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Life Cycle Assessment on the Potential Greenhouse Gas Emissions
Reduction from Domestic Microalgae-based Sustainable Aviation Fuels
by Implementing Less Carbon-intensive Electricity
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hwasup.song@kumoh.ac.kr Abstract >> Greenhouse gas emissions of sustainable aviation fuel production

_ from domestic microalgae are quantitatively assessed from a life cycle per-
Ezszzzd ;g m:’/ 2822 spective and compared with a fossil jet-fuel. Results indicate the necessity of re-
Accepted 12 June, 2025 ducing carbon intensity of the national electricity grid, as the currently viable pro-

duction technology is energy intensive. Future scenarios are discussed which
adopts less-polluting electricity to the fuel production pathway, thereby empha-
sizing the use of sustainable aviation fuels for achieving carbon neutrality in the
aviation sector.
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Table 1. Bio-oil yields from popular biomass

Type of biomass bio-oil yield (gallons/acre-year)
Soybean 48
Camelina 62
Sunflower 102
Jatropha 202
Palm 635
Microalgae 1,000-6,500
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Table 2. Mass and energy balance for the domestic micro-
algae-based SAF production pathway

Process Value Reference
Lipid content 14) 16)
21.4 2 15-
(dry wt. %) 5%, 15-58
n-hexane loss during 0.055 Wet, 0.025-0.055"
extraction (kg/kg-lipid) : Dry, 0.007-0.015"
Dewatering
(kWh/kg-microalgae) - 0.041
Bio-oil tank lorry
fuel economy - 3.35
(km/L-diesel)
HEFA recovery 17
(kg-lipid/kg-SAF) - 1.2676
Hydrogen supply in
HEFA process - 481"
(MJ/kg-SAF)
Natural gas supply in
HEFA process — 0.82'7
(MJ/kg-SAF)
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Fig. 1. WTWa scheme of microalgae-based SAF production via HEFA process and its usage. Due to the biogenic nature of the carbon

in this life cycle, the PTWa emission is considered zero
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Fig. 2. Breakdown of the WTP GHG emissions of the domestic
microalgae-based SAF pathway under the carbon intensity of
494 gCO.eq/kWh of current electricity grid
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Table 3. WTP GHG emissions per grid carbon intensity

) GHG emissions (gCO,eq/MJ)
Production steps - - -
Current grid| Scenario 1 | Scenario 2
Cultivation & 6.01 6.00 6.00
1st stage dewatering

2nd stage dewatering 0.94 0.61 0.39
Bio-oil extraction 70.77 62.39 56.79
Bio-oil transport 0.95 0.95 0.96
HEFA process 8.23 8.02 7.88
SAF transport 0.05 0.03 0.02
Total 86.95 78.00 72.04
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Fig. 3. Breakdown of the WTP GHG emissions of the domestic microalgae-based SAF pathway by adopting cleaner electricity
scenarios. Hatched bars indicate the GHG reduction potential by 1) cutting off the coal power generation by half and expanding wind
and solar power capacity, achieving 322 gCO.eq/kWh, or 2) reaching the recent EU-27 carbon intenstity of 210 gCO.eq/kWh by multi-

ple low-carbon strategies
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