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Abstract: In order to explore the effectiveness of carbon reduction in energy storage hydropower, the Zhuanghe pumped storage
power station in Liaoning Province was taken as a case study. Based on the life cycle assessment theory, process analysis and
input-output mixed analysis were used to group calculate the carbon emissions throughout the entire life cycle of the pumped storage
power station, and the differences in greenhouse gas fluxes between the upper and lower reservoirs before and after water storage
were estimated. The results show that the total life-cycle carbon emissions of this pumped storage power plant is 2,094,774tCOze, of
which the operation phase accounts for 59% and the construction phase accounts for 41%, with a carbon emissions factor of
43.46gC0O2¢/(kW-h), which is about 1/33~1/25 of the carbon emissions of thermal power, and the average annual carbon reduction
benefit can be about 88million yuan. This paper quantitatively demonstrates that storage hydropower is a clean energy source, and
that vigorous development of pumped storage power plants can effectively save energy and reduce emissions, and provides data
support for the low-carbon construction of pumped storage power plants.
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Table 1 Carbon emission factor data for major materials and

energy sources
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WK 0.008tCO,e/m? 03]
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Table 2 List of fuel consumption during off-site
transportation
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Table 3 List of fuel consumption during on-site
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Table 4 List of electric energy consumption during construction
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Table 5 Calculation of carbon emissions from the main

materials and energy consumption of the project

e BiH BEHEAT wiew  OPRE
(10%COs¢)
1 TRt 0.094tCO,e/t 88.9510% 8.3613
2 IKIe 0.73tCO,e/t 18.710% 13.651
AN T 3.943610%  8.6759

2.2tCO,elt
SR AR 1145 : 7007t 1.5415

4 AR 0.003tCO,e/m? 155.5710%  0.4667
5 MBI 0.008tCO,e/m? 5.2210% 0.0418
6 S 3.67tCOge/t 3.540310%  12.9929
7 G 0.9947tCOe/(MW-h) 119080MW-h  11.8449

NS 57.5760
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Table 6 Cost of main materials and energy in the construction

phase
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1 gL 88.9510% 300 JG/t 26685
2 K 18.710% 655.63 JU/t 12260.28
AL N 5 3.943610%  3704.77 Jo/t 16091.47
R Al 7007t 5000 TG/t 3503.5
4 W 155.5710% 130 Jo/t 20224.1
5 ISy 5.2210% 220.26 Ji/t 1149.76
6 Seih 3.540310*%  5669.76 Jt/t  20072.65
7 H 119080MW-h 700 JG/(MW'h)  8335.6
2N 108322.3595
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Table 7 Carbon emission calculation of remaining investment
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Table 8 Main energy consumption and carbon emission of the

project in operation stage

PELRAR WH Wb
WiH  HkEE » T HE R T .
(TREAN) (Jizn)  (tCOqe)
Rt 480t 0.6936 Fiju/t  3.5tCOe/t  332.928 1680
S 48t 0.567 Fit/t  3.6TtCOe/t 27216  176.16
0.07 Ji76/  0.9947tCOqe/
. 4764MW-h 33348  4738.75
(MW-h) (MW-h)
Nt 693.624 659491
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Fig.2 Proportion of land types in inundated area
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Table 9 Carbon footprint flux parameters of various land

types in the inundated area

COififE  CH,ilE

+ 4o B A€/ S
(CO,—C) (CH4~C)
b 41.1 -0.012
[, i o 274 -0.012 [17]
K AR T s 0.06
i fb Hh % 0 0
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Fig.3 Carbon footprint of Zhuanghe pumped storage power

station
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Fig.4 Calculation of carbon footprint ratio by group for

Zhuanghe pumped storage power station
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typical hydropower station projects
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