F195 F 48202554 R

;/T‘ f@ = gi é jﬁ Vol. 19, No.4 Apr. 2025

CHINESE JOURNAL OF ENVIRONMENTAL ENGINEERING

@ http://www.cjee.ac.cn @) E-mail: cjee@rcees.ac.cn G2 (010) 62941074

DOI 10.12030/j.cjee.202403035  HE425S X828  SCHkbrRiMeS A

S RURIEAY T A b B R 300 4% B3 I I HEA

ERALETH, &, WNE, e

L BN RS2 S T 2B, SR 5500255 2. A IR dh AE e i S FC A A SO IR i M R R Se e %, Sl
550016

B B BT R RRHE A S A, RS AR & X T OB e ) AR A S HoA R . HATER X
WAL T AV Bk R A 5B TR A B BE, B2 RGBT AIRITE . ARBFFT A SN B AR TR L T AV N gT X 42,
XA T Aol Az p= i A P A RB IR FH I DL T 40T, FEEE Al Ar= T8RS, M T Wb T Al it e 2t 300 A% S A
A, FHREFRIZAD 2021 4R LN 703 377.26 tCO,, Hrp b REIRBALE EIERHERUN 463 418.66 tCO,, 51k AkHE
TR 65.88%; Tl Az =i BERRHENL Ny 239 852.26 tCO,, 5 AV BRHENT S B 34.10%; HL F7 74 #E 1R] 0k HER N
106.34 tCO,, b BRHEHUE BT 0.02% . MAERIRE, BHE 35 ok 5 R /KR LA sh 7 =, H
TR T RIERI ™ KU GBI A 471 476.6 tCO,, (HAVERHEICE R 67.03%, ZJ14-RIMEREIT N 151 257.431CO,,
PR ALY 21.50% FETFWOE B AHIEE R, F0BE L TANL AR T RIVEHEE . B v ik T Ak i
PRI HE . SR (O MIRRR AN M T80 5 R A — E Y BEIE Y HE

KHEIR WAk BROPRL BEME T A Sl BRED

SR B SIG R, ETE 2020 A 9 AR JT4HE 2030 ARFTSEILBRIAIE”, 2060 4TSI
Rl TR G EI AR XU s bR B VR A A BRI R R IRs 2308, TR %Al
XIS SR HE R DTk . 2022 4F 4 H,  (OCTFmREST S —HE B HE G A BAR R % )
A BT A T AV RHEROZ AR, SRR T IA R B B cHEROK -2 T ST RERAk
HATEEEFE X,

HERARERE —RRRHE I, ARYE T ERAZ B PR B A 5, I AESRAEYY CO, HEEHE 1x10" ¢,
HAER 30% L. TR E AT, IR SN A Tl AT 53 T4 KA, R R ER L T Y
A IR CORE, BT RR S HARRY, AR E LT R RN, Wik T E R IR R
FEE R B L T TR TERERe Tk, I HRETRAYE F ) R R RE R, R EEE CO, HERR ., PE
Giit, 2021 AEBE TARRRHEE KR 2.1x107 tCO,M, PG B TR TAT AR s iFsE TARAb R
B, EOBEL T AT R A HA R M E AR X, FERDRE B R IR . B Tk
FAR BB T HAT IS T8 S AHSCRIFIE 45 SR n] A B A G i e B HE R R e S R, i
T AT ABIHE SR | B RN AR A —E e

AT AR A A BA IR 7, e SN A S — e T A A 5. Tzl 414
FEA ARSI ST R, S — R AR R R R i, bR R CNFERK . BRBISEA
LR ) RIS R . FRES Az SEBRAE IR, S HHERCH T2z 454~ 4-1a]
B, ARG T TAZE, XA AL S T AR AR it

1 REERERERE

1.1 REBEENX
“Bi S ( carbon footprint, CF) MR LRI HESHEEY B2 —, BIRINE - mALGES (4

Yris BHEA: 2024-03-07 FFAHHEA: 2024-05-29

E2&TH: BEXAAB%EERBIHE (22162007) ; SMA B E TR E BB EH (BRE L 20211480, B R G L #
[2023]1379) ; &4 (HEH ) BRFTEAFAHEARF LT E (WH-220787 (YF) )

E—1EE: Z0A (1997—) , B, W-LoRA, BFErm ks TR, 1411761903@qq.com MRBEIEE: H 5 %
(1978—) , B, M+, #4z, TR H AL TR, tanmk78@126.com


mailto:1411761903@qq.com
mailto:tianmk78@126.com

55 4 1] RRAE SRR T Al AR M A% K HE R 989

A PR AR BUMAE) FHEREES AR S SRR, R CO, MELNHHLRANL, TRt
BRHERICA RIS 2 2 H AR 2 OSSR —, T, a2 Uk (GHG) i
TR,

BB AL 3 T AE 7 5 2 T ATV A, 341 GHG protocol (2011) . PAS 2050 (2011) | ISO 14067
(2012) SEAHOCHRIE; WATAEA RIS TIFAY, 0 I1SO 14064 (2006 ) . GHG protocol (2004 ) %5
HE,

1.2 BREBEETTE

KT TR it B A P B AOBR AL, KRB IS FEATHEIN A . A
HMTIE  PERR RPN . Sk,

HEAZ R ¥ ( Emission-factor approach ) &34 F R & SARHERL R =15 sh B < HERCR 7 i) SR L
PEPE I AT SO RN T A TRR AL )

AT ML (input-output, 1-0) FEJLIE BT AN AICHIRUAHIRDI T LB fi
LR 10 SRR IR, O EE T RR EAZES AU, A ST
AP AFROLRSE

SEI% (experiment approach, EA ) A FARIGIU XX B —BRHRHCIR ARG AR
HISABSR A TR A, I AHOARRSERHERC AT IE s WO kDs R b, AR 2 R
/I ARSRSERRAEAERE R, NSRRI SR X R A TR, HLE N Al AT 0 2 T
SEINGET, SRR BRI R IR,

AP (life cycle assessment, LCA ) Je—MH T =5 . TSRS MBS T, J&
AR PR LR . EEAARLIT 4 PR AR SURIVERIRO SEE | 50T . SUmRTAN R
iR ENA A SR £ PSRBT RN, TS Al SR AR
LCA FTHLIPFI ARREE | IRAGTESS . SRR 2 IR, (IHEHE oS, SCH:
— TR e
2 RPIArEN

BEHCHR MR M — B T AN BTN R . il BRI ™ S, A7 Rl
HIRIERE T 2.67x10° to FEBUA 4™ 2.00x10° ¢ MIARR, 7/ F MO I o R BObeid IR . #5003
GEIRIEISRII, RESDIAEY 1.60x10° ta™', RESCEUBA AR AYZHERL, 2P HRTERRIAETR T2 F oo 1]
WLBR IG5 TR SEA o il S K e, SRR AR . BIRIRR . WA I
FOKIE . BRILAFRET 2, Al 2021 4F B

Syl = ) l_] o I
BRI 1. #1 EOUEBRRE
3 WRETIZE Table 1 Case phosphorus chemical enterprise

main products and output

3.1 #EOFRINGERMAHE

AT A WG R B B Al .
GRZESEES) (2004) HOFHE T4 Bt 809 189.65
A SR N R I 3 APHERGE R . YERE 1 mEk R 241 060.88
Iz A B3 208 0 E R (R . Ja e —# (47 5100%P,05) 193 018.54
Mok . JRBRHERSE ) ; Jul 2 gE AL E 639l 141 847.08
J1. BOTEFE AR RIEEE S A RHE (X 2EHEL 989 i 596 879.44
SRS, . AT, BT - o9rss
HO) 5 I 3 R U S B R - o
b A= R IR AR B (U5 AR S A 81376

sl R 7 b AR SRR ) T SE R 1 A R A '
fiHFEAE 112161.98

2 WA A A Al B DA e, AN
WG 3 R THIE. RRHL T Ak e 887529




990 ok T Eiid %519 %
W | BT, R AR R B —
[ SR 7 Uy ~ Ko |1 P13 X | AR
E;g@;ﬁx;% ;@a RERZEN BT RG e
TR T, ol V2 R R

S, AR T2 S RERIHE, h T F1E%
R i A B B AT L o AT HREFA N
(10O, ) MK TREAE (B FTA R
Hy €O HERL, FH €CO, 1A AL T LA s
A IR0 3 2 2 o 72 G HE R B L CHL A A —
N0 %k CO, Ia A HITE LI LA Bk ISR — Wi
{8740 CO, M) . Mt 2021 45 R RSY S L

IR, BRI 2021 AEAAET L,
32 HEE

P T A e R, IR e
WORFEIE: 1) GEREBRREEHE, Bk T
SRR R R . AR SEIh R
IR 2) TR, s 4
(EE T 23 e ph Tk I i B T BB
3) HofbEI RN, S8Rl G P, | |
B i, RO T ARk [ammpseen]  [Tasrarb] [ me |
HEWOREILPE 2 5 . ZBL T Al i s P
Hiik %9 & CO,. CH,. N,O Ay, CH, HEik

E1 Z=OEETEWRETZERG AR
Case carbon footprint accounting system boundary of
phosphorus chemical enterprise

Fig. 1

B T AL HERCIR

EEL TR R A A0, Tt T
A 2R A LR RS TR F P —
R . CO, HERUR T AL TTHREH K

Pe R Ah 3 A S H i ) H R A
NLO HIEHCE 22 R I HEAL Fig. 2 Case study on carbon footprint source of
3.3 HEEE phosphorus chemical enterprise

BT AN A GRS, AR, SR — R TRl i AZ ST s, Al ik A2 e R
A LRI Z A, B ISR g e HHRARX S (PR AR R % S UAHE
HAZSR T SRR ) AT RAZ, B TAE P i iRk . SRS BRI SR
AR . T AR PR b R A RO A B HE R DA S T Al L T RR T A B T
i, A (1) T

2 R Tl AR BRI

E=E+E.+E, 1)
X E Al 2021 AFEEHEINIRARICE &, tCO,; E, Al b A REIRRBEIRHE R, tCO,; E, Al
AR AR, tCO,; E, JRFIE L THAE A AR, tCO,.
1) ARERRGEHEIOZ ST . LA RBIRIRLE ™A1 CO,, FEHRAAEAZTLMGET N A R T FE
O, EE A A REIAE R AR, RATARK 2). 3) T

E,=AD,xEF, )
K: AD, IALABRIEZIY i (TG SR, t; EF, RILAEREFEISR i /Y CO, HEHF, tCO,t',
EF,=NCV,xCC,x OF,;x44/12 3)

X NCV, A REIRZE AL i 9-FIMRAL R A, GIt's CC A REIRZEBY i A B T & ik A
tC-(T)) "5 OF, ALATREIRII i BURBREALTR, %o WLIPVE SRR . BRSPS, Al Aseh



55 4 1] RRAE SRR T Al AR M A% K HE R 991

FROCHURE, R4S Gz SUATE il ra 4a 2 WRBEREMESH
FIGEE, BT RSB (SR Table 2 Characteristic parameters of fossil energy
FRK L RS T 2011 4571 (R TR TR
- 9 N - L YL HANHVE afﬁ%;/ EHRA /A?y??NE/ B
G HER ), FARHRINE 2 s, (tC-(TI)™) Gt
2) T AP RS . Tl A P B E Juapes 25.77 19.57 93%
HURHSI TILE BB MO S s ot s 0 oark
AR TR, BRI 2] e e o o
A Tl AR P AR HE RSN Z AL A Tolk A =i 7 o 20'20 41'65 s
HERCHBERR . BIRFIBE R KT 3 A ' ' /
A, SRIVASS (4)-(7) TR 2008 s i
E =) E, ©)
i=1
ﬁq:‘! Ec %izﬁﬂTﬂkéEFﬂ$%ﬁzﬁﬂFﬁk4é\§’ tCOzo
Eci = ADgy X PURgg X w(CO,)/w [CaMg(CO); | (%)

A B, MBI =i R B TR T eI L ( FZEr CaMg(CO), ) KA RN =AY CO, HEL
T, tCO,; ADypy NBERRE P P HE O AT AE R, 5 PURgyy NBAE O T BRIRE R T 40, %;
w (CO,) H CO, MIFIX 2 T-Fift; w[CaMg(CO),] }y CaMg(CO), A4 T FitE

Ec; = NAPX EFy,o XGWP (6)

K Eg, AR A MNRE SRR, (CO,; NAP NESIR™ &, t; EFyoh NO HERE F,
kgN,O-(tHNO,) ;s GWP j N,O [EFRARIEAE(E, B 298,
Ecy = ADgy xw (C) x44/12 7
e Eq WA BRI K e A= i B AR IR ™ A2 CO, HEltER:, tCO,; AD gy AR SARGA )
PITHAER, 6 w (C) NERITIRE, %, w (C) B 82.45%.
3) HMNEHHEBOZR . SMNEE T AR CO, IEEHER, DinbBeIRgei T4 . il i 253 ECh A
s, AR (8) AT
E.=AD.XEF, ®)
Kef: E, Mz I EFEHE R, tCO,; AD, ISt NS NE 1, MWh; EF, e R
%0, tCO,-(MWh) ', KH 0.581 tCO,-(MWh) "),

4 Z=Hlsth

4.1 HHEFKIR

ghb BRSSOV I TS, AR AR 1 AR, B
BRI REIIREHER,  Tolb A= R, AMEHE JriEeHE Gzl A TEFENR B Hsh 1142w ) o #
Bl R A PRk Az A AR G R R . BEREGTHR DL Bk, b A Rl A PR Al 52
PR =R BT REE R AR AT T A SRS FESE R 3,

FRAERT SO A S 2 T B A T 2 0B -, FEILER 40 BRHBRR -3 5 ) B B
B &AL . IRE IR A A SEIME . (E Al B B BRA7 P B e i P S AL AR AR R] i
TR AIHEIN AR . AR RRHE R R R R N
4.2 RS

FEFHAL T A B AT, S5 RB PR =8, TR BRI T 25 5, e
IEAEE L 5.

1) Ak 2Rl oA, iR 5, Al 2021 4FaR il 703 377.26 tCO,, THEAFRIE A mk 2
PR e anE 3 e Hirb, B s BRI K IR R L B ) ZE R 4 (B ik /2 328 5351k 471 476.6



992 woE T

19 %

3 RO Tl SEhR HRE R ER
Table 3 Case actual consumption of phosphorus chemical
enterprises basic data table

*® 4 BHIET

Table 4 Carbon emission factor
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Fig. 3 Proportion of carbon footprint of each workshop in the enterprise
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Fig. 4 Proportion of carbon emission sources in each workshop of the enterprise
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Fig. 5 Proportion of different carbon emission sources within the enterprise
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Abstract Phosphorus chemical enterprises are the key areas of carbon emissions, and their green and low-
carbon development is of great significance to the promotion and implementation of China’s “double carbon’
strategy. Currently, carbon footprint accounting for phosphorus chemical firms is in its early stages, with a lack
of systematic research and guidelines. This study used a representative phosphorus chemical enterprise in
Guizhou Province as a research object, analyzing the energy used in the enterprise's production process, and
building the carbon footprint accounting model of the enterprise in conjunction with the enterprise’s production
process characteristics. The calculation showed that the carbon footprint of the enterprise in 2021 was
703 377.26 tCO,, of which the direct carbon emission of fossil energy combustion was 463 418.66 tCO,,
accounting for 65.88% of the total carbon emission of the enterprise. The carbon emission of industrial
production process was 239 852.26 tCO,, accounting for 34.10% of the total carbon emission of enterprises. The
indirect carbon emission of electricity consumption was 106.34 tCO,, accounting for 0.02% of the total carbon
emission of enterprises. From the perspective of the workshop, carbon emissions were mainly generated by the
phosphogypsum-based acid co-production cement workshop and the power workshop. The carbon footprint of
the phosphogypsum-based acid co-production cement workshop was 471 476.6 tCO,, accounting for 67.03% of
the total carbon emissions of the enterprise. The carbon footprint of the power workshop was 151 257.43 tCO,,
accounting for 21.50% of the total carbon emissions of the enterprise. Based on the results of the carbon
footprint analysis, a number of emission-reduction actions were offered for phosphorus chemical companies.
This study can provide some theoretical support for carbon emission reduction, green low-carbon and
sustainable development of phosphorus chemical enterprises.

1)

Keywords carbon peaking; carbon neutrality; phosphorus chemical company; green and low carbon; carbon
footprint
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