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Abstract — Coal-fired power generation has been criticized for its massive emissions of greenhouse gases and air
pollutants, and biomass co-combustion has been discussed as an alternative. This study conducted a life cycle assessment
(LCA) of the environmental impacts, including the global warming potential (GWP), of biomass co-combustion at a 1GWe
pulverized coal-fired power plant to compare and analyze the environmental feasibility based on the supply chain. Unit
process analysis utilized the Ecoinvent database, and the IPCC 2021 and ReCiPe 2016 methodologies were applied to
calculate the environmental impacts per 1 kWh of electricity produced within a co-combustion rate range of 0-30%. The
average operating rate of eight domestic 1GWe-class power plants constructed prior to 2021 was 75%, which was applied
in this study. Biomass pellets were used for co-combustion, and the supply chain was limited to domestic (S1) and overseas
(S2). Coal was set at a maximum of 18,683,096 tons per year, and biomass at 8,308,184 tons per year, depending on the
co-combustion rate. Transportation was calculated based on annual volume using a single distance, with the transportation
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distance determined by selecting one of the eight plants as the reference point. In the S1 scenario, GWP decreased at co-
combustion rates of 20% or lower, resulting in a maximum reduction of 131,208 tons per year. In the S2 scenario, the
maximum reduction was 85,527 tons in the range exceeding 20%. Therefore, to achieve substantial carbon emissions
reductions, domestic supply chains must maintain a co-combustion rate of 20% or below, while overseas supply chains
require optimization of high co-combustion rate operations exceeding 20% and supply chain optimization.
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Fig. 1. System boundaries for coal-biomass co-combustion of S1 and S2 scenarios.
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Table 1. Design factors for PC power plant in biomass co-combustion

Parameter Value
Operation rate 0.7527
Operation days 275
Net power efficiency (%) 41.60
Plant Type Ultra-Supercritical Power Plant
Plant Capacity 1 GWe
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Table 4. Information on transportation

Transportation Load capacity Fuel Unit
Truck 32 tons Diesel
. . . Ton x km
Container ship 43,000 tons Heavy oil

Table 2. Composition ratios of coal components in Australia and of domestic and overseas biomass components

Proximate analysis (Wt%, as received basis)

Ultimate analysis (Wt%, as received basis) Calorific value

Moisture ~ Ash  Volatile matter ~ Fixed carbon C H N (0] S (LHV, keal/kg)
Australia Coal 11.04 16.47 32.67 39.82 60.20 3.90 6.30 1.40 0.80 5,710
Domestic mixed pellet 6.16 4.26 72.22 17.36 45.58 5.61 38.31 0.29 0.04 4,055
Overseas Wood pellet 548 0.79 63.68 30.05 43.58 5.30 44.46 0.37 0.03 4,706
Table 3. Amount of coal and biomass used in co-combustion power plant

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Coal (ton/y) 19,666,416 18,683,096 17,699,776 16,716,456 15,733,136 14,749,816 13,766,488

S1 pellet (ton/y) 0 1,384,696 2,769,392 4,154,096 5,538,792 6,923,488 8,308,184

S2 pellet (ton/y) 0 1,193,144 2,386,280 3,579,424 4,772,568 5,965,712 7,158,848
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