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Abstract: This study addresses the unique challenges of extreme cold (-62°C ) and permafrost geology in Russia’ s
Sakha (Yakutia) region, along with the charactetistics of high-quality low-sulfur crude oil. Focusing on a 20,000-ton/year
small-scale refinery, the research optimizes technical routes to establish a closed-loop process. Through optimized feed-
stock selection, streamlined process integration, low-temperature technology adaptation, and dual-standard compliance
design (Chinese and Russian regulations), the project achieves: 89%+ high-value product yield, < 8ppm sulfur content, and
= 99% operational stability of extreme cold equipment. The energy consumption per unit product is 75kg standard oil per
ton of crude oil, 15% below industry average, with a static investment payback period of 6.8 years and an IRR of 13.5%.

This replicable solution for cold-region small refineries demonstrates exemplary significance for efficient energy utilization

in the Far East.

Keywords: Cold-region oil refining; Technology route optimization; Low-sulfur crude oil processing; Low-tempera-
ture adaptation; China-Russia energy cooperation; Economic benefits
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