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Multi-Scenario Analysis of Biodiesel’s Contribution to Emission
Reduction after the Achievement of Carbon Peak: A Case Study of
Guangzhou, China
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Abstract: To support Guangzhou’ s goal of reducing carbon emissions by 7%-10% within five years
after reaching its carbon peak, this study accounts for the life-cycle carbon emissions of biodiesel pro-
duced from food waste and sets up multiple scenarios to evaluate its contribution to emission reduc-
tions when substituting conventional diesel. The results show that the carbon footprint of biodiesel is
47. 6% lower than that of conventional diesel. By 2035, biodiesel production capacity will be con-
strained either by the existing design capacity or treatment capacity of food waste; with the introduc-
tion of imported acidified palm oil, the total relative emission reduction rate after the carbon peak
could reach up to 40. 4%. This study suggests that during periods with sufficient design production ca-
pacity for biodiesel, priority should be given to optimizing the food waste collection system and mod-
erately introducing palm acid oil to replace a part of the conventional diesel; when production capac-
ity is limited, efforts should be focused on developing the biodiesel production capacity to systemati-
cally enhance its emission reduction contribution. This research provides a decision-making basis for
scientifically identifying the emission reduction pathways of biodiesel from food waste in the post—car-
bon-peak phase.
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Table 1  Projection scenarios for Guangzhou's population growth rate

Scenario Average annual growth rate Population (projected to 2035)
Baseline rate (GERIHE ) 51D FHT =4F BB OFe—3L 2000 J1
Optimized rate (P AEHEEE) A& (M T 28 ] BB (2021-20354F)) s o A FI AR > 2200 J7
Ideal rate (FAEIEHE)" A TGHUS T =0 5 00T =4 B —3 2500 J1

a:Permanent resident population refers to registered residents and migrants who have resided in the area for more than six months (with a target of
keeping it within 22 million by 2035) ; b: The ideal growth rate is extrapolated based on the average growth rate of the actual permanent resident
population during the period from the last two years of the 13th five—year plan to the first three years of the 14th five—year plan (a: % {5 A 24855
AERAE L 1Y P 48 AR E (2035 R4 HI7E 2 200 J7 A LA 5 b BRASE ORI S2 B (5 N AR -+ = 05 AR DU 0y =48 0 1 24 1
b AR )
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Table 2 Parameter settings for biodiesel supply capacity under different scenarios

Scenario Description Settings
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Fig. 2 Analysis of factors influencing biodiesel supply capacity from food waste (2015-2023)
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Table 3 Life-cycle carbon emission inventory of biodiesel

Carbon emis-

Process (Bill of materials) Material consumption Unit ~ Carbon emissions/t Transport Distance/km sions/t
Feedstock culti- Crops 3.86 t -3.62 Diesel truck/(25 t) 600 0. 06
vation Fertilizers 0.34 t 0.92
Harvesting 3.86 t 0.05
Pressing & re- Electricity 115.7 kWh 0.07 Diesel truck/(25 t) 200 0.02
covery Fuel oil 0.01 t 0. 00
Pretreatment & Industrial water 0. 04 t 0. 00 Diesel truck/(25 t) 100 0.01
separation Steam 1.17 t 0.25
Electricity 33.5 kWh 0.02
Biodiesel pro-  High-temperature steam 3.12 t 0.78 Diesel truck/(25 t) 400 0. 05
duction Diesel 0.03 t 0.10
Methanol 0.18 t 0. 00
Sulfuric acid 0.04 t 0. 00
Sodium hydroxide 0. 06 t 0.15
Biodiesel combustion 1 t 2.80 - - -
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Table 4 Comparison of carbon footprint accounting methods and results for biodiesel production

Object System boundary Carbon footprint/(kgCO-kg™") Difference Reference
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