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MECCA’s Blue Carbon research: Aquaponics system

A) Schematic design of aquaponics system
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Leafy vegetables (11 species)

B) Target species and data collection

Family Species
Asteraceae Cichorium intybus L.

Lactuca sativa L. var. crispa cv. Grand rapids
Lactuca sativa var. capitata
Lactuca sativa var. capitata Butterhead
Lactuca sativa var. capitata cv. Semi head
Lactuca sativa var. crispa cv. Red Oakleaf

Brassicaceae Brassica juncea var. crispifolia
Brassica campestris ssp. pekinensis
Brassica rapa subsp. Narinosa
Ipomoea aquaticaConvolvulaceae
Malva verticillate L.Malvaceae

SpeciesFamily
Anethum graveolensApiaceae
Eruca vesicariaBrassicaceae

Ocimum basilicum
Perilla frutescens var. japonica HaraLamiaceae

Herbs (4 species)

Environmental conditions Biological characters

Temprature, Humidity Air

Water Temp., pH, DO, nutrients

The num. of leave, Chl-a
Length (leaf, stem, root)

Total length, Weight

Plants Microbes

Fish

Data collection

Aqua-blocks for
microbial habitat

Various target plants e.g., Cyprinus carpio var

Light source

Ci
rcu

lat
ion

Community
structure

Toward a bluegreen city farming and aquaculture of Korea
Next generation aquaculture + hydroponics for sustainable smart city future

Best condition?

MECCA’s Blue Carbon research: Exotic Spartina invasion

2006 2008 2010 2012 2014

invasive speciesPhragmites
Invasion Blue carbon

Soil organic carbon
Plant invasion2016

2018

2020

Zonation
Wave attenuation

Salt tolerance Sediment

Spartina densiflora

Decomposition

Photosynthesis
Spartina anglica

Spartina alterniflora
Smooth cordgrass

Network analysis of
Historical Spartina studies
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Above ground
(plant biomass) ANY IDEA?? FABRICs &  MATERIALs

Artificially...

Carbon Recycling
Carbon Waste

As is (present) To be (with MECCA )

Naturally...

Cut & dispose by incineration Cut & Developing soft materials
Invasive cordgrasses?

Newly...
Salt marsh plants!

Native common reeds?

Salt marsh plant

Salt marshes are 
  highly effective 
  long-term 
      

  
  Keeping carbon
  in the root system 
  & sediment

Microbial remineralisation
Detrital/grazer breakdown
Export (physical)

that maximize carbon storage 
efficiency and duration

CARBON
STORES

BLUE
CARBON

Phragmites (native)
Common reed

Spartina (invasive)
Cordgrass

C
CC

Image source: http://firstconceptfiberinc.com/coir-logs/

As is

Coir log MP log
Brand
New

made from
IMPORTED 
coconut fiber

made from
NATIVE
marsh plant fiber

To be

Carbon recycle

MECCA LAB.

Spartina

collection

Fiberization

Spartina invasion and fiber processing for smart management
Carbon recycling using exotic Spartina that has invaded Korean coasts

Bulk-sampling on site
Mesocosm setup

Sediment stabilization by bio-activites
Continous monitoring of macrobenthic activities

Very matured state of sediment & macrobenthos
Changes in environmental variables

Field sampling (saltmarsh plant & macrobenthos)
Transplanting to mesocosm system

Experiment start & continous monitoring
QA/QC (> 1 year)

Day -3 (Setting) D day (Acclimation start) Day + 90 (Acclimation & monitoring) Day + 240 (Sampling & transplanting) Day + 270 (Experiment start)

Ebb

Flood Water depth control

Anaerobic condition

23 Aug., 2023 10 May., 2024

Periophthalmus modestus
(mudskipper)

Helice tridens

Transplanting

23 Nov., 2023 25 Apr., 2023

Field samplingField sampling ControlControl Exp. AExp. A

Exp. BExp. B Exp. CExp. C

Triglochin maritima
(arrowgrass)

Water quality controlTidal cycle control

Bare sediment

20 Aug., 2023

in progress

MECCA’s Blue Carbon research: Tidal flat mesocosm

Carbon Storage in Korean Tidal Flats under Climate Change
Planting effect of salt-marsh plant and impact of SST increase

- Temperature value: Applying weekly av. temp.
   (5-yrs) adding RCP 8.5 scenario
- Temperature control: Maintaining a const. temp. 
   by chiller and changing on a weekly basis, 
   (Warmer winter/spring condition)

Emission?

Emission?

Planting effect? SST increase impact?

0.9
 m

- Temperature value: Applying weekly av. temp. (5-yrs)  
   of study area’s sea surface temperature
- Temperature control: Maintaining a const. temp.
   by chiller and changing on a weekly basis

weekly
change

av. temp.
(5-yrs)

Time

Te
mp

(0 C) RCP 8.5
Scenario
(+ 2.0oC)

Time
Te

mp
(0 C)

weekly
change

av. temp.
(5-yrs)

Bare (exp. 2)Planted (exp. 1)Bare (control) Planted (exp. 3)

Tidal action

Blue Carbon
(BC project)

Marine Protected Area
(Benthos, Subtidal sediments, etc)

Marine Protected Area
(Benthos, Subtidal sediments, etc)

Oyster shellOyster shell
SaltmarshesSaltmarshes

Mudflats
(sediment)
Mudflats

(sediment)

Smart farm 
& aquaculture
Smart farm 

& aquaculture

Coastal management

Eco-friendly realignment of coastal area & Coastal protection aginst climate risks

~50 million US dollars
over 5 years (2022-2026)
as a pilot study

“Green Living”
   planting halophytes and seagrasses for the carbon sink increase

“Blue Living”
   building oyster reefs etc. for the coastal erosion prevention
“Soft Living”
   softening coastal grey infrastructures for the marine biodiversity

K-Climate Action with living shorline project 

Living shoreline is proposed in Korea, “K-shoreline” project
Protect and extent Blue Carbon potentials using living shoreline tech.

Prof. J Noh

The Climate risks become a reality in South Korea
Increase of SST, Sea-level rise, Ocean acidification, Coastal erosion

(modified from Toda & Watanabe et al., 2020) (modified from Yoo & Oh et al., 2016)
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Annual-mean sea surface temperature anomalies Coastal erosion and sea-level rise issues in Korea

5 yrs (2011-2016)

Only 3 months (2016)

January 13

April 6Shoreline change

Climate Risks in South Korea

AUS wildfire 2020

Wildfire by County

https://www.nbcnews.com/science/http://v.aa.com.tr/2322512
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Global Climate Risks

“The era of Global boiling has arrived”
Extreme flood, heat-wave, wildfire, and other climate risks...soaring death tolls


