
Comparative technical and economic analysis of CANDU-type heavy water reactors (PHWR) in the context of Serbia's energy strategy
Annotation
Contemporary discussions about nuclear energy development are often dominated by a binary choice between large-scale light-water reactors (PWRs) and advanced small modular reactors (SMRs). However, a third technological category exists: Canadian deuterium-uranium reactors (CANDUs), which have 50 years of commercial operation experience in seven countries. This report examines the technical features of CANDUs and their potential for ensuring Serbia's energy sovereignty.
1. Physical and technical principles and neutron economics
The fundamental difference between CANDU and light-water reactors (LWR) is the use of heavy water (deuterium oxide, D_2O) as a moderator and coolant.
· Neutron efficiency: Deuterium has a significantly lower neutron capture cross-section than protium (light hydrogen). This allows criticality to be achieved with natural uranium with an {235}U content of only 0.7% , completely eliminating the need for expensive and geopolitically sensitive enrichment facilities.
· Calandria design: Instead of a single high-pressure vessel, CANDU uses a horizontal vessel (calandria) with hundreds of zirconium tubes under pressure (approximately 100 bar). This architecture allows for on-power refuelling without shutting down the reactor.
Significance for Serbia: The use of natural uranium eliminates dependence on Western or Eastern suppliers of enriched fuel, ensuring autonomy of the fuel cycle with its own production or procurement of raw materials.
2. Performance and efficiency
PHWR reactors exhibit some of the highest reliability rates in the industry:
· The installed capacity utilization factor (ICUF): consistently exceeds 90% due to the absence of planned downtime due to overload.
· Continuous Operation Records: Point Lepreau Nuclear Power Plant (Canada) recorded a cycle of 894 days of continuous generation.
· Fuel cycle flexibility: In addition to natural uranium, CANDU can use spent fuel from PWRs (containing 0.8–0.9% 235U), thorium mixtures, and MOX fuel.
Significance for Serbia: The possibility of operating on the tailings of light-water reactors opens the way to regional cooperation (for example, using spent nuclear fuel from neighboring countries operating WWER or PWR reactors) to create a symbiotic fuel cycle.
3. Economy and Owner's Costs
When analyzing CANDU, it is necessary to take into account the specific structure of capital and operating costs (IAEA Account 70):
· Moderator capital intensity: The cost of a heavy water reserve is hundreds of millions of dollars (hundreds of tons at a price of several hundred USD per kg). This increases initial owner's costs , but is offset by the low cost of the fuel in the long term.
· Spent Fuel Volume: Due to the lower burnup rate of natural uranium, the volume of spent fuel per unit of energy is higher than that of PWRs. However, the heat output of such assemblies is lower, simplifying interim storage.
4. Geopolitical aspect: The Romanian precedent
For Serbia, the most illustrative experience is that of Romania (the Cernavoda Nuclear Power Plant), which in the 1980s chose CANDU over Soviet VVER designs precisely for reasons of energy independence.
· The first power unit of the Cernavoda NPP has achieved world records in terms of capacity factor over its service life.
· The presence of a developed CANDU competence chain in close proximity to the borders of Serbia (Romania) significantly reduces the logistical and personnel risks of the PTI stage (2026–2027).
5. Risks and limitations
· Void coefficient: Standard CANDU reactors have a positive void coefficient of reactivity (as the coolant boils, reactivity increases). This requires two independent, high-speed emergency shutdown systems and strict operational discipline.
· Tritization: Heavy water operations result in the formation of tritium, which requires specific purification and control systems.
NuclearSerbia.rs recommendations:
1. Diversification of Choice: Include PHWR (CANDU) technology in the official list of options under consideration along with SMRs.
2. Regional audit: Initiate consultations with the Romanian side (SNN) to assess the possibility of using their production base for the needs of Serbia.
3. Fuel Sovereignty Analysis: Assess the costs of establishing domestic production of fuel elements for natural uranium (which is significantly simpler and cheaper than production for PWR/SMR).
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