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Abstract

Artificial intelligence infrastructure is expanding during a period of rising global temperatures, increasing
heat waves, grid stress, data-center expansion, water pressure, and regulatory scrutiny. Most Al
infrastructure debates focus on building more compute: more GPUs, more servers, more data centers,
more substations, more cooling systems, and more power capacity. This paper asks a different question:
how much digital execution should occur in the first place?

Data centers are not the sole or primary cause of global warming. The dominant driver of global warming
remains accumulated greenhouse-gas emissions from fossil-fuel combustion, industrial activity, land use,
transportation, and broader human systems. However, Al-driven data-center growth is becoming a
meaningful marginal load on electricity systems. That load first appears as electricity demand. Once
consumed, electricity becomes heat; heat becomes cooling burden; cooling can create water exposure; and
the combined burden becomes grid stress, emissions exposure, capital pressure, and infrastructure
buildout demand.

This paper argues that deterministic pre-execution authorization can function as a thermodynamic
governance layer for Al infrastructure. By determining whether a workload is authorized before execution
occurs, systems such as SWGI™ can reduce unnecessary or unauthorized computation before it becomes
electricity consumption, heat generation, cooling demand, telemetry overhead, compliance burden, and
marginal infrastructure demand.

The paper introduces three linked concepts: Capacity Recovery, Water Burden Avoidance, and Buildout
Deferral. Capacity Recovery refers to reclaiming usable compute and memory capacity by preventing
avoidable execution. Water Burden Avoidance refers to reducing cooling-related water exposure in facilities
where avoided heat load would otherwise require water-consuming cooling. Buildout Deferral refers to
reducing or delaying marginal data-center expansion by reclaiming capacity from avoidable execution
before physical infrastructure is built to support waste.

This paper also frames deterministic pre-execution authorization as an infrastructure-economics problem.
Unmanaged execution can convert digital waste into electricity demand, operating cost, compliance
burden, grid pressure, and physical capital demand. Governed execution can improve capacity utilization,



reduce avoidable marginal load, and defer infrastructure expansion by separating legitimate workload
demand from preventable execution demand.

Using a 2030 global data-center electricity baseline of approximately 945 TWh, this paper models the
difference between a no-improvement growth path and a governed-execution scenario in which
deterministic pre-execution authorization reduces avoidable compute across adopted environments. It
further examines the emerging policy environment, including EU data-center energy reporting, Al energy-
transparency obligations, Germany’s data-center waste-heat requirements, Ireland's conditional grid-
connection policy, Singapore's green data-center roadmap, and U.S. grid-reliability and large-load
integration pressure.

The central thesis is that the next phase of Al infrastructure governance will move beyond facility-level
efficiency toward workload-level accountability: what executed, why it executed, whether it was authorized,
what resources it consumed, whether execution was necessary, and whether future infrastructure buildout
is being driven by legitimate demand or avoidable waste.

1. Introduction: The Thermodynamic Question

The global economy is entering an era in which artificial intelligence is becoming a major driver of
infrastructure expansion. Compute demand is rising. Data centers are growing. Power procurement is
becoming strategic. Cooling systems are becoming central to performance. Governments are treating Al
capacity as a matter of national security, industrial policy, scientific leadership, and sovereign
competitiveness.

Most discussions begin with the same assumption: the world needs more compute.

More servers.

More GPUs.

More data centers.
More substations.
More power contracts.
More cooling systems.
More grid capacity.

But there is another question that must be asked:
How much of today’s compute demand actually needs to exist?

This question becomes more urgent when digital infrastructure is examined through the full electricity-to-
heat chain — the thermodynamic pathway through which digital execution becomes physical infrastructure
burden.

Computation is not abstract. It is physical. Every digital action begins as electricity demand. Once that
electricity is consumed, it becomes heat. That heat must be removed, rejected, reused, or managed. In



water-consuming cooling environments, part of that heat-rejection burden can become water exposure. At
scale, this chain affects power systems, cooling systems, water systems, land-use planning, capital budgets,
grid reliability, and regulatory frameworks.

Data centers are not the sole cause of global warming. They are not the largest source of global emissions.
But Al-driven data-center growth is becoming a meaningful marginal load on electricity systems. If
unnecessary compute continues rising unchecked, it can worsen grid stress, cooling demand, water
exposure, emissions exposure, and infrastructure buildout pressure.

Preventable electricity demand also becomes preventable infrastructure demand. Data-center growth is not
expressed only in electricity consumption. It becomes physical buildout: more racks, more servers, more
GPUs, more memory, more power distribution, more cooling loops, more water systems, more substations,
more backup generation, more land use, and more grid interconnection pressure.

It also becomes an economic problem. When avoidable execution is treated as legitimate demand,
organizations may purchase electricity, cooling capacity, hardware, telemetry systems, compliance
overhead, grid interconnection capacity, and physical infrastructure to support work that should have been
denied, consolidated, retired, or prevented before execution.

If a portion of AI compute demand is avoidable, then building infrastructure to support that avoidable layer
means capital is being deployed to sustain waste.

This paper therefore introduces a second-order implication of deterministic pre-execution authorization:
Buildout Deferral.

Buildout Deferral means that by denying unnecessary, unauthorized, duplicative, abandoned,
misconfigured, or policy-violating workloads before execution, SWGI™ can help reclaim usable compute and

memory capacity inside existing environments. Recovered capacity can reduce the rate at which new data-
center infrastructure must be added to support legitimate workload growth.

The central question is therefore not only:

How much electricity can be avoided?

Itis also:

How much future infrastructure can be deferred because avoidable execution was prevented before
the buildout curve absorbed it?

This paper’s central research question is:

As data-center electricity demand rises with AI adoption, does unnecessary digital execution
materially contribute to electricity demand, heat generation, grid stress, cooling burden, water
exposure, economic inefficiency, and infrastructure expansion — and can deterministic pre-execution
authorization reduce that burden before compute is consumed?



This paper argues that the answer is yes.
Not because pre-execution authorization changes atmospheric physics directly.
Not because one infrastructure layer can neutralize global warming.

But because unnecessary compute is a preventable source of electricity demand, thermal load, cooling
burden, water exposure, capital inefficiency, and physical buildout pressure.

The thesis is simple:

The most efficient workload is not merely the fastest workload. It is the workload that never needed
to execute.

2. The Heat Baseline: A Warmer Operating
Environment

The world is already operating under a changed climate baseline. 2024 was confirmed as the first calendar
year in which global average temperature exceeded 1.5°C above pre-industrial levels [1]. NOAAs long-term
temperature analysis shows that the recent warming rate has accelerated significantly, with warming since
the mid-1970s occurring at roughly 0.20°C per decade [2].

This matters because infrastructure was not designed for the climate profile now emerging.
Heat waves are no longer isolated weather events. They are becoming operational stress events.

Extreme heat affects human health, labor productivity, electrical demand, grid reliability, cooling systems,
transportation infrastructure, water availability, nuclear and thermal power-plant cooling, urban resilience,
and data-center cooling performance.

In heat-stressed environments, electrical systems face a double pressure: higher cooling demand from
buildings and lower operating flexibility from thermal and grid infrastructure. Data centers enter this
environment as heat-producing facilities that must continuously reject thermal load. The hotter the external
environment becomes, the more valuable it becomes to reduce avoidable internal heat generation before it
occurs.

Al infrastructure is expanding into a hotter world. Compute efficiency is therefore no longer only a cost
issue. It is an infrastructure-resilience issue.



3. Data Centers as Thermodynamic Systems

A data center is often described as a digital facility, but physically it is a thermodynamic system.
Electricity enters.

Servers, accelerators, networking equipment, storage, power-distribution systems, and cooling systems
consume that electricity.

Nearly all of that consumed energy ultimately becomes heat.

That heat must then be removed, transferred, rejected, or reused.

This is the physical reality behind digital infrastructure: computation is never weightless. It becomes heat.
Data-center operators already understand this at the facility level. Power usage effectiveness, cooling
design, airflow management, liquid cooling, heat reuse, water usage, server utilization, and rack density are
all attempts to control the thermodynamic consequences of computation.

Wasteful computation therefore creates an infrastructure chain reaction:

Unnecessary execution — electricity demand — heat output — cooling load — potential water
burden — grid stress — emissions exposure — infrastructure expansion.

The waste does not remain inside software.
It propagates into the physical world.

It also propagates into economic systems. Electricity must be purchased. Cooling systems must be
operated. Hardware must be provisioned. Logs must be stored. Monitoring systems must be maintained.
Compliance teams must account for activity. Utilities must plan for demand. Operators must forecast
capacity. Governments must assess whether expansion is justified.

That is why this paper frames deterministic pre-execution authorization as a thermodynamic governance
layer. If a workload is unnecessary, unauthorized, duplicative, abandoned, misconfigured, or policy-
violating, preventing it before execution avoids the downstream electricity and heat burden.

The key distinction is between two forms of optimization:
Post-execution optimization improves efficiency after workload execution has already been permitted.
Pre-execution authorization determines whether execution should occur before electricity is consumed.

Both matter. But they operate at different points in the causal chain.



If a workload never needed to run, the deepest efficiency gain comes from preventing it from running at all.

4. The AI Compute Acceleration Problem

AI has changed the scale and urgency of data-center electricity demand.

The International Energy Agency estimates that data centers consumed approximately 415 TWh of
electricity in 2024, representing around 1.5% of global electricity consumption. Under the IEA base case,
global data-center electricity consumption is projected to more than double to approximately 945 TWh by
2030, growing around 15% per year from 2024 to 2030 [3].

This projected growth matters for three reasons.

First, it is fast.

Second, it is concentrated.

Third, it is occurring while grids are already under pressure from electrification, manufacturing, industrial
policy, extreme weather, and decarbonization.

The Al infrastructure buildout is not only a technology story. It is a power-system story.

Itis also a capital-allocation story.

Data centers increasingly compete for grid interconnection, transmission capacity, local substation
upgrades, firm power contracts, renewable energy supply, backup generation, water access, cooling
capacity, land use, public acceptance, and regulatory approval.

Each of these inputs carries economic consequence. Power capacity must be financed. Cooling systems
must be installed and operated. Land must be acquired or permitted. Interconnection delays impose
opportunity cost. Substation and transmission upgrades can create allocation disputes. When demand rises

rapidly, the question becomes not only whether infrastructure can be built, but whether all of the demand
driving that buildout is necessary.

The question is not whether Al infrastructure should grow. Governments and enterprises clearly intend for
it to grow. Al is now linked to defense, industrial policy, scientific research, public-sector modernization,
financial systems, healthcare, logistics, critical infrastructure, and sovereign competitiveness.

The sharper question is:
Can Al infrastructure grow without absorbing unnecessary digital execution as legitimate demand?

If the answer is no, then infrastructure expansion will include avoidable waste.



If the answer is yes, then governance becomes an efficiency layer.

That is where deterministic pre-execution authorization becomes important.

5. The Avoidable Execution Layer

Most infrastructure discussions treat compute demand as a given. A workload appears. The system
executes it. Operators then attempt to optimize cost, power, security, and performance around that
execution.

But not all execution is equally valid.

Some workloads are useful and authorized.

Some are duplicative.

Some are abandoned.

Some are misconfigured.

Some are unauthorized.

Some violate policy.

Some result from automation loops.

Some persist because no control layer denied them before resource consumption began.

Some are “ghost compute”: workloads consuming electricity, memory, storage, network, cooling, telemetry,
and monitoring resources without producing proportional value.

The avoidable execution layer includes unauthorized workloads, policy-violating workloads, duplicative jobs,
abandoned processes, zombie services, misconfigured automation, redundant inference calls, idle but
allocated environments, unnecessary background execution, improperly scoped test environments, over-
permissioned workloads, and workloads executing without validated authority.

Traditional infrastructure tools often detect or remediate problems after the fact. Observability platforms
monitor. Security tools alert. FinOps platforms analyze spend. Cloud-management platforms recommend
rightsizing. Compliance systems document activity.

Those tools are useful.

But the thermodynamic problem begins earlier.



By the time a workload has executed, electricity has already been consumed. Heat has already been
produced. Cooling demand has already been triggered. Telemetry has already been generated. Logs have
already been written. Compliance overhead has already been created.

The economic problem also begins earlier. Once avoidable execution is permitted, the system may begin
treating waste as demand. That demand can influence utilization forecasts, purchasing decisions, capacity
planning, budget allocation, grid planning, cooling design, and future expansion assumptions.

Pre-execution authorization shifts the control point upstream.
It asks:

Should this workload execute at all?

That question is not only a security question.

It is an electricity question.

It is a cooling question.

It is a water question.

It is a grid question.

It is a compliance question.

It is a capital-allocation question.

6. Deterministic Pre-Execution Authorization

Deterministic pre-execution authorization is the practice of evaluating intent, authority, policy, context, and
cryptographic proof before execution is allowed to occur.

In the SWGI™ model, execution is not assumed by default.
Execution must be authorized.

The logic is binary:

Authorized — execute.

Not authorized — do not execute.



This converts compute from an intent-blind system into an authority-gated system.
The simplified rule is:

Execution occurs only when intent, authority, context, policy, and cryptographic verification resolve
to authorization.

The policy value of this structure is that execution becomes provable.

A governed workload can produce a Trust Receipt™: a cryptographic record that execution was authorized,
policy-cleared, and accountable at the point of action.

That matters for security and compliance.
But it also matters for thermodynamics.

If every authorized execution can be recorded, then unnecessary or unauthorized execution becomes easier
to identify, suppress, measure, and exclude from future consumption.

It also matters for infrastructure economics. If an organization can distinguish authorized workload
demand from avoidable workload demand before resources are consumed, it can improve the quality of
capacity planning. Demand becomes more truthful. Utilization becomes more meaningful. Expansion
decisions become easier to justify. Avoided execution can be treated not merely as a denial event, but as
evidence that a portion of the apparent demand curve was not legitimate demand.

This creates a new governance surface:

* What executed?

* Why did it execute?

* Who or what authorized it?

* Under what policy?

* Under what context?

* What resources did it consume?

* Was it necessary?

* Was it compliant?

« Was a Trust Receipt generated?

« Could it have been denied before consuming electricity?
+ Did the demand represent legitimate workload growth or avoidable execution overhead?

That is the bridge from Zero Trust to Green Compute.
Traditional Zero Trust asks whether access should be allowed.

Execution-time Zero Trust asks whether computation itself should proceed.



Thermodynamic governance asks whether computation should be permitted to become electricity demand,
heat, cooling burden, water exposure, and infrastructure expansion.

SWGI sits at that boundary.

7. Core Answer: Data Centers, Heat, Water, and
Infrastructure Burden

Data centers are not the primary cause of global warming. Global warming is driven primarily by
accumulated greenhouse gases from fossil fuels, industry, land use, transportation, agriculture, and other
human systems.

But data centers do contribute to electricity demand. Electricity is the first measurable infrastructure
burden created by digital execution. When that electricity is generated from carbon-emitting sources, data
centers contribute to emissions. When data centers are concentrated in specific regions, they can
contribute to local grid stress. When AI workloads increase rack density and power draw, they increase heat
output and cooling requirements. When facilities use water-consuming cooling systems, avoidable heat can
contribute to avoidable water burden. When extreme heat raises cooling demand, the relationship becomes
circular: hotter environments increase cooling demand while more compute produces more heat that must
be removed.

Therefore, the correct framing is:

Data centers are not the sole cause of global warming, but AI-driven data-center growth is becoming
a meaningful marginal load on electricity systems. If unnecessary compute continues rising
unchecked, it can worsen grid stress, cooling demand, water exposure, emissions exposure,
economic inefficiency, and infrastructure buildout pressure. Deterministic pre-execution
authorization targets that marginal waste layer before it becomes electricity demand, heat, cooling
burden, water burden, and future buildout.

That is the core answer.

The implication is not that society should stop building Al infrastructure.
The implication is that Al infrastructure must become more disciplined.
The future cannot simply be more compute.

It must be more governed compute.
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8. Scenario Model: Electricity Avoidance and
Buildout Deferral

Using the IEA's 2030 base case of approximately 945 TWh of global data-center electricity consumption,
even modest efficiency improvements become meaningful.

A percentage-point reduction at this scale represents enormous electricity volume:
*+ 1% of 945 TWh = 9.45 TWh
* 5% of 945 TWh = 47.25 TWh

+ 10% of 945 TWh = 94.5 TWh
* 15% of 945 TWh = 141.75 TWh

This is why the avoidable execution layer matters.
A single-digit percentage improvement may sound small in abstract software terms.
At global data-center scale, it is not small.
The paper’s model begins with a simple formula:
System Reduction = Avoidable Execution Share x SWGI Reduction Rate x Adoption Rate
Where:
+ Avoidable Execution Share = the portion of compute demand that is unnecessary, unauthorized,
duplicated, abandoned, misconfigured, policy-violating, or otherwise avoidable.
« SWGI Reduction Rate = the portion of avoidable execution that deterministic pre-execution
authorization successfully prevents.

+ Adoption Rate = the percentage of comparable infrastructure environments where the governance
layer is deployed.

Example:

+ Avoidable execution share: 30%
* SWGI reduction rate on the avoidable layer: 60%
+ Adoption rate across scoped environments: 25%

Then:
0.30 x 0.60 x 0.25 = 0.045
The modeled system-level reduction is:

4.5% across the scoped compute category.
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Applied to the 2030 baseline:
945 TWh x 4.5% = 42.5 TWh avoided annually.

The paper does not need to claim that SWGI eliminates all data-center waste. It only needs to show that
reducing a portion of avoidable compute can matter materially when the baseline is large.

Because 2030 is not the endpoint of Al infrastructure growth, this paper models a longer horizon.
The following scenario is not a forecast. It is a structured research scenario designed to compare two paths:

1. No-Improvement Case: data-center electricity demand continues growing after 2030 without
meaningful workload-level pre-execution governance.

2. SWGI Adoption Case: deterministic pre-execution authorization is adopted across a growing share
of governed Al/cloud environments.

Assumptions:

+ 2030 baseline: 945 TWh

+ No-improvement growth after 2030: 5% annual compound growth
+ Avoidable execution share: 30%

* SWGI reduction rate on avoidable execution: 60%

« Adoption rate increases from 25% in 2030 to 80% by 2050

Year No-Improvement SWGI Effective Modeled Demand Avoided

Demand Adoption Reduction With SWGI Electricity
2030 945 TWh 25% 4.5% 902 TWh 43 TWh
2035 1,206 TWh 45% 8.1% 1,108 TWh 98 TWh
2040 1,539 TWh 60% 10.8% 1,373 TWh 166 TWh
2045 1,964 TWh 70% 12.6% 1,716 TWh 247 TWh
2050 2,507 TWh 80% 14.4% 2,146 TWh 361 TWh

The model illustrates a simple point:
The value of pre-execution authorization rises as the baseline grows.
At 2030 scale, a 4.5% system-level reduction avoids roughly 43 TWh annually.

By 2040, if data-center demand continues expanding, the modeled annual avoidance rises to roughly 166
TWh.

By 2050, the modeled annual avoidance rises to roughly 361 TWh.
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These are scenario outputs, not promises. The actual result would depend on workload mix, adoption rate,
grid carbon intensity, facility efficiency, cooling architecture, geography, Al growth rate, and the true
avoidable-execution share.

But the strategic insight is clear:
When compute demand compounds, waste compounds with it unless governance intervenes.
The avoided electricity column is the measurable entry point for avoided infrastructure pressure.

Electricity avoidance is the first-order effect; reduced heat, cooling burden, water exposure, economic cost,
and Buildout Deferral are downstream consequences.

Each avoided TWh represents not only less electricity consumption, but also less heat to reject, less cooling
load to manage, less power-distribution pressure, less marginal capacity demand, and potentially less need
for future physical expansion.

Therefore, the 2030-2050 model should be read through two lenses:

1. Electricity Avoidance: reducing electricity demand by preventing avoidable execution.
2. Buildout Deferral: reducing or delaying future servers, racks, cooling systems, power capacity, and
data-center expansion by reclaiming usable capacity inside existing environments.

A facility can buy more power, add more racks, and deploy more cooling.
Or it can first ask whether all execution demand is legitimate.

SWGI™ addresses that question before the buildout curve absorbs waste as demand.

9. Capacity Recovery and Buildout Deferral

The thermodynamic value of deterministic pre-execution authorization is not limited to avoided electricity
consumption. It also affects the physical rate of infrastructure expansion.

Data-center growth is often described in terms of electricity demand, but electricity demand is only one
expression of the underlying buildout pressure. Rising Al workload demand also becomes more servers,
more GPU and CPU capacity, more memory allocation, more server racks, higher rack density, more cooling
infrastructure, more power distribution, more backup generation, more substations, more grid
interconnection pressure, more land use, more permitting pressure, and more water and thermal-
management demand.

If part of the workload demand curve is avoidable, then building infrastructure to support that avoidable
layer means physical capital is being deployed to sustain digital waste.
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Deterministic pre-execution authorization changes that equation.

By denying unnecessary, unauthorized, duplicative, misconfigured, abandoned, or policy-violating
execution before resources are consumed, SWGI™ can recover usable capacity inside existing infrastructure.
That recovered capacity can support legitimate workloads that would otherwise require additional
hardware, memory, cooling, and power capacity.

This should be understood as Capacity Recovery, not merely energy savings.

A governed environment that eliminates avoidable execution can increase the useful work performed per
server, per rack, per watt, and per cooling unit. This can reduce the rate at which new physical infrastructure
must be added to support legitimate Al growth.

The concept can be expressed simply:

Buildout Deferral = Planned Capacity Growth x Effective Avoidable-Execution Reduction

If an environment expected to add 1,000 equivalent server racks over a planning period, and deterministic
pre-execution authorization produced a 4.5% effective system-level reduction, the modeled deferral would
be:

1,000 x 4.5% = 45 equivalent racks deferred
At higher adoption levels, the effect becomes more material.
Under the paper’'s moderate case:

» Avoidable execution share: 30%
* SWGI reduction rate: 60%
* Adoption rate: 60%

The effective system-level reduction is:

30% x 60% x 60% = 10.8%

Applied to a 1,000-rack equivalent expansion plan:

1,000 x 10.8% = 108 equivalent racks deferred

This is not a claim that deployed facilities would automatically remove installed racks. The more defensible
claim is that governed execution can slow, delay, or reduce marginal future expansion by reclaiming

capacity from avoidable compute demand.

This distinction matters.
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Data-center buildout is physically constrained. Many regions face power scarcity, interconnection delays,
transformer shortages, cooling constraints, land-use disputes, water pressure, permitting delays, and
public resistance. In such environments, recovered capacity can be as valuable as newly built capacity.

A rack that does not need to be added avoids more than hardware cost. It may also avoid associated power
delivery, cooling infrastructure, floor space, telemetry, maintenance, energy procurement, water demand,
emissions exposure, and permitting pressure.

In this sense, SWGI™ is not only a security layer or compliance layer. It is a capacity-refinement layer.

It separates legitimate execution demand from avoidable execution demand before infrastructure is
expanded to support both.

The strategic implication is significant:

If data-center buildout is accelerating because the system cannot distinguish necessary execution
from unnecessary execution, then deterministic pre-execution authorization can reduce the
marginal infrastructure required to support useful AI growth.

The future of Al infrastructure will not only be determined by how much compute the world can build.

It will also be determined by how much unnecessary compute the world can avoid building for.

10. Economic Implications: Avoided Cost, Capacity
Economics, and Infrastructure Externalities

The economic implication of deterministic pre-execution authorization is not limited to lower electricity
consumption. The deeper implication is marginal-cost discipline.

When unnecessary execution is allowed to run, the cost does not remain inside software. It propagates
through the infrastructure stack as electricity demand, heat rejection, cooling load, telemetry overhead,
operational monitoring, compliance burden, water exposure, grid-interconnection pressure, and future
capacity expansion. In that sense, avoidable execution creates both direct operating cost and indirect
infrastructure externalities.

The direct costs include electricity consumption, cooling energy, equipment wear, monitoring overhead,
storage and logging burden, and administrative response. The indirect costs include earlier hardware
purchases, additional rack capacity, larger cooling systems, expanded power distribution, longer
interconnection queues, permitting pressure, local grid stress, and potential cost shifting to utilities,
customers, or ratepayers.

This creates a two-sided economic problem.
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On one side, unmanaged execution can cause organizations and infrastructure operators to overbuild
around demand that was never fully legitimate. Capital may be deployed to support workloads that were
unnecessary, unauthorized, duplicative, abandoned, misconfigured, or policy-violating. This turns digital
waste into physical investment.

On the other side, governed execution can improve capacity economics by separating legitimate demand
from avoidable demand before resources are consumed. Recovered capacity can support useful workloads
without requiring the same level of marginal physical expansion. In large-scale environments, this means
pre-execution authorization may function as avoided-cost infrastructure: reducing the need for incremental
electricity, cooling, racks, power distribution, and future buildout.

The economic thesis is therefore not simply that SWGI™ reduces waste. The broader claim is that
deterministic pre-execution authorization can improve the allocation of infrastructure capital by preventing
avoidable execution from being misclassified as legitimate demand.

This matters for enterprises, cloud providers, utilities, regulators, and governments. Enterprises gain better
workload accountability. Cloud and data-center operators gain better utilization evidence. Utilities gain
clearer visibility into whether large-load growth reflects necessary demand or avoidable digital waste.
Regulators gain a policy mechanism for asking whether new infrastructure is being built to support
productive Al growth or unmanaged execution overhead.

This economic framing also clarifies why Buildout Deferral matters. Buildout Deferral is not merely a
technical concept. It is an economic concept: the ability to delay, reduce, or avoid marginal infrastructure
spending by reclaiming usable capacity from preventable compute demand.

The implication is not that every denied workload produces a directly measurable dollar of savings. The
more disciplined claim is that governed execution improves the quality of the demand signal. It helps

distinguish productive compute demand from avoidable execution overhead before operators, utilities, and
public-sector authorities treat that demand as justification for additional physical infrastructure.

11. Water Burden Avoidance and Resource-
Accountable Compute

The thermodynamic chain does not end with electricity and heat.

In many data-center environments, heat rejection can create water exposure.

The relationship is not universal. Some facilities use dry cooling, closed-loop liquid cooling, air-cooled
chillers, or designs that consume little or no water during normal operation. Other facilities use
evaporative, adiabatic, hybrid, or open-loop cooling systems that consume water to reject heat more
efficiently.

This means data-center water impact is local, architecture-specific, and climate-dependent.
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But the correlation is structurally important:
Execution — electricity demand — heat generation — cooling demand — potential water use.

If unnecessary execution is allowed to run, it contributes to heat load. If that heat load is managed through
water-consuming cooling systems, avoidable execution can also contribute to avoidable water demand.

This creates another infrastructure consequence of deterministic pre-execution authorization:

SWGI™ can reduce water exposure where avoidable compute would otherwise create avoidable
cooling demand.

This should be framed carefully.
SWGI™ does not directly produce water.
SWGI™ does not replace water-efficient cooling systems.

SWGI™ does not eliminate the need for water stewardship, dry cooling, closed-loop cooling, liquid-cooling
design, water reuse, or responsible siting.

Instead, SWGI™ reduces the avoidable execution layer upstream.
The downstream result may include lower heat rejection demand, lower cooling-system activation, lower
cooling-water exposure in water-consuming facilities, lower seasonal cooling stress during heat waves,
lower peak cooling burden, lower water-footprint reporting exposure, lower local infrastructure pressure in
water-stressed regions, and stronger sustainability and compliance evidence.
This makes water a natural extension of the Buildout Deferral thesis.
If Capacity Recovery allows existing infrastructure to support more legitimate work, then fewer marginal
facilities, racks, and cooling systems may need to be built to sustain avoidable demand. That can reduce not
only power and cooling burden, but also future water-system pressure.
The concept can be expressed simply:
Water Burden Avoidance = Avoided Heat Load x Cooling-Water Intensity x Facility Cooling Factor
Where:

+ Avoided Heat Load reflects compute that did not execute and therefore did not become facility

heat.
« Cooling-Water Intensity reflects how much water is used to reject heat in a given facility.

* Facility Cooling Factor reflects local architecture, climate, cooling system type, and operating
conditions.
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This model is intentionally facility-specific. It avoids overclaiming. A waterless facility may show little direct
water reduction from avoided execution. A water-cooled facility in a hot or water-stressed region may show
a more meaningful water benefit.

The strategic point is that water must now be treated as part of the compute-governance stack.

In a hotter world, peak heat days can coincide with higher electricity demand, higher cooling demand, and
lower water availability. A data center that can prevent unnecessary execution before peak cooling stress is
not only improving digital efficiency. It is reducing pressure on the physical systems that keep the facility
alive.

The future of governed Al infrastructure is not only energy-aware and grid-aware.

It must also be water-aware.

12. Regulatory and Political Pressure: From
Expansion to Governed Compute

The mandate environment should be read through the lens of electricity, heat, water, infrastructure
economics, and Buildout Deferral.

Governments are not only concerned with how much energy data centers consume today. They are
increasingly concerned with how fast data centers will expand tomorrow, how much grid capacity they will
reserve, how much power they will require, how much water they will use, how much heat they will reject,
and how much infrastructure must be built around them.

This means policy pressure is moving from operating efficiency toward expansion accountability.
The next regulatory question may not be limited to:

How efficient is the facility?

It may become:

Why does this facility need to expand at this rate, and can the operator prove that the demand
driving expansion is necessary, authorized, and governed?

That is where deterministic pre-execution authorization becomes a policy-relevant control layer.
Buildout Deferral gives regulators, utilities, and public-sector buyers a new concept:

Before approving more physical infrastructure, measure and reduce avoidable digital execution.
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The political environment around Al infrastructure is not simply anti-data-center. It is more complex.

Governments want Al capacity.

Utilities want grid reliability.

Climate regulators want transparency.

Water authorities want resource accountability.

Local communities want protection.

Enterprises want compute without reputational and cost exposure.

This creates a global policy contradiction:

Governments want to accelerate Al infrastructure while also limiting energy waste, emissions
exposure, water stress, grid instability, public backlash, and inefficient capital deployment.

That contradiction is becoming visible in policy.

The European Union has introduced data-center energy-performance reporting obligations under the
Energy Efficiency Directive. The European Commission states that monitoring and reporting are necessary
to measure data-center energy consumption and environmental and climate impact [4]. This matters
because the EU has moved beyond general concern. It is building reporting infrastructure.

The EU Al Act also introduces energy-consumption transparency pressure for general-purpose Al models,
and the European Commission has opened consultation work on how energy consumption and emissions

of Al models and systems should be measured [5]. Al governance is expanding beyond safety, bias,
explainability, and risk classification. It is beginning to include energy impact.

Germany'’s Energy Efficiency Act imposes obligations on data centers related to energy efficiency, renewable
electricity, energy-management systems, and waste-heat reuse [6]. Germany'’s direction is important
because it treats data-center energy and heat not as secondary issues but as regulated infrastructure
concerns.

The policy message is clear:

You cannot simply consume electricity and reject heat without accountability.

SWGI adds a deeper layer:

You should not create unnecessary electricity demand or unnecessary heat in the first place.
Ireland is one of the clearest examples of data-center grid pressure becoming policy. The Commission for

Regulation of Utilities has required new data centers connecting under its large energy-user policy to
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provide new renewable and dispatchable electricity generation [7]. This shows a major policy direction:
data-center growth will increasingly require proof that operators can support the grid, not simply draw from
it.

Singapore’s Green Data Centre Roadmap provides another useful model. Singapore is not rejecting data-
center growth. It is allowing continued expansion under greener, more efficient infrastructure conditions,
including energy efficiency, green energy, innovation, and water efficiency [8].

In the United States, the pressure is less centralized around climate regulation and more focused on grid
reliability, speed-to-power, interconnection, cost allocation, and consumer protection. The U.S. Department
of Energy has reported that data-center load growth has tripled over the past decade and is projected to
double or triple by 2028 [9]. FERC has directed regional grid operators to justify or reform tariffs for large
energy users such as data centers while emphasizing speed-to-power, reliability, and ratepayer protection
[10]. FERC has also directed PJM to establish transparent rules for Al-driven data centers and large loads co-
located with generation facilities [11].

This is significant.

The United States is trying to accelerate Al infrastructure without breaking the grid or unfairly shifting costs
to consumers.

That creates a strategic opening for technologies that can prove reduced unnecessary compute, better
workload accountability, lower avoidable power draw, transparent execution records, policy-cleared
compute events, infrastructure efficiency, water exposure management, consumption traceability,
compliance evidence, avoided-cost logic, and Buildout Deferral.

The winning policy posture is not:
Stop Al infrastructure.
The winning posture is:

Build Al infrastructure, but govern execution before power, heat, water, and buildout are consumed
by waste.

13. The Emerging Mandate Pattern

Across jurisdictions, a pattern is forming.
The world is moving from voluntary sustainability statements toward operational accountability.
The emerging mandate stack includes:

1. Energy reporting
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. Efficiency standards
. Waste-heat obligations
. Renewable-energy requirements
. Al energy transparency
. Grid-connection conditions
. Large-load cost allocation
. Water-footprint reporting
9. Cooling-system accountability
10. Local water-capacity constraints
11. Peak-day power and water stress
12. Community-level data-center opposition
13. Public-sector sustainability mandates
14. Audit-ready compliance evidence
15. Workload-level accountability
16. Capacity-recovery proof
17. Buildout Deferral justification
18. Avoided-cost and infrastructure-externality evidence

0o NOoO UL~ WN

The next phase will likely ask deeper questions:

* What consumed the power?

* Was it necessary?

* Was it authorized?

* Was it policy-cleared?

* Was it duplicative?

* Was it abandoned?

* Was it misconfigured?

* Was it compliant?

+ Can the operator prove it?

+ Can the operator reduce it?

+ Can the operator avoid water burden?

« Can the operator defer buildout by reclaiming capacity?

« Can the operator show that expansion demand reflects productive growth rather than avoidable
overhead?

This is where deterministic pre-execution authorization becomes policy-relevant.

Facility-level efficiency alone cannot answer those questions.

Monitoring alone cannot answer them before consumption occurs.

Post-execution compliance cannot prevent energy from being consumed.

Pre-execution authorization can.

The policy trend is therefore moving toward the SWGI thesis:
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Govern before execution. Prove after authorization. Reduce avoidable compute before it becomes
infrastructure burden.

14. Trust Receipts™ and Compliance Proof

A Trust Receipt™ can be understood as more than a security record.

In the context of thermodynamic governance, it becomes evidence that a digital action was authorized
before it consumed resources.

That creates a new kind of infrastructure audit trail.

A traditional log says:

Something happened.

A Trust Receipt says:

This execution was authorized before it happened.

That distinction matters.

For compliance, it creates proof.

For security, it creates accountability.

For electricity governance, it creates a record of justified consumption.

For infrastructure economics, it can help distinguish necessary execution from avoidable execution
overhead.

For Water Burden Avoidance, it can help associate denied execution with avoided heat load and facility-
specific cooling-water exposure.

For Buildout Deferral, it creates a record of prevented execution and reclaimed capacity.

If every governed workload produces a Trust Receipt, and every denied workload is recorded as a prevented
execution, then an operator can begin building a workload-level energy-accountability model.

This could support internal energy audits, regulatory reporting, FinOps analysis, green-compute reporting,
Al energy transparency, grid-responsible load planning, water-footprint accounting, public-sector
compliance, sovereign Al controls, customer sustainability disclosures, procurement justification, data-
center efficiency claims, avoided-cost analysis, and Buildout Deferral claims.
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The future of Al infrastructure will require more than raw performance.

It will require proof.

Not only proof that systems are secure.

Proof that execution was necessary.

Proof that execution was authorized.

Proof that electricity was not consumed blindly.

Proof that water exposure was not created unnecessarily.

Proof that capital planning was not distorted by avoidable digital waste.

Proof that future infrastructure was not built to sustain preventable execution overhead.

That is the governance layer missing from most current digital infrastructure.

15. Implications for Data Centers, Cloud Providers,
Governments, Utilities, and Capital Planning

For data centers, deterministic pre-execution authorization can reduce waste upstream of facility
operations. Instead of treating all workload demand as valid, operators and tenants can define policies that
prevent unnecessary execution before it consumes power and cooling. This can support lower electricity
demand, lower cooling burden, better capacity planning, improved rack utilization, reduced waste heat,
lower operational overhead, better water-footprint reporting, stronger local permitting posture, stronger
compliance reporting, better customer-level accountability, Capacity Recovery, and Buildout Deferral.

For cloud providers, pre-execution authorization can become part of a premium governance layer for
regulated workloads. Cloud providers already compete on performance, regions, security, compliance, Al
services, and ecosystem depth. As data-center energy and water pressure grows, they may also compete on
governed consumption. A cloud environment that can show not only what executed, but why it executed
and whether it was authorized, has an advantage in regulated markets.

For governments, deterministic pre-execution authorization creates a policy bridge. Governments do not
want to slow Al infrastructure unnecessarily. But they also do not want uncontrolled load growth, public
backlash, emissions exposure, water stress, energy insecurity, grid instability, or inefficient infrastructure
spending. SWGI-like architecture allows governments to say: we support Al infrastructure expansion, but we
require governed execution, auditability, and proof that compute consumption is necessary and policy-
cleared.
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For utilities and water authorities, the key concern is not only annual consumption. It is local capacity, peak
demand, timing, heat-wave resilience, and whether large-load facilities are imposing infrastructure burdens
on public systems. A governed execution layer can help large Al facilities demonstrate that unnecessary
digital demand is being reduced before additional grid or water capacity is requested.

For capital planning, deterministic pre-execution authorization creates a more disciplined demand signal.
Infrastructure investment should be based on legitimate workload growth, not unmanaged execution
overhead. If avoidable execution can be identified and denied upstream, then some portion of apparent
future demand may be converted into recovered capacity rather than new buildout.

This extends the thesis further:

The future is not only secure compute. It is electricity-aware, grid-aware, water-aware, policy-aware,
economically disciplined, thermodynamically aware compute.

16. Limitations

This paper makes a disciplined claim.

SWGI does not solve global warming.

SWGI does not eliminate all data-center electricity demand.
SWGI does not eliminate all data-center water use.

SWGI does not remove the need for renewable energy, better cooling, transmission upgrades, nuclear
power, grid modernization, water stewardship, facility efficiency, chip efficiency, or better Al model design.

SWGI does not guarantee direct cost savings in every environment.

SWGI addresses a specific layer:

Avoidable execution before compute is consumed.

The impact of this layer depends on real avoidable-execution share, enforcement accuracy, adoption rate,
workload type, facility PUE, cooling system design, water usage effectiveness, grid carbon intensity,

regional climate, local water availability, data-center utilization, Al growth trajectory, pricing structure,
infrastructure constraints, and integration with broader energy-management systems.

The numbers in this paper should therefore be treated as scenario modeling, not guaranteed outcomes.

However, uncertainty does not weaken the thesis. It defines the research agenda.
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The next empirical step is to measure avoidable execution across real environments, quantify preventable
workload categories, apply deterministic authorization policies, and compare electricity, cooling, water, cost,
capacity, and compliance outcomes before and after deployment.

17. Future Research Agenda

A serious academic and technical research program should test the SWGI thermodynamic-governance
thesis across several tracks.

Workload Classification

Develop a taxonomy of avoidable execution: unauthorized, duplicative, abandoned, idle, misconfigured,
policy-violating, excessive inference, redundant automation, over-permissioned compute, and low-value
background execution.

Electricity Measurement
Measure electricity impact by workload class across CPU, GPU, memory, storage, network, cooling
overhead, facility overhead, logging, and telemetry overhead.

Trust Receipt Resource Mapping
Associate authorized execution receipts with estimated resource consumption. This would allow governed
workloads to produce an auditable record not only of authorization, but also of resource impact.

Denied Execution Accounting
Measure the electricity avoided when workloads are denied before execution. The value of pre-execution
authorization is not only what it allows. It is what it prevents.

Water-Footprint Modeling

Model how deterministic pre-execution authorization affects data-center water exposure across different
cooling architectures and climates. This should include water usage effectiveness, cooling-system type,
heat-rejection method, local climate, peak-day cooling demand, seasonal water availability, watershed
stress, grid-water interaction, avoided heat load, denied execution accounting, and facility-specific water
intensity.

Capacity Recovery and Buildout Deferral Accounting

Measure how prevented execution affects rack utilization, server utilization, memory utilization, GPU
utilization, cooling load, power-distribution requirements, planned capacity expansion, deferred hardware
purchases, deferred rack additions, and deferred grid-interconnection requirements.

Economic and Avoided-Cost Modeling

Evaluate how denied execution affects direct operating cost, marginal electricity demand, cooling cost,
logging and telemetry cost, hardware procurement, interconnection requirements, ratepayer exposure,
capital expenditure, and future buildout plans. This research should distinguish realized savings from
avoided future cost and should avoid treating every denied execution event as economically equivalent.
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Policy Integration

Map pre-execution authorization to regulatory frameworks such as the EU Energy Efficiency Directive, EU Al
Act, Germany Energy Efficiency Act, U.S. federal sustainability goals, FERC large-load rules, NIST
cybersecurity frameworks, FedRAMP, CMMC, Zero Trust architecture, and public-sector procurement
requirements.

18. Conclusion: Govern Before Heat

The world is building Al infrastructure at historic speed.

That expansion is occurring during a period of rising global temperatures, increasing heat waves, grid
stress, power constraints, water concerns, and regulatory pressure.

The answer cannot be to stop Al infrastructure.

Al will be central to national competitiveness, defense, medicine, science, logistics, finance, manufacturing,
public-sector modernization, and critical infrastructure.

But the answer also cannot be unlimited, unmanaged execution.

The next era of infrastructure requires a new discipline:

Govern before execution.

Every unnecessary workload that runs first becomes electricity demand.

Every consumed watt becomes heat.

Every unit of heat requires thermal management.

In water-consuming cooling environments, unnecessary heat can become unnecessary water burden.

Every facility-level burden compounds into grid pressure, cooling demand, water stress, capital expenditure,
emissions exposure, and political scrutiny.

Deterministic pre-execution authorization introduces a new control point into that chain.
It prevents unnecessary or unauthorized execution before compute resources are consumed.
It creates proof through Trust Receipts™.

It aligns security, compliance, electricity efficiency, water stewardship, infrastructure economics, and
Buildout Deferral.
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It gives governments a way to support Al growth without accepting blind compute expansion.

It gives data centers a way to reduce avoidable demand before it becomes heat.

It gives enterprises a way to prove that governed workloads were authorized, necessary, and accountable.

The Buildout Deferral implication is central.

As Al infrastructure grows, the world will face a choice. It can continue building physical capacity to satisfy
all compute demand, including unnecessary and unauthorized execution. Or it can refine the demand curve
before infrastructure is expanded to support waste.

Every unnecessary workload that is prevented before execution avoids more than a unit of compute. It
avoids the downstream chain of electricity draw, heat output, cooling load, water exposure, telemetry
overhead, maintenance burden, capital deployment, and future capacity pressure.

This is why deterministic pre-execution authorization should be understood as a thermodynamic
governance layer.

It governs execution before waste becomes electricity demand.

It governs electricity demand before demand becomes heat.

It governs heat before heat becomes cooling and water burden.

It governs capacity before capacity pressure becomes buildout.

It governs infrastructure before infrastructure expands to sustain avoidable computation.

It governs capital before capital is deployed to support preventable demand.

Data centers are not the sole cause of global warming.

But Al-driven data-center growth is becoming a meaningful marginal load on the world’s electricity systems.

And unnecessary compute makes that load worse.

The future data center will not only be judged by how much compute it can deliver.

It will be judged by how much unnecessary compute it can refuse.

The future of Al infrastructure will not be defined only by intelligence or speed.

It will be defined by authority, accountability, efficiency, Capacity Recovery, Water Burden Avoidance,
Buildout Deferral, economic discipline, and proof.
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The most efficient workload is not merely the fastest one.
It is the workload that never needed to execute.

SWGI™ | Govern Before Execution.
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Key Terms

Deterministic Pre-Execution Authorization
A governance model in which execution is evaluated against intent, authority, policy, context, and
cryptographic proof before compute resources are consumed.

Avoidable Execution
Workload activity that is unnecessary, unauthorized, duplicative, abandoned, misconfigured, policy-
violating, over-permissioned, or otherwise preventable before execution.

Capacity Recovery
The reclamation of usable compute, memory, storage, network, and cooling capacity by preventing
avoidable execution inside existing infrastructure.

Water Burden Avoidance

The reduction of cooling-related water exposure that may occur when avoidable execution is prevented
before it becomes heat requiring rejection. This effect is facility-specific and depends on cooling
architecture, local climate, cooling-water intensity, and whether the data center uses evaporative, adiabatic,
hybrid, dry, liquid, or closed-loop cooling systems.

Buildout Deferral

The reduction, delay, or avoidance of marginal future data-center expansion by reclaiming capacity from
avoidable execution. Buildout Deferral applies to servers, racks, cooling systems, power distribution, grid
interconnection, substations, land use, and other physical infrastructure required to support growing
compute demand.

Thermodynamic Governance
A governance approach that treats digital execution as a physical event with electricity, heat, cooling, water,
grid, and infrastructure consequences.
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Avoided-Cost Infrastructure

A planning concept in which reclaimed capacity, reduced marginal load, and prevented execution reduce
the need for incremental electricity, hardware, cooling systems, power distribution, or future physical
expansion.

Trust Receipt™
A cryptographic record that a workload or execution event was authorized, policy-cleared, and accountable
at the point of execution.
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