-80.00

64



Appendix F: Secondary Source List

Source Title/Web Link

A comparison of the drivers influencing adoption of on-farm anaerobic digestion in
Germany and Australia - ScienceDirect
https://www.sciencedirect.com/science/article/abs/pii/S0961953411000146

Category

Academic / technical

Comments

Academic comparison of on-
farm AD adoption in Germany
and Australia; strong agricultural
adoption context.

A Comprehensive Policy Framework for U.S. Leadership on Bitcoin
https://www.btcpolicy.org/articles/a-comprehensive-policy-framework-for-u-s-
leadership-on-bitcoin

Institution / industry

Bitcoin Policy Institute policy
framework; strong policy paper.

OREZ

A Deep Dive into the Power of Anaerobic Digestion: Why Organic Waste Is Not Just Waste -

OREZ explainer on AD;

https://asicjungle.com/asic-magazine/articles/the-world-first-biogas-bitcoin-mine

https://orez.com.au/insights/a-deep-dive-into-the-power-of-anaerobic-digestion-why- Company /web background only.

organic-waste-is-not-just-waste/

An Introduction to Anaerobic Digesters and Biogas on US Farms - DeSmog DeSmog explainer on AD and

https://www.desmog.com/intro-dairy-anaerobic-digesters-biogas-cow-manure-us- Company / web biogas on US farms; background

farms/ context.

Anaerobic Digestion in Australia Blog post on AD in Australia;

.. . .. . . Company / web

https://blog.anaerobic-digestion.com/anaerobic-digestion-in-australia/ background only.

Asic Jungle - The World’s First Biogas Bitcoin Mine | Asic Magazine A.SIC .Mag.asze art|cle' on biogas
Company / web Bitcoin mine; illustrative case

only.

Biogas recovery by anaerobic digestion of Australian agro-industry waste: A review -
ScienceDirect
https://www.sciencedirect.com/science/article/pii/S0959652621010957

Academic / technical

Peer-reviewed review of
Australian agro-industry biogas
recovery; strong agricultural
background source.

Bitcoin in the bush - crypto mining brings power to rural areas
https://www.bbc.com/news/articles/cly4xe373p4o

News / commentary

BBC news article on rural crypto
mining; usefulillustration only.

Bitcoin Policy Institute
https://www.btcpolicy.org/

Institution / industry

Bitcoin Policy Institute home
page; organisation only.

Bitcoin Research Institute
https://www.uwyo.edu/philrelig/bitcoin.html

Company / web

Research centre home page;
organisational reference.
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https://www.sciencedirect.com/science/article/abs/pii/S0961953411000146
https://www.btcpolicy.org/articles/a-comprehensive-policy-framework-for-u-s-leadership-on-bitcoin
https://www.btcpolicy.org/articles/a-comprehensive-policy-framework-for-u-s-leadership-on-bitcoin
https://orez.com.au/insights/a-deep-dive-into-the-power-of-anaerobic-digestion-why-organic-waste-is-not-just-waste/
https://orez.com.au/insights/a-deep-dive-into-the-power-of-anaerobic-digestion-why-organic-waste-is-not-just-waste/
https://www.desmog.com/intro-dairy-anaerobic-digesters-biogas-cow-manure-us-farms/
https://www.desmog.com/intro-dairy-anaerobic-digesters-biogas-cow-manure-us-farms/
https://blog.anaerobic-digestion.com/anaerobic-digestion-in-australia/
https://asicjungle.com/asic-magazine/articles/the-world-first-biogas-bitcoin-mine
https://www.sciencedirect.com/science/article/pii/S0959652621010957
https://www.bbc.com/news/articles/cly4xe373p4o
https://www.btcpolicy.org/
https://www.uwyo.edu/philrelig/bitcoin.html

Bringing better biodigesters and clean energy to Africa
https://blogs.worldbank.org/en/climatechange/bringing-better-biodigesters-and-clean-

energy-africa

Company / web

World Bank blog on biodigesters;
background only.

Can anaerobic digestion success in Europe be replicated in Australia? - Inside Waste
https://www.insidewaste.com.au/85452-2-anaerobic-digestion/

News / commentary

Inside Waste article on AD in
Australia; background/media
context.

Carbon Neutral Bitcoin

Resistance Money PDF on

https://www.resistance.money/carbon_neutral_bitcoin.pdf Company /web carbon-neutral Bitcoin;
background/commentary.

Decentralized Law: The Power of Blockchain to Transform the Broken Legal System: Book on decentralized law:

Wesley Thysse: Free Download, Borrow, and Streaming: Internet Archive Company / web ’

https://archive.org/details/decentralized-law

peripheral context.

From Mining to Mitigation: How Bitcoin Can Support Renewable Energy Development and
Climate Action | ACS Sustainable Chemistry & Engineering
https://pubs.acs.org/doi/10.1021/acssuschemeng.3c05445

Academic / technical

Peer-reviewed ACS paper on
climate/renewables and Bitcoin.

Funding Opportunities - Australian Renewable Energy Agency (ARENA)
https://arena.gov.au/funding/

Government / institutional

ARENA funding page;
background only.

Global Solar Atlas
https://globalsolaratlas.info/map

Tool/ platform

Global Solar Atlas tool; useful
planning aid.

Hedging Investments of Grid-Connected PV-BESS in Buildings Using Cryptocurrency
Mining: A Case Study in Finland | IEEE Journals & Magazine | IEEE Xplore
https://ieeexplore.ieee.org/document/10168101

Academic / technical

IEEE case study on PV-BESS
hedging with crypto mining;
relevant technical comparison
source.

Hedging renewable energy investments with Bitcoin mining - ScienceDirect
https://www.sciencedirect.com/science/article/abs/pii/S1364032120308054

Academic / technical

Academic paper on hedging
renewable investments with
Bitcoin mining.

Home - Bioenergy Australia
https://www.bioenergyaustralia.org.au/

Institution / industry

Bioenergy Australia home page;
sector body reference only.

Is bitcoin driving a green transformation, or fuelling a mirage? - Bulletin of the Atomic
Scientists
https://thebulletin.org/2025/03/is-bitcoin-driving-a-green-transformation-or-fueling-a-
mirage/?utm_source=Twitter&utm_medium=SocialMedia&utm_campaign=TwitterPost03
2025&utm_content=ClimateChange_BitcoinGreenOrMirage_03272025

News / commentary

Commentary on green
transformation debate; useful
for environmental narrative
context.

Joint Oireachtas Committee 2023 Teagasc Opening Statement
https://www.teagasc.ie/media/website/publications/2023/Joint-Oireachtas-Committee-
2023-Teagasc-Opening-Statement.pdf

Academic / technical

Teagasc opening statement PDF;
policy evidence.
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https://blogs.worldbank.org/en/climatechange/bringing-better-biodigesters-and-clean-energy-africa
https://blogs.worldbank.org/en/climatechange/bringing-better-biodigesters-and-clean-energy-africa
https://www.insidewaste.com.au/85452-2-anaerobic-digestion/
https://www.resistance.money/carbon_neutral_bitcoin.pdf
https://archive.org/details/decentralized-law
https://pubs.acs.org/doi/10.1021/acssuschemeng.3c05445
https://arena.gov.au/funding/
https://globalsolaratlas.info/map
https://ieeexplore.ieee.org/document/10168101
https://www.sciencedirect.com/science/article/abs/pii/S1364032120308054
https://www.bioenergyaustralia.org.au/
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https://www.teagasc.ie/media/website/publications/2023/Joint-Oireachtas-Committee-2023-Teagasc-Opening-Statement.pdf
https://www.teagasc.ie/media/website/publications/2023/Joint-Oireachtas-Committee-2023-Teagasc-Opening-Statement.pdf

Malabar Biomethane Injection Plant | Jemena
https://www.jemena.com.au/future-energy/future-gas/Malabar-Biomethane-Injection-
Plant/

Company / web

Jemena Malabar biomethane
injection project page;
illustrative Australian case.

Market Analysis of Opportunities in Australia for Anaerobic Digestion Deployment -
Australian Renewable Energy Agency (ARENA)
https://arena.gov.au/knowledge-bank/market-analysis-of-opportunities-in-australia-for-
anaerobic-digestion-deployment/

Government / institutional

ARENA market analysis of AD
deployment; strong Australian
sector context source.

Methane Digesters | Project Drawdown

Project Drawdown methane

https://drawdown.org/solutions/methane-digesters Company /web digesters page; background only.
Ministers McConalogue and Heydon announce €3 million for integrated anaerobic

digestion and green biorefining demonstration initiative Irish government press release
https://www.gov.ie/en/department-of-agriculture-food-and-the-marine/press- Company / web on AD/green biorefining

releases/ministers-mcconalogue-and-heydon-announce-3-million-for-integrated-
anaerobic-digestion-and-green-biorefining-demonstration-initiative/

demonstration; policy context.

News - Bioenergy Australia
https://www.bioenergyaustralia.org.au/news/the-final-stop-before-landfill-waste-to-
energy-
plants#:~:text=About%20240%20anaerobic%20digesters%20are,gas%20from%20organic
%20waste%20streams.

Institution / industry

Bioenergy Australia news item
on waste-to-energy plants;
background only.

Onsite anaerobic digestion for power generation and natural gas/diesel displacement -
RACE for 2030
https://www.racefor2030.com.au/project/b5-onsite-anaerobic-digestion/

Institution / industry

RACE for 2030 project page for
on-site AD; useful
technical/program context.

Plans for 130 large scale agricultural anaerobic digestion plants by 2030 | Irish
Independent
https://m.independent.ie/farming/agri-business/plans-for-130-large-scale-agricultural-
anaerobic-digestion-plants-by-2030/42130573.html

News / commentary

Irish Independent article on AD
plants; illustrative policy/media
context.

Renewable energy | Planning
https://www.planning.nsw.gov.au/policy-and-legislation/renewable-energy

Government / institutional

NSW Planning renewable energy
page; useful approvals context.

Renewable energy guides for farmers | NSW Climate and Energy Action
https://www.energy.nsw.gov.au/business-and-industry/courses-and-guides/technology-
guides/renewable-energy-guides-farmers

Government / institutional

NSW government farmer
renewables guide; useful
policy/farm context.

Renewable energy project planning and approvals | Business Queensland
https://www.business.gld.gov.au/industries/mining-energy-
water/energy/renewable/project-development/planning-approvals

Government / institutional

Queensland government
approvals guide; useful planning
context.

Renewables-in-ag
https://renewablesinagconference.com.au/

Company / web

Renewables in Ag conference
site; event page only.
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https://www.bioenergyaustralia.org.au/news/the-final-stop-before-landfill-waste-to-energy-plants#:%7E:text=About%20240%20anaerobic%20digesters%20are,gas%20from%20organic%20waste%20streams.
https://www.bioenergyaustralia.org.au/news/the-final-stop-before-landfill-waste-to-energy-plants#:%7E:text=About%20240%20anaerobic%20digesters%20are,gas%20from%20organic%20waste%20streams.
https://www.racefor2030.com.au/project/b5-onsite-anaerobic-digestion/
https://m.independent.ie/farming/agri-business/plans-for-130-large-scale-agricultural-anaerobic-digestion-plants-by-2030/42130573.html
https://m.independent.ie/farming/agri-business/plans-for-130-large-scale-agricultural-anaerobic-digestion-plants-by-2030/42130573.html
https://www.planning.nsw.gov.au/policy-and-legislation/renewable-energy
https://www.energy.nsw.gov.au/business-and-industry/courses-and-guides/technology-guides/renewable-energy-guides-farmers
https://www.energy.nsw.gov.au/business-and-industry/courses-and-guides/technology-guides/renewable-energy-guides-farmers
https://www.business.qld.gov.au/industries/mining-energy-water/energy/renewable/project-development/planning-approvals
https://www.business.qld.gov.au/industries/mining-energy-water/energy/renewable/project-development/planning-approvals
https://renewablesinagconference.com.au/

Richgro green thumb grows green power - Clean Energy Finance Corporation
https://www.cefc.com.au/case-studies/richgro-green-thumb-grows-green-power/

Institution / industry

CEFC case study on Richgro
green power; useful Australian
case context.

SA’s first solar-powered crypto mining centre to combat curtailment - pv magazine
Australia
https://www.pv-magazine-australia.com/2022/10/03/sas-first-solar-powered-crypto-
mining-centre-to-combat-curtailment/

News / commentary

News/trade article on Australian
solar-powered mining case;
useful illustrative case source.

Sen. Ted Cruz Introduces Bill to Promote On-Site Energy Generation | Senator Ted Cruz

https://www.cruz.senate.gov/newsroom/press-releases/sen-ted-cruz-introduces-bill-to- Company/web US political/policy news release.

promote-on-site-energy-generation

SolarBank Announces Bitcoin Treasury Strategy — SolarBank Corporation SolarBank treagury strgtegy
Company / web press release; illustrative

https://solarbankcorp.com/solarbank-announces-bitcoin-treasury-strategy/

corporate case only.

Strategic portfolio allocations for financial resilience: a counterfactual analysis of Bitcoin
and gold in US state Rainy Day Funds by Murray A. Rudd, Eric Peterson, Dennis Porter ::
SSRN

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5104576

Academic / technical

SSRN paper on Bitcoin/gold
allocations in Rainy Day Funds;
useful for treasury/risk context.

Table of Contents | Satoshi Nakamoto Institute
https://nakamotoinstitute.org/library/gradually-then-suddenly/table-of-contents/

Company / web

Satoshi Nakamoto Institute
contents page; navigation page.

The biomethane industry needs to be opened up to Aussie farmers
https://thefarmermagazine.com.au/climate-change-and-opening-up-the-biomethane-
industry-to-farmers/

News / commentary

Magazine article arguing for
biomethane access for farmers;
background only.

The French government opens the door to Bitcoin mining by EDF
https://en.thebigwhale.io/article-en/the-french-government-opens-the-door-to-bitcoin-
mining-by-edf

Company / web

News/commentary on French
government and EDF opening
door to mining.

The outlook for biogas and biomethane to 2040 - Outlook for biogas and biomethane:
Prospects for organic growth — Analysis - IEA
https://www.iea.org/reports/outlook-for-biogas-and-biomethane-prospects-for-organic-
growth/the-outlook-for-biogas-and-biomethane-to-2040

Government / institutional

IEA biomethane outlook; strong
background source.

The role of Bitcoin mining in renewables projects | DLA Piper
https://www.dlapiper.com/en/insights/publications/2023/02/the-role-of-bitcoin-mining-
in-renewables-projects

Company / web

Legal/industry briefing on
renewables projects and Bitcoin
mining; background only.

Watch: mining bitcoin on top of an AD plant - Free
https://www.farmersjournal.ie/focus/renewables/mining-bitcoin-on-top-of-an-ad-plant-
739296

News / commentary

Farmers Journal article/video on
mining on top of AD plant;
illustrative case only.
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https://www.cruz.senate.gov/newsroom/press-releases/sen-ted-cruz-introduces-bill-to-promote-on-site-energy-generation
https://www.cruz.senate.gov/newsroom/press-releases/sen-ted-cruz-introduces-bill-to-promote-on-site-energy-generation
https://solarbankcorp.com/solarbank-announces-bitcoin-treasury-strategy/
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5104576
https://nakamotoinstitute.org/library/gradually-then-suddenly/table-of-contents/
https://thefarmermagazine.com.au/climate-change-and-opening-up-the-biomethane-industry-to-farmers/
https://thefarmermagazine.com.au/climate-change-and-opening-up-the-biomethane-industry-to-farmers/
https://en.thebigwhale.io/article-en/the-french-government-opens-the-door-to-bitcoin-mining-by-edf
https://en.thebigwhale.io/article-en/the-french-government-opens-the-door-to-bitcoin-mining-by-edf
https://www.iea.org/reports/outlook-for-biogas-and-biomethane-prospects-for-organic-growth/the-outlook-for-biogas-and-biomethane-to-2040
https://www.iea.org/reports/outlook-for-biogas-and-biomethane-prospects-for-organic-growth/the-outlook-for-biogas-and-biomethane-to-2040
https://www.dlapiper.com/en/insights/publications/2023/02/the-role-of-bitcoin-mining-in-renewables-projects
https://www.dlapiper.com/en/insights/publications/2023/02/the-role-of-bitcoin-mining-in-renewables-projects
https://www.farmersjournal.ie/focus/renewables/mining-bitcoin-on-top-of-an-ad-plant-739296
https://www.farmersjournal.ie/focus/renewables/mining-bitcoin-on-top-of-an-ad-plant-739296

69



	Executive Summary
	Table of Contents
	List of Figures
	List of Tables

	Abbreviations & Terminology Standards
	Core terminology
	Energy & grid
	Bitcoin & mining
	Finance, analysis & governance
	Mechanisms used in this study

	1. Introduction
	2. Background: Bitcoin, Mining and Energy Use
	2.1. Why Bitcoin has value
	2.2. Maturation of the asset class
	2.3. Why does Bitcoin exist?
	2.4. The Bitcoin ledger (Blockchain)
	2.5. Bitcoin mining explained
	2.6. Why Proof-of-Work, not Proof-of-Stake (Alt coins)
	2.7. Mining hardware, energy use and operational characteristics
	2.8. Environmental narrative and waste-heat reframing
	2.9. Why this matters for agriculture

	3. The Problem
	3.1. Social expectations: Environment and decarbonisation
	3.2. Seasonal and structural misalignment in generation vs demand
	3.3. Declining export value and feed-in tariffs
	3.4. Sizing to the network, not to the business
	3.5. Compliance and stabilisation cost centres
	3.6. Time-shifting alternatives and their limits
	3.7. Market proximity and self-sovereign energy monetisation
	3.8. Policy volatility and path dependence

	4. Literature Review: Purpose, scope and selection
	4.1. Conceptual anchors and definitions
	4.2. Theme A: Flexible load and demand response (DR)
	4.3. Theme B: Mining as a virtual energy storage system (VESS)
	4.4. Theme C: Economics for wind and solar with mining
	4.5. Theme D: Waste-to-energy opportunities
	4.6. Theme E: Environmental accounting and debate quality
	4.7. Theme F: System build-out and renewable integration
	4.8. Points of convergence and contention
	4.9. Thematic and gap analysis table
	4.10. Implications of the synthesis
	4.11. Positioning the paper’s contribution

	5. Methodology and Methods
	5.1. Research paradigm and methodology
	5.2. Research questions
	5.3. Source selection, extraction and synthesis
	5.4. Theoretical framework: Resource-Based View and VRIO
	5.5. Conceptual framework
	5.6. Analytical approach
	5.7. Limitations

	6. Findings
	6.1. Overview of cross-case findings
	6.2. Surplus monetisation as the strongest recurring pattern
	6.3. Sizing autonomy and renewable project scale
	6.4. Value time-shift as financial energy storage
	6.5. Thermal coupling in agricultural settings
	6.6. Conditions shaping the opportunity
	6.7. Agricultural archetypes analysis
	6.8. Takeaway

	7. Discussion
	7.1. Why agriculture may be especially well suited
	7.2. Bitcoin mining enabling renewable adoption
	7.3. RBV/VRIO and the symbiotic advantage
	7.4. Where the opportunity is strongest
	7.5. Responding to common criticisms
	7.6. Returning to the research questions
	7.7. Bitcoin mining as digital crop rotation

	8. Recommendations
	8.1. Implications for agribusiness operators
	8.2. Implications for mining operators and integrators
	8.3. Governance and implementation priorities
	8.4. Policy and regulatory implications
	8.5. Practical recommendations

	9. Future Research
	9.1. Priorities for future research
	9.2. Research designs and evidence
	9.3. Policy, capability and collaboration
	9.4. Closing note on future research

	10. Conclusion
	11. References
	Appendix A: Concept Map
	Appendix B: Properties of Money
	Appendix C: The Bitcoin Train Station
	Appendix D: Illustrative Bitcoin mining infrastructure visuals
	Appendix E: Indicative BTC volatility and risk-adjusted return visuals
	Appendix F: Secondary Source List

