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Extended DataFig.1|System definitionand GHG emissionsinventory.
a, System boundary for inventory building and GHG emissions estimation. The
processesinfourstages from‘cradle’ to ‘grave’ are described here. The critical

factors for net-zero emissions along paper-related sectors are annotated by
light-blue tags (9-®). b, Schematic diagram of the carbon flows within the
boundary of this study.
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Extended DataFig.2|Diagram of global energy consumption of pulping, writing paper; PR, printing; NP, newsprint; HS, household and sanitary paper;
papermaking and printing accumulated in 1961-2019. The full names of the OP, other paper. The top part denotes biomass-based energy, such as by-products
abbreviations are as follows: CWP, chemical wood pulp; MP, mechanical pulp; (blackliquid) or wood scraps.

NWP, non-wood pulp; RP, recycled pulp; PP, packaging paper; PW, printing and
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Extended DataFig. 3 | Global GHG emissions of all processes accumulated
in1961-2019. During S2 and S3, biomass energy use effectively helps this
industry avoid considerable fossil-fuel emissions (represented by the
dashed-bordered light-grey rectangle). In S4, the potential avoided emissions
brought by energy recovery of waste paper and captured methane are not
counted inthetotal net GHG emissions. The fullnames of the carbon sources
andstocksinthe bottom four panels are as follows: (1) forest carbon emissions
duringunsustainable pulpwood harvest and carbon dioxide emissions caused
by chemical production and fibre collection activities; (2) carbon dioxide
emissions caused by chemical wood pulping, mechanical pulping, recycled
pulping and non-wood pulping; (3) carbon dioxide emissions caused by

packaging paper production, printing and writing paper production, printing,
newsprint production, household and sanitary paper production, and

other paper production; (4) methane from landfill, methane from pulping
wastewater treatment, methane from papermaking wastewater treatment,
carbon stocks from landfill, carbon stocks from non-energy recovery, carbon
stocks fromin-use products, avoided emissions from energy recovery, avoided
emissions from captured methane, carbon dioxide emissions during energy
recovery, carbon dioxide emissions caused by landfill, carbon dioxide emissions
caused by incineration disposal method, carbon dioxide emissions caused by
the combustion of captured methane and carbon dioxide emissions caused by
theescaped landfill methane oxidized near the surface.






Extended DataFig.5|Net GHG emissionsunder threerecyclingmeasuresin  thetop-left corner of the small chartsindicate the different effects of recycling
30 countrieswhenno other measures are taken. a, Net GHG emissions for onnetemissions. b, Map categorizing countries based on the effect of recycling
each countryin2050 under three scenarios: absolute recycling rate, the same ratescenarios onnet GHG emissions. The colour of the ellipsoid in each small
recyclingrateas 2019 and zerorecycling rate. The colours of the ellipsoids in chartinamatchesthe colour scheme of the mapinb).



