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Carbon Footprint Assessment of Cementitious Materials Prepared from
Industrial By-Product Gypsum Based on Life Cycle
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Abstract: Under the new situation of “Two Mountains” theory and “Dual Carbon” goals our country has issued a series of
policies and preferential conditions to encourage the preparation of gypsum cementitious materials from industrial by-product
gypsum including calcined gypsum « high-strength gypsum mixed phase gypsum et al. So far there are few carbon
footprint calculation reports on gypsum cementitious materials in China. In this paper the carbon footprint calculation
model of gypsum cementitious materials prepared from industrial by—product gypsum was established based on life cycle
assessment method which was demonstrated through the production of « high-strength gypsum from phosphogypsum. The
results show that the carbon footprint in three stages of raw material acquisition production and transportation of o high—
strength gypsum product is 3.95 288.04 and 14.31 kg CO, eq/t respectively and the total emission is 306.3 kg CO, eq/t.

The carbon emission in production stage is the largest which is an important segment to reduce energy consumption reduce
carbon emission and save costs. The carbon footprint calculation model established in this paper is applicable to the carbon
footprint calculation for calcined gypsum « high-strength gypsum anhydrite mixed phase gypsum et al.
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Fig. 1 Life cycle system boundary of gypsum cementitious materials ( dotted line is system boundary)
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Table 1 Activity data and data source of "cradle to gate' life cycle list of 1 t o-HG
Life cycle stage Material Unit Activity data Data source
Phosphogypsum kg/t 1 400.0 Production line
Raw material Admixture A kg/t 2.0 Production line
acquisition Admixture B kg/t 5.5 Production line
Running water kg/t 60.0 Production line
X ) Steam consumption kg/t 800.0 Production line
Production process Power consumption kW * h/t 75.0 Production line
Phosphogypsum km/t 50.0 Production line
Transportation Admixture A km/t 500.0 Production line
Admixture B km/t 500.0 Production line
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Table 2 Carbon footprint calculation of raw material acquisition for production of 1 t a-HG
Raw material Carbon emission factor/( kg CO, eq/kg) Activity data/kg Calculation results/( kg CO, eq * t™")
Phosphogypsum 0 1 400.0 0
Admixture A 1.73% 2.0 3.46
Admixture B 0.08" 5.5 0.44
Running water 0.000 91 '° 60.0 0.05
Total 3.95
= 1t 0.625 2.77 1 CO, eq/t ® A 0.625 x2.77 =
1.73 kg CO, eq/kg; b 1t 0.028 8 t B 0.028 8 x2.77 =0.08 kg CO, eq/kg.
3.95 kg CO, eq/to A.B
3.90 kg CO, eq/t 1.3%; 0.05 kg CO, eq/t
0.02% o
2.4
o
(3) o 2 (3)
3.
3 1t
Table 3 Carbon footprint calculation of production stage for 1 t «-HG
Energy resource Carbon emission factor Unit Activity data Unit Calculation result/( kg CO, eq * t~")
Steam consumption 0.305 6° kg CO, eq/kg 800 kg/t 244. 46
Power consumption 0.581 04 kg CO, eq/( kW « h) 75 kW  h/t 43.58
Total 288.04
se 1.0 MPa ( 180 C 2778 kJ/kg ¥ ) 0.111CO,/G] ®
277 8 x0.11/1 000 =0.305 6 kg CO, eq/kg; ¢ 0.581 0t CO, eq/( MW +h) *
o' 288.04 kg CO, eq/t
N 84.87% -
18%
a o
2.5
0.192 kg CO,/(t * km) *% . Co, CH,.N,0 3435
35 1t 1 km
CH,.N,0 4, (4) 5.
14.31 kg CO, eq/to 0.73 kg CO, eq/t
( 6) 0.2%;CH, N,O 0. 15 kg CO, eq/t

0.05% o
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Table 4 Other greenhouse gas emission in road transport
Greenhouse gas Emission coefficient Unit Global warming potential »
CH, 4.63 x107°¢ kg/(t * km) 28
N,0 6.94 x 10 ¢ kg/( t * km) 265
2 e 35 1GJ 760 26 g CO,+1.833 g CH,.2.749 g N,0 0.192 kg CO, /( t * km)
CH, 0.192 x 1.833/760 26 =4.63 x 10~ kg/( t * km) ; N,O 0.192 x 2.749/760 26 =6.94 x 10 ¢ kg/( t * km) .
5 1ta
Table 5 Carbon footprint calculation of transportation stage for production of 1 t a-HG
Transport Weight/t  Distance/km  Emission of CO,/kg  Emission of CH, /kg  Emission of N,O/kg  Result/( kg CO, eq *t~')
By-product gypsum 1.40 50 13.44 9.07 x10 73 0.13 13.58
Crystal modifier A 0.002 500 0.19 1.29 1074 1.84x107? 0.19
Crystal modifier B 0.005 5 500 0.53 3.56 x10 % 5.06 x10 73 0.54
Total 14.16 9.56 x10 3 0.14 14.31
(0.05 kg CO, eq/t) (0.73 kg CO, eq/t)
(CH, N,0) (0.15 kg CO, eq/1) 0.30%
5% o
Co, .
2 6 o 113 ”
( 5) 6 o 6 o
«“ ” 306. 3 kg CO, eq/t 94.04%
6 @
Table 6 Carbon footprint calculation of 1 t «-HG based on LCA
Life cycle stage Emission/( kg CO, eq * t™") Proportion/%
Raw material acquisition 3.95 1.29
Production process 288.04 94.04
Transportation 14.31 4.67
Total 306.30 100. 00
2.7
( dihydrate DH) 90% Si0,
$i0, 18% ( ) 130 °C 25 C
( hemihydrate HH) 0.5% ( ) o
30 7 3.
7

Table 7 Thermodynamic data

Ttem Value/( kJ * kg™! + K~") Ttem Value/( kJ * kg™")
Specific heat capacity of DH 0.61 Enthalpy of evaporation of H,0 at 100 °C 2257
Specific heat capacity of SiO, 0.82 Enthalpy of saturated steam at 180 °C 2778
Specific heat capacity of H,0 4.20 Enthalpy of water at 180 °C 763
1) (AQ1)
130 C
. 25 C 130 C AQ1  188.81 MJ.
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Fig.3 Thermodynamic process of heating dehydration pressure relief and drying of phosphogypsum
2) (AQ2)
1.5 36 95.18 ~96. 14 k] /kg ( DH)
3 111.6 kJ/kg ( DH) 120 kJ /kg ( DH) AQ2  125.16 MJ.
3) (AQ3)
( 8) 29%
3 296 kgo
8
Table 8 Production data of water loss during process of pressure relief
M, /It C, 1% PI% Cy 1% M, /kg M /kg S/%
10 14.00 95.0 22.40 2 682 570 21.2
10 13.68 95.0 22.18 2 655 567 21.4
10 24.10 90.0 24.96 3482 1314 37.7
10 23.94 93.0 27.90 3504 991 28.3
13 19.38 88.0 23.62 3967 1173 29.6
13 18.87 89.0 22.51 3 926 1291 32.9
13 19.85 90.0 23.63 4 052 1284 31.7
Average 29.0
M, Gy P Gy s My T Mg
S
AQ3  656.79 MJ.
4)
970 MJ 18%
481 kg 1t 800 kg 60. 0%
o a
18% - 12% 384 kg
20% - N
2.8
o N
N N \GRG N . N
o (o Y JC/T 2038—2010) 7 50
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9 ( Y(JC/T 1023—2021)
G25 30 MPa o 3840
( 9) ( Y JC/T 985—2017) * €30 .
9 o
9
Table 9 Formula and performance of selfdeveling mortar kg
Type Cementitious material ~ Other powder Sand Water reducer  Cellulose ether  Emulsion powder — Defoamer Retarder
Gypsum based 540 10 450 0.9 0.4 3.0 0.5 0.05
Cement based 350 240 390 3.0 0.4 15.0 0.5 0.17

590 ~ 930 kg CO, eq/t '°*

43 1t “ ” 870 kg CO, eq/to 9
1t 139 kgo
1 000 « 640 1 852
257 CO, 1 400 170 o
3
1) PAS: 2050
2) (63 N ~

3.95.288.04.14.31 kg CO, eq/t

1t 139 kg CO, .
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