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Abstract: In recent years, China has vigorously promoted the new industrialization process, and the con-
struction and operation of industrial buildings have generated a large amount of carbon dioxide. In order
to achieve the “dual carbon” goals, the research on the carbon emission accounting method for industrial
buildings has been carried out, and three types of building-area-splitting methods have been proposed.
Based on the whole life cycle theory, a provincial-level building carbon emission accounting model was
established. Taking the industrial buildings in Shaanxi Province as the research object, the carbon emis-
sions at each stage of the life cycle assessment were calculated. The results showed that from 2004 to
2021, the carbon emissions of industrial buildings in Shaanxi Province showed an upward trend, reach-
ing 10. 0423 million tons in 2021; among them, the carbon emissions at the material production stage
and the building operational stage accounted for the largest proportion. The production of steel and
cement was the main component of carbon emissions at the material production stage, each accounting
for approximately 39%; the consumption of electricity, raw coal, heat, and natural gas was the main
source of carbon emissions at the building operation stage, among which electricity contributed the most,
accounting for 38. 99% of the carbon emissions at the building operational stage.
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Table 1 Sources of data on industrial buildings
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Table 2 Parameter estimates of the function model

ZH ZHAIE
a -3808.806
b -2107.905
c -441.163
d -34.733
f 2429.7

1350.731
h 31.96
i -0.482
j -2622.113
k -497.516
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Table 3 Analysis of the deviation between fitted and
actual values (1998-2014)
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Table 4 Public and industrial building areas in Shaanxi

Province (1998-2006) 10* m?
ARy 2 e 55 T R Tl g5 R
1998 444321 2110.79
1999 4536.53 2167.47
2000 4603.77 2191.23
2001 6772.79 3108.21
2002 5636.82 2402.73
2003 6274.74 2597.16
2004 8173.77 2586.63
2005 8456.85 254495
2006 9851.68 3101.92

A5 S, AS JAS LR 2 M 2E/%
1998 2.81 0.732 2.61 -0.21 -7.4
1999 3.20 -0.005 3.12 -0.09 -2.7
2000 591 1.382 5.88 -0.03 -0.4
2001 4.52 2.940 -24.13 -28.65 -633.5
2002 4.26 -3.317 4.25 -0.01 -0.3
2003 3.31 0.868 3.40 0.09 2.7
2004 5.17 1.919 4.78 -0.40 -7.6
2005 3.65 -0.310 358  -0.06 -1.8
2006  2.31 0.665 2.35 0.04 1.8
2007 2.34 0.261 2.42 0.08 3.5
2008 1.96 0.366 2.20 0.24 12.5
2009 2.90 -0.107 3.34 0.44 15.1
2010 2.21 0.353 2.22 0.01 0.5
2011 1.51 -2.847 1.50 -0.01 -0.5
2012 3.32 -0.747 3.28 -0.04 -1.2
2013 2.74 -1.051 2.75 0.02 0.6
2014 3.36 0.099 2.85 -0.51 -15.3
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Table 5 Parameter estimates of the function model
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Table 6 Calculation deviations of the industrial building
area model (1998-2006)
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0 ZhE/(10° m?)  A/(10*m?) (10*m?) (10*m®)  22/%
1998 84.3 2110.79 209933 -11.46 -0.54
1999 159.7 2167.47  2187.95 2048  0.94
2000 206 2191.23  2219.85  28.62  1.31
2001 282 310821 227639 -831.82 -26.76
2002 379.3 240273 2361.63 -41.10 -1.71
2003 506.5 2597.16  2488.67 -108.49 -4.18
2004 600.4 2586.63  2589.06 242 0.09
2005 739.9 254495  2743.28 19834  7.79
2006 980.2 3101.92  3013.11 -88.81 -2.86
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Table 7 Shaanxi Province public buildings, industrial
buildings and residential building area (1998-2021) 10" m*

2R SR A
a, -9907.15
b, 16181.57
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0 ARSI TS R R
1998 4460.11 2099.33 6501.79
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2000 4602.26 2219.85 8644.66
2001 5011.14 2276.39 15559.13
2002 5719.21 2361.63 18265.83
2003 6555.40 2488.67 19694.57
2004 7583.37 2589.06 20903.35
2005 8685.20 2743.28 22363.63
2006 9886.49 3013.11 24303.51
2007 10963.74 3252.43 27233.01
2008 12344.22 3615.23 31606.80
2009 13788.03 3868.59 36998.12
2010 15371.47 4229.52 44180.48
2011 17369.69 4878.94 55891.57
2012 19388.99 5171.25 68324.17
2013 21582.13 5556.55 83534.49
2014 23763.41 5869.63 100675.94
2015 25923.20 6100.99 118500.64
2016 27963.62 6333.06 135098.72
2017 30047.27 6589.06 151746.33
2018 32076.45 6986.60 167804.46
2019 33940.29 7472.41 182084.92
2020 35829.00 7921.17 197593.09
2021 37623.17 8313.69 212650.77
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Table 8 Summary of literature on the classification of
whole life cycle stages
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Table 9 Carbon emission factors of building materials
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Table 10 Carbon emission factors for various
tCO,e/(t-km)
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Table 11 Major building material consumption (2004-2021)

10* ¢
Ay LR FR A K A W
2004 18.12 0.40 70.63 5.53 0.25
2005 28.70 2.01 108.83 4.65 0.34
2006 41.51 1.06 105.61 4.77 0.31
2007 48.07 1.13 153.18 5.87 0.34
2008 101.66 2.68 224.50 7.08 0.28
2009 81.87 1.76 233.71 7.83 0.29
2010 65.55 2.41 250.06 8.33 0.49
2011 125.51 2.37 396.19 11.00 0.60
2012 79.16 4.21 244.66 19.95 0.80
2013 82.88 2.81 231.30 15.74 0.81
2014 98.86 2.65 234.16 17.69 0.56
2015 79.11 6.78 219.87 23.45 0.86
2016 91.84 4.25 222.48 25.05 0.86
2017 83.50 4.44 214.62 23.67 0.74
2018 124.57 11.43 242.16 23.12 0.59
2019 101.35 9.37 262.28 18.43 0.45
2020 100.77 2.81 290.21 15.23 0.22
2021 158.34 1.65 360.42 12.40 0.14

F12 2004—2021 F B E B RHETE
Table 12 Carbon emissions at the material production
stage (2004-2021) 10*tCO,e

AR Bt K e AFF TR Kt

2004 37.14 11.50 51.92 1.42 0.28 102.26
2005 58.84 57.27 79.99 1.20 0.38 197.68
2006 85.10 30.11 77.63 1.23 0.35 194.41
2007 98.55 3215 112,59 1.51 0.38 245.18
2008 208.40 76.48 165.01 1.82 0.32 452.03
2009 167.84 50.24  171.78 2.02 0.33 392.19
2010 134.37 68.75 183.80 2.14 0.56 389.62
2011 257.30 67.63  291.20 2.83 0.68 619.64
2012 162.27 11998 179.82 5.13 091 468.12
2013 169.91 79.98 170.01 4.05 0.92 424.86
2014 202.67 75.62 172.10 4.55 0.63 455.58
2015 162.18 193.37 161.61 6.04 0.98 524.17
2016 188.27 121.25 163.52 6.45 0.97 480.46
2017 171.17  126.50 157.74 6.09 0.83 462.34

2018  255.38 325.64 177.99 5.95 0.67 765.63
2019  207.77 267.18 192.78 4.75 0.51 672.99
2020  206.58 79.97 213.31 3.92 0.25 504.03

2021 324.61 47.01 26491 3.19 0.16 639.87

45 L F W], 2004—2021 4F B PG 4 Tk 2 40 41 R
Az 7 B B e HE T A i S KO B, an 1B 2 R .
b A 7 By BERR HE R 2004 4E 19 102. 26 J7 1CO,e
L FFE] 2021 4F 639. 87 T3 tCO,e, £ 2018 4 ik HE it i
Ik B B AE 765. 63 7 1C0,e. B AF B HE M 3G KR
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Fig. 2 Carbon emissions and growth rates at the material production stage (2004-2021)
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Fig. 3 Proportion of carbon emissions at different stages of building
material production (2004-2021)
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Table 13 Carbon emissions at the material transportation

stage (2004-2021) tCO,e
Ay RIS O BB IR 632 it
2004 1362.32 7064.04 1.03 8427.40
2005 1859.51 9607.81 1.32 11468.64
2006 2000.87 10943.56 1.37 12945.80
2007 2608.12 14513.89 1.63 17123.64
2008 3407.37 56061.29 4.73 59473.39
2009 3191.03 56705.54 4.19 59900.76
2010 2969.87 57155.67 3.64 60129.19
2011 4228.81 93643.03 4.25 97876.09
2012 2633.35 64789.87 2.48 67425.69
2013 2419.35 54914.63 2.61 57336.58
2014 2597.92 63390.54 1.95 65990.41
2015 2297.60 59641.57 2.49 61941.65
2016 2367.45 61271.96 2.52 63641.93
2017 2016.26 53078.00 1.58 55095.84
2018 2566.29 69938.91 1.51 72506.71
2019 2829.37 57112.23 1.85 59943.46
2020 2742.61 54924.61 1.77 57668.99
2021 3892.49 67938.42 1.10 71832.01
10k 9.79
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Fig. 4 Carbon emissions and growth rates of carbon emissions at the

material transportation stage (2004-2021)
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Fig. 5 Proportion of carbon emissions by transportation mode
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Fig. 7 Carbon emissions and growth rates at the construction and
demolition stages (2004-2021)
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Fig. 8 Proportion of various types of energy consumption at the

construction and demolition stages (2004-2021)

WSS AT B B Y R B RE R AR W R 14, T
GRS RRIR I R 2, R HUR IR T RE AR
K RE VR AN
2004—2021 4E B PG 48 Tl 2 4033 47 W BE i e HE
R A TR A 9 B R . 2011 ARBR HECEE
I8 B KA 355 77 tCOLe, DN 2012 4R FF AR B A F [, ]
AE A AT BE R B L W o (HE R A
RATE AT B, N A 2 ) 2017 45 - 46 ik E
i IR B A T, UL 9(b) ,2004—2021 4F {4
IR R 4. 25% , B KIGA R BLAE 2005 4F 35 3]
43.07% , J& S AFAn Tt & IE g B A .
2004—2021 4 & 511z 17 B B 4 fe I8 0 FE 1Y o
Fean bl 10 s . MBBIR AP 2T AE &, i ) R
TR AR S B IEFE IS 7 A b HE 0 2R R, L
o ) oMK R e, O A AT B B ik HE i Y
38.99% , FL U U o i SIS AT B Be e HE R 1Y
21.29% , it LATE #8718 AR 55 08 o 19 4 FH O T B AT AR
KB UHEE T o F 738 BN = — P Rk e TR,
101



AR A DRV A Tl S SR A i A ) A IR A

F14 2004—2021 F &

HIBITHREERFHERS

i
Table 14 Main energy consumption at the building operational stage (2004-2021) 10* tce
0] JE A Ve AU fam FBIIER HoAb AL i Jih il
2004 13.12 0.95 1.60 0.74 0.02 0.02 0.01 0.20
2005 44.78 1.39 0.01 0.98 0.06 0.04 0.91 0.33
2006 46.60 0.21 0.01 1.13 0.12 0.02 0.01 0.38
2007 18.84 0.56 2.13 1.55 0.11 0.02 0.01 0.29
2008 25.60 0.09 2.47 1.43 0.08 0.01 0.32 0.23
2009 38.76 0.12 0.01 2.25 0.12 0.04 0.36 0.23
2010 41.32 0.17 0.01 2.36 0.12 0.03 0.59 0.13
2011 34.02 10.45 0.01 2.41 0.09 0.03 0.59 0.13
2012 29.77 9.87 0.01 2.42 0.10 0.02 0.57 0.11
2013 32.39 0.15 0.00 2.28 0.02 0.06 0.55 0.17
2014 28.87 0.14 0.00 2.13 0.07 0.13 0.49 0.16
2015 23.33 0.12 0.00 1.91 0.07 0.11 0.39 0.15
2016 18.33 0.00 0.05 1.53 0.05 0.09 0.15 0.15
2017 15.15 0.00 0.06 1.41 0.05 0.03 0.16 0.13
2018 13.53 0.00 0.06 1.26 0.09 0.03 0.16 0.14
2019 13.65 0.00 0.06 1.22 0.12 0.03 0.14 0.15
2020 13.36 0.00 0.06 1.27 0.25 0.13 0.11 0.12
2021 11.93 0.00 0.06 1.20 0.34 0.15 0.10 0.11
ARy il S SRR WAL A IS PN/ Sat W] HL 1 HoAth s
2004 0.01 3.36 0.21 4.86 15.42 5.41 31.26 0.00
2005 0.01 1.04 0.02 6.08 6.22 12.22 35.50 0.00
2006 0.01 1.20 0.01 6.08 15.02 13.19 38.77 0.15
2007 0.01 1.75 0.01 6.37 18.42 15.70 39.54 0.38
2008 0.02 1.72 0.04 9.45 18.79 14.71 42.18 0.06
2009 0.01 1.73 0.00 1.98 17.91 18.23 43.76 0.10
2010 0.01 2.49 0.00 2.54 20.84 22.15 46.28 0.08
2011 0.01 2.63 0.00 2.68 17.89 23.41 49.81 0.03
2012 0.01 2.30 0.00 2.38 16.93 25.55 50.19 0.04
2013 0.01 2.05 0.23 1.94 13.85 24.05 50.26 0.02
2014 0.01 1.90 0.07 1.70 13.95 24.70 48.74 0.04
2015 0.00 1.49 0.06 1.32 13.35 24.01 46.10 0.04
2016 0.00 1.47 0.00 1.55 12.30 28.67 48.13 0.08
2017 0.00 1.29 0.00 1.48 12.14 30.47 49.59 0.05
2018 0.00 1.33 0.06 1.49 12.24 33.05 53.18 0.08
2019 0.00 0.98 0.09 1.53 13.20 36.18 56.11 0.10
2020 0.00 0.82 0.08 1.45 12.63 41.43 56.08 0.01
2021 0.00 0.79 0.09 1.47 13.40 48.34 63.15 0.02
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Fig. 9 Carbon emissions and growth rates at the building operational stage (2004-2021)
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