
Paper 2.  Cognitive Infrastructure 

Energy, Compute, and the Physical Substrate of Intelligence 

 

1. Intelligence has become industrial infrastructure 

Artificial intelligence is no longer just a software product.  It is an industrial system 
operating continuously.   

Modern AI models train on vast computational clusters and deploy into cloud 
environments that run without pause. They optimise supply chains, financial systems, 
logistics networks, research pipelines and autonomous machines.  This is not episodic 
computing; it is permanent load.  Compute now behaves like industrial infrastructure. 

Data centres have therefore changed character. They are no longer storage facilities. 
They are production environments converting electricity into trained models and 
automated decisions. 

They convert power into cognition. 

 

2. Data Centres as Energy Infrastructure 

The defining unit of a modern AI campus is not the rack. It is the megawatt. 

Facilities deploy in hundreds of megawatts. Expansion plans extend into gigawatts. 
Planning cycles resemble industrial plant development rather than IT refresh schedules. 

AI-era campuses share three characteristics: 

• Continuous load 

• High power density 

• Multi-decade asset life 

The implication is structural.  Data centres are embedded in national energy systems. In 
some regions, a single campus equals the load of a medium-sized city. 

Energy infrastructure is reorganising around compute. 

  



3. Compute as Industrial Capacity 

Industrial revolutions reorganised around core inputs:  coal; steam; steel; oil; 
electrification; semiconductors 

The intelligent economy reorganises around compute.  Compute is now a strategic 
resource, a determinant of competitiveness and a national capability 

Companies track GPU inventory. Governments track semiconductor output. Cloud 
providers announce gigawatt expansion plans.  This is not IT budgeting - it is industrial 
planning. 

The output is not steel or automobiles.  It is machine intelligence. 

 

4. The constraint Is electricity 

As scaling accelerates, a structural constraint becomes apparent.  Growth is no longer 
limited by demand; it is limited by access to reliable electricity.  For the first time in the 
digital era, software ambition is constrained by physical power systems. 

Grid interconnection queues already extend for years. Transmission networks are 
congested. Electrification is increasing demand. Decarbonisation is reshaping 
generation portfolios. 

Now add hyperscale compute — geographically concentrated, continuous industrial 
load.  AI workloads do not tolerate variability.  Training runs cannot fail mid-cycle. 
Inference systems cannot pause when wind drops or cloud cover rises.  In several 
markets, hyperscale projects are delayed not by capital or demand, but by grid 
connection timelines. 

Electricity systems designed for variable demand are being asked to support permanent 
computational baseload.  This is a design mismatch. 

High-density compute converts nearly all electrical input into heat. Cooling systems — 
air, liquid, or hybrid — become critical engineering layers. In many regions, water 
availability now influences site selection. The intelligent economy is therefore 
constrained not only by generation capacity, but by thermal management and local 
resource conditions. 

 

  



5. The Energy Transition meets the Compute Shock 

AI expansion is occurring during an energy transition.  Coal is declining.  Renewables 
are being scaled up.  Gas remains the primary transition balancing fuel. 

Hyperscale compute intensifies three tensions: 

• Variability vs Continuity - intermittent generation conflicts with uninterrupted 
compute. 

• Decarbonisation vs Scale - operators must reduce carbon intensity while 
increasing load. 

• Transmission vs Co-location - renewable resources are often distant from new 
demand clusters. 

In the near term, natural gas — often supported by LNG supply chains — provides 
dispatchable capacity. It is practical and scalable.  But gas introduces price volatility 
and long-term carbon exposure across multi-decade infrastructure lifetimes. 

The compute shock does not pause the transition.  It complicates it. 

 

6. Searching for structural alignment 

Hyperscale operators are not simply buying electricity.  They are seeking alignment 
between generation characteristics and computational requirements. 

An aligned energy source would provide: 

• Continuous firm output 
• Modular scalability 
• Long asset life 
• Low or manageable carbon intensity 
• Predictable long-term pricing.   
• High energy density per unit land footprint 

Renewables contribute capacity but require balancing.  Gas provides firmness but 
introduces volatility.  Hydro is geographically limited.  Advanced nuclear technologies — 
including Small Modular Reactors — enter strategic consideration 

 

  



7. SMRs as alignment technology 

SMRs matter because of structural fit. 

• Modular deployment mirrors phased data centre expansion. 
• Continuous output supports uninterrupted AI workloads. 
• Low operational emissions support decarbonisation goals. 
• Compact designs enable potential co-location. 

They are not a universal solution, but they illustrate a broader shift:  generation assets 
are increasingly evaluated by their suitability as cognition enablers. 

 

8. Energy Infrastructure as the substrate of cognition 

In previous eras, infrastructure enabled commerce.  AI depends on three tightly coupled 
systems: 

1. Semiconductor innovation 
2. Model and software advancement 
3. Scalable, reliable energy infrastructure 

Neglect the third, and the first two stall.  Data centres, generation assets and 
transmission networks form the physical layer upon which digital intelligence operates.  
Investment in AI includes land, steel, substations and turbines — not just chips and 
code.  In the intelligent economy, energy is not a background input. It is the rate-limiting 
variable. The pace of intelligence is now set by the build-out of power systems. 

Cognitive infrastructure is not a support function.  In the intelligent economy, energy 
infrastructure enables cognition.  It is foundational.   


