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Research progress on the carbon footprint of straw
energy utilization
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2. Chinese Academy of Agricultural Engineering/Key Laboratory of Energy Resource Utilization from Agricultural Residue,

Ministry of Agriculture and Rural Affairs, Beijing 100125, China)

Abstract Under “dual carbon” goals, agricultural emission reduction calls for accurate and reliable carbon
accounting methodologies, and the mitigation effects of straw-to-energy utilization need to be evaluated and
quantified. Drawing on carbon footprint theory and a literature review, this study examined the accounting
methods and carbon footprint characteristics of three mainstream straw utilization pathways: anaerobic digestion,
pyrolysis and gasification, and fuel ethanol production. The results showed that the accounting of straw anaerobic
digestion mostly relied on life cycle assessment (LCA) and the methods of the Intergovernmental Panel on Climate
Change (IPCC), with mostly negative carbon footprints and net greenhouse gas emissions ranging from —1. 654
to —0.436 t CO.-eq per ton of straw dry matter. For pyrolysis and gasification, accounting should pay particular

attention to the influence of heating methods on emissions, as this pathway yields relatively low carbon emissions
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per unit of energy. In the large-scale application of externally heated biochar-gas co-production, each ton of

straw consumed reduces emissions by 1.01 to 1. 07 t CO.-eq, and net-zero emissions are achievable in some

scenarios. For fuel ethanol production, the key to accounting lies in co-product allocation, where the system

expansion method is widely applied, with carbon footprints of —0.610 to —0. 107 t CO.-eq per ton of straw dry

matter. These findings provide a reference for carbon accounting studies on straw energy utilization. Future

efforts should strengthen whole-process carbon emission management and develop systematic life-cycle

assessment frameworks.

Keywords straw; energy utilization; carbon footprint; accounting methods
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Table 1 Comparative analysis of mainstream accounting methods

P ik iR B 7 R
Accounting . . . :
Merits and demerits Applicable scale Data requirement

method

LCA PR REORG T U B A R HE ORGSR A RO D2 Cn R AR R R L 9 SRR IS BB B AR R LRI
T.?‘F%J\FT,ﬁ%Jﬁ.%BTﬁJJ,ﬁ(iﬁmwﬂﬁ(a‘f’ KW R AR A R PR S IR 0 9 s e s

I0A DB R 2 00 R R L TR Tl DG I HE 2L SR CAn IR ATl L o O AR A .ﬂi’% A7l B8 I8
s A A BERAR L ORI T AN REFF AR VR R R R R HE R i AR

IPCC M AT R AR R GE R R B 2K 2 R (LR WL SR AR, T AT 8 K P B Cln RS AT T

MES HEEAL

12

FE ) T R KA HE B A

W LCA Ry B A ATE A 5 5 s TIOA A= H 40 Wi s IPCC I A [ O [RS8 b & 171 2 B &

2 AR T %

Note: LCA is the whole life cycle assessment method; IOA is the input-output analysis method; IPCC is a general method proposed by the

United Nations Intergovernmental Panel on Climate Change.
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System boundary diagram of life cycle carbon footprint for straw energy utilization
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