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Abstract: As fossil fuel based chemical products, synthetic fertilizers are highly energy-intensive and therefore highly
carbon-intensive products as well. Fertilizers are one of the most important modern agricultural materials for enhancing crop
yields. The manufacture of fertilizers is also a considerable indirect greenhouse gases (GHGs) emission source related to
agricultural activities. To feed its huge population, China has raised its average fertilizer application level from 86.7 kg/hm’
in 1980 to 346.1 kg/hm” in 2010 (total N, P,0, and K,0). China has been the largest fertilizer producer and consumer
worldwide for ten years, and its fertilizer consumption has exceeded 4.76 x10” t, almost one third of the world’s total , since
2005. Thus, it is essential to evaluate the GHGs emission related to the production and consumption of synthetic fertilizers
in China. However, most current Life-Cycle Analysis (LCA) studies on China’s agricultural GHGs emission use foreign
fertilizer emission factors ( GHGs per unit of fertilizer product) because the actual domestic factors were not available,
which might result in significant miscalculations and uncertainties. To solve this problem, we collected data specific to

China’s fertilizer manufacture and consumption, and then estimated GHGs emission factors for several types of nitrogen,
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phosphate, potash and compound fertilizer currently in use in China. These fertilizers were; ammonia, urea, ammonium
bicarbonate ( AB) , ammonium nitrate ( AN ), ammonia chloride ( AC), general nitrogen fertilizer ( General-N) , triple
superphosphate ( TSP) , monoammonium phosphate (DAP) , monoammonium phosphate ( MAP) , superphosphate ( SSP) ,
fused calcium magnesium phosphate ( FCMP ), general phosphate fertilizer ( General-P ), potassium chloride ( PC),
general potassium sulphate (PS), Lop-Lake-method potassium sulphate ( PS-LopLake), (PS-Mannheim) and general
potash fertilizer ( General-K ). Our emission factors accounted for CO,, CH, and N, O released not only during
manufacturing, but also from feedstock production and transportation outside factories (i.e. “from cradle to factory gate” ).
Due to the availability of different data, emission factors for N/P/K fertilizers were calculated using different methods, and
thus represent different technological scenarios (N fertilizers: China’s current average technical level. P fertilizers; China’s
current ordinary technological level, slightly behind the “average level” , representing the nation’s target for energy-saving.
K fertilizers: China’s current advanced technological level, representing the best potash factories with highest energy
efficiency in China). China’s average-level nitrogen fertilizer manufacturing GHGs emission factors were: ammonia 1.672 t
CE/t N, urea 2.041 t CE/t N, AB 1.928 t CE/t N, AN 4.202 t CE/t N, AC 2.220 t CE/t N and General-N 2.116 t CE/t
N. China’s ordinary-level phosphate fertilizer manufacturing GHGs emission factors were; TSP 0.467 t CE/t P,04, DAP 1.
109 t CE/t P,0,, MAP 0.740 t CE/t P,0,, SSP 0.195 t CE/t P,0,, FCMP 2.105 t CE/t P,0; and General-P 0.636 t
CE/t P,0,. China's advanced-level potash fertilizer manufacturing GHGs emission factors were: PC 0.168 t CE/t K,O, PS
0.409 t CE/t K,0, PS-LoplLake 0.443 t CE/t K,0, PS-Mannheim 0.375 t CE/t K,O and General-K 0.180 t CE/t K,O. As
a result of the more complete LCA chain investigated in this study, different natural resource availability and distribution
traits, energy structure, and technological levels, most fertilizers’ GHGs emission factors in China were about 2-fold of those
in western countries. Thus, the models using western factors to calculate China’s agricultural GHGs emissions will

significantly underestimate the impact of fertilizer application.
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Table 1 Different fuel’s LHV, emission factors per MJ and emission factor per tce
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Fuel type Qnet,* EF.>/(gCE/MJ) TCEF,/ (1CE/1ce)
Lower heating value Emission factor per MJ Emission factor per tce

JEHE crude coal 20908 MJ/t 27.41 0.80

FEHE cleaned coal 26344 MJ/t 28.50 0.83

KR, natural gas 38.931 MJ/m? 19.84 0.58

JEH crude oil 41816 MJ/t 24.32 0.71

53 gasoline 43070 MJ/t 26.96 0.79

S5 diesel 42652 MJ/t 27.93 0.82

SREHH fuel oil 41816 MJ/t 28.06 0.82

1L /T electriciy 3.600 MJ/kWh 81.19 2.38

7574 steam 2956.4 MJ/t 27.41 0.80
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Table 2 Main material’s total consumption for various nitrogen fertilizers in China in Year 2005

— R RSUE MO MR RURKRE LR MR Tk i
l‘ﬁt - fentilizer & Coal/ Natural gas/ Oil/ Ammonia/ Steam/ Electricity/  Nitric acid/ Total fert output/
Hogen Tetzer pe (10%  (10°m®)  (10%) (10%) (10%)  (10%Wh)  (10%) (10%)

A A Ammonia 4661 96 142 — 6339 4810000 4596"
JR% Urea — — — 2439 5665 510000 4147
URIrERS

— — — 43 193 40 3850
Ammonium Bicarbonate( AB) k¢ ’
iRk

— — — 71 125 16 ¢ 357
Ammonium Nitrate( AN) 283.1
= -
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Table 3 Phospate fertilizers’ energy quota and materials consumption ( tonne per tonne product)

N, BRAL TR s . & MpP
K ﬁg% Quja B MPy o, BRI MP gy N S MP 4y
Phosphate type Enerey quota/ (ptce) Sulfuric acid/t Phosphate ore/t Ammonia/t Coke/t
E@j - 0.180 1.058 1.702 e  —
I'riple Superphosphate('TSP)
R —

0.140 1.305 1.575 0.240 o
Monoammonium Phosphate ( DAP)
o

.12 1.2 1.61 .1 —_—

Monoammonium Phosphate ( MAP ) 0120 88 610 0-135
i
[=]

0.015 0.400 0.595 —_— o
Superphosphate ( SSP)

- ‘A 4 E *

ELBERE 0.290 —_— 0.947 " — 0.20

Fused Calcium Magnesium Phosphate ( FCMP)
. B ESEERENL Y MP g 2 & P, 0519% BRSO IHFERE M AEBEBR D B, TR IL A (3-a) Y UEHT AR 2>
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TR HRIH IR A 10 R IR R A b Z5TE A 1 <0, R0 B Al 2 TR R A A R A T O B0 1 v B (R )
P o
UPy 50, = MPy o, X PEy 50, + MP gy X (PEjspzn + TRypy ) + MP i + 98% X TRy + MP g X TR g

(3-b)
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PE,, g /TR IR 3 TR RBRHERCE (t CE/t H,80,) , AR (7) THE ; MP gy 2 1 ¢ BEIERIBRERS A1 HT R (vt

BRAE = ) IS AT (4) TR PE g o i 1t BT (2R IE TR BRHECE (1 CE/t) , BUEH 0.050 tCE/t, )

P8 SCHR O R SR BE PR T I FE R MR 5 TR 2 1t BT A1 B8 IR HERLE (t CE/t) il A0 (8) it

B MP g 2 1 U BEAC MR R BRI A2 (1 H, S0, /8 BEAE = &) L alad 283 (5) T TR gy S MH SRR R )38 B

B (¢ CE/t 98%H,80,) B3 23 (8) 115 s MP 2 1t BEAE BOBRASR FH B (vt BEAE ™ ) it A2 (4)
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UPNH3:MPNH3XXNH3 (3-¢)
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FLH | SA g AR B I BRR (7 SVBRR ™ 0t 1 LEAG , SA gy 2 B 1 R 1) A8, SA gy 72 KR R 1) LL B, =
HOTBIEUE 43.2% 35.3% 21.5% " (2WE 1.3% M E TR IT ) s My SR BREE T RS 577 10 SRR T AE M B
fif i (1/H,S0,) , BUEH 0.334 5 My A2 B KA ] 1R B 4 A 198 T A O B 82 (¢ + H,S0,7") , B R 0.98
(M g B M gy PIUUA 2 B BRRA TR T A 7 AR BN PR AR R (BETT) )
MAHIR 25 FhBi AL B 1 & T BB 1 2R 18 T | #R A il 1 T B BRHR U (PE o, PE ) PE gy s
PE ) %85 (6) 15
PE, = Quota; X [ E; x TCEF,,,, + (1 = E;) x TCEF ., ] (6)
b Quota, 2 j PR Y EAAL™ 55 REFEBR A (tee/t) o5 FBEALAS FIHY Quota, BUE ILER 3 RIEWER 11 1)
REFERREN Quotagyy iz =0.006 tee/t( 7% A = BB BED RIEF T IH AL PE AR R R GRAT7) ) ) 5 il fE
MIREFEPR A Quota .y, =0.165 tee/t, U H (FEHR LA™ i REFEFRA) (GB 21342—2008) . E &AL (Y i#{H) 78
LG RERE Quota, T A7 1 HLBI (% ) . FEABIY E, = 10% (W F 45 (1 L FE R 150 kWh/t!™  HrariiEh 18.4 kece/
2SS Quota, 1 10% ) s BEIR 441 E, = 10% BEIR—4% W E, = 12% 5500 £, =22% (MRAE(H 1A F %
Tolb = i BEFEFR A5 2% ) http : //admin. scsn. gov. cn/jw/ShowArticle. asp?  ArticlelD = 2054 , i £ H FESCHE(E A 116
kWh/t G BERRES FAESEHEE R 27 kWh/t, s 8IS 7350 5 %5 H Quota, 1 10% ,12% \22% ) ; ¥58:BEALH) E, =
3% (HL4: [ 80—89 AEAEEEEIE Ay HLFE I 75kWh/t ™) HTdndi G S BEREIE Quota, 11 3% ) 5 E gy iz = 90%
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(CRBREFE T FLFE 5 75%—85% , BEA REFE T FLFE (5 909%—93% , 1MW 41 >R 1k T B REFER H kw1 ) By =
0, A8 Quota .y, (0.165tce/t) P FH A HL 3 47 B 1 28 BOR: S5 i (LM AR (6, SF O E A B 5 — IR BB TR Y
BRI JEAE NSO T BB L J RERE, TCEF ), =2.38( % 1) ; TCEF 1, ,, =0.81 (JEFR KRR AN A
JIRREH TCEF WS AR H——5 I3 rp B R AR B IR B ol A T U0 AR A 2 I I im AR 2 HI
WAL ELR A IR Al 58 32 JEURE ARSI TE T 45 31 o (A %7 AT G AN A AT SOE A BRIk
FIRSAEABENC A LE 7 3 R P AR D HIVERREL)

BRER A it TP BRI (PE, 0, ) #22330(7) THES 25 TR P RE OB HIEJICHR i 25 PR FAZE IR B HE A o
RIS 28905, 7 T B AR A )
HSO><9'—]2%2><TCEFFM—(EUHSO><9£gg2

#0s71000 207 1000

=EUy 50,%1.94x10™*+Quotay, ., X0.80 (7)
o 55 R AR« 255 REFE = R AEITAR ML - IR PR IR AR L™ SRS 3] 1 I A2 VR T A B o (TR B R 46 K
AT IREREZ HL 1) 5 EU, g0 EBRIR =0 T 20 (43 B LABRES  BRAKD FNAHRI0 N ERE) B AT 24 i i v
FE(KWh/t) B 110.55 = 85XSA g+ 130XSA g0 + 130XSA ., Hirt 85 130,130 43 51l Tl B P 2057 7= iy
REVRIHAERRAR) ( GB29141—2012 ) Hfv = Ff T 20 1) Mo 198 R A6 B0 (kWho/t) |, JH: rb o A <0 JBUA B 0 <A AR
Fe—— AR BT T4 B R B LU 2 HORAEWIAL = s X RE I BRIE R 5 Quotay, 0, 2 =
T T2 B SF 24 0 iR 255 A REAE (tee/t) , BB - 0.082= - 0.115%XSA 5+ (- 0.100) XSAg 4, +0.016 %
SAygec , o - 0.115, - 0.100 F10.016 43 5ilJ& GB29141—2012 = Ff T2 (BRI R BRAkH™ HIBR AR <HIAR )
L5 A REFERRA (tee/t) o 25 113 PE, i, = - 0.044 tCE - t H,S0,7",

RGBT A BRAKEA JHABIR | AR | B R b BB AL R 38 S B HE R (TR TRy
TRy iy ~ TR e TR gy ) FE AT (8) THAL 4 MURRU AN 14128 S ok H e B2 45X (9) 15

PE, ¢, =EU —Quotay; 5, ) XTCEF .,

TR, =D, x UDE, (8)
TR i = 89.3% X (3 PR HE P B X UDE g +HE FBR A [l 2 BEXUDE g ) +11.7% x B P B8 [ P 328 B
UDE 55 (9)

P kB BRI AHIIR ke  BhIE R D, FR A MRHIYIZ BE (km) 5 UDE, J2 45 W45 A4 R} B0 32 JE
BRHERC R (1 CE km™ 0" K45 89 D, iR : D AET 300 km YL UDE g , #833 300 km AYHL UDE 0 (A
FIEEk % KT BARBUE WF 4, 2A3(9) W, 89.3% B E I HL A, 11.7% J2& [ = Biss e )2 L 4%
Pz BE A BUE AR

F4 FAREHAANBMEEGAEBRHNE"

Table 4 Greenhouse gas emission per kilometer for different transportation

ki 7 = NIz PERkHE UDE LTy Y HNT 2 BE AR UDE
Transportation Emission per km/( gCE km™ t™!)  Transportation Emission per km/( gCE km™' t™1)
L Ocean 0.645 2 Railway 12.5

JE RN 1 Long road 37.6 K&/ B Short road 33.1

AR 1 BERRIN RO jh 36 3.7 B Mk

HE DB EEZ FE 25 = 9200 km ( 97 3000 BB HE P45 25 9000 km D4R 9400 km , 75 5 FI R 18 2 1% BF4E 9400 km,
i) [ www. searates. com/ reference/ portdistance/ ) ; Dy = 600 km, Dy = 150 km, i 1 B i [=] PNz 1 = 750
km , [ =i [ A 2 B = 200 km (2EHK 2010 4F f 2 [EBEAL ™ i 87.6% BRI LA A 0 A2 Al 36 17 K il
Tl PR A R 5 A T A e 1 AT R A ] Sk B R BORAR ) RIS BR R 1Y
LA IR — A B RO N &AL SR IRIE R AR, 42 Es BRI 48 s B 5 L 7 2 i 42
[ Fe 5] B A | B ) UK ) 3 Dy = 200 ( MR 23532 158 150—250 km, www. ccin. com. en/ cein/
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news/2011/08/03/192151.shtm) ; Dy ey = 150, D ., = 100 (EHUHAE B P B AL 15 SABEEREAC Al , 3 5 7
M A i) 5 H O I ECA B <A 0T SRR IER RS IR R e O )
1.3 HAEARRHER R L
B e S B R LA (7 95% ), FEUORGRIR BRI PRI AR e T VR RN R, T VR
B2 VA RTS8 A B IE A ) i) B ) S R A S A R RN R 0 A 7= Al AT ER T 4% 20 [ N s ik
KPS 3 T A I A 2 7 R 7 b A AR R (VR RURT R B R IR A 2 Y 95.7% 2009 AT i
RS ERIL 5 A Y 87.19% ")) PR NE Y 26 7 h 8 % SIS R 1Y
1.3.1  SALEIORRHER R 2L
Tl = SEALER 0 PRI RS bR ol SR ™ Sl REFE R A, SOFE 5514 A A B0 7 S 2R R AR RO SR Aih I, 25
A LIS DSW A AR KCLBR 2 5505 (SR 914 A A & 5 WP AR I H 5 DSW 2 A& Rl — B AR B ER ) | #58
2 (10) G [ A AL BB HE R A Stk )
Xgo = PEyy + a + B = Quotayy X (Eyy X TCEF y;, + (1 = Eyy) X TCEF 0 ) + a0 + B (10)
Ho X A EABIER B HER R (¢ CE/t KCL) 5 PE,J& KC1 TF (MG A 2E 2] KC s ) 48
PP AR B HE LB (¢ CE/t KCL) 5 PR A h 18 42 P AR 7 0 A A 5 22 R R B A SRS, BT AR AR 1Y
TCEF gy 3,589 TCEF 5y s S KCI T (5 BV L 78 (RDEK A7 +KCL TF) B HC A, BUE 76% 38 & H R Ak A7 %
BB HE R L o R A2 A LU A8 (BRI AT BRORE AT, TR SRR HE R A 5TiER ) BUE 97% 5 Quotay, Je3h 4R
B SR HR BT 77 S 25 REFE (tee/t BB, BUH 0.04™ 5 B, & KCI TFBYHLEE 5 H, BUH 70% (o B FI E, (34
S [ DSW A7) WIEEESI T 1107 B KCL B Rl i ) ) |
1.3.2  GRiRH i mHE L R 4L
TR H RGN T 2000 R S A (51 8 E PR Je e T20) R B0 28 W) (0 B R £ 78 36 W0 i /K vk (i
ST ) riEA T RERE S AR L IEAEEATRIR Y HLERTRT &P RE BB 2 AR B R TR
T T2 B BHE R R 8, WA= (11) .
Xps = MKy X Xy + MK, g5, X UP o + MK sy X UP iy + >, MK, X Qnet, X EF, (11)
Hor XA T2 BRI R HE i R 5L (1 CE/t K,90,) s MK, 528 W2 19 KC1 14 (vt K,S0,) ,
MK ;5 2 S UL B BRIR T AR (/1 K,S0,) , MK 2 B AR R B H AR B BE R MR #E 5, DA B HUE IR 5,
UPy 50,4 - 0.014 t CE/t H,S0, (5 HBEIEHRST) , UP iy =0.108 t CE/t 1 KA1 ($2 75 90% Y4 CaCO, 3
) o

x5 ARIZHEHRBENEIERE
Table 5 Materials consumption per tonne potassium sulphate for different manufacturing technology

WRH T L B A i

) S A
Potassium sulphate C }:‘%/l C {NI(EE N LEIH Diesel/t F}:;H {?3/‘[ Electricity/ Potassium Sulfate L.Ej‘}?;ﬁ/t
manufacturing tech od asotme et ol kWh chlorid/t acid/t 1mestone
PH% 0.20 0.001 0.09 — 7 — _ _
Lop Lake method
= kb
ki - — — 0.07 60—110 0.87 0.57 0.04

Mannheim method
a. BHIAN B YR BAFERL I [ <2008 A JE H T RERAAE T /E s http : //jmj.loulan.gov.cn/jihuazongjie/2008-12-26/5515.html ; b. Sk
PR FES 5 [ Sk

1.4 AR IE i BT 2 57 50 i Bk HE S R A
gy A REER HE R o A~ (12) T
Yoo =X 1 (12)
Horp Y, e A REAE Y B 257 0 BERRHRCR B (1 CE - 437071 5 X, 20 AL B A 52 ) i )l
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HERCR B (L CE/L = B Xy X X X)) s SR SR AR SE R A 35 00 B 0 (%) o TR IR BRER 1
B BT AR S (N) & 55300 82.35% ,46.8% 17.7% ,35.0% ,26.2% ; F55 WElR — 4% Wi —4k
G FIASEEE T A 7= S 43553 (P, O,) S 209K 46% 45% 46% 16% F1 15% ; KC1 F1 K,S0, 45553 (K,0) & &
435k 60% F1 50% .

2 HR55%H

2.1 FEMIEmHER R

T [ 412 (1009% HNO, ) il 3 B BCRE (X0, ) A2 1,445 + CE/tHNO,, Ho A= 7 i B2 rf N, O k3RS ) 5Tk
it 60%

WL 11 1.4 T AR L3R o i HE R B0 o (3% 6) (AR % 4.202 t CE/t N(dicr) , bk 2.
220 t CE/t N, JRZ 2.041 t CE/t N, B4 1.928 t CE/t N, & M& 1.672 t CE/t N(Hefi%) . T ERLE S AR
ZH0CM 2.116 t CE/t N,

WL 1.2 F14 B BEIE A SR o e HE i R A ZE RAR K (R 7) S 25 EEREIIE 2.105 t CE/t P,O0;,
HREWER — 8% 1.109 t CE/t P,0, , R —%¢ 0.740 t CE/t P,0,, T 4% 0.467 t CE/t P,0, , ffK#& %45 0.195
t CE/t P,0,, FREBNEMLES BHE R ECH 0.636 t CE/t P,0;,

FIATKE (R T) T R ERME S T 6 B R e R IR — B R U, A Tl R v 5 K A ik
HEMCR Y2 ORI 1 | 201 o SHERCR 1 54.8% F1 38.1% , HOR A BB IE TR A E % T Lok HA B £1
VB 2 1) S AN E BE BT R U, B E T e e R B HE R ER T, 23l o SHE O 1Y 81.1% 11 78.8% 5 B 7™ i
FIERANT Al 3% 5) | H 55 AT S RcHE R e IR BRI , oy L 0 SRR A K HE O , PR e A1 R i e 1205 2
R AHEBOR IR, BER 19 071 REFERF AR TR K — 304 iOBRHE it . bR 32 S 2R 15 R A H A CO,—
53 B BTRRAS R 10% , W e HE IR B0/ NI 85 52 IR

Wt 1.3 A 1.4 (TR BRIE A AR S B HE R B B (3 8) AR 0.168 t CE/t K, O, B iR #1 £5
0.409 t CE/t K,O, i B4R IR AN 0.443 t CE/t K,O 2 IHARAREN 0.375 t CE/t K,0, & FEHA LAY LE
WHERL R EH 0.180 t CE/t K, 0,

I B, DL A A R 5 2 1 2 3R A B0 AT oMb 19 S K S (i S0 Bl P 2R R P Bl — oK
F) o

PAN
=

AN
=

F6 HEBHMARH

Table 6 Greenhouse emission factors for various nitrogen fertilizers

A I EPP KT ARG T AT I
, BN SRR R A X aiFR AR E Y s
e - ' : N ROV BRHEH R B
. - Chinese factors per tonne Chinese factors per tonne
Nitrogen fertilizer type p level) / N/ level) / Western factors
product (on aveiigz evel ) (o naverage level) per tonne N/ (1 CE/t N)
(t CE/t 7= dm) (t CE/tN)
FNLES General-N — 2.116 0.9—1.8(1.3+0.3)"
2 Ammonia 1.377 1.672 0.719°¢
JRZ Urea 0.956 2.041 1.096¢
Wik AB 0.341 1.928 —
TER e AN 1.471 4.202 1.939°
FkEE AC 0.581 2.220 —

a. WGIREE Bl e UL BRIl 40 1 B e 4 345 TR R ISCT- 1, 7743 50 1942.6.681.4,125.0,111.0(10%t N) ' s b, 1
Lall2) %% G455 AL REAEHISA . BEFLE Sam Wood 25041 RERKM TR, $A-EHGSH S H R & SR 19%—3%

2.2 MANREAZER
BASCH P E NP K EREEEI R (£ 6.7.8) , KRENGEEHEWWAE LA, W E T 23
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T AU R 8 TR A A IR R A R B (B HIE T 22 800 BR S SF- 417K (90 4R ) 119 2.3 .1.9 2.2 7%,
RNLE G R BOEE AN 1.6 475 (o2 SCak 4 1,310 CE/t N 19 1.6 47, 324 84 1.74 t CE/t N 1
1.2 %) s S BRIR 5k BRIR — B 1 RRHE R 0 B A B 47K 19 1.6.2.2 2.0 A5, B FHEE I LAY
I (BB ML T, (4524 20 (T AN R 50 |, BEARZE A R BUE AN 3.2 45 SR AR (4 5 HE ik
RECH LIS DSW AR 2.3 45, BIILLE & RECEESMYER 1.2 45, AT H LR, (3. NPK B ESMR S
FBORELARAL IR ) AD R BOEASK Y A 71— SCiik)

®7 BHEBHEM R
Table 7 Greenhouse emission factors for various phosphate fertilizers

ARSI [ AR B A Be sk (—BKF)

Chinese factors and different stages’ contribution for total emission estimated

| SMBEHE T e R e

stern factors
by this study (ordinary level, from cradle to factory gate) Western factors

BT R

W2
MAREY, 13
Phosphate (P) . o o e » i il 43
fertilizer type Kk JRHZ JEsh il i R Ty o Phosphate (FC5r8) Cradle to
upstream upstream upstream P fertilizer i €O, fertilizers' Cradle to consumer/
ores treat transport making making CO,in ores emission factory gate/ N

tCE/t P,0
factors/ (tCE/t P,0y) ( 205)

(tCE/t P,05)

H 45 TSP 19.0% 10.7% -21.6% 81.1% 10.8% 0.467 0.296 0.392
4% DAP 8.7% 5.1% 54.8% 27.1% 4.3% 1.109 0.514 0.639
—4& MAP 12.8% 7.4% 38.1% 35.2% 6.5% 0.740 0.369 0.494
W45 SSP 47.5% 27.0% -56.3% 55.7% 26.1% 0.195 0.287 0.378
HEEERE FCMP — 2.8% 8.5% 78.8% 10.0% 2.105 — —

BEALZEA General-P — — — 0.636" 0.1—0.3(0.2+0.06)

a. BEIHE Sam Wood 251451 RN 27K, “ 3B 50 4 TR BB 5 b. K545l b R AE ) 4l 35 20 s it ot HE R R 392 2002 AR A9 Al 3243 7= i
TACE2 (03 4F 22 J5 TG A A5 AL w AR = RR 1230 ) o = 0k 45 = 25 W TR 6% = 123 WETR — f = 125 %45 = 371 A58 IE = 66 ( 10%1
P,05) ) REERE AN c. it Lall2VHH (FEA = 404k fETERIS4Y

x8 HIEHEMRE
Table 8 Greenhouse emission factors for various potash fertilizers

AR E N R B (St KF)

e Chinese factors estimated by this study (advanced level) FE el 32 4 e HE i B 5

POlaS?fj;Tilizer type AL T BRHE IR B Xy SRR HE R R B Yi Western faclor? per
Factors per tonne Factors per tonne tonne K, 0/(t CE/K,0)

product/ (t CE/t =) K,0/(t CE/K,0)

HIAELEA General-K — 0.180° 0.1—0.2(0.15=0.06) "

SALHR Potassium Chloride (PC) 0.101 0.168 0.073°

BRERHNZE A Potassium Sulphate(PS)¢ 0.204 0.409 —

B EP IR AP PS-LopLake 0.221 0.443 —

2GR R PS-Mannheim 0.187 0.375

a. PR GEUALHR i B B 959 7 RIGERRER 1 Sk S MUMABCT 45 b. i Lal > I R AR BEAEAISTE o IXEDLES] DSW 2
F RSB R 702 AR P KSR T A I BRATSEAK T 5 d. 458 B0k 5 S IBIRE A 7 50% INALF-3

FEl A A M HE TR B Z2 B AT RESK H T (1) EF ANFR——ASCR A TG S SR % 18 T IRIRE AU
St AR HE R B (EF,) |, N2 38 5 T R % 8 T E MBS R A 2R T TPCC SR {E I B HE L
FHO L (2) BB —FI W Sam Wood ! ST I $2 S A1 R EERIBED £1 A3 CO, X P BR
T, B AR RERCUH 2 K08 153 25 B P 5 I AR A T A 2R F8 A S B B e ) 45 i ik HE i
Y (3) WA, FREZHE D S B (ER0E) B B, S BT REIRSE A SRR A
FOR B 14 28 S —— TR E BB UBER 2, AR AR AL TR R B 4345 1L LA o 5Ok I R
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SRAT S TSR B TR 98 9% S A1 AR A i A, FLFR [ ol /0 s Ao AR ™y, P O DR RIS 17 4 2 7= L
AR R RVENBERE S (4) FEARE KT A=A [ —— B WS R A P R F T N, 0 Wl A 5 3%
A7 203 B I R B A 2 70 AR AR BRSE 51 HE (1 5 5 18 4 P J5 S a0k 1) B 77 4k — 8 45 i T 20 J2: LA € 3]
1979 4F LB (5) % AP AE 5 b AS i) —— B AN RR S A 7 PR i | S VA i L , T 1S DA i et
S AR AE FB AR ( ANy L IR R i) 1

T B4R IR AR SO B RUIE LR & R B A LRI A RIS 45 SR & (B AR — 1 g [R) I i A o 45 R Ak
BT A FU AR R A PR (BIGRUIE = it T R AR 40 ) | Dl T B 1 ZRMES o s e HIE M R 28 = 5 U
T AR T B T+ BB 37 <5.1+40.9+2.2=8.2 t CO,/t N= 2.236 t CE/t N, FIA 3L 2.116 t
CE/t N AEH I (U .« <" BRI SCh 2.2 B A A 0B B0 SR & 1T AR ™ S AE T 2 B e
it FH B A A R %) Vi B S i, TIAR SO B AT AT R IE IS R A B AH SR 3R 40 ) o AR SCRaK 9 285 A1
USRI R . (1) A SO AIE Y RN AR I (£ 2) ok B T3 € 2007 4R M-8 3¢ SRk i A0 U
AR, #R 2 R Tl Br2s 2005 4E BT 230 A Y I A (AR SKIFICA PRI BT A S0k 2 IXFER 6
SRR RS LK 3R S2 FIE R 4 8 —H T48) . (2) ALY EF A FRHE RIS 2009 4538 i 15 BUR#
T EAEARIOR f A AR T2 i 1 iR A8 B 5 158 >k i v A ok 4 A= i Ja) R HE ik R 7, sk i A A
BB EF W 3T TPCC B Y BRSPS HE 0 A 52 T 158 0 A A Rk L 90 e R 2 o R 1 e
(BN JCHEE 30.1 gCE/MJ, KERS 15.8 gCE/M)) , iKHHL ) EF(85.04 gCE/MJ) U H 5 0 2002 4F 5T 90
AR AR T R L S ASCHY EF A2 A HAAA =K, BT DL AR T —2e22 5%

3 FigHiTie

B E— K1 N P IEZE G RcHE i R £s3 0 2.116 ¢ CE/t N 1 0.636 tCE/t P, 0,4, 73 5l 2 H
AR (1.3.0.2) B 1.6 F5F0 3.2 £ ; R R S ib K19 K ARZE A BHER R B0CR 0.180 tCE/t K, 0, {52 FE 4h
SEEIKOE(0.15) 19 1.2 £, PRk, AR L A0 3R B2 7™ S A Ak A A it FH 0T 88 60 e ol ik 2 AR HE e o 79 5 ) (I
HOR 3 [ ek H— A e AL et =)

REVRZS A IR TR ) SR BI04, R T RB IR A A Jr 31— R B 22 i, A e LA B 2, oy A 2/ N TR
] PR AR A ol FH A R ) B 3 | B i A A58 e AR A B A A T 45 (L S RB AR E ™= i) , B A B AR AR I il
TEHEAS PR I RERE (R SR0R) |, 53 T etk 11 AR REFE ™ & (AN S8 A5 e SRRl R P 5 i L B
INEE ) |

(EUAH L 38 5 A R X | 2815 sl LA TIURIY 22355 | BOR A AR et | B i BB AT S50 T L it FH 2 s 1
T 2 SARBRHE A T 2 B Z AT S48 AR B A B AL , 451 Gt 5 P sk I s 2 280 AR A A B o 28 (200 B ) Y
R RE LB FEAS ) | sl A B AL (B it AT B R R I i S VRIS N AR A ] 2
N AR R 349%—40% ) |

FIAN ASCHIESE T B 28 — R iR A2 (tee — t CE) J2AE B Z A ZEARRE ATl 8 A Bl i 1 0 T ANF5
CLTT A Z 1) R F M T R T 1% AR BT 37 19 < A i A B Rk AR 3 — P& 42 (tom®  kWh — ¢
CE) : HIBURF RE IR 525 247l h 23 i 101 AR RIS () £l A | DAARAR A4S ™ i i DRI FEFR A, AT B
e MER A TS 7 S B HECR B (BIAn AL ) o ABAETT SR HE i R EA , Fe by e B T 2 Pk HE il R+
FEMZEWE . B R B — U, OIS 2l 18 SCE AR IE X, P A 45 R AR 4 E 2 A
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