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Abstract: The energy structure in China is facing sustainable transformation and development. Hydropower, as a source of clean
energy, is widely built up in the upper reaches of Changjiang River drainage basin where great terrain differences occurred. Howev-
er, there is a lack of research on the greenhouse gases (GHGs) emissions of reservoirs in the hydropower life cycle in a specific re-
gion, and the inconsistent estimation methods lead to poor comparability of the estimation results. Based on Tierl in the IPCC Na-
tional Greenhouse Gas Inventories, this study explores the life cycle GHGs emissions of 24 medium and large reservoirs in the upper
reaches of Changjiang River, and conducts uncertainty and sensitivity analysis of model parameters through Monte Carlo simulation.
The results show that the average carbon emissions of the 24 reservoirs are distributed in the range of 0.0342-140.59 Tg CO,,,. The
total carbon emissions reached 264.05 Tg CO,,,( CO, emissions accounted for 9.12% , CH, emissions accounted for 90.88% ). The
average carbon emission per unit power generation is 3.30 g €O,/ (kW+h) (0.01-17.64 g CO,,,/(kW-h) ), and the minimum

and maximum values appeared in Jinping Il Reservoir and Pengshui Reservoir, respectively. In addition, sensitivity analysis found
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that among the parameters involved in the model, the nutritional adjustment coefficient played a leading role in the uncertainty of
the final estimation results, while the ratio of total downstream flux of CH, to the flux of CH, from a reservoir’s surface to the atmos-
phere had the weakest sensitivity to results. This provides good guidance to select parameters when using this model and to carry out
sampling detection in the future.

Keywords ; Intergovernmental panel on climate change (IPCC) ; flooded land; the upper Changjiang River; carbon emissions;

sensitivity analysis
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Fig.1 Distribution of typical large and medium hydropower stations in the upper reaches of the Yangtze River
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Tab.1 The value of each parameter and its uncertainty distribution'"’

S Bl J3Ai TR RS
CO,  EF/(1C0,-C/(hm?-a)) <20 4R} IR T X 1.7 Beta PERT 1.66 1.75
T R X 1.46 1.44 1.48
RATR X 2.77 2.71 2.84
CH,  EF/(kg CH,/(hm?-a)) <20 4EHt TR RE MR X 195.6 Beta PERT 176.9 214.7
T 7 T X 127.5 121.5 133.4
RPN X 251.6 236.6 266.7
>20 4EM} T T X 150.9 Beta PERT 133.3 168.1
TR WNE X 80.3 74 86
RIGE X 141.1 131.1 152.7
EERINSLEES FE S 0.7 Bysio 0.7 0.7
g SRR 3 0.7 5.3
B 10 5.3 14.5
AR 25 14.5 39.4
fluxCH, res/fluxCH, downstream, R ; ; 0.09 Beta PERT 0.05 0.22
GWP(100 a, CH,-non fossil) 27.2 jiafe v 16.2 38.2
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S —— e R R NS AR

K PERE I AR A 25% ~75% BAG XA K 14.77x10° ~27.94x 10" km?® , F5e/IN LI {1 015 0L 00 43
Bh 6.6x 10" 1 43.08% 10" km® , o7 YT 117K 2 1 FA RS MEAK 28 o BITRIF S ) /K J2E A 1E 5 5 /K s /K 3 T BRLEE 1.5
QR PYAYFE I A 0.89~133.65 km® , kh T i G5 A1 RV 5 /IR, XoF 37 45 G AR 7K R 3 —— o 0K L (CREILEE
T =4800 MW) (7K . 457K ZEZK I TR A FP A 80k 27.65 km®, ¥{E A F] 95.81 km? | WK T L PU4M 7 B
94.30 km* , T PUSMu BR 15.45 km® o BEHLZR R e KA =K 28 0 P S ME A B , T 85 /I IR 7K T T AR 2 o ik
) 1084.00 F1216.49 km® , 254 i B 40 A1 8 4% /K JZE IE % &K AR 1.5 IQR {4 0.1401x10° ~
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Tab.2 Basic information and parameter values of the 24 reservoirs

V=3 Al Bt
e RE EAERANY pec ey kB b ) (W) ofiH
1 =i 22500 LI T 90 X 108400 150 3 0.7~5.3
2 P 16000 TR T 0 X 21649 150 3 0.7~5.3
3 B UE 12600 TR B TR X 13365 150 0.7 0.7
4 LR 10200 TR BR EIE X 12710 150 3 0.7~5.3
5 [ 2 4 6000 TR I T 30 X 9560 150 3 0.7~5.3
6 Loy St 4800 IR B X 89 150 0.7 0.7
7 BT 3300 T I T 0 X 8400 150 3 0.7~5.3
8 WL A 3000 TR E I X 5087 150 0.7 0.7
9 WaiA] 1 3000 TR B R X 10929 150 3 0.7~5.3
10 Qi 2400 T T 90 X 2085 150 0.7 0.7
11 B | 2400 T VR X 1439 150 0.7 0.7
12 LIy 2 2400 R I VT X 1651 150 3 0.7~5.3
13 - E 2300 TR I Y X 2048 150 3 0.7~5.3
14 S 2160 T VR X 5987 150 0.7 0.7
15 iy v 2000 T VI X 2267 150 0.7 0.7
16 b 2000 TR IR SR X 2765 150 0.7 0.7
17 ) %48 1800 IR TR X 1327 150 0.7 0.7
18 K 1750 T VR X 4148 150 10 5.3~14.5
19 il 1500 TR VR X 930 100 0.7 0.7
20 piNED)A 1200 TR B R X 1838 150 3 0.7~5.3
21 =R 750 TR VR X 545 100 0.7 0.7
22 LiRay 600 T VR X 1124 100 10 5.3~14.5
23 & 560 T YT X 597 100 3 0.7~5.3
24 T 390 TR Y X 416 100 3 0.7~5.3
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Fig.2 The distribution of installed capacity (a), control basin area (b), water surface area under

normal water level (c¢), and storage capacity (d) of the 24 reservoirs
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P B HE T i 2 5/ N L A 0.0342 Tg €O, (0.0244~0.0446 Tg CO,,, ) o XS AR R 0K 8 T 3%
F IR | HARR LRI R W DT 45 45 1T 60, 127K 8 1E 3 5 7K B /I o v BRSO 0.89 k', S TS (4 BT
IR KR TR R e /NI K PR o R BN & i s A e HE A 52 v (181 3) , 24 K IEIAME R 3.30 g €O,/ (KW -
h) ,#£ 0.01~17.64 g CO,, /(KW -h) [ X [&] P9 8, fe/IME H BLUFE B0 bR 0K R, B R (B H BLAE 52 7KK %
R K ZERRHE AL A /N T A K B H 2 AR S B AR K (24.37 TW - h) AR T 1) K ALK A 3
(37.57 TW-h) , [F I, 53 5 oK 4 B 2z v i A B HE TR B /1N o HR S b, 327K K P8 K T T AR R K A 85 35 1
PIRBKAE, WA T3 & /N (6.35 TW -h) |, 48 = 1) A= i J8 S e HE i /K74 B 81 & o b, RO
BT 2% A B HE RO K o AR AR B 2% i B A B HE R SOR T2 KK, R 11.69 g €O,/ (kW +h) .
T =0 7K P28 LA 2 Hh e P B HE R B AR A K 2 /N, A 10.63 g €O,/ (KW =h)
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Fig.5 Linear fitting of reservoir carbon emissions with engineering characteristics and hydrological environment
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Fig.6 Comparison of the estimated annual carbon emissions of the Three Gorges Reservoir based

on the IPCC Inventory Guidelines and the estimated carbon emissions based on the measured data
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Fig.7 Regression results of life cycle GHGs emissions and energy density of reservoirs at home and abroad
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Tab.3 Basic information and parameter values of the foreign cace reservoirs

o) WiH BT IR ST %ﬁfx IEWEAOKE  HHER fxik o, S
MW (IPCC %14%) T A/ hm? a (%)
1 Ttaipu 14000 TR D YT X 135000 100 3 0.7~5.3
2 Belo Monte 11233 S PRI IX 44100 100 3 0.7~5.3
3 Guri 10200 RAGENE X 425000 100 3 0.7~5.3
4 Tucuruf 8370 RIGHIE X 285000 100 3 0.7~5.3
5 Grand Coulee 6809 TR 1 X 32400 100 0.7 0.7

* FUE R VR F & B J5 M 0T, Ttaipu: https ://www. itaipu. gov. br/en/energy/ energy ; Belo Monte ; https : //www. norteenergiasa.
com.br/pt-br/uhe-belo-monte/ ; Guri ; http : //www.vhpe. com.ve/html/eng/p_records/pr_ Hydropower_Guri_Hydropower_Station.
htm; Tucurui: https://ejatlas. org/conflict/tucurui-hydroelectric-dam-and-the-assassination-of-dilma-ferreira-silva-para-brazil ;
Grand Coulee : https : //www.usbr. gov/ projects/Powerplant ,
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Attached Tab. [ Tierl model for estimating carbon emissions from reservoir lifetime based on

IPCC National Greenhouse Gas Inventories
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