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ABSTRACT

Microalgae are emerging as pivotal components in Carbon Capture and Utilization (CCU) technology due to their ability
to photosynthetically convert CO, into valuable compounds using solar energy. This study performed a comprehensive
GIS-based analysis to identify optimal global locations for microalgae cultivation, establishing a foundation for international
cooperation in biological CCU technology development. The research methodology integrated exclusion criteria (land cover,
slope, protected areas) with evaluation criteria (surface temperature, solar radiation, water accessibility) to assess site suitability
worldwide. Results revealed interesting geographical patterns: while Russia, Canada, and the United States possess the greatest
quantity of suitable cultivation sites, countries like Malaysia, Papua New Guinea, and Indonesia offer superior environmental
conditions for microalgae production. These findings provide critical insights for strategic facility placement and inform
differentiated approaches to international cooperation in microalgae-based CCU implementation. By analyzing both the stability
and variability of environmental conditions across regions, the study establishes a framework for optimizing cultivation
efficiency and productivity based on location-specific attributes. The research outcomes serve as valuable foundational data
to support future research and development as well as commercialization efforts in microalgae-based CCU technology. This
work contributes to advancing sustainable carbon management strategies by identifying the most promising global regions for

biological CCU systems.
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Fig. 1. Research method and flow
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Table 1. Key environmental factors influencing microalgae growth and corresponding spatial datasets used for

analysis

Environmental . . . .

Fact Biological Relevance Analytical Indicator Dataset Used Key References

actor
Affects growth rate, enzyme . Vonshak and Torzillo (2004)
Surface o . . . Growing Degree Days
activity, biochemical accumulation Zhang et al. (2021)

temperature (GDD)

Optimal range: 25 ~30°C

Debnath et al. (2021)

Drives photosynthetic activity and
Solar radiation cell proliferation

Excess causes photoinhibition

Total solar energy

(latent + sensible heat

Global Bioclimatic
Hanagata et al. (1992)

Igbal and Zafar (1993)

Indicators
(ERAS-based, GBI)

S Critical for pH regulation, nutrient
Water availability o
uptake, and CO, solubility

Inverted aridity index
(as water

accessibility)

Khan et al. (2018)
Chen & Durbin (1994)

Limits construction and
Topographic slope | hydrodynamic control in open pond

systems

Slope (derived from

elevation)

Quinn et al. (2011)
SRTM30+ Global

Identifies physically unsuitable
Land cover oy .
areas (e.g., buildings, glaciers)

Exclusion of built-up,

water, glacier classes

DEM v11 (NASA)

Legal and ecological constraints for
Protected areas
development

Exclusion of

protected areas

ESA (2017)
Lim et al. (2022)
WDPA
Venter et al. (2014)
(UNEP-WCMC &
Watson et al. (2014)
IUCN)
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2(a) Top 10 Countries by Suitable Area (Exclusion Criteria Count)

8000
7420
7,000

0 I

4314 afiz i

Number of Suitable Sites

3,728

I 3363
&
v-"

1223 1,185
1016 1011

0.0

(a) Distribution of suitable sites across top 10 countries by raster count

2(b) Exclusion Criteria Count vs Evaluation Criteria Mean Score Correlation
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Fig. 2. Comprehensive visualization of global microalgae cultivation site analysis results
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(g) Final delineation of suitable cultivation sites, synthesized through the integration of exclusion criteria (a-c) and evaluation criteria (d-f).
All spatial analyses were standardized to a 0.5°%0.5° grid resolution, with higher values (darker shades) indicating greater suitability for

microalgae cultivation
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