
1) What “the North American grid” actually is 

North America does not operate as a single synchronized machine. Instead, it is a federation of 

large synchronous alternating-current (AC) interconnections—often described as electrical 

“islands”—linked together by a smaller number of high-voltage direct-current (HVDC) ties and 

cross-border transfer interfaces. 

The major synchronous interconnections are: 

• Eastern Interconnection: most of the United States east of the Rocky Mountains, along 

with parts of eastern Canada 

• Western Interconnection: the western United States, western Canada, and parts of 

northern Mexico 

• Texas Interconnection (ERCOT): most of Texas, operated largely independently 

• Quebec Interconnection: the Hydro-Québec system, operated as its own synchronous 

area but strongly tied to neighbors via HVDC links 

This “multiple-grids” architecture matters because it determines: 

• how much power can move long distances, 

• how disturbances cascade—or are contained, 

• how reliability is planned and enforced, and 

• how quickly new generation can interconnect. 

 

2) A practical history and timeline of growth 

1880s–1910s: Local islands 

Early electrification was city-scale. Systems were isolated, serving lighting, industry, and 

streetcars. There was no unified “grid,” only many small systems. 

1920s–1940s: Regionalization and rural electrification 

Utilities consolidated, larger thermal and hydroelectric plants became anchors, and rural 

electrification dramatically expanded distribution networks. 

1950s–1970s: High-voltage transmission and “big iron” generation 

Massive investment created the backbone still in use today: high-voltage transmission, large coal 

units, major hydro projects, and the first wave of nuclear plants. 

1965–2003: Blackouts and reliability governance 

Major system disturbances drove coordination, standardized reliability rules, and tighter 

operational discipline. 



1990s–2000s: Deregulation, gas, and centralized operators 

Wholesale markets expanded in many regions, combined-cycle natural gas became dominant, 

and regional system operators emerged as key coordinating entities. 

2010s–mid-2020s: Renewables, storage, and renewed stress 

Coal retirements accelerated, wind and solar surged, storage became mainstream, and electricity 

demand began rising again—driven by electrification and data centers. Constraints increasingly 

shifted from generation to transmission and interconnection. 

 

3) How the grid is organized day to day 

The grid can be understood as three stacked layers: 

A) Bulk power system 

Large power plants, major substations, and high-voltage transmission lines. This layer is 

reliability-critical and the primary focus of system operators. 

B) Sub-transmission and distribution 

Medium- and low-voltage networks that deliver power to customers. Most customer outages 

originate here, even when headlines focus on bulk-system events. 

C) Control and market layer 

System operators, balancing authorities, and market structures that coordinate generation, 

transmission, and demand in real time and over long planning horizons. 

 

4) Capacity versus energy: two different realities 

Two different measures matter: 

Installed capacity (gigawatts) describes how large the generation fleet is. 

Electricity production (terawatt-hours) describes how much energy actually runs. 

Because resources have different capacity factors, smaller fleets (such as nuclear) can produce 

outsized shares of total energy, while larger fleets (such as solar) may produce less annual 

output. 

 

5) Generator types and what each one contributes 

From a grid-operator perspective: 



Nuclear provides high capacity factors, on-site fuel storage, inertia, and voltage support. It is 

increasingly a life-extension and refurbishment story rather than a simple retirement clock. 

Coal remains dispatchable and capacity-relevant in some regions, but much of the fleet is old 

and retiring. 

Natural gas—both combined-cycle and combustion turbines—forms the flexible backbone of 

the modern grid, supplying bulk energy, fast ramping, and peak coverage. 

Hydropower provides energy, capacity, storage, and black-start capability, but is constrained by 

hydrology and drought risk. 

Wind and solar supply low-marginal-cost energy where resources are strong, but their capacity 

value depends on timing and system conditions. 

Battery storage delivers fast response and peak shifting, but adequacy depends on duration and 

recharge assumptions. 

 

6) Where major generators are concentrated 

Large hydro anchors exist in the western United States and across Canada. 

Major nuclear clusters are found in the U.S. Southeast, Midwest, and Ontario. 

Coal’s historical footprint spans the Midwest, Appalachia, Southeast, and select western regions. 

Natural gas plants appear near load centers, pipeline hubs, and constrained transmission zones. 

Wind and solar follow resource geography, with development often exceeding what the grid can 

currently accommodate. 

 

7) Aging infrastructure and useful life 

Much of North America’s generation and transmission was built in mid-century waves and is 

now at or beyond original design life. 

• Coal plants skew old and are increasingly failure-prone. 

• Nuclear plants are engineered for systematic life extension, often in multi-decade 

increments. 

• Hydropower assets are long-lived but increasingly climate-constrained. 

• Transmission infrastructure is older than commonly appreciated, and new build rates lag 

modeled needs. 

 



8) What is actually being built 

Near-term additions are dominated by solar and storage, while thermal retirements continue. 

However, “planned” capacity often moves slowly from paper to operation due to 

interconnection, transmission, and permitting constraints. 

Canada’s focus is refurbishment and targeted nuclear development. 

Mexico has announced significant expansion plans tied to national system strengthening. 

 

9) How the generation mix is shifting 

Coal has fallen sharply from its historical peak. 

Natural gas became the dominant marginal energy source in many regions. 

Wind and solar are now systemically important for energy, with integration challenges. 

Nuclear remains a critical clean firm contributor where retained and refurbished. 

In Canada, hydro dominates nationally, with nuclear and fossil generation varying by province. 

 

10) The dominant constraint today 

Three realities define the next decade: 

1. Load growth has returned—driven by AI, data centers, and electrification. 

2. Projects are waiting on the grid, not the other way around. 

3. Transmission expansion is not keeping pace with modeled system needs. 

These constraints now dominate planning more than raw generation potential. 

11) What the North American Grid Could Look Like Under 

a Three-Stage Energy Abundance Strategy 

The future of the North American electric grid is not predetermined. However, physical 

constraints, capital turnover rates, permitting timelines, and workforce realities place firm 

boundaries on what is plausible. If a staged strategy toward energy abundance is pursued—

natural gas → advanced nuclear (SMRs) → fusion—the grid could evolve along the following 

realistic trajectory. 



This outlook assumes continued load growth driven by electrification, industrial reshoring, data 

centers, and artificial intelligence, alongside a renewed emphasis on reliability, firm capacity, 

and fuel assurance. 

 

Five-Year Horizon: Stabilization and Triage 

Primary objective: prevent reliability failures while accommodating rapid demand growth. 

During this period, the grid’s priority is survival and stabilization. 

• Natural gas combined-cycle and combustion turbines provide the bulk of new firm 

capacity 

• Coal retirements slow or pause in regions where replacements are not yet available 

• Existing nuclear units receive life-extension investments as critical reliability assets 

• Solar and storage continue to grow, but are increasingly paired with firm capacity 

requirements 

• Transmission investments focus on relieving acute congestion rather than system-wide 

redesign 

AI and data centers cluster near existing firm generation, with on-site generation and microgrids 

expanding to manage risk. 

Net result: 

The grid remains tight but functional. Reliability is preserved through pragmatic decisions rather 

than idealized planning. 

 

Ten-Year Horizon: Firm Capacity Expansion and Nuclear Re-Normalization 

Primary objective: rebuild margin and resilience while decarbonizing without destabilization. 

By this stage, the grid transitions from triage to reconstruction. 

• Advanced small modular reactors begin entering commercial service at industrial sites, 

retiring coal locations, and major load centers 

• Natural gas remains essential for flexibility, ramping, and backup 

• Nuclear energy is increasingly treated as core infrastructure rather than an exception 

• Transmission expansion accelerates, though it continues to lag generation interest 



• Energy storage evolves toward longer-duration systems, but remains supplemental 

AI and high-performance computing become explicit drivers of grid planning, with energy 

availability shaping where computation is sited. 

Net result: 

The grid regains breathing room. Emissions decline, reliability improves, and clean firm power 

becomes normalized. 

 

Twenty-Year Horizon: Abundance and System Redesign 

Primary objective: move beyond scarcity management toward abundance-driven design. 

At this stage, the grid begins to shed its mid-20th-century assumptions. 

• A mature fleet of SMRs provides widespread clean, firm power 

• Natural gas transitions toward strategic and contingency roles 

• Early commercial fusion facilities begin operating at grid scale 

• Energy-intensive industries and AI computation decouple from traditional geographic 

constraints 

• Grid architecture evolves from scarcity optimization to abundance utilization 

AI systems become co-designed with energy infrastructure rather than treated as external 

stressors. 

Net result: 

The grid becomes a platform for civilization-scale growth rather than a limiting bottleneck. 

 

The throughline 

Across all horizons, one principle remains unchanged: 

Civilization advances not by intent or intelligence alone, but by the availability of dense, reliable, 

scalable energy. 

A staged path to energy abundance is not a political preference. 

It is a physical necessity. 

 



The North American Grid — Policy Card 

The North American electric grid is one of the largest and most complex machine ever built. It is 

also aging, increasingly constrained, and now facing rapid demand growth driven by 

electrification, data centers, artificial intelligence, and industrial reshoring. While energy debates 

often focus on individual technologies, the grid is governed by physical realities: reliability, 

energy density, transportability, fuel assurance, and time. 

Much of today’s grid was built between the 1950s and 1980s. As coal retires, firm capacity is 

being removed faster than replacements can be built. Natural gas has become the primary 

stabilizing force due to its flexibility and scalability, while nuclear power provides critical clean 

firm energy that intermittent sources cannot replace. Wind, solar, and storage continue to 

expand, but remain supplemental rather than foundational. 

No single technology can meet near-term reliability needs, medium-term decarbonization goals, 

and long-term energy abundance simultaneously. A staged strategy aligned with physical 

constraints is therefore essential: 

0–5 years: Stabilization and Triage — preserve reliability using natural gas and life-extended 

nuclear while relieving grid congestion. 

5–10 years: Firm Capacity Expansion — deploy advanced nuclear, normalize clean firm 

power, and rebuild resilience. 

10–20 years: Abundance and Redesign — enable widespread firm nuclear power and early 

fusion, allowing energy-intensive growth. 

Civilization advances only as far as energy allows. 

A serious energy future requires sequencing, realism, and respect for physical law—not wishful 

thinking. Fusion Star Project exists to educate toward solutions that can actually work. 

 

 


