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Abstract: Biomass is a renewable resource in the time scale of human life. Biomass resources are characterized by their
enormous yield, wide distribution, renewability, and low-pollution nature. Recognized as the only practical and sustainable
chemical carbon source for the future, as well as a crucial alternative to fossil resources, they provide essential support for
energy utilization and product preparation. Bio-based products made from biomass resources are considered to be “carbon
neutral” , and its replacement of fossil products is an important means to tackle climate change. However, the entire life
cycle process for bio-based products involves many carbon sources and carbon sinks, which challenges the assumption of
“carbon neutrality” of bio-based products. Many bio-based product industries are energy-intensive and high-emission
sectors, consuming substantial energy and generating significant carbon emissions. Additionally, the acquisition of biomass
resources may involve land-use changes and associated carbon emissions. The end-of-life treatment methods for bio-based
products exhibit substantial uncertainties in greenhouse gas emissions, particularly due to the complex carbon source-sink

transformations under different disposal approaches. These factors contribute to ongoing debates over the assessment of the

“carbon neutrality” of bio-based products, and call for a systematic framework to evaluate the carbon footprint of bio-based
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products. Based on the analysis of the characteristics of three types of biomass raw materials and bio-based products, this
paper analyzes the carbon source and carbon sink processes of bio-based products in the life cycle, provides accounting
methods for different carbon source and sink processes, and constructs a carbon footprint accounting framework of bio-based
products. Taking printing paper made from wheat straw as an example, this paper analyzes the carbon source and sink in its
whole life cycle and calculated its carbon footprint. Compared to only considering the production process (2633.38 kg CO,
e), the carbon footprint of 1 ton of printing paper from wheat straw was 1221.50 kg CO,e. Carbon sinks formed by by-
products such as agricultural fertilizer, waste paper landfill and paper product storage are important ways to reduce carbon
footprint. Waste paper treatment methods have a significant impact on the carbon footprint of paper products. However, only
changing waste paper treatment methods cannot achieve “carbon neutrality” of paper products, and the optimization of
energy system and chemical inputs is still needed. In addition to the carbon footprint, the impact of bio-based products on
water resources, land use change and biodiversity also needs to be comprehensively considered to realize the important role

of bio-based products in addressing the triple planetary crisis of climate change, biodiversity loss, and pollution.

Key Words: bio-based products; carbon footprint; carbon neutrality; paper products
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Fig.1 Life cycle processes of bio-based products and their relationship with carbon pools
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Fig.2 The relationship between paper industry and natural ecosystem, social economic system and industrial system
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Fig.3 Schematic diagram of the life cycle of wheat straw papermaking
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Table 1 Main material and energy input and output to produce 1 t printing paper from wheat straw
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322 PENTH B

FE I T B B 7 BT A S (), F ™ S0 TR s B R IR AL R AR EE (R 1) L EA
B A HERL R 7R IR T Eco—invent 3.8 £ 8 | I8 A3 (4) —(6) 130 (7)—(8) 43 A% B 5 /K Ak Bt
Ry B AR A R HER , T IPCC SRHEBOZ A I, 3% 1 b A= i — S AR A VR A% % A 4 B T
5, AT R . S5 YRR RE IR 4 AR 278y 2541.93 kg CO,e, KAHBEHERCH 89.67 kg CO,e,
KA AHEL T 1.78 kg CO,e, 7 iiin TR Bt ik /£ 74 2633.38 kg CO, e,
323 oAl HBE

7 b R T P AT ENACRT RN = i AOW IR RE Xt = T B AR, 3T SCHR BB 9% B4R
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2 DU AR TR R IR, BRI, T TRI4 919% F 4% i £33 A FE 8 BERY | W TR oAk
e, ok B VR HLAE R B TR B 38R0, 3 A3 (9) B3RP S A7 i A ML AR RHIE 1 e Al T 2
HA T ERAR A AT HLBR 1 & B 23 51K 35.24% F1 41.67% , B0l FT ENAT4A A= i i 3 P v i T ER 4
B I AR Y 34 FH S (1 243710 116.29 kg CO,e F1 1120.02 kg CO,e,

324 PURUESHE

Y SAEIR SR BLE H A 3 AL By S B [ SEEE S b A L, 3 T PR 4GS S A RDISCR (51.3% ) Al
) T By 3 Ak B0 7 = ) (B g 57% , BB LN 40% ) | ABE HEA T R FE B BeF T ENAR A A1 |
HERAE RS & LY LB 50% \309% 11 209% , BV 1 v FTERARE A % 35 B B Rl HUHE A AE B & oL (4 40 1) A 455
kg 273 kg F1 182 kg,

Xof T ISR 43 , Hops R AR — AN A A A IERAY R T LA, XT38 08 A v 43kt e A B HE T, 25 T
AN (10) B, 4877 B G EHMEL(NCV,) i 136/ BEIREL R () Ry 0.257" | i BEVEHERCR EE ( C1,) 14 18
A A X I T3 HERK R F 218.88 kg CO,e/ G HUE ™', I TTEA 182 kg JEFFART™ 5 36 58 A v T b s () Bk
HEf M 103.57 kg CO, e,

X YR SR 73 FLRR T B T LAST R 5 HCHR 43, BV DR 480 1 ot LB HE 1) A8 43 | DR AU 1 HR ot
SRR R AR A R AR R I Bl ARk I A8 e & L SR AR HE G 2 AT SR 7 A T AR AR R A FITE
BRI 4 . PRAEUR B R be EL A HE G 20 22 T 20 (1) %54, 4677 i SE0 PR A0 40 i AR S5 A0 FR o A% 1 R 23K
(MCF) 2}y 0.71'%) | A= W5k i ep m] B A WL (5 2 (DOC) i 0.352, AT [ fif A5 BILI 1 Wit 73 85 ( DOCE)
0.5 e AE B S SR i H (F) S 0.5 HEBEd £ 56 (CR) 2 0.25'% ) e (1 S AL LR (OR)
0.05"" | FGE ) R BRSEHE AR (GWP ) 249 257 INF il g 4TI ) 25 100 45, T H5E 273 kg $TED4EIA
SR e T AR JE 8 359.85 kg COLe, TRALEH b B AL K — S ALBRHE 43 (2.08 kg CO,e) FIR A & 1 H
A A T AR 57 e — ARG /3 (13.89 kg COLe) 43 HIIETA R (12) F1(13) #E, th THE T4 ¥y 3k
AR ANTE AR SRS, A e K r e 0 AR A B HE RO T A S (14) BB, RIAREE (NCY,,)
48 GI/P  REIREE AR () R 30%"), BE TR A4 Bk HETBCR BE ( C1, ) 422 B8 A b BT A X 48k 14 L 7 i R 7
218.88 kg CO,e/GY BUE ™l #J F e & B il B0 A9 — S AL AR HER R 18.57 kg COLe., AR AL A — A fbhRHS
53(55.56 kg CO,e) ST AKX (15) 75, th T8 T4 W5 Sk, R ABGETE , 40 Y sl
AR T A (16) AT AZ SR, I THERE 273 ke 4T EPARILIY sific I 19 5 241.24 kg CO,e., FETAF
(17),273 kg ITENARIELHE (Y Sk 23y 105.50 kg CO, e,

LR 25 AR S R AR 3 B B TRTSOR A6 908 & B R (R 1R 0, 1 ¢ /NZERE AT AR i R 5 A B B 11
BRI A 1.93 kg CO, e, HA IR AMRHER R 105.50 kg CO,e, HHE R HIEII T 103.57 kg CO,e MIHEIL.

PL/NZERERT N SRR 45 1 ¢ FTERAR 425 i R A L 30 155 DL An P&l 4 7, AR 3k — SRR T A A2
PEAZARL 1t /NZEREFEHT EDAR N V5 S 3502 11 4 2E i JE B A2 328 O 1221.50 kg CO, e, HPRRHERL (248 H ot
AL %) 2993.23 kg CO,e, fIL 1649.59 kg CO, e, iRARST (G IRHERL ) 122.14 kg COLe, FHHLTFALE &
HE P BE(2633.38 kg COLe) , A i JE /N2 R AT 4R fE TEREAIR T 53.61% , PR R MR 7= s AR Sk B1) 350 25
()4 i R R 2 2% DAZE BT LR 255

B K2 328 1) BRI, 20 0 T i B8 P, o 258 3/ T RIS A 8 4 114 0 Pl 8 199 e S R VR, 24 5
7B B 2 0 LY 80% , PR LA Ak F 15 1F °E R R R 1 U 235 4 LA B A Ak i A b Ak P A8 AR B AT /N 2 A AR
PR T ET R EARRIA PRI s SRR AR T AR F 378 11 2 5 T, 7 ORAIE /N2 RS T [ 40 e A %
AR OL T IERA = AN 2 K AR Ak, PRS2 R0 B o 17357 350 SRR i 1 14 ] Bsf 2 77 A O o 1 PR
ELFEHER 17 e A A BR AR RR VR BT 1o T AR A, R I AN i T B P R A sy 33 JECHR A Sk 4 7= i A A T 301 34
0, B TR AR S Ak B 7 AN [R5 M B IR T A e A8 | el Iz AR 38 1) o X 448 it e 2
FEAR RS | WK TG R AR T AE R e, R AU B BOKE 4 509.09 kg CO,e BRI KE40™ fh &2 A

http ; //www.ecologica.cn



5616 JAE = 45 4

KA
A A A A A
i HCO, CHs; | N;O WEHHECO, H4HCO, A HCO, BHICH,
2516.21 kgy 89.67 kg| 1.78 kg|2541.93 kg| 156.86 kg 306.67 kg 359.85 kg
INFERERR A > g RIIT I a3 -|—> [ Tigsi
' PR R R e
11629kg i 103.57kg il 18.57kg !
/
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Fig.4 Carbon source and sink in the whole life cycle of wheat straw papermaking

JE 1 B s JE TS R ARR 3] 655.94 kg CO, e, FRIE A 46.30% ; 47 51 B o [T ISCR o 2 R AR J2 328 (943 R0 3K, Ty 1
T AR BE RIS RN HRITAY 25% 42T+ 31] 90% , 5 4045 PR BERE 7= A= 363.69 kg CO,e FIBRIL (BRAKHN) , IMTHEE
Y87 i 42 o A A i 2 S IR 1) 861.34 kg CO, e, FEIR M 29.49% 5 5 0T A5 1 ARARIFH A B HWE HH ot [nl SR
M E T 25% 32 TH5] 90% | 15 4645 BRI BOBE 7= 42 952.82 kg CO,e BUBRIL (BRAEHT) | MR 4877 b 4 A= 1 J 4
BB JE T REAR RN 272.21 kg CO, e, FEIE R 77.72% , ERAR AR B 4RAL B 5 AT DA e R R AP /N2 R A i 4R 4
i JE I A 3 | EAS N AR R AR A B 5 £ B SR AN JE DSBS e RN A B R AR A 7 2R T RE VR &5 44 Fn
REVRRICR , ans | Ao v] FiA RRVR A

4 Zig

T A A R T 1Y 2 = KFR BB , TR A4 Py 2 0 2 WA 2 o = KSR
WIS R R T 28, T A SO I I T 7 0 P 1722 B 2k o 91
T SR MR L (LT AR RE A i T RE RIS 0 I S HE o IRt A 72 g 1
WAL AP SR SR, X BB S VT B TP ™ O T SR AT 2640 B A 4 R S 2k
WY S REAE ORI b A T o o RSO SR T A ) 7 i 4 A o 00 AR 0 9 BB 0
WAL R IR T R FIB IR REE RR . ST RO R R | A SC LN 2R AT ST ER2E
{5 R T A FRABR AT S5 SR 1 ¢ /N RS RTAT AR BOBR T 122150 kg CO,e, H A% 1 A 7= B BTt
S (2633.38 kg COe) FME T 53.610% , Lo M MRHA H1 B 4L AT 5 Bl /7 S0 T BRI , B 46 56
BT 37 S T 543 B BAIG T, T E CI f0  FOE74 1 PP MM Sk T 0 4 S
P4 A B )5 AR CRREE RO 2 o FEL IOV R 8 2597 A4 M A AL Ak . 4R T e o, 4 400
S T WE 77.72% ™ T BE 200 R BRSO 2R 4 i e SOTR S OB M AT A LG
T S T R G SR R U415 , kSR B 4 R R 8 S

AR SRR A ) 7 R S ST R SRR PRI T3 5 0 22 956 i T 0 4
NGBS, I HH B M 0 5 5 A A U RS R , A SCHRARE T — 1 A 7
LA HE L T VTR A A D i o R SOOI S5 Sk A M O A0 B 0 B B T
FE A 2 7 R AL , B 25 A 0 ol 1 ST A 7 0 F A TR G 1 7k
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WG PR AR A R A ™ i 9 2R 7 i R R K B R SR B AR, A R i (8 R RS R SR AR 7K SR ) T
T BER GV s AR i 8 R At oA A W o SR e SR I A2 A AT RE S | & - M) IR B A 5 7, T
AR B A A R GUR AR T 2R 5, AT Fl A 25 ZR e 55 D RE T IR mlate 2k s A= W™ il Y O O vl g i iod
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