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Abstract
In order to analyze the low-carbon contribution of integrated a Cascade Hydro-Wind-Photovoltaic-
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Storage System power generation to the power system, this paper constructs a low-carbon eco-
nomic dispatch system for a cascade Hydro-Wind-Photovoltaic-Storage (CHWPS) system. Firstly,
having taken system economy into consideration, the minimization of the integrated system cost
including carbon trading cost is set as the objective function. Secondly, the model is solved, and
the carbon emission flow theory is applied to calculate the node carbon potential, node carbon
flow rate and node total carbon flow rate to analyze the role of the cascade Hydro-Wind-Photo-
voltaic-Storage system model for low-carbon electricity. Finally, the economic performance of the
cascade Hydro-Wind-Photovoltaic-Storage system model is analyzed with the help of the solving
results of the IEEE 30-node system. The results of the example show that the proposed cascade
Hydro-Wind-Photovoltaic-Storage system scheduling model has good performance in terms of
low-carbon and economic efficiency.
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Figure 1. Hydro-Photovoltaic-Pumped power generation model
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Figure 2. A modified IEEE 6-machine and 30-bus system
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Table 1. Parameters of cascade hydroelectric plants
= 1. BRIKEBHIESH

WdAswS AR 1EH 7K AL/m it 2512 m? HEKAz/Im Xt R JZE 21, m®
1 8.4 1140 44.97 1076 11.36
2 8.35 970 8.64 936 3.74
3 8.4 837 1.69 822 1.01
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Figure 3. Wind power, photovoltaic forecast output and typical daily load curve
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Figure 4. Distribution of optimal output for each unit under Scenario 1
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Figure 5. Distribution of optimal output for each unit under Scenario 2
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Figure 6. Distribution of optimal output for each unit under Scenario 3
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Table 2. Distribution of node carbon potential for each scenario
= 2. TEGR TN RKEE NS

BUS CASE1L CASE2 CASE3
1 0.8647 0.7428 0.6044
2 0.8647 0.7428 0.6044
3 0.0000 0.0000 0.0000
4 0.8647 0.7428 0.6044
5 0.9061 0.9050 0.8973
6 0.9708 0.9611 0.8790
7 0.9499 0.3802 0.8859
8 0.8790 0.8620 0.6411
9 0.8790 0.8620 0.6411

10 0.8790 0.8620 0.6411
11 0.8499 0.8302 0.7790
12 0.8647 0.7428 0.6044
13 0.8647 0.7428 0.6044
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14 0.8647 0.7428 0.6044
15 0.8647 0.7428 0.6044
16 0.8647 0.7428 0.6044
17 0.7968 0.7443 0.6742
18 0.8647 0.7428 0.6044
19 0.8359 0.7405 0.6539
20 0.6173 0.4871 0.3335
21 0.8708 0.7411 0.6750
22 0.8708 0.7411 0.6750
23 0.8708 0.7411 0.6750
24 0.7724 0.6841 0.6227
25 0.7724 0.6841 0.6227
26 0.7724 0.6841 0.6227
27 0.8700 0.8680 0.8540
28 0.8700 0.8680 0.8540
29 0.8700 0.8680 0.8540
30 0.8700 0.8680 0.8540

e 2 s, 0T EEGUK KOLME— R BN 10 3, WL BRAEIGR O 0, A4 — S LBk HE
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TG, ACRAE LSS ALY 2 A7 o R IS 82 A FE LA B HE IR AR
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RBERE, 04 3 FiR.

Table 3. Distribution of branch carbon emission flow rate for each scenario
#z 3. TEGETHTEHRRENT

BUS CASE1 CASE2 CASE3
1 54.3008 43.9574 35.3872
2 50.9922 91.8577 98.5237
3 0.0000 0.0000 0.0000
4 —0.2162 0.1857 —14.8501
5 —4.2587 —7.3758 0.8794
6 —6.8344 -11.0911 -13.5190
7 58.4496 27.4270 74.4590
8 —-17.7910 —18.3003 —13.3605
9 7.2605 5.5082 5.5070
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10 11.4094 8.6545 48724

11 0.0000 0.0000 0.0000

12 12.4257 8.6685 6.7693

13 62.3451 48.1609 37.6543
14 -3.3032 —-2.4512 -1.9885
15 0.0778 1.5227 1.3418

16 —7.0560 -3.9501 -3.4028
17 -7.1712 —6.6987 -6.0678
18 —8.7421 —6.0390 —5.0770
19 —5.7426 —3.6433 —-3.3872
20 -1.3581 -1.0716 —0.7337
21 14.0983 12.8581 12.9465
22 80.7404 68.1178 62.9084
23 41.5053 34.7383 31.2476
24 0.5484 —1.4845 —-1.4758
25 7.3996 4.5424 4.0040

26 —2.7034 —2.3944 —2.1795
27 78.7235 70.1279 68.3988
28 24.7515 20.3459 21.6574
29 —5.2896 —5.2774 —5.1923
30 -9.2220 -9.2008 -9.0524
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Table 4. Total carbon flow rate of nodes for each scenario

F 4 TEHRTHRZEHREST

Rall/(t(CO,)-h™?)

CASE1 235.6958
CASE2 232.7482
CASE3 214.9891

HIZE 4 IR, IRt S TR AR BRI SRR AR, JHA TR T 20.7067 t(CO,)-h Y,
X F R FAK T 17.7591 4(CO,)-h e % 2~4 UEMIMILL Fi 5t — Mg =i s, (K& BBt
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Table 5. Optimised scheduling results for each scenario
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78 LRE AT oG B HE B B3AZ 53 A T3 76 FENIFHE/(MW-h)
1 1037 7203.81 5.78 597.00
2 55.13 7075.64 5.64 250.81
3 50.99 6589.24 5.33 216.45

XTI L M5t 2 Wl AL, iiligse RS 5 50N, SREMA TN T 4.14 7170, BRI
DT 486.4 W, BrAE G UARRRIK T 0.31 36, FRFELERL 1 18.08%. X & K Ak F i B A
(038 PR R AT P o B AN RE RS 0 20 TR R R R I AR R 77 A 10 ) BT R s, 3 AT DABRAIG K AL
R Gr, HHRABE . BT L, MRV S SR RGRBER, RE8 N RGNR— A,
[ B 0K 22 2 1 RO B AR B AZ RS OR, M) RGN & RGP, X35t 2 Fid s 3 Al A, BhZUKIR
HE —RRHEET, Hi/KE BRI 7E TR B K G A7 Fo B, 78 B D AR D FRLURRNGG SBT3
RTINS R, WA B PR A S 2 . [, HUKE Rt o S AR, A
FEMR K BRI E 7. DR, S AR NI T 4.14 Jio6, BRHEFERD T 486.4 1, FFEXIFFLE
PR T 13.70%. ¥ sonf b g R, BAZUKR. KWL YetR & A /K & RE Lk DY # 66 R R Th 2R
fia £ P E MO TR0 2 K R FLA D B 27K ROt i Th 2% H 10 LR

5. &

1) A0 HBRHFBGR IR, 7t AR R 5 N BOBRHEBGRTE AR, W07 RS R DL
MBI, TR REY, Bk E RS 5 RIBEZUK RO — A4l Bt K LA ik A 15 70 11
BK NIZ— BB FERIIE B IR A B K KOG it — A 1 B BRI i 70 R e A

2) NS LA SCRT B B = R L7 SR A AR U SBIR S By JiAS s T i i K & ES S IR UK KOG
it — AL R SR B A B AR, BRI AT, 3k — DR B b Hh RO BB IR O i — AP T BE AR P e

HEE&mE
SN SCHETRIIE ([2023] 329); 1N A B S TR H ([2023] 290)

&E ik

[1] ARZE, FEEK, R, % 8 REBHERGR e YIER[]. B R% 301k, 2012, 36(7): 38-43+85.

[21 FRZE, REEK, RE#, 5 BHRGRHGRITTE 5 EVHERD]. I RSH S, 2012, 36(11): 44-49.

[B81 DS, mPH, BFEFE HEABAH R BRI REHEIR ). B R% E 50k, 2014, 38(17): 124-129.

[4] kB, MER, BER, & S RAHEMENE ) REHRA 2 HT[I/OL]. B T KZEZM (B R F )
1-9. http://kns.cnki.net/kcms/detail/50.1205.7.20230731.0933.010.html, 2023-09-07.

[5] ZhigF, ZEtHfin, WisE, . 5 REMEURI 75 SR B 5T 2Y i ) KRG AL BE[J/OL]. AL )i K22k (E 4R
BlE£RR): 1-12. http://kns.cnki.net/kems/detail/13.1212.TM.20230706.1412.004.html, 2023-09-07.

[6] ¥y, ®fs, RUF, &. BT GCTMSA MIBRE /K KX IEE &ML B RGMAY S5, 2023, 51(3):
108-116.

DOI: 10.12677/mo0s.2023.126498 5496 jé

m

5


https://doi.org/10.12677/mos.2023.126498
http://kns.cnki.net/kcms/detail/50.1205.T.20230731.0933.010.html
http://kns.cnki.net/kcms/detail/13.1212.TM.20230706.1412.004.html

	基于碳排放流理论的梯级水风光储一体经济调度
	摘  要
	关键词
	Economic Scheduling of a Cascade Hydro-Wind-Photovoltaic-Storage System Based on Carbon Emission Flow Theory
	Abstract
	Keywords
	1. 引言
	2. 梯级水风光储一体化经济调度模型
	2.1. 目标函数
	2.2. 约束条件

	3. 电力系统碳排放流理论
	3.1. 节点碳势
	3.2. 支路碳流率
	3.3. 系统总碳流率

	4. 算例分析
	4.1. 基础数据
	4.2. 求解结果分析
	4.2.1. 不同场景下的节点碳势与节点碳流率
	4.2.2. 不同场景下的经济性对比


	5. 结论
	基金项目
	参考文献

