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Abstract:​This essay begins by taking the dual needs of energy supply and environmental protection as the starting point, introducing China's crude oil supply situation and the successful case of ethanol gasoline promotion in Brazil. It then establishes a closed-loop research model for the sugarcane ethanol industry.In terms of core conversion technologies, we have technical reserves. For downstream demand, questionnaire analysis reveals the impact of age and income on ethanol gasoline demand. By analyzing upstream raw material supply, midstream sugarcane ethanol conversion technology, and downstream ethanol gasoline market demand, it is concluded that sugarcane—with its high photosynthetic efficiency and ethanol conversion rate—is an ideal raw material for sugarcane ethanol. The findings indicate that China possesses a solid foundation for sugarcane cultivation and has the potential to increase production. Finally, this essay points out existing challenges and future prospects. It proposes that the "sugarcane cultivation-ethanol production-energy supply" model constitutes an interdependent and complementary "supply-production-utilization" closed-loop system. Only strong policy support can create demand and sustain the development of an entire industry chain. The essay concludes that China possesses significant potential for developing the "industry for converting sugarcane crops into bioenergy".
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​1. Research Background and Significance​
1.1 Dual Requirements: Diversified Energy Supply and Environmental Protection
China is the world's largest crude oil importer. According to data from the National Bureau of Statistics (NBS) and the General Administration of Customs (GAC), the country's external dependence rate reached 72.22% in 2024, with annual crude oil imports exceeding 500 million tons. The total import value amounted to 2,519.1 billion CNY (approximately 348 billion USD), accounting for about 13% of China's total merchandise imports.
Table 1. Annual Statistics of Crude Oil and Petroleum Products in China (2020-2024)​
	Year​
	​Domestic Crude Oil Output (Million Tons)​
	Crude Oil Imports (Million Tons)​
	Total Crude Oil Supply (Million Tons)​
	External Dependence Rate
	Crude Oil Import Value (Billion CNY)​
	Petroleum Products Import Value (Billion CNY)​

	2020
	19476.9
	54239
	73715.9
	73.58%
	12218
	818

	2021
	19888.1
	51298
	71186.1
	72.06%
	16618
	1078

	2022
	20472.2
	50828
	71300.2
	71.29%
	24350
	1309

	2023
	20902.6
	56399
	77301.6
	72.96%
	23733
	1965

	2024
	21289.1
	55342
	76631.1
	72.22%
	23108
	2083


[bookmark: OLE_LINK4]In the current context of global supply chain adjustments, high reliance on imports does not constitute a healthy condition. Establishing a diversified energy supply system represents the rational approach.
​​1.2 Ecological Significance of Brazil's Sugarcane Ethanol Model​
Since Brazil introduced flex-fuel vehicles compatible with gasoline or ethanol blends in 2023, sugarcane ethanol substitution for 25% of gasoline consumption has not only reduced Brazil's reliance on fossil fuels but also delivered significant environmental benefits.
Drastic Carbon Emission Reductions: From 2003 to present, ethanol fuels have enabled Brazil to cut CO₂ emissions by over 660 million metric tons, equivalent to the carbon sequestration capacity of 4 billion trees. Improved Air Quality: Ethanol combustion emits zero PM₂.₅ or other hazardous particulates, effectively mitigating urban air pollution. For instance, São Paulo's annual average PM₁₀ concentration approaches WHO standards, with air quality rated "good" for over 270 days/year.
Brazil has realized scale effects, ecological effects, petroleum substitution effects, and green economy effects through its sugarcane ethanol model, thereby providing a replicable blueprint for diverse nations to implement alternative pathways within their multi-energy structures.
​        2.  Closed-Loop Industrial Model Analysis: Upstream, Midstream, and Downstream segments​​
2.1 Supply-Side Analysis of Sugarcane Feedstock
2.1.1. Sugarcane: A Crop Demonstrating Superior Photosynthetic Efficiency and Enhanced Biochemical Ethanol Conversion Efficiency
    In terms of photosynthetic efficiency, sugarcane demonstrates superior photosynthetic conversion efficiency. Comparative analysis of the Net Energy Ratio (NER) for sugarcane, sugar beet, maize, cassava, and sweet sorghum reveals that sugarcane significantly surpasses the other four crops. Consequently, sugarcane achieves higher yields per unit land area.
Table 2. Comparative Analysis of NER and Ethanol Output Among Five Common Crops​​
	Crop
	Fermentation Composition
	NER
	Crop Yield 
(t/ha·yr)
	Ethanol Output (L/ha·yr)
	Production Cost (CNY/ton)

	​Sugarcane​
	Sucrose
	1.90-2.70
	40-120
	1800-8400
	1996

	​​Maize​
	Starch
	0.74
	10-40
	400-1600
	3761

	Sugar beet
	Sucrose
	0.56
	10-40
	1200-4800
	3151

	[bookmark: _Hlk195049085]Cassava
	Starch
	0.35-0.69
	10-40
	1800-7200
	2538

	Sweet sorghum
	Starch
	1.00
	20-60
	1100-3300
	4204


In terms of ethanol conversion output, sugarcane demonstrates the highest potential yield per unit area among crops. Comparative analysis of per-hectare ethanol production across five crops reveals that sugarcane achieves up to 8,400 liters per hectare annually. This results primarily from its high crop yield per hectare and the utilization of both stems and leaves, minimizing material waste.
2.1.2 Good sugarcane planting foundation in China
In 2023, China's sugarcane cultivation area reached 1.3153 million hectares with an output of 105 million metric tons, yielding 79.83 tons per hectare. During the same period, Brazil cultivated 8.4 million hectares of sugarcane, producing 654 million metric tons at 77.86 tons per hectare. Regarding cultivation area and output volume, China accounted for 15.65% and 16.12% of Brazil's respective figures, demonstrating a smaller scale. However, China's yield per hectare slightly surpassed that of Brazil.
Table 3. Sugarcane Production Metrics in China's Major Producing Regions (2023)​
	Province
	Cultivation Area
(10,000 ha)
	Province's Share in
National Cultivation Area
	Sugarcane Output
(10,000 metric tons)
	Yield per Hectare
(t/ha)

	Guangxi
	88.79 
	67.51%
	7452.61 
	84.00 

	Yunnan
	21.28 
	16.18%
	1509.00 
	70.95 

	Guangdong
	14.00 
	10.64%
	1228.97 
	87.75 

	Hainan
	1.33 
	1.01%
	74.59 
	55.95 


Sugarcane cultivation in China is highly concentrated in four provinces: Guangxi, Guangdong, Yunnan, and Hainan. These regions collectively account for over 95% of the nation's total cultivation area. Guangxi exhibits the highest production output with 887,900 hectares cultivated, representing 67.51% of the national total, thereby demonstrating a robust cultivation foundation.
2.1.3. Policy Support is Required for Sugarcane Supply
In policy terms, further incentives for sugarcane cultivation are imperative. Since 2022, to enhance sugarcane yield for sugar production, Guangxi—as the largest producing region—has implemented the 'Removing Eucalyptus, Advancing Sugarcane' initiative. Although non-sugarcane crops like eucalyptus have been cleared from protected sugarcane production zones, cultivation areas remain insufficient. Additional agricultural policy support is essential to ensure stable supply for sugar and ethanol manufacturing.
2.2 Technology Analysis of Midstream Sugarcane-to-Ethanol Conversion​​
​​                   2.2.1. Core Processes and Chemical Equations​
Ethanol is an alcoholic organic compound (C₂H₅OH) primarily produced through fermentation and synthesis methods. Ethanol production from sugarcane employs the fermentation method, with the process flow as follows: Sugarcane → Crushing → Sugarcane Pretreatment (pH adjustment, addition of captan and nutrient solution) → Fermentation (yeast inoculation) → Distillation → Ethanol. Core processes include sugarcane pretreatment, sugar conversion, fermentation purification, and byproduct treatment.
2.2.1(a) Pretreatment - Sulfamic Acid as a pH Modifier Demonstrates Significant Advantages
Sugarcane pretreatment constitutes one of the core processes, requiring: 
• Addition of lime or sulfamic acid for pH adjustment;  
• Incorporation of captan (fungicide specific to ethanol production) to inhibit microbial contaminants;  
• Supplementation with nutrient salts (nitrogen/phosphorus sources) and growth factors.  
Among these, pH regulation critically determines yeast viability and metabolic activity.  
This study applied sulfamic acid to sugarcane bagasse pretreatment for pH adjustment. The methodology involved initial acid treatment to remove hemicellulose, followed by alkaline hydrogen peroxide delignification to maximize cellulose conversion efficiency. Finally, ethanol production differences were compared across various fermentation methods using pretreated bagasse.
Sulfamic acid, a common chemical reagent, exhibits acidity in aqueous solution. Regarding the removal efficiency of hemicellulose and lignin, it is less effective than sulfuric acid and hydrochloric acid. However, sulfamic acid exerts minimal impact on cellulose while preserving the maximum amount of cellulose.
Under identical enzymatic hydrolysis conditions, sulfamic acid-pretreated sugarcane bagasse achieved a cellulose conversion efficiency of 6.77%, significantly higher than sulfuric or hydrochloric acid pretreatment. Optimal pretreatment parameters for maximizing hemicellulose removal were established as: 3% sulfamic acid solution at 121°C for 1.0 h. Subsequent alkaline hydrogen peroxide delignification (pH = 13.5) coupled with enzymatic hydrolysis at 36 μmol enzyme dosage per gram substrate yielded peak cellulose conversion efficiency of 78%.
The combined pretreatment using sulfamic acid and alkaline hydrogen peroxide significantly outperformed individual pretreatments with either agent alone. Sugarcane bagasse subjected to this two-stage pretreatment exhibited a peak ethanol concentration of 6.05 g/L following separate hydrolysis and fermentation (SHF), achieving an ethanol yield of 66.45% of the theoretical maximum. This represents a 55.94% improvement over untreated bagasse.
2.2.1(b) Hydrolysis of Sucrose
Reaction Type: The hydrolysis of sucrose is an acid-catalyzed hydrolysis reaction. Under laboratory conditions, dilute mineral acids or enzymes may serve as catalysts to facilitate this conversion process.
Product Formation: The hydrolysis of sucrose (C₁₂H₂₂O₁₁) yields two monosaccharides: one molecule of glucose (C₆H₁₂O₆) and one molecule of fructose (C₆H₁₂O₆). These products exhibit sweet taste properties and are readily absorbed and metabolized by biological systems.
Equilibrium Status: In the absence of external intervention, sucrose hydrolysis and its reverse reaction (i.e., the re-synthesis of sucrose from glucose and fructose) attain a dynamic equilibrium state. This equilibrium is governed by reaction conditions including temperature, pH, and enzyme concentration.
Reaction Equation: C₁₂H₂₂O₁₁ + H₂O → C₆H₁₂O₆ (Glucose) + C₆H₁₂O₆ (Fructose)   
​2.2.1(c) Glycolysis of Glucose—Core Process​​
Site: Cytosol.
Substrates: Glucose (or alternative fermentable sugars such as fructose, sucrose, etc.).
Process:
① This process consumes 2 molecules of ATP and 2 molecules of NAD⁺(nicotinamide adenine dinucleotide, oxidized coenzyme), while generating 4 molecules of ATP (net gain: 2 ATP) and 2 molecules of NADH (reduced coenzyme).
Reaction Equation: C₆H₁₂O₆ (glucose) + 2 ADP + 2 H₃PO₄ + 2 NAD⁺ → 2 CH₃COCOOH (pyruvate) + 2 ATP + 2 NADH + 2 H₂O + 2 H⁺​
② Pyruvate decarboxylation yields acetaldehyde​​
Under anaerobic conditions, pyruvate enters the alcohol fermentation pathway in yeast: Pyruvate undergoes decarboxylation catalyzed by pyruvate decarboxylase (EC 4.1.1.1), generating acetaldehyde (CH₃CHO) with concomitant CO₂ release.
Reaction Equation: CH3COCOOH → CH3CHO + CO2
③ Acetaldehyde reduction yields ethanol​​
    Acetaldehyde is reduced to ethanol (alcohol) by the catalytic action of alcohol dehydrogenase (ADH; EC 1.1.1.1), utilizing NADH (reduced coenzyme) as the reductant. Concurrently, NADH is oxidized to NAD⁺ (oxidized coenzyme).
Reaction Equation: CH₃CHO (acetaldehyde) + NADH + H⁺ → C₂H₅OH (ethanol) + NAD⁺​

Fermentation constitutes a core process wherein microorganisms convert starch-or sugar-containing waste materials into ethanol, encompassing both food-grade ethanol and  industrial-grade ethanol. The utilization of specialized Saccharomyces cerevisiae strains as catalysts is essential, as strain quality directly determines conversion efficiency. The governing chemical equation is presented below:
C6H12O6 [image: ] 2C2H5OH+2CO2↑
In this equation, C₆H₁₂O₆ represents glucose (or other fermentable sugars), which is transformed via fermentation into ethanol (C₂H₅OH) and carbon dioxide (CO₂). This biochemical transformation is mediated by enzymes produced by yeast cells.
2.2.2 Advanced technologies can be assimilated, absorbed, and re-innovated.
[bookmark: _GoBack]During the fermentation stage, the critical objectives are enhancing yeast conversion efficiency and reducing fermentation duration. Current approaches for improving fermentation efficiency primarily include: cultivating high-efficiency strains via genetic engineering, determining optimal temperature and pH ranges through experimental optimization , and enhancing fermentation processes (e.g., raw material pretreatment).
In both strain development and process engineering, Brazil possesses advanced technologies and extensive expertise. The nation employs a thermotolerant yeast strain (Saccharomyces cerevisiae XT-700), integrated with optimized fermentation processes, reduces processing time from 48–72 hours to 12–16 hours, with high fermentation efficiency, which has long been a subject of research and emulation for countries worldwide.
Historically, we possess established foundational capabilities. From 2009 to 2013, the Guangxi Academy of Agricultural Sciences collaborated with Brazil's Federal University of São Carlos on the "Key Technologies for Sugarcane-to-Ethanol Conversion" joint research initiative, achieving significant breakthroughs. Our research team constructed a microbial DNA genomic library from contaminated soils near sugar mills. Through screening critical enzyme gene fragments associated with conversion efficiency and catalytic kinetics, followed by cloning and genetic editing, we successfully engineered enhanced yeast strains, yielding proprietary intellectual property. This research reduced fermentation duration to 12–14 hours—technologically on par with Brazilian benchmarks—resolving the bottleneck of sluggish fermentation rates while increasing ethanol yield by 10%, establishing a robust technological foundation.
Prospectively, we demonstrate substantial promise. The research team at Guangxi University employs an AI-powered high-throughput gene screening system capable of processing hundred-million-scale strain samples daily, performing real-time analysis of fluorescence-tagged ethanol yield data. This innovation elevates strain selection efficiency by a thousand-fold compared to manual methods. The screening cycle for yeast stress resistance in sugarcane has been reduced from 6 months to 2 weeks, significantly enhancing R&D efficiency and success rates.
 Moreover, an ethanol production facility in Guangxi utilizes digital twin technology to construct dynamic twin models of fermentation processes. By simulating metabolic pathways under varying temperature-humidity-pH conditions via virtual reality systems, the plant has reduced energy consumption by 18% and shortened processing time by 25%.
2.3 Market Analysis of downstream Sugarcane-to-Ethanol Conversion
2.3.1 Consumer Behavior Analysis of Ethanol-Blended Gasoline​​
2.3.1(a) Impact of Age Demographics on Consumer Acceptance of Ethanol-Blended Gasoline​​
Table 4. Age Demographics and Consumer Acceptance of Ethanol-Blended Gasoline​
	X\Y
	Acceptance
	Non-Acceptance
	Neutral
	Subtotal

	Under 30
	10(30.30%)
	10(30.30%)
	13(39.39%)
	33

	30-40
	47(33.57%)
	42(30%)
	51(36.43%)
	140

	40-50
	31(31.31%)
	27(27.27%)
	41(41.41%)
	99

	Over 50
	9(30%)
	12(40%)
	9(30%)
	30

	Subtotal
	97（32.12%）
	91（30.13%）
	114（37.75%）
	302


Analytical Conclusion: Significant variations exist in ethanol-blended gasoline acceptance across different age cohorts, with younger demographics demonstrating notably higher receptivity.
2.3.1(b) Impact of Income Demographics on Consumer Acceptance of Ethanol-Blended Gasoline​​
​​Table 5. Income Level and Consumer Acceptance of Ethanol-Blended Gasoline​
	X\Y
	Acceptance
	Non-Acceptance
	Neutral
	Subtotal

	<¥10,000​​
	18(25.35%)
	27(38.03%)
	26(36.62%)
	71

	​​¥10,000–20,000​​
	35(38.04%)
	24(26.09%)
	33(35.87%)
	92

	​​>¥20,000​
	44(31.65%)
	40(28.78%)
	55(39.57%)
	139


​  Analytical Conclusion: As income levels increase, the acceptance rate demonstrates a rising trend, indicating a positive correlation between income brackets and receptivity to ethanol-blended gasoline.
2. 3.2 Policy-Oriented Demand Analysis​
Brazil has exerted substantial influence on ethanol-blended gasoline adoption through mandatory blending policies, achieving market validation and extensive public awareness, thereby providing valuable insights for global policy formulation.
[bookmark: OLE_LINK16]China, in contrast, has refrained from implementing mandatory blending policies, instead of adopting a region-specific pilot approach guided by principles of consumer voluntarism and phased implementation. This strategy has progressively established broad public acceptance. Commencing in 2000, trials were first implemented in major grain-producing provinces including Northeast China (Heilongjiang, Jilin, Liaoning), Henan, and Anhui. Subsequent policy iterations culminated in near-total nationwide coverage of ethanol-blended gasoline by 2020. The compatibility between this moderate long-term strategy and survey findings revealing heightened receptivity among younger demographics is evident. As aging populations progressively lose driving capacity, ethanol-blended gasoline acceptance rates are anticipated to rise continuously.​

3. Conclusions and Prospects​​
​​3.1 Current Challenges​
Supply-Side Constraints: China's sugarcane cultivation demonstrates pronounced geographical limitations, with planted acreage constituting merely 17% of Brazil's total. Coupled with income volatility diminishing farmers' engagement, these factors fundamentally constrain supply. Addressing this necessitates comprehensive policy interventions, including:
· Crop-specific cultivation subsidies;
· Farm machinery procurement subsidies;
· Industrialization incentives, scaling facilitation, and mechanization promotion to collectively enhance cultivation willingness, expand plantation areas, and elevate yields.
Industrial Development Constraints: strengthening scientific research is imperative to advance technology. As sugarcane ethanol constitutes only one pathway for ethanol production, constrained by the geographical concentration of cultivation in Guangxi, related scientific research is primarily conducted by the Guangxi provincial government and regional academic institutions. This results in insufficient R&D funding, inadequate research capacity, and limited industrial-scale capabilities.
3.2 Future Prospects​​
China possesses substantial potential for developing sugarcane-to-bioenergy industries, demonstrating techno-economic viability. The "Cultivation-Ethanol Production-Energy Supply" model constitutes a closed-loop system characterized by synergistic integration of upstream, midstream, and downstream segments. Future advancements will feature:
· Agricultural Transformation: Shifting from farmer-centric cultivation to manufacturer-led mechanized farming, it enables contract farming with centralized harvesting during crushing seasons.
· Midstream Innovation: Enhanced R&D incorporating AI-assisted gene editing to optimize microbial strains for fermentation efficiency.
· Policy-Driven Demand: Implementing mandatory ethanol-blending mandates would stimulate consumption, inversely catalyzing upstream investments and industrial chain development.
This integrated approach positions sugarcane ethanol as a strategic component in China's energy portfolio, contributing significantly to national energy restructuring and carbon neutrality objectives.
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