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AI infrastructure should not only report what consumed power after execution. It
should govern whether a workload was authorized to consume power before execution.
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Abstract
Artificial intelligence infrastructure is expanding during a period of rising electricity demand, grid stress,
data-center buildout, cooling pressure, water exposure, and regulatory scrutiny. Most AI infrastructure policy
focuses on capacity expansion, facility efficiency, energy reporting, clean-power procurement, siting, and
post-execution disclosure. This paper asks a prior question: should a given digital workload be allowed to
execute before it consumes compute resources?

This paper argues that the next phase of AI infrastructure governance will require workload-level
accountability, not only facility-level efficiency. Digital execution is a physical event. It begins as electricity
demand, becomes heat, creates cooling load, may create water exposure depending on facility architecture,
and can influence future infrastructure buildout. Where execution is unnecessary, unauthorized, duplicative,
misconfigured, abandoned, or policy-violating, post-execution reporting is structurally late: the electricity has
already been consumed and the heat has already been created.

The paper introduces deterministic pre-execution authorization as a governance mechanism for AI
infrastructure. Under this model, workloads are evaluated against authority, policy, context, identity, and
cryptographic proof before execution occurs. Authorized workloads proceed. Unauthorized or non-compliant
workloads are denied, deferred, or redirected before compute is consumed. This shifts governance from
retrospective visibility to enforceable control.

The paper frames this model through three policy-relevant concepts: Capacity Recovery, Water Burden
Avoidance, and Buildout Deferral. Capacity Recovery refers to reclaiming usable compute, memory, storage,
network, and cooling capacity by preventing avoidable execution inside existing environments. Water Burden
Avoidance refers to reducing cooling-related water exposure where avoided heat load would otherwise
interact with water-consuming cooling systems. Buildout Deferral refers to reducing or delaying marginal
physical expansion by separating legitimate workload demand from preventable execution demand before
infrastructure planning absorbs waste as growth.

Using published data-center electricity-demand projections as a baseline, the paper presents scenario
modeling to illustrate how even modest reductions in avoidable execution could become material at global
scale. The scenario model is paired with a workload-level measurement architecture that connects
authorization decisions, denied-execution records, resource consumption, cooling exposure, and
capacity-planning signals.

The paper concludes that AI infrastructure governance should move beyond the question of how efficiently
workloads run toward a more fundamental standard: whether workloads are authorized, necessary,
accountable, and policy-cleared before execution. SWGI™ is presented as one patented implementation
pathway for this broader governance model. The central policy claim is not that one architecture solves
energy demand, water stress, or data-center expansion alone. The claim is narrower and stronger:
preventable execution should be governed before it becomes electricity demand, heat, cooling burden, water
exposure, compliance overhead, and capital buildout pressure.
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Executive Summary
The global AI infrastructure buildout is usually discussed as a supply problem. The dominant question is how
to provide more compute, more GPUs, more data centers, more grid capacity, more substations, more
cooling systems, and more clean power.

That question is important. But it is incomplete.

Before governments, utilities, cloud providers, and enterprises build more physical infrastructure to satisfy
rising AI demand, they must ask whether all of that demand is legitimate.

Some compute demand is necessary. Some is productive. Some supports defense, medicine, science, finance,
logistics, public services, manufacturing, and national competitiveness.

But some execution is avoidable. It may be unauthorized, duplicative, abandoned, misconfigured,
policy-violating, excessive, over-permissioned, or operationally unnecessary. Once allowed to run, this
avoidable layer consumes electricity, generates heat, creates cooling burden, produces logs and telemetry,
adds compliance overhead, and may distort future capacity planning.

Traditional governance tools often operate after the fact. They report, monitor, alert, optimize, or remediate
after execution has already occurred. That is useful, but it is late.

Pre-execution governance moves the control point upstream.

AI infrastructure should not only report what consumed power after execution. It
should govern whether a workload was authorized to consume power before execution.

This is the shift from reporting to enforcement.

Deterministic pre-execution authorization evaluates the workload before it runs. It asks whether the
workload has authority, policy clearance, valid context, approved identity, and cryptographic proof. If it
passes, it executes. If it fails, it is denied, deferred, or redirected before compute resources are consumed.

This model matters because digital execution is not abstract. Computation is physical. Every executed
workload becomes electricity demand. Almost all consumed electricity becomes heat. Heat must be rejected,
reused, or managed. In some facilities, cooling can create water exposure. At scale, these burdens become
grid pressure, energy procurement, cooling infrastructure, water planning, emissions exposure, capital
expansion, and political scrutiny.

The future of AI infrastructure governance will therefore require more than facility-level efficiency. It will
require workload-level accountability.

The key question becomes: what executed, why did it execute, who authorized it, under what policy, what
resources did it consume, and could it have been prevented before becoming infrastructure burden?

That is the governance gap this paper addresses.
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Figure 1. Pre-Execution Governance Path

Figure 1. Pre-Execution Governance Path
Authorization moves upstream: policy is enforced before workloads consume compute resources.
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Figure interpretation: Traditional systems often observe or optimize after execution. This model places authorization before
execution, making workload governance an enforcement point rather than merely a reporting function.
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1. Core Argument
AI infrastructure is increasingly governed after execution, even though the most important infrastructure
consequences begin at execution.

A workload that is allowed to run becomes electricity demand. That electricity becomes heat. Heat creates
cooling burden. In some facilities, cooling creates water exposure. At scale, repeated execution patterns
influence grid planning, capacity procurement, data-center expansion, compliance overhead, and capital
allocation.

Current AI infrastructure governance remains largely retrospective. It emphasizes energy reporting,
efficiency standards, clean-power procurement, facility design, siting review, and post-execution disclosure.
These tools are necessary, but they do not answer the prior question: should this workload have executed in
the first place?

This paper argues that the next phase of AI infrastructure governance should move upstream from reporting
to authorization. Workloads should be evaluated against authority, policy, identity, context, and
cryptographic proof before compute resources are consumed.

That shift creates a new governance category: deterministic pre-execution authorization.

The value of this model is not only security. It is demand discipline. By separating legitimate workload
demand from avoidable execution before resources are consumed, pre-execution governance can improve
workload accountability, reduce unnecessary compute, support capacity recovery, strengthen auditability,
and help prevent avoidable execution from being absorbed into future infrastructure buildout.

AI infrastructure should not only measure what consumed power after execution. It
should govern whether a workload was authorized to consume power before execution.

2. Research Baseline
The research environment already supports the urgency of the problem. AI and data-center growth are now
power-system, siting, water, and infrastructure-planning issues, not only IT-management issues.

The International Energy Agency's 2025 assessment places global data-center electricity consumption at
approximately 415 TWh in 2024 and projects a base case of roughly 945 TWh by 2030 [3]. The significance of
this figure is not only the magnitude of consumption. It is the speed, concentration, and infrastructure
intensity of the growth curve.

The United States baseline is also moving quickly. DOE and Lawrence Berkeley National Laboratory reporting
frames data-center electricity demand as a rapidly expanding load class with direct implications for grid
planning, interconnection, reliability, and cost allocation [4, 5].

Foundational data-center systems research has long shown that power provisioning, utilization, energy
proportionality, and warehouse-scale compute behavior are central to infrastructure economics. Classic work
by Barroso and Hölzle, Fan, Weber, and Barroso, and Koomey established that digital infrastructure must be
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analyzed as physical infrastructure, not abstract software [14-16].

Machine-learning sustainability research has added a second layer: energy, carbon, and water impacts vary
heavily by model choice, hardware, data-center efficiency, geography, timing, and reporting boundary. Work
by Henderson, Patterson, Li, Mytton, and more recent production-scale measurement efforts shows why
claims about AI energy and water impact require workload-level measurement discipline [17-24].

The emerging gap is enforceability. Current policy and research increasingly measure energy, carbon, water,
and grid stress. But measurement after execution does not itself determine whether execution was
authorized, necessary, duplicative, deferrable, or preventable before resources were consumed.

That is the opening for pre-execution governance. The contribution is not another facility-efficiency metric.
The contribution is a workload-level control point that converts policy into enforceable authorization before
execution begins.

3. The Problem: AI Infrastructure Is Governed Too Late
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 AI
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 urgent when digital infrastructure is examined through the full electricity-to-heat
chain. Computation is not weightless. 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.

The strategic issue is not whether data centers are the largest global emissions source. The issue is that
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.

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,
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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.

4. Why Facility-Level Efficiency Is Not Enough
Facility-level efficiency remains necessary. Power usage effectiveness, cooling design, airflow management,
liquid cooling, heat reuse, server utilization, chip efficiency, renewable procurement, and workload
scheduling all matter.

But facility-level efficiency does not answer the prior governance question: should this workload have
executed at all?

A facility can become more efficient while still executing unnecessary workloads. A data center can improve
cooling while still absorbing avoidable execution as demand. A cloud provider can report energy
consumption while still allowing preventable workloads to consume resources. A compliance system can
document events while still failing to prevent unauthorized or unnecessary execution before resource
consumption occurs.

That is the limit of retrospective governance.

Post-execution optimization improves the efficiency of work that has already been allowed to happen.
Pre-execution authorization determines whether the work should happen before electricity is consumed.

Both are useful. 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.

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

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.

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,
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over-permissioned workloads, workloads executing without validated authority, low-value execution that
should be deferred, consolidated, or rate-limited, and excessive execution during grid, cooling, or
budget-constrained periods.

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 physical 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, a cooling question, a water question,
a grid question, a compliance question, and a capital-allocation question.

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

In this model, execution is not assumed by default. Execution must be authorized.

The simplified logic is: authorized -> execute. Not authorized -> do not execute.

This converts compute from an intent-blind system into an authority-gated system.

The rule can be stated as follows: execution occurs only when intent, authority, context, policy, identity, and
cryptographic verification resolve to authorization.

This model extends the logic of Zero Trust from access control into execution control. Traditional Zero Trust
asks whether access should be allowed. Execution-time governance asks whether computation itself should
proceed.

Access is not the end of the risk chain. Execution is where resources are consumed, state changes occur,
workloads run, logs accumulate, heat is generated, and infrastructure consequences begin.

A system that governs identity but not execution may still allow unnecessary or non-compliant workloads to
consume resources. A system that governs execution before the workload runs introduces a stronger control
point.

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, and did the demand
represent legitimate workload growth or avoidable execution overhead?
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That is the bridge from Zero Trust to governed compute.

7. SWGI™ as One Implementation Pathway
SWGI™ is one patented implementation pathway for deterministic pre-execution authorization.

The broader thesis of this paper does not depend on the reader accepting a specific commercial product. The
governance problem is general: AI infrastructure is increasingly governed after execution, even though many
infrastructure consequences begin at execution. The mechanism proposed here is also general: evaluate
workloads before execution and generate auditable evidence of authorization, denial, deferral, or policy
clearance.

SWGI™ is presented as a concrete architecture for that mechanism.

In the SWGI™ model, execution requests are evaluated against predefined authority, policy, identity, context,
and cryptographic proof. Authorized execution proceeds. Non-authorized or policy-violating execution is
denied, deferred, modified, or redirected. The system can then generate an auditable Trust Receipt™ or
denial record associated with the governance event.

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

A governed workload can produce evidence that execution was authorized, policy-cleared, and accountable
at the point of action. A denied workload can produce evidence that preventable execution was stopped
before consuming compute resources.

This matters for security and compliance. But it also matters for energy, water, capacity, and infrastructure
economics.

If every authorized execution can be recorded, and every denied execution can be measured, then operators
can begin distinguishing legitimate workload demand from avoidable execution overhead. That distinction
can improve capacity planning, compliance reporting, FinOps analysis, grid-responsible load planning, and
public-sector procurement.

The paper therefore does not argue that a patent proves effectiveness. It argues that pre-execution
governance is a necessary infrastructure category, and that SWGI™ is one implementation pathway for that
category.

8. Trust Receipts™ as the Evidence Layer
A Trust Receipt™ can be understood as more than a security record.

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

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
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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 an authorization record, and every denied workload is recorded as a
prevented execution, then an operator can begin building a workload-level energy-accountability model.

This model could support internal energy audits, regulatory reporting, FinOps analysis, green-compute
reporting, AI energy transparency, grid-responsible load planning, water-footprint accounting, public-sector
compliance, sovereign AI controls, customer sustainability disclosures, procurement justification, data-center
efficiency claims, avoided-cost analysis, and Buildout Deferral claims.

The future of AI 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.
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Figure 2. Resource-Impact Boundary Map

Figure 2. Resource-Impact Boundary Map
Avoidable execution propagates from software into electricity, heat, cooling, water exposure, grid stress, and buildout.
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Figure interpretation: Avoidable execution is not only a software issue. Once allowed to run, it propagates into electricity
demand, heat, cooling load, water exposure, grid stress, and physical infrastructure planning. Pre-execution governance
acts at the earliest controllable point.
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9. Capacity Recovery
Capacity Recovery refers to reclaiming usable compute, memory, storage, network, and cooling capacity by
preventing avoidable execution inside existing infrastructure.

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

Data-center growth is often described in terms of electricity demand, but electricity demand is only one
expression of the underlying buildout pressure. Rising AI 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.

Deterministic pre-execution authorization changes that equation.

By denying unnecessary, unauthorized, duplicative, misconfigured, abandoned, or policy-violating execution
before resources are consumed, governed infrastructure can recover usable capacity inside existing
environments. 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 AI growth.

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 AI 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. Water Burden Avoidance
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.

But the correlation is structurally important: execution -> electricity demand -> heat generation -> cooling
demand -> potential water use.
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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: pre-execution
governance can reduce water exposure where avoidable compute would otherwise create avoidable cooling
demand.

This should be framed carefully. SWGI™ does not directly produce water savings in all facilities. 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, pre-execution governance 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.

The concept can be expressed as: Water Burden Avoidance = Avoided Heat Load x Cooling-Water Intensity x
Facility Cooling Factor.

This model is intentionally facility-specific. 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 AI infrastructure is not only energy-aware and grid-aware. It must also be
water-aware.

11. Buildout Deferral
Buildout Deferral refers to reducing, delaying, or avoiding marginal future data-center expansion by
reclaiming capacity from avoidable execution.

Data-center expansion is not merely a software issue. It becomes physical infrastructure: servers, racks,
accelerators, power distribution, cooling systems, substations, land, backup generation, interconnection
capacity, and local permitting.

When avoidable execution is treated as legitimate demand, infrastructure planning can absorb waste as
growth. Operators may build or procure capacity to support activity that should have been prevented,
consolidated, retired, or denied before execution.

Pre-execution governance creates a more disciplined demand signal. It separates legitimate workload
demand from preventable execution demand before physical infrastructure is expanded to support both.
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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
45 equivalent racks deferred.

At higher adoption levels, the effect becomes more material. If avoidable execution share = 30%,
authorization effectiveness = 60%, and adoption rate = 60%, then the effective system-level reduction is
10.8%. Applied to a 1,000-rack equivalent expansion plan, this equals 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.

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, pre-execution governance is not only a security layer or compliance layer. It is a
capacity-refinement layer.

12. Scenario Modeling and Sensitivity Framework
The following model is not a forecast, field result, or verified performance claim. It is an illustrative scenario
designed to show how workload-level governance could become material if three conditions are met: a
meaningful share of compute demand is avoidable; deterministic pre-execution authorization can prevent a
measurable portion of that avoidable layer; and adoption occurs across a sufficient share of comparable
environments.

The model should therefore be read as a sensitivity framework. Its purpose is to identify what must be
measured in future deployments, not to claim that any specific amount of electricity, water, cost, or buildout
will automatically be avoided.

The key variables are Avoidable Execution Share, Authorization Effectiveness, and Adoption Rate.

Avoidable Execution Share is the portion of workload activity that is unnecessary, unauthorized, duplicative,
abandoned, misconfigured, policy-violating, over-permissioned, or otherwise preventable.

Authorization Effectiveness is the portion of avoidable execution that a deterministic governance layer
correctly denies, defers, redirects, or suppresses before compute resources are consumed.

Adoption Rate is the share of comparable environments in which the governance layer is deployed.

The simplified model is: System-Level Reduction = Avoidable Execution Share x Authorization Effectiveness x
Adoption Rate.
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This formula is intentionally conservative in structure. It does not assume that all compute is wasteful. It does
not assume universal deployment. It does not treat all denied execution as economically equivalent. It
isolates one question: if a preventable execution layer exists, how large could the avoided burden become
under different adoption and effectiveness assumptions?

Using a 2030 global data-center electricity baseline of approximately 945 TWh [3], even modest system-level
reductions become material. One percent of 945 TWh equals 9.45 TWh. Five percent equals 47.25 TWh. Ten
percent equals 94.5 TWh. Fifteen percent equals 141.75 TWh.

A moderate illustrative case may assume an avoidable execution share of 30%, authorization effectiveness of
60%, and adoption across 25% of scoped environments. Then 0.30 x 0.60 x 0.25 = 0.045. The modeled
system-level reduction is 4.5% across the scoped compute category. Applied to the 2030 baseline, 945 TWh x
4.5% = 42.5 TWh avoided annually.

This does not mean that any specific deployment will avoid 42.5 TWh. It means that at global data-center
scale, even single-digit reductions in avoidable execution become policy-relevant if the underlying
assumptions are validated.

Year No-Improvement
Demand

Adoption
Rate

Effective
Reduction

Modeled Demand With
Governance

Avoided
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 scenario is most useful as a disciplined sensitivity frame. Actual outcomes depend on workload mix,
adoption rate, grid carbon intensity, facility efficiency, cooling architecture, geography, AI growth rate,
enforcement accuracy, and the true avoidable-execution share.

The strategic insight is still clear: when compute demand compounds, waste compounds with it unless
governance intervenes.
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13. Boundary Discipline: Resource and Policy Domains
A credible AI infrastructure governance model must distinguish among related but separate resource and
policy domains. This paper separates the following boundaries:

Boundary Definition Relationship to
Pre-Execution Governance

Notes

IT electricity Electricity consumed by servers,
accelerators, storage, and
networking

Direct Prevented execution can reduce direct
compute draw when workloads are
denied, deferred, consolidated, or
redirected before resource
consumption.

Facility overhead Cooling, power distribution,
lighting, and operational
support

Partial Effect depends on facility PUE, cooling
behavior, load timing, and whether
avoided IT load translates into
reduced facility overhead.

Direct cooling water Water used by the data center
for heat rejection

Facility-specific Effect depends on cooling
architecture, local climate, water
intensity, and whether the facility uses
water-consuming cooling systems.

Indirect
power-sector water

Water used in electricity
generation

Indirect Effect depends on electricity source,
grid mix, generation technology, and
regional power-system conditions.

Operational carbon Emissions from electricity
consumed during operation

Indirect Effect depends on grid carbon
intensity, procurement structure, time
of execution, and clean-energy
matching.

Embodied carbon Emissions from hardware
manufacturing and construction

Long-term / indirect Relevant to capacity recovery and
buildout deferral, not immediate
workload denial.

Chip-manufacturing
water

Water used in semiconductor
manufacturing

Long-term / indirect Relevant to avoided future hardware
demand if recovered capacity delays
or reduces marginal hardware
expansion.

Local grid stress Capacity, reliability,
interconnection, and peak
demand pressure

Partial Effect depends on timing, geography,
load profile, grid constraints, and
whether governance reduces or shifts
peak demand.

Social welfare effects Public cost allocation,
permitting, community impact,
fairness

Policy-mediated Requires institutional governance
rules, public-sector oversight,
procurement standards, and
reviewable policy design.

Interpretive rule: SWGI's primary causal claim is direct at the execution-control layer. Effects on facility
overhead, water, carbon, grid stress, and buildout become stronger as governed workload decisions are
connected to measured resource data, facility conditions, and infrastructure planning. This boundary
discipline allows SWGI to support energy, water, and buildout claims with institutional precision.
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Figure 3. Policy and Evidence Loop

Figure 3. Policy and Evidence Loop
Policy becomes enforceable when requirements convert into machine-readable rules, decisions, receipts, and feedback.

Policy Requirement

Energy • Grid • Water

Procurement • Zero Trust

Machine-Readable Rules

Thresholds • Authority

Exceptions • Context
Pre-Execution Decision

Allow • Deny • Defer

Escalate • Redirect

Trust Receipt™ / Record

Authorization, denial,

deferral, or exception

Audit + Reporting Layer

Compliance • FinOps

Energy • Water • Capacity

Governance Feedback

Adjust rules • validate

reduce waste • plan buildout

Closed-Loop Execution Governance

From policy language → technical enforcement → evidence → reporting → improved rules

Decision-Grade Governance Evidence

Shows what executed, why it executed, whether it was authorized, and what demand was prevented before consumption.

Axis Systems | Enforceable controls, not only retrospective reports.

Figure interpretation: Pre-execution governance creates a closed loop between policy, technical enforcement, evidence,
reporting, and future infrastructure planning. This is the bridge from policy language to operational control and
measurable workload accountability.



AXIS SYSTEMS PRE-EXECUTION GOVERNANCE OF AI INFRASTRUCTURE

Axis Systems | SWGI™ | Govern Before Execution Page 19

15. Policy Mapping
Pre-execution governance becomes policy-relevant when it can be mapped to concrete instruments. The
table below shows how deterministic workload authorization could support regulators, public-sector buyers,
utilities, cloud providers, and data-center operators.

Policy Concern What Pre-Execution Governance Operationalizes Evidence Produced

AI energy transparency Shows which workloads were authorized before
consumption

Workload authorization records,
denied-execution records

Data-center expansion
review

Helps distinguish legitimate growth from avoidable
execution overhead

Capacity recovery and buildout-deferral
analysis

Grid reliability /
large-load integration

Reduces unmanaged execution during constrained
periods

Time-stamped governance events and
peak-period execution records

Water-risk oversight Links avoided execution to avoided heat load in
water-consuming facilities

Facility-specific water-burden estimates

Public-sector
procurement

Creates audit-ready proof of governed compute Trust Receipts, policy mappings,
compliance reports

Zero Trust
modernization

Extends access control into execution control Authorization decisions before workload
execution

FinOps / cost control Prevents waste before it becomes spend Denied workload logs, avoided-cost
estimates

Compliance reporting Creates evidence that execution was policy-cleared Cryptographic execution receipts

Demand-response
programs

Enables policy-based workload deferral during
constrained periods

Deferral events, time-windowed execution
decisions

Sovereign AI controls Ensures sensitive workloads execute only under
approved authority

Jurisdictional policy receipts and authority
proofs

Critical infrastructure
governance

Blocks unauthorized or non-compliant workload
execution before state change

Execution-control records and exception
logs

Public accountability Provides auditable evidence that compute
expansion is governed, not blind

Aggregated governance reports and
independent assurance records

This policy mapping gives decision makers a practical lens. The governance question is not only whether AI
infrastructure can become more efficient. The question is whether regulators, utilities, and buyers can receive
trustworthy evidence that compute consumption was necessary, authorized, policy-cleared, and not merely
unmanaged demand.

16. Governance, Contestability, and Due Process
A workload-authorization system must include clear governance rules. Pre-execution control is powerful. If
poorly designed, it could create operational risk, unfair denial, surveillance concerns, or excessive
centralization.

The system must therefore define who sets policy rules, who can modify policy rules, what authority validates
execution, what happens when authorization fails, when workloads are denied versus deferred, what
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emergency override paths exist, how misclassifications are corrected, how disputed denials are reviewed,
how logs are retained, how sensitive metadata is minimized, how public-interest exceptions are handled, and
how disparate impact is monitored.

Due process matters because not all execution denials are equal. A denied entertainment workload, a denied
research workload, a denied healthcare workload, and a denied national-security workload carry different
consequences. Governance systems must distinguish routine optimization from mission-critical exception
handling.

The model should include at least four decision outcomes: Allow, Deny, Defer, and Escalate.

The existence of escalation paths does not weaken deterministic governance. It makes it operationally
credible. A serious pre-execution governance architecture must be deny-by-default for unauthorized
execution but not blind to emergency, legal, safety, or public-interest conditions.

17. Privacy and Metadata Minimization
Trust Receipts and authorization logs create compliance value, but they also create privacy and surveillance
risk.

A workload-authorization system may reveal sensitive metadata: research priorities, commercial strategy,
user behavior, internal operations, security posture, or national-security workflows. Therefore, pre-execution
governance must be designed around minimization.

The system should avoid logging unnecessary content. It should record only the evidence required to prove
authorization, denial, policy clearance, timing, and integrity.

A strong metadata-minimization framework should include no raw workload payload storage unless explicitly
required; hash-based workload identifiers where possible; separation between customer-owned operational
logs and external verification registries; role-based access to receipt metadata; retention periods tied to legal,
compliance, and operational needs; encryption at rest and in transit; tamper-evident receipt storage;
customer-controlled sensitive metadata fields; aggregation for policy reporting where individual workload
details are unnecessary; and independent auditability without exposing proprietary workload content.

The purpose of Trust Receipts is not surveillance. The purpose is proof.

The architecture should therefore prove that execution was authorized without creating unnecessary visibility
into the content or business logic of the workload.

18. Fairness and Public-Interest Safeguards
Pre-execution governance can affect who gets compute, when they get it, and under what rules. In
constrained environments, this has distributional implications.

If policy rules are poorly designed, denial or deferral mechanisms could disproportionately affect smaller
firms, public-interest researchers, low-margin users, regions with less political leverage, or workloads that
are socially valuable but commercially less profitable.

This paper therefore treats fairness as a design requirement.
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Governance rules should be transparent to authorized stakeholders; reviewable for disparate impact;
auditable by independent parties where appropriate; capable of supporting public-interest exemptions;
sensitive to mission-critical use cases; configurable by lawful authority; and resistant to arbitrary or
discriminatory application.

Pre-execution governance should not become a blunt instrument for rationing compute without
accountability. It should become a precision mechanism for distinguishing authorized, necessary,
policy-cleared execution from preventable execution overhead.

19. Measurement Architecture
The value of pre-execution governance should be measured at the workload layer, not only at the facility
layer.

The proposed measurement architecture has five parts.

First, classify workload demand. Workloads should be separated into authorized production execution,
duplicative execution, abandoned execution, misconfigured execution, unauthorized execution,
policy-violating execution, excessive inference, redundant automation, and deferrable low-priority execution.

Second, measure authorization outcomes. Each workload request should resolve to an allow, deny, defer,
redirect, or escalate decision. These outcomes should be recorded with timing, policy basis, authority source,
and cryptographic receipt evidence.

Third, connect decisions to resource impact. Authorized workloads can be associated with consumed
compute, memory, storage, network, telemetry, and cooling estimates. Denied or deferred workloads can be
associated with avoided or shifted resource demand.

Fourth, translate workload outcomes into infrastructure signals. Aggregated governance records can show
how much apparent demand was legitimate, how much was preventable, how much was deferrable, and how
much capacity was recovered before expansion planning absorbed avoidable execution as growth.

Fifth, apply sensitivity analysis. The system-level effect depends on avoidable-execution share, authorization
accuracy, workload type, deployment scope, facility efficiency, cooling architecture, water intensity, grid
carbon intensity, and timing of execution. These variables should be measured directly where possible and
modeled transparently where direct measurement is not yet available.

This measurement architecture turns the thesis into an empirical program. The key question is no longer
whether AI infrastructure consumes power. That is already established. The key question is whether the
infrastructure can prove which execution was necessary before power was consumed.

20. Validation Roadmap
The validation roadmap converts the framework into a testable program across real or realistically simulated
workloads. It defines the empirical tracks needed to evaluate workload classification, authorization outcomes,
resource impact, capacity recovery, and governance evidence.
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17.1 Workload Classification
Develop a taxonomy of avoidable execution: unauthorized, duplicative, abandoned, idle, misconfigured,
policy-violating, excessive inference, redundant automation, over-permissioned compute, low-value
background execution, test workloads outside approved scope, and workloads lacking validated authority.

17.2 Policy Rule Schema
Define a machine-readable policy schema that states workload identity, requesting actor or service, execution
intent, authority source, policy domain, resource class, time sensitivity, location or jurisdiction, risk category,
allow/deny/defer/escalate rule, exception pathway, and receipt requirements.

17.3 Decision Engine Specification
Document the decision process: receive workload request; extract metadata; validate identity and authority;
check policy context; verify cryptographic proof; classify workload state; produce allow, deny, defer, or
escalate decision; generate Trust Receipt or denial record; enforce decision before execution; and
synchronize audit evidence according to retention and privacy rules.

17.4 Benchmark Workload Set
Create a benchmark workload set that includes authorized production workloads, unauthorized workloads,
duplicate inference calls, abandoned test jobs, misconfigured automation loops, over-permissioned
workloads, low-priority batch jobs, emergency workloads requiring escalation, workload bursts during
constrained periods, and jurisdiction-restricted workloads.

17.5 Metrics
Measure authorization latency, throughput, false positives, false negatives, denial accuracy, deferral
accuracy, operator override frequency, workload completion impact, avoided CPU/GPU time, avoided
memory allocation, avoided storage/logging overhead, avoided network activity, estimated electricity impact,
estimated cooling impact, estimated water impact where applicable, and effect on capacity planning.

17.6 Denied Execution Accounting
Measure the resource impact of workloads that did not execute. This is central. The value of pre-execution
governance is not only what it allows. It is what it prevents. Denied execution accounting should estimate
compute time not consumed, accelerator time not consumed, memory not allocated, logs not written,
telemetry not generated, cooling load not triggered, policy violations prevented, cost not incurred, capacity
not reserved, and future expansion pressure not absorbed.

17.7 Sensitivity Analysis
The scenario model should be stress-tested across avoidable-execution share, authorization effectiveness,
adoption rate, workload type, facility PUE, cooling architecture, water intensity, grid carbon intensity, peak
versus off-peak timing, false-denial rate, override rate, operator compliance, and growth assumptions. This
will show which assumptions dominate the model. That transparency is critical.
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21. Economic Implications
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.

Avoidable execution creates both direct operating cost and indirect infrastructure externalities.

Direct costs include electricity consumption, cooling energy, equipment wear, monitoring overhead, storage
and logging burden, administrative response, compliance review, incident investigation, and
over-provisioned cloud spend.

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.

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.

The economic thesis is therefore not simply that SWGI™ or similar governance systems reduce 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 mechanism for asking whether new infrastructure is being built to support productive AI
growth or unmanaged execution overhead.

Buildout Deferral is therefore 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.
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22. Implications for Data Centers, Cloud Providers,
Governments, Utilities, and Capital Planning
Data Centers
For data centers, pre-execution governance 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.

Cloud Providers
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, AI
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.

Governments
For governments, pre-execution authorization creates a policy bridge. Governments do not want to slow AI
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 AI infrastructure expansion, but we require governed
execution, auditability, and proof that compute consumption is necessary and policy-cleared.

Utilities and Water Authorities
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 AI facilities demonstrate that unnecessary
digital demand is being reduced before additional grid or water capacity is requested.

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

23. Conclusion: Govern Before Execution
The world is building AI infrastructure at historic speed.
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That expansion is occurring during a period of rising electricity demand, heat waves, grid stress, power
constraints, water concerns, capital pressure, and regulatory scrutiny.

The answer cannot be to stop AI infrastructure. AI 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. It gives governments a way to support AI 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 AI 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 an infrastructure 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.

AI-driven data-center growth is becoming a meaningful marginal load on the world's electricity systems.
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 AI 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, identity, and cryptographic proof before compute resources are consumed.

Avoidable Execution: Workload activity that is unnecessary, unauthorized, duplicative, abandoned,
misconfigured, policy-violating, over-permissioned, low-value, 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.

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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The paper's broader contribution is the category argument for pre-execution governance, the workload-level
measurement architecture, and the policy-to-enforcement model. Proprietary implementation details, claim
mapping, and commercial deployment materials can be maintained separately from the main manuscript
where appropriate.
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