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Core Competitive Advantages and Market Development Prospect of Spirulina Powder

Overview

Spirulina Powder (mainly derived from dried powder of Spirulina platensis / Spirulina maxima) is a natural microalgal nutritional raw material produced from prokaryotic
organisms of the genus Spirulina in the Oscillatoriaceae family, Cyanophyta phylum, through cultivation, harvesting, drying and crushing. Industrially, it takes clean algal
liquid as raw material and is manufactured via centrifugal concentration, low-temperature drying and ultrafine grinding. It builds core barriers featuring high-protein full
nutrition, easy absorption and high activity, resource endowment monopoly, green sustainability, global broad-spectrum safety and high adaptability to multiple
scenarios. It is highly aligned with the mainstream global trends including plant-based substitution, immune health, anti-aging and anti-fatigue, clean label, medical food
nutrition and antibiotic-free breeding. It accurately solves the industry pain points of traditional protein sources such as high cost, poor absorption and heavy pollution,

synthetic nutrients such as singularity and questionable safety, and plant protein such as incomplete amino acids and anti-nutritional factors.

Relying on nine major strengths: 60%-70% ultra-high protein content, full-spectrum essential amino acids, enrichment of phycocyanin/y-linolenic acid, zero cholesterol
and low calorie, thin cell wall for easy absorption, multi-functional homology of medicine and food, dominant production capacity in China, global compliance
certification and green low-carbon production, Spirulina Powder has become a core high-end raw material in the fields of health food, special medical food, sports nutrition,
infant complementary food, natural pigment, beauty and skin care, as well as aquatic and pet feed. It is a high-growth track with the highest nutritional density, widest

application and steadiest growth in the microalgae industry.

The global market CAGR will reach 5.66% from 2025 to 2030. As the world's largest producer (accounting for over 58% of global production capacity) and supplier, China's
market growth rate exceeds 9%. The global demand is expected to exceed 18,000 tons and China's market scale will break 65 billion RMB by 2030. It serves as a core growth
pole with high nutrition, high safety, high added value and high certainty in the bio-manufacturing and big health industries.




Mn\?e' QINGDAO NATURE LIFE INTERNATIONAL TRADE CO., LTD.

I. Core Competitive Advantages

1. Nutritional & Functional Barrier: Complete Nutrition - High Activity Enrichment - Ultimate Absorption

1.1. Nutritional Density Advantages (Natural Super Nutrient Bank, Suitable for All Groups)

e Ultra-high protein with high-quality amino acids

Crude protein content reaches 60%-70% (dry basis), 3.5 times that of beef, 2 times of soybean and 6 times of wheat. It contains all 8 essential amino acids plus 10 non-
essential amino acids, with a composition fully matching the FAO/WHO ideal human amino acid standard. Its digestibility and absorption rate is 85%-95%, free of anti-
nutritional factors in plant protein. It is the optimal natural protein source for vegetarians, sports enthusiasts, chronic disease patients and postoperative crowds.

e Enrichment of characteristic active substances

Rich in phycocyanin (12%-20%), y-linolenic acid (GLA, 1.4%-1.8%), B-carotene (5 times of carrot, 40 times of spinach), chlorophyll (10 times of ordinary vegetables),
algal polysaccharides, SOD, iron (88mg/100g, 20 times of common food), zinc, selenium and B vitamins (including scarce plant-source vitamin B12, 3 times the content of
animal liver). It integrates anti-oxidation, anti-inflammation, immune regulation, blood lipid regulation, anti-fatigue, iron supplementation and blood nourishment, intestinal
and liver protection, with functional attributes far exceeding ordinary nutritional raw materials.

e Low burden and easy absorption

Zero cholesterol, low fat (3%-8%), low calorie (290-358kcal/100g). It has a thin cell wall (10-20nm) without cellulose structure, enabling efficient absorption without complex
wall breaking. Ultra-fine wall-broken products (D90<10um) achieve a wall-breaking rate of over 95% and a 3-5 times increase in nutrient release rate, adapting to digestive
characteristics of all age groups.

o Wide safety spectrum as medicine-food homology

Included in Chinese Materia Medica with a 3,000-year edible history. Modern toxicology tests confirm rat LDso > 10g/kg, with no genotoxicity, carcinogenicity or
accumulation property. JECFA, FDA, EFSA and China National Health Commission all recognize its unrestricted ADI. It has obtained FDA GRAS, EU organic and China
health food certifications, covering all sensitive groups including infants, pregnant women, the elderly, diabetic and nephropathy patients, leading the safety level among

microalgal raw materials.
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1.2. Compliance & Certification Dividend (Global Full Recognition, Benchmark of Clean Label)

e Full coverage of international certifications

Leading enterprises hold full-system certifications including FDA GRAS, EU Organic, USDA Organic, HALAL, KOSHER, FSSC 22000, BRCGS, ISO 22000 and HACCP,
with products compliant and circulating in more than 100 countries worldwide.

o Leading Chinese standards

Three national standards are fully implemented nationwide from 2025 to 2026: General Quality Principles for Edible Spirulina Powder (GB/T 16919-2022), Health Food
Raw Material — Spirulina (GB/T x xxxx_ [—202x) and Feed Raw Material — Spirulina Powder (GB/T 17243-2025). Heavy metal indicators (Lead < 0.5mg/kg, Arsenic <
0.3mg/kg) and microcystin ( < 0.5pg/kg) as well as microbial indicators are stricter than EU and US standards. High purity (Protein >65%, Phycocyanin >18%), high activity
and low pollution have become industry entry thresholds.

e Green and low-carbon certification

Carbon-neutral cultivation, CO: carbon sequestration, zero wastewater circulation and clean energy drying. It has obtained China-EU Geographical Indication, Organic Product

and Green Food certifications, conforming to global ESG, dual-carbon and sustainable procurement trends.

2. Resource & Technological Barrier: Producing Area Monopoly - Leading Technology - Full Industrial Chain Control

2.1. Monopoly of Core Producing Area Resources (Natural Endowment, Non-replicable)

e Scarcity of high-quality global producing areas

Spirulina cultivation requires high sunlight (annual sunshine > 2800h), alkaline water quality (pH 8.5-11), constant temperature (25-35°C) and clean air. There are only four
core producing areas worldwide: Chenghai Lake in Yunnan China, Otog Banner in Inner Mongolia, Lake Chad in Africa and Lake Texcoco in Mexico.

e China dominates global supply

Yunnan, Inner Mongolia and Shandong producing areas account for over 58% of global production capacity and over 90% of China's capacity. Among them, Chenghai Lake
of Yunnan (natural alkaline lake, plateau strong sunlight) and Otog Banner of Inner Mongolia (39°N golden belt, annual sunshine 3000h+) are the world's top high-quality
producing areas. Leading enterprises (Green A, Chenghai Baoer, Otog Mengjiali) have long locked core waters with exclusive cultivation rights, leaving no access to high-

quality resources for new entrants.
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2.2. Cultivation & Processing Technological Barrier (Iterative Upgrade, High Threshold Establishment)

e Iteration of cultivation technology

Upgraded from open raceway pond to closed Photobioreactor (PBR) plus semi-open mixed cultivation. Al intelligent control of light, temperature and nutrition, together
with CO: cyclic carbon sequestration. The yield per unit area reaches 8-10 tons per hectare (vs 4-6 tons of traditional mode), mixed algae pollution rate < 0.1%, heavy metal
enrichment reduced by 70%, microcystin zero detection, and stable yield rate over 95%.

e Leading processing technology

Adopt low-temperature spray drying (<60°C for export), vacuum freeze drying (high-end products), ultrafine crushing, high-pressure homogenization wall breaking and
membrane separation purification. The retention rate of phycocyanin exceeds 92%, GLA retention rate over 90%, and activity loss < 8%. Supported by ICP-MS, LC-MS/MS
and rapid microbial detection, the whole process is traceable with batch stability over 99%.

e R&D technological barrier

The industry's R&D investment intensity reaches 4.2% (up 1.8% in five years). Patented algae strains (high protein/high phycocyanin/high iron), targeted nutritional

fortification, microcapsule embedding and enzymatic extraction technologies take the lead. The added value of high-end products is 5-10 times that of ordinary products.

2.3. Closed-loop Whole Industrial Chain (Controllable Cost, Stable Quality)

e Leading enterprises layout

Full industrial chain layout of algae breeding — cultivation — harvesting — processing — sales — R&D, with capacity utilization of 75%-80%. The cost per ton is 30%-40%
lower than Europe and the United States, delivery cycle shortened by 50%, and customized response within 24 hours.

e Scale cluster effect

China's annual processing capacity reached 28,000 tons in 2023, with Yunnan and Hainan concentrating 73% of the production capacity. Intensive production, unified quality

control and comprehensive utilization of by-products achieve global leadership in cost, quality and delivery advantages.

3 Market Competition Barrier: Brand Concentration - Scarce Certification - High Customer Stickiness
3.1. High industry concentration
CRS8 reaches 67.4%. Leading enterprises such as Green A, Chenghai Lake, Lanyuan Bio and Otog Mengjiali have been deeply engaged in the industry for 30 years, taking

the lead in brand awareness, credibility and channel coverage. Small and medium production capacity is accelerating to exit due to stricter standards (2025 new national
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standard).

3.2. Scarce high-end certifications

Only 23 enterprises worldwide obtain FSSC 22000/BRCGS/USP certifications (accounting for < 5%), and organic certified capacity only accounts for 12%. The high-end
market (pharmaceutical/special medical/beauty) is monopolized by leading players.

3.3. Extremely high customer stickiness

Downstream giants in food, health food, feed and beauty industries (Yili, Danone, By-health, Mars, Cargill) maintain long-term strategic cooperation and in-depth binding.
Product customization, exclusive formula and stable quality form strong switching barriers.

4 Downstream Customer Value

4.1. High-end product premium

Help terminal products upgrade from ordinary nutritional ingredients to high-end attributes of complete protein + high activity + natural safety + clean label + green
sustainability, with product premium of 50%-150%. Covering full scenarios including health food, sports nutrition, special medical food, high-end baking, natural pigment,
pet & aquatic feed, beauty and skin care, the added value and competitiveness are improved exponentially.

4.2. Worry-free compliance and safety

Global full compliance, zero policy risk, zero negative public opinion and suitability for all groups. It greatly reduces downstream audit cost, recall risk and public opinion
risk with 100% consumer trust.

4.3. Process cost reduction and efficiency improvement

High nutritional density and low addition amount (0.1%-1%), reducing formula cost by 40%-60%. High stability (temperature resistance: -20°C to 120°C, pH resistance: 3-
11), moisture absorption and mildew resistance. The shelf life is extended by 6-12 months, production loss reduced by 30%, with no production line renovation required and
direct substitution available.

4.4. Absolute differentiated barrier

Relying on seven core characteristics: 60%-70% ultra-high protein, full-spectrum amino acids, phycocyanin/GLA enrichment, easy absorption, all-age safety, resource
monopoly and green sustainability, it builds an non-replicable product barrier, completely getting rid of homogeneous involution and seizing the blue ocean of high-end

health market.
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5 Risks and Countermeasures (Precise Avoidance, Consolidate Growth Foundation)

® Risk1:

Intensified competition from other microalgae such as Chlorella and Haematococcus pluvialis

Strengthen differentiation of complete protein + high activity + easy absorption + resource monopoly + all-age safety; deeply cultivate high value-added scenarios
including special medical food, sports nutrition, infant complementary food, high-end natural pigment and antibiotic-free feed, avoiding low-end price wars.

® Risk 2:

Slight gastrointestinal discomfort in sensitive groups

Popularize recommended daily intake of 2-5g per day for adults; compound with prebiotics and dietary fiber to optimize tolerance; focus on low-dose high-end scenarios
and strengthen consumer education.

® Risk 3:

Raw material price fluctuation (climate/energy factors)

Develop contract farming, long-term price locking and multi-producing area layout (Yunnan + Inner Mongolia + Shandong); promote high-yield improved strains (protein
+10%, phycocyanin +15%); comprehensively utilize by-products (algal residue, algal liquid) to hedge costs.

® Risk 4:

Homogenization of low-end production capacity (Protein < 55%, Phycocyanin < 10%)

Leading enterprises focus on high-purity (Protein >65%, Phycocyanin >18%), organic, pharmaceutical-grade and customized products; upgrade technology to raise industry
threshold and eliminate inferior capacity.

® Risk5:

International trade barriers / tariff fluctuations

Complete full certifications of FDA/EFSA/HALAL/KOSHER/Organic; deeply cultivate RCEP zero-tariff markets, layout overseas warehouses and localized services; promote

the internationalization of Chinese standards and participate in the formulation of international rules.
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II. Market Development Prospect (2026-2030)

1 Market Scale: Steady Expansion Driven by High-end and Globalization Dual Wheels

1.1. Global Market

The market scale reached 243 million USD in 2025 and is expected to hit 319 million USD in 2030 with a CAGR of 5.66%. Asia-Pacific (China + India) is the core growth
engine (CAGR 8.5%). North America and the EU maintain stable high-end demand (accounting for 35%). Food & Beverage (45%), Health Food (30%), Feed (15%),

Beauty & Skincare (10%) are the four major application sectors.

1.2. China Market

The market scale was 45 billion RMB in 2025 and will exceed 65 billion RMB in 2030 with a CAGR of 8.2%-9.5%. Health Food (54%), Sports Nutrition (18%), Special

Medical & Infant Complementary Food (12%), Feed (10%), Beauty & Skincare (6%) achieve rapid growth. The implementation of new national standards (end of

2025) eliminates 30% of inferior capacity, accelerating industry concentration to leading enterprises and high-end upgrading.

2. Core Development Trends

2.1. High-end, Functional and Customized Products

¢ Dumbbell-shaped price structure: High-end products dominate while mid-end products shrink.

e Product innovation: High purity (Phycocyanin >20%, Protein >70%), nutritional fortification (high iron/high zinc/high GLA), functional compounding (Spirulina +

Prebiotics/Collagen/Vitamins) and dosage form innovation (microcapsule/stick sachet/instant soluble type).

¢ Segmented scenario explosion: Special products for middle-aged and elderly (immunity/anti-aging), sports (protein/recovery), vegetarians (B12/iron), infant

complementary food (safe full nutrition), pets (hair beauty/immunity), aquaculture (pigmentation/growth promotion) see explosive growth.

2.2. Technological Iteration: Intelligence, Greening a
e Cultivation: Popularization of closed PBR, Al
+30%, cost -25% and pollution -100%.

nd High-value Upgrade

intelligent management, genetic breeding (high-activity algae strains) and carbon-neutral cultivation, achieving yield

e Processing: Ultra-low temperature drying, molecular-level wall breaking, membrane separation purification and efficient extraction (phycocyanin extraction rate

+100%). Extend to high value-added extracts such as phycocyanin, algal polysaccharides and GLA, with added value increased by 5-10 times.

e  Manufacturing: Zero wastewater circulation,

clean energy, digital traceability and green factory construction, complying with dual-carbon goals and international
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ESG procurement standards.

2.3. Market Pattern: Leading Enterprise Concentration, Domestic Substitution and Accelerated Globalization

Domestic: CR8 rises to over 75%. Green A, Chenghai Baoer and Otog Mengjiali dominate the high-end market; small and medium capacity exits to drive high-
quality industry development.

International: China's export proportion exceeds 40%, covering more than 50 countries. RCEP and China-EU Geographical Indication drive export growth (+14.3%
in 2025); high-end products accelerate substitution in Europe and America.

Competition Focus: Shift from price competition to quality, efficacy, traceability, sustainability, certification and scientific verification. Full-link transparency and

clinical efficacy endorsement become core competitiveness.

2.4. Application Expansion: Cross-border Integration and Emerging Sector Boom

Food & Beverage: Plant-based food, meal replacement, natural pigment and functional beverage grow at 20%-30%, becoming the second largest application scenario.
Beauty & Skincare: Phycocyanin (natural blue pigment) and antioxidant repair replace synthetic pigments, with a growth rate over 25%.

Feed: Antibiotic-free breeding, rapid penetration in aquaculture and pet industry, accounting for over 15% by 2030.

Biomedicine: Advances in clinical transformation of microalgal drug delivery, intestinal repair, immune oncology and diabetic complications, opening up a hundred-

billion-level market space.

3. Core Opportunities

Policy Dividend: The /4th Five-Year Plan for Bioeconomy and Healthy China 2030 support high-value development of microalgae; new national standards raise
industry thresholds and benefit leading enterprises; RCEP tariff reduction expands export scale.

Consumption Upgrade: Booming demand for plant-based diet, immune health, sports nutrition, special medical food and clean label; rising awareness of superfoods
drives penetration rate from 0.1% to 5%.

Technological Breakthrough: Upgraded cultivation and processing technology, cost reduction, quality improvement and explosive growth of high value-added
products.

Globalization Expansion: Rising international recognition of high-quality Chinese Spirulina and expanding share in the high-end market.
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4. Future Strategic Direction (2026-2030)
¢ Resource Control: Lock core producing areas, high-quality algae strains and exclusive cultivation rights to build absolute raw material barriers.
e R&D Investment: Increase investment in PBR technology, efficient extraction, functional compounding and clinical verification to enhance added value and
differentiation.
¢ Quality Upgrading: Benchmark the world's highest standards, complete full certifications, full traceability and full-batch testing to build high-end brands.
e Market Expansion: Deepen domestic health food market, expand food/beauty/feed/medical sectors; layout Southeast Asia, EU, North America and Middle East
markets.

e Cross-border Integration: Compound with probiotics, collagen and plant polyphenols; explore the service model of Spirulina + Health Management.

I11. Conclusion

With nine core strengths including 60%-70% ultra-high complete protein, full-spectrum essential amino acids, enrichment of active substances such as phycocyanin
and GLA, zero cholesterol and low physical burden, thin cell wall for ultimate absorption, all-age safety as medicine-food homology, resource monopoly in China's
core producing areas, green low-carbon sustainability and global full compliance certification, Spirulina Powder has become an irreplaceable strategic natural raw
material in big health, bio-manufacturing, food, feed, beauty and pharmaceutical industries. It is the core track with the highest nutritional density, optimal safety level, widest
application scenarios and strongest growth certainty in the microalgae industry.

Relying on resource monopoly, closed-loop industrial chain, leading technology, production capacity scale, high-end certification and global layout, China continues to lead
the global market. By 2030, an industrial pattern will take shape featuring dominant global production capacity, leadership in high-end market and export of Chinese
standards. For downstream enterprises, Spirulina Powder is not only a substitute for nutritional raw materials, but also a core strategic pivot for product high-endization,

differentiation and high added value, with clear long-term growth logic and huge commercial and industrial potential.




