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Introduction

a Why Carbon Sequestration Matters?

v Blue Carbon and Green Carbon play critical roles in mitigating climate
change.

v Addressing rapid carbon capture with microalgae versus long-term forest
sequestration.
Q Project Overview:

v Develop a scalable Blue Carbon by Microalgae System (BCM) for industrial,
energy, and food sectors.

v Leverage innovative technologies to integrate Blue Carbon into next-
generation industries.




Comparative Overview of Blue and Green
Carbon

Q Blue Carbon (Microalgae, Salt Marshes):

v Rapid lifecycle: ~1 month (microalgae) enables continuous carbon
sequestration.

v High scalability in diverse environments (coastal, aquatic, and wetlands).

v Industrial applications in biofuels, food, cosmetics, and pharmaceuticals.

Q Green Carbon (Forests):

v Long lifecycle: 5-50 years for carbon storage stability.

v Promotes biodiversity, ecotourism, and long-term ecological balance.




Blue Carbon as a Next-Generation
Industrial Model

aQ Economic  Contributions of Large-Scale Microalgae
Production:

v Energy Sector: Development of biofuels and renewable energy sources.

v Food Industry: Sustainable production of high-protein algae-based food and
feed.

v Raw Materials: Base for pharmaceuticals, cosmetics, and bioplastics.

Qa Scalability and Efficiency:
v Low land usage and rapid growth cycles enable cost-effective production.

v Integration into existing supply chains for immediate industrial impact.




Certification Systems for Blue and Green
Carbon

Q International Certification Standards:

v Verified Carbon Standard (VCS): Supports mangrove and microalgae
restoration projects.

v Gold Standard: High-quality carbon offset projects with social and
environmental benefits.

v REDD+: Focuses on forest conservation with long-term carbon storage.

a Emerging Blue Carbon Certifications:

v Integration of microalgae-based projects into global carbon credit markets.

v Certified mangrove restoration projects in Vietnam and ASEAN.




IPCC Fifth Assessment Report (AR5, 2014)

Q Carbon Storage Efficiency:

v Marine ecosystems (mangroves, seagrasses, salt marshes) have carbon
storage capacities up to 10 times higher per unit area than terrestrial

ecosystems.

v Carbon stored in sediments can remain stable for thousands of years.

Q Major Blue Carbon Ecosystems:
v Mangroves: Store carbon in roots and sediments.

v Seagrasses: Fix carbon in seabed sediments.

v Salt Marshes: Slow decomposition of organic matter ensures long-term
storage.




IPCC Special ReRort on Oceans and
Cryosphere (SROCC, 2019)

QO Carbon Absorption Capacity:
v Blue carbon ecosystems absorb 0.47-1.02 petagrams (Pg) of CO, annually.

v This offsets 3—7% of global CO; emissions.

O Ecosystem Value:
v Protects shorelines from storms and floods, enhances biodiversity.

v Seagrasses contribute to mitigating ocean acidification.

O Restoration Benefits:

v Restored ecosystems can achieve 10 times higher carbon absorption rates
than degraded ones.

v Mangrove restoration improves local economies and ecosystem services.

O Risks:




Vietham and ASEAN Case Studies

Q Green Carbon in Vietham and ASEAN:

v Vietham: REDD+ projects for forest restoration in the Central Highlands.

v ASEAN: Regional reforestation programs with international funding.

Q Blue Carbon in Vietham and ASEAN:

v Vietnam: Certified mangrove restoration projects in the Mekong Delta.
v ASEAN: Coastal wetland restoration in Indonesia and the Philippines.

v Microalgae pilot projects advancing industrial applications in Vietnam.




Principles of Microalgae Carbon
Sequestration

a Carbon Capture Mechanisms:

v Microalgae absorb CO2 through photosynthesis, converting it into biomass.

v Rapid growth cycles (~1 month) enable continuous carbon storage.

Q Industrial Byproducts:

v Biomass utilized for bioenergy, fertilizers, and other industrial applications.

v Cost-effective production leveraging nutrient-rich environments.

Q Environmental Integration:

v Hydrological and nutrient support from wetlands ensures scalability.




Core Technology

Qa Core Technologies:
v Sensors and |loT: Real-time monitoring of water quality, light, and nutrients.

v GIS & 3D Imaging: Mapping and analyzing sequestration potential and
ecosystem health.

v Big Data & Al: Predictive modeling for carbon capture optimization.

Q Synergies Across Systems:

v Shared technology enhances both Blue and Green Carbon projects.

v IT-driven innovations facilitate faster scaling and integration.
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Core Technology: Real-Time Monitoring of
Environmental Parameters

Q Introduction to Sensors and I0T:
v Importance of real-time data collection for environmental management.

v Integration of sensors to monitor critical parameters: water quality, light
intensity, and nutrient levels.

O Key Features:

v Water Quality Monitoring: Detecting pH, salinity, dissolved oxygen, and
turbidity for optimal microalgae growth.

v Light Monitoring: Adjusting light intensity and spectrum to enhance
photosynthesis efficiency.

v Nutrient Monitoring: Real-time data on nitrogen and phosphorus levels to
prevent over-fertilization and ensure balance.

Q Applications in Blue Carbon Projects:

v Immediate respons
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Core Technolo?y: Real-Time Monitoring of
Environmental Parameters

O Key Features of Sensors and 10T in the BCM System:
v Water Quality Monitoring:
o Parameters: pH, salinity, dissolved oxygen, turbidity.

o Benefits: Maintains a stable environment, optimizing microalgae growth
and fish health.

v Light Monitoring:

o LED-based adjustable light intensity and spectrum.

o Enhances microalgae photosynthesis, accelerating biomass production.
v Nutrient Monitoring:

o Tracks nitrogen and phosphorus levels.

\gmit:._/_iﬂw '

o Prevents over-fertilization and ensures nutrient balance for healthy
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Core Technolo?y: Real-Time Monitoring of
Environmental Parameters

a Diagram of Microalgae Cultivation
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Core Technology: Real-Time Monitoring of
Environmental Parameters

O Process of Microalgae Cultivation
v Diatomite Ceramic:
o Provides a porous medium ideal for microalgae adherence and growth.
v 10T Sensor:
o Collects environmental data (temperature, pH, light intensity).
v Pump and Motor:
o Circulates water and nutrients.
v Valve and Water Pipe:
o Regulates and directs the flow of liquid mediums across system components.
v LED System:
o Controlled spectrum and intensity for optimized photosynthesis.
o Energy-efficient lighting solution for 24/7 operation.

v Microalgae Culture Tank:

o Control oxygen and nutrients for microalgae.
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Core Technolo?y: Real-Time Monitoring of
Environmental Parameters

Q Software Sensor

v Data Acquisition and Analysis

o The software sensor would collect data from various physical sensors embedded within the
BCM system, which could include parameters such as pH, temperature, turbidity, and flow
rates.

v Pollutant Concentration Estimation

o It would estimate pollutant concentrations by integrating real-time data with historical trends
and patterns.

v Predictive Modeling

o Using statistical and computational models, the sensor would predict future changes in the
system, such as potential spikes in pollutant levels, allowing preemptive adjustments to the
treatment process.

v Process Optimization

o The software sensor would suggest optimal operational parameters for the BCM system to
ensure the most effective treatment, such as adjusting aeration rates or the addition of
treatment chemicals.
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Core Technology: LED System

O Key Light Spectrum for Growth

v Visible Light (400-700nm): Photosynthetically Active Radiation (PAR): Essential for

photosynthesis and cell growth..

O Best Wavelengths for Microalgae

v Blue Light (440nm):Strongly absorbed by
chlorophyll a and b.

o Promotes cell division and initial growth.
v Red Light (660nm):Absorbed by chlorophyll a.
o Enhances photosynthesis efficiency and
metabolism.
0 Recommendations for Cultivation:

v Use LED Lights:Combine 440nm (Blue) and
660nm (Red).

v Light Intensity:Maintain 100-200 pmol/m?/s to
prevent photoinhibition. "

Visible Light

Ultraviolet Infrared

(Lv)

(IR)

300nm 400nm 500nm 1 600nm 700nm

400-700nm: photodynamic therapy using photosensitisers

480 nm: absorption by retinal pigments affecting circadian rhythm

440 nm: peak sensitivity for blue light hazard; photoretinitis

405nm: peak germicidal activity via photoexcitation of porphyrins; oxidative damage

UVA-B 280-400nm: germicidal activity via protein damage; skin reddening (erythema); carcinogenic

UV-C 260-270 nm: peak germicidal wavelength range; DNA damage; mutagenic
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Core Technology: Mapping and Analyzing
Ecosystem Potential

a Overview of GIS and 3D Imaging:

v Spatial visualization tools for assessing carbon storage potential and
ecosystem health.

v Integration of remote sensing with on-ground data for precision.

Q Applications in Blue Carbon:

v Mapping Sequestration Potential: Identifying areas with optimal conditions
for microalgae and wetland restoration.

v Ecosystem Health Analysis: Monitoring biodiversity, soil conditions, and
hydrology.

v Project Management: Visualizing progress and outcomes in real time.

O Benefits:




Core Technology: Mapping and Analyzing

Ecosystem Potential

O Image Analysis

v The project utilizes advanced satellite and drone imagery to capture detailed
visuals of microalgae cultivation areas. This high-resolution imaging allows for
precise monitoring of seaweed growth patterns, health, and distribution across

vast marine areas.
O Algal Bloom Index Development

v Develop or adopt an Algal Bloom
Index (ABI) or Red Tide Index (RI)
like the one used by Lou and Hu to
guantify the concentration of algal
pigments in the water.

0 Data Integration and GIS Mapping

v Integrate  satellite-derived algal
indices with Geographic Infor-

mation System (GIS) platforms to e

intensitie
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Core Technology: Mapping and Analyzing
Ecosystem Potential

O Hyperspectral Imaging for Blue Carbon Assessment

v The project utilizes advanced satellite and drone imagery to capture detailed
visuals of seaweed cultivation areas. This high-resolution imaging allows for
precise monitoring of microalgae growth patterns, health, and distribution
across vast marine areas.

0 Integrated Data Analysis System

v Develop a sophisticated data
analysis system that can
process the hyperspectral data
to extract meaningful
information about the water =2 A 7
guality, presence of P — P P —
phytoplankton, and suspended - = o T 7 i '
solids, all of which are

indicators of the health of blue

carbon habitats.
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Core Technology: Predictive Modeling for
Carbon Capture Optimization

0 Role of Big Data and Al:

v Collecting large datasets from IoT sensors for advanced analysis.

v Al algorithms for identifying patterns and predicting microalgae growth
cycles.

O Key Functions:

v Predictive Analytics: Optimizing growth conditions for maximum carbon
sequestration.

v Automated Adjustments: Using machine learning to make real-time decisions
about light, water, and nutrients.

v Carbon Capture Efficiency: Estimating sequestration potential and avoiding
environmental stress.

a Impact:

v Maximizing productivity while.mififiizing operational costs.
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Pilot Project Design for Vietnam

Q Region-Specific Strategies:
v Red River Delta: Integrate microalgae production with agriculture.
v Danang/Hoi An: Urban wetland restoration and tourism synergy.

v Nha Trang/Ninh Hoa: Marine ecosystem restoration supporting industrial
applications.

v Mekong Delta: Align aquaculture with rapid Blue Carbon deployment.

Q Industrial Outcomes:

v Immediate industrial output through scalable microalgae production.

v Long-term climate and ecological benefits via restoration projects.
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Ninh Hoa Blue Carbon Project Proposal

a Objective:

v To restore the degraded aquaculture and mangrove areas in Ninh Hoa
District.

v Achieve significant carbon sequestration and marine ecosystem restoration.

a Key Strategies:
v Mangrove Plantation (10% of Area):

v Enhance long-term carbon storage and coastal protection.

NinhiHoa

v Microalgae Cultivation (90% of Area):

v Rapid carbon absorption and biomass production.

Q Project Area:
v Total area: 1,000 hectares. JE—

Located in Ninh Hoa
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Ninh Hoa Blue Carbon: Carbon Sequestration
and Economic Benefits

a Carbon Sequestration and Revenue

Mangrove Carbon Credits 300 Tons CO,/year

Microalgae Carbon Credits 54,000 Tons CO,/year

Total Carbon Credits 54,300 Tons CO,/year

Mangrove Revenue(Carbon $3,000 USDlyear

Credits)

Microalgae Revenue $1,080,000 USD/year

(Carbon Credits)

Microalgae Revenue(Food) $40,500,000 USD/year

Microalgae Production 27,000 Tons/year Tons/year
a Impact:

v Total estimated annual revenue: $41,583,000

'11 Vl:l\‘
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Ninh Hoa Blue Carbon: Environmental and
Social Benefits

a Environmental Benefits:

v Ecosystem Restoration: Mangroves provide habitat for marine species and
reduce coastal erosion.

v Climate Change Mitigation: Long-term carbon storage and rapid CO,
absorption.

O Social and Economic Benefits:

v Job Creation: Employment opportunities for local communities in restoration
and cultivation activities.

v Increased Local Income: Revenue from carbon credits and microalgae
biomass production.

0 Proposal:

v Collaboration with local authorities, NGOs, and mternatlonal partners to
ensure project success. sty —

Align with Vietnam:ssNationall Contributions (NDCs) for climate

-————-—-——/"
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Funding Opportunities for Blue Carbon
Projects

a Potential Funding Sources:

v KOICA: Focuses on development assistance and sustainable capacity
building.

v AKCF: ASEAN-Korea partnerships for climate-resilient projects.
v CTCN: Supports technology transfer for advanced environmental systems.

v GCF: Funds large-scale climate mitigation and adaptation initiatives.

Q Utilization Strategies:
v Align project goals with fund priorities for scalable impact.

v Develop public-private partnerships to maximize resource mobilization.

—
—
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ASEAN Expansion Opportunities

Q Technology and Knowledge Transfer:
v Customize Blue Carbon systems for ASEAN environmental conditions.

v Share industrial and technological expertise for rapid scaling.

Q Collaborative Networks:

v Establish cross-border hubs for research and industrial partnerships.

v Promote regional economic growth through sustainable practices.
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Expected Impacts

Q Short-Term Impacts:
v Enhanced economic growth through microalgae-based industries.

v Accelerated climate change mitigation via rapid carbon capture.

Q Long-Term Benefits:

v Stable ecosystems supporting biodiversity and human livelihoods.

v Integration of sustainable industrial models into global markets.
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Conclusion and Future Directions

Q Vision:
v Position Blue Carbon as a cornerstone of next-generation industries.

v Leverage microalgae systems for economic and environmental resilience.

a Next Steps:

v Expand pilot projects in Vietham and ASEAN.

v Strengthen partnerships for industrial and technological innovation.
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