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Abstract - Carbon dioxide was designated as one of greenhouse gases that cause global warming. Among
various ways to solve the CO, emission issue, the 3rd-generation biomass (algae) production is considered as
a viable method to reduce CO, in the atmosphere. In this research, we propose a design of an innovative sus-
tainable production system by utilizing the 3rd generation biomass in the environment of floating production
storage and offloading (FPSO). Existing biomass production systems depend on the solar energy and they can-
not continue producing biomass at night. Electricity produced from offshore wind farms also need an efficient
way to store the energy through energy storage system (ESS) or deliver it real-time through power grid, both
requiring heavy investment of capital. Thus, we design an offshore grid structure harnessing LED lights to sup-
ply the necessary light energy, by using the electricity produced from the wind farm, resulting in the maxi-
mized production of biomass and efficient use of wind farm energy. The final design integrates the biomass
production system enhanced by LED lights with a wind power generation. The suggested NLP model for the
optimal design, implemented in GAMS, would be useful for designing improved offshore biomass production
systems combined with the wind farm.
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Table 1. Characteristics of micro and macro algae
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Microalgae

Macroalgae

E]

- Produce high-quality of the bio-oil
- Separated through a chemical process or purified oil is a bio-diesel
- Can be converted into fuels (jet fuel)

- Mainly used for the production of bio-ethanol
- After acid treatment of glucose contained in the algae,

fermented to obtain ethanol
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Fig. 1. Diagram of the suggested biomass pro-
duction system (vertical LED bars installed
at the 4 corners of a single box).
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Table 2. Variables of the system defined

Variables Name
Mu Relative growth rate
I Quantity of light
r Distance from center of grid

NOD Biomass number per grid

ASD Biomass production per day per grid
CEA Energy absorption of center of grid
LOS Length of one side of grid
AOS Area of grid

NOS Number of grid

AOD Total Biomass production per day
ADD Dried biomass production per day
AOE Bio-ethanol production per day
PFE Total revenue from bio-ethanol
ARCm Total removals of CO, per day (moles)
ARCg Total removals of CO, per day(grams)
PFC Total revenue from CO, removal
NFP Power requirements

TFP Total power charges

TLI LED installation cost per year

(LED lifetime based on 10 years)
TPY Total annual income
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Table 3. Results for the farm of 24 km? at maximum photon flux density (100 mol-m?-s-1)

Variables Optimal values Variables Optimal values
Relative growth rate 12.72 cm/day Dried biomas(slairoduction per 2.14E+9 g/day
Quantity of light 100 4 mol/m?-s Bio-cthanol d‘;r;’d““i"n per 99510 L/day
Distance from center of grid 1.182 m Tow})if)e_zzl;folf rom ¥544,817%10%/year
Biomass number per grid 92 Total rerg;);/:l;a;fs)co2 per 313.867 ton/day

Biomass production per day

ver grid 1164.078 cm/day

Total revenue from CO2

¥114,561%10%/year
removal

Energy emissions per grid 139.689 xmol-m?-s”

Power requirements 5.899E+6 W/m’-day

Length of one side of grid 1.671 m Total power charges %11,325*10%year
LED installation cost per year
Area of grid 2.794 m? (LED lifetime based on 10 W429,524*104/yea1

years)

Total Biomass production per LOE+10 cmjday

Total annual income W136,107*104/year
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Fig. 2. Layout of the biomass production system at maximum photon flux density (100 xmol-m?-s™).
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Table 4. Results for the farm of 24km’ (optimized)

Variables Optimal values

Variables Optimal values

Relative growth rate

Dried biomass production per

12.688 cm/day day 2.14E+9 g/day
Quantity of light 93.084 smol/m®s Bio-cthanol d‘:;’d“c“"n pet 99510 L/day
. . Total revenue from 1nd
Distance from center of grid 1234 m bio-ethanol W#544,817*10%/year
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LED installation cost per year
Area of grid 3.045 m’ (LED lifetime based on 10 394,069%10/year
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Fig. 3. Layout of the optimum biomass production system.
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Fig. 4. White LED technology and cost have improved rapidly over the past decade[10].
Table 5. LED device efficacy and price are expected to continue to improve rapidly[10]
Lamp type 2010 2012 2015 2020
LED cool white efficacy
134 176 224 258
(Im/W)
LED cool white price
(US$/Kim) $13 $6 $2 $1
LED warm white efficacy
96 141 202 253
(Im/W)
LED white price (US$/klm) $18 $7.5 $2.2 $1
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