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Operational Responses to Net-Zero Energy Demand - How Small Modular 

Reactors are Transforming Nuclear Supply Chains And Operations 

Executive Summary 

Canada faces a steep journey to achieving net-zero emissions. By 2050, electricity demand could more than 

double, requiring roughly 150 GW of new firm generation. Small Modular Reactors (SMRs) will be emerging 

as a practical answer, not just because they run on clean energy, but because they change how nuclear projects 

are built, supplied, and operated. This project looks at SMRs through an operations management lens, using 

Ontario’s planned SMR fleet at Darlington as the starting point. 

One major shift is in the supply chain. Canada already has a strong nuclear foundation, including uranium 

reserves, fuel fabrication, and a skilled workforce, but SMRs introduce new needs. SMRs use low-enriched 

uranium (about 4.75% U-235), which Canada does not currently enrich domestically. That means new 

international partnerships and a rethinking of the fuel supply line. At the same time, the move toward factory-

built, modular assembly puts pressure on regulators to adapt licensing for serial production rather than one-

off megaprojects. The factor-rating method proves useful in determining good site selection; safety emerges 

as the primary concern. 

Digital transformation is built into SMRs from the ground up, not added later. Fully digital control systems, 

AI-assisted monitoring, and digital twins allow for remote supervision and predictive maintenance, but these 

same features introduce cybersecurity vulnerabilities, common-cause failure risks, and a need for very clear 

AI governance. AI must be kept as a strictly bounded advisory tool that never touches safety-critical 

decisions; human authority and traceability should be maintained at all times. 

Waste logistics differ by reactor type. The spent fuel is similar to existing light-water reactor waste and will 

likely fit into the planned Deep Geological Repository near Ignace. The ARC-100 (sodium-cooled, metallic 

fuel) and the Moltex SSR-W (molten salt) create new waste forms including pyrophoric sodium residues, 

chloride salts that are not yet compatible with current disposal paths. Those will need new containers, 

conditioning methods, and regulatory approvals. 

Ontario's construction workforce is coming off a residential boom that is now cooling. That creates a narrow 

window to redirect skilled trades toward SMR construction, including in remote areas. Policymakers must 

guide this shift by directing policy toward tax incentives, housing support, and long-term project visibility. 

Firms play an equally important role in developing effective recruitment strategies and hiring packages to 

attract workers to northern sites. 

Financially, the four-unit Darlington SMR fleet shows a discounted Levelized Cost of Energy (LCOE) of 

about CAD $91/MWh at a 3% discount rate, well below Ontario’s forecast peak price of $130/MWh. Net 

present value is positive across a range of discount rates (1.5% to 5%) with breakeven projected around year 

26. These numbers assume a 90% capacity factor and a 5% learning curve between units, both of which 

require excellent operational execution. 

Small modular reactors are not simply a smaller and more advanced form of large reactors. They induce a 

new operational model: product-based, digitally native, and scalable. Realizing that potential will depend on 

supply chain coordination, regulatory adaptation, targeted policy, and disciplined waste management. 


