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Scenarios Scenario 1 Scenario 2
Upper-layer model optimization results Total DN operating cost (¥) 59,4584 233712 25,5267
Net loss cost (¥) 15,1648 6145.7 53053
Carbon cost (¥) 12,1969 4459.8 48037
Lower-layer model optimization results BS cluster operating cost (¥) 13,488 13,488 9,984.9
BES cost (¥) 84392 68449 3,389.8
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Measures Charactel

cs

AES Symmetric encryption algorithm has the characteristics of high efficiency and good security. In battery data, the AES encryption algorithm can
be used to encrypt and decrypt the data

RSA A common asymmetic encryption algorithm used to encrypt and digitally sign data. The RSA algorithm can be used to protect data security
during battery data transmission

TLS/SSL To protect battery data during network transmission, Transport Layer Security (TLS) or its predecessor, Secure Sockets Layer (SSL), is used to
encrypt communication channels. This method ensures that the data is not eavesdropped or tampered with during transmission

MDS A widely used password hashing function that produces a 128-bit (16-byte) hash value to ensure complete and consistent information
transmission
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Measures Functions

Local database storage and caching Keep collecting and storing data when network connection is down. Upload the backlog of data to cloud or central server
after connection is restored

Off-line mode Continue to perform basic monitoring and reporting functions during  network outage, even if data could not be uploaded
until the network s restored

Real-time alarms and notifications Send alerts and notifications to relevant personnel via other means of communication, such as SMS, local alerts, or backup
networks
Automatic reconnection and recovery Automatically reconnect when the network is available again to ensure that the normal monitoring status can be restored as
‘mechanism soon as possible
Alternate communication path Provide continuous data transmission capability in the event of a major network outage. Alternate communication paths

include alternate internet connections, satellite communications, wireless communication networks
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Parameter Accuracy requirements

Battery pack voltage <05%
Single battery voltage <02%
Battery current <1%
7 Battery internal resistance <10%
Battery temperature <I'C
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Essental information
manufacturer | SAFT production dates
batery type nickelcadmium battery rted capacity ()

rued voluge (V) 12 quaniy 24
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Strategies Descriptions

Distributed computing and parallel processing | Decompose data processing tasks into multiple parallel subtasks to speed up overall processing. By processing data
simultaneously on multiple compute nodes, the processing time for each data point can be significantly reduced

Streaming processing Ability to process data streams in real time without waiting for data integrity or batch processing, Greatly reduce the time delay
from data generation to processing results

Cache and prefetch technology Cache commonly used data and calculation results for quick access when needed to avoid double calculations

Optimization algorithm Choosing an Al algorithm to process the data can significantly reduce the time complexity required to process the data
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Scenario classificatiol Algorithm MAE (kW) RMSE (kW) MAPE (%)

1 CNN 0.664 0771 4.056
GRU | 0611 | 0719 [ 3786

CNN-GRU | 0.461 0544 2.894

2 CNN | 0.691 0810 4278
GRU 0.642 | 0753 3.983

CNN-GRU 0476 0561 2.986

3 | CNN 0755 | 0.887 4762
GRU 0702 0.807 4269

CNN-GRU | 0.562 | 0.663 [ 3.529

4 CNN [ 0838 0974 5.124
GRU | 0795 0.887 4.963

CNN-GRU 0587 7 0.692 3.847

5 | CNN 1.035 | 1170 [ 6.159
| GRU 0959 | L115 5.872

CNN-GRU 0658 0776 [ 4.028
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Correlation coefficient value

Degree of relatedness

‘ M=o Uncorrelation
‘7 0<[r]<03 Weak correlation
l’ 0.3<|r{<05 Low correlation
‘ 05<|r{<0.8 Significant correlation
‘ 0.8<|rl<1 High correlation
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Burying (vo = 0 m/s, I; = 569.05A) Laying (v = O m/s, I; = 776.69A)

Avp/(m/s) Al/A Avol(m/s) Al/A
0.001 3053 0.001 66.70
0.002 3421 0.002 86.47

02 3553 02 15211
04 3565 04 156,31
08 35.69 08 158.75
12 35.69 12 159.73
16 35.69 16 160.19
20 3569 20 160.61
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Structure Thickness/ Outside Density/kg-m" Heat transfer Specific heat
3

(mm) diameter/(mm) coefficient/(W-(m-K) capacity/(J-(kg-K)™)

copper - 205 8933 400 385

Insulation 121 447 940 380 390

Semi-conductive 08 1463 930 015 1580
tape

Alloy sheath 3 523 I 11,336 | 35 129

PE sheath 23 596 930 04 2300

7 Filling — 1228 I 1100 035 1900

Sheath of optical 3 1.4 930 04 2300
fiber

Steel pipe of optical — 84 7850 605 43
fiber

Inner cushion 195 1267 930 04 2300

Armor 50 1367 7872 45 448

PP coating 40 1447 | 1100 035 1900
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Frequency limit controller (FLC) configuration scheme Maximum acceptance ratio of

renewable energy

1 FLC is not configured 0

2 I-11 connection lines are configured on the I side. The II-IIT connection lines are not 0
configured. The I-111 connection lines are configured on the I side

3 I-1I connection lines are configured on two sides. The I1-I1I connection lines are not 265%
configured. The I-I1I connection lines are configured on the I side

4 1-11 connection lines are configured on the II side. The II-III connection lines are not 47.8%
configured. The I-111 connection lines are not configured

5 I-11 connection lines are configured on the 11 side. The II-1II connection lines are not 47.8%
configured. The I-1II connection lines are configured on two sides

6 1-11 connection lines are configured on two sides. The II-1II connection lines are configured 100%
on the II side. The I-IIl connection lines are configured on the I side

7 1-11 connection lines are configured on two sides. The II-III connection lines are configured 100%
on two sides. The I-1II connection lines are configured on the I side

8 I-11 connection lines are configured on the I side. The II-1II connection lines are configured 77.9%
on two sides. The I-1II connection lines are configured on the I side

9 1-11 connection lines are not configured. The II-III connection lines are configured on the IT 89.5%
side. The I-III connection lines are not configured

10 I-11 connection lines are not configured. The II-1II connection lines are configured on the IT 89.5%
side. The I-III connection lines are configured on the III side

1 1-11 connection lines are configured on two sides. The II-1II connection lines are configured 100%
on two sides. The I-1II connection lines are configured on two sides
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Millisecond cyclical tasks name (PV) Execution time (ms) Execution cycle (ms) Computing resource demand (MB)
Load data collection 20 100 1
load control 20 800 2
Millisecond cyclical tasks name (Wind) Execution time (ms) Execution cycle (ms) ‘Computing resource demand (MB)
Wind speed and direction data collection 50 500 1
Fan orientation adjustment 10 800 1
Blade angle adjustment 10 800 1
Fan control 10 1,000 1
monitoring of wind turbines 100 1,000 2
Millisecond cyclical tasks name (General) Execution time (ms) Execution cycle (ms) Computing resource demand (MB)
Electrical data acquisition 10 50 1
Switch data acquisition 10 50 1
Calculation of electrical parameters 50 200 3
Data filtering 50 200 3
Energy control 100 500 2
Off-grid control 2 600 2
Cutting machine load shedding control 20 500 2
Second cyclical tasks name Execution time(s) Execution cycle(s) Computing resource demand (MB)
Regional electricity consumption query 02 1 1
Regional load object awareness 02 1 1
Identification of remaining Internet access paths 02 1 1
Real-time electricity price monitoring 025 2 2
Regional participant quotation and volume monitoring 05 3 2
Forward market risk monitoring 1 5 3
Market clearing and settlement 1 5 2
Bilateral optimization of regional markets 2 5 4
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The adjustable cyclical tasks Back-shi

Electrical data acquisition 315.8-315.83
Switch data acquisition 315.8-315.83
Load data collection 315.8-315.86
Calculation of electrical parameters 315.8-315.85
Energy control 315.8-315.9
Cutting machine load shedding control 315.8-315.98

Regional electricity consumption query 3158
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Case/Hour Profit with DP and installation of FC and UPFC Profit with DP and installation of FC and UPFC

using SQP using SMA
Base case 3233254 3238367
7am. 3266.387 3271624
10 am. 3276627 3281238
1pm. 3345269 3350.128
4pm. 3366.814 3371974
7 pm. [ 3244268 [ 3249.438
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System profit with DP and System profit with DP System profit with DP and installation of

without FC ginstallation of FC FC and UPFC
3229568 3231038 3233254
3262247 [ 3264.168 | 3266.387
3272921 3274561 3276627
3340.834 [ 3343.129 | 3345.269
3362.429 [ 3364782 3366.814
3239683 [ 3241962 | 3244268






OPS/images/fenrg-12-1427614/inline_100.gif





OPS/images/fenrg-12-1428458/fenrg-12-1428458-t008.jpg
Case/ System profit with DP  System profit with

Hour and without FC DP and with FC
Base case 3229568 3231038
7am. 3262247 3264.168
10 am. 3272921 | 3274561
1pm. 3340834 3343.129
4pm. 3362429 3364782
7 pm. 3239683 3241962
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Case/Hour Profit without Profit with

DP ($/h) DP ($/h)
Base case 3229.568 3229.568
7 am. 3251.235 3262247 ‘
10 am. | 3290.261 [ 3272921 ‘
‘ 1 pm. 3356.328 3340.834 ‘
4 pm. 3362.429 3362429 ‘
|

7 pm. 323563 3239.683
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Time 7am. 10am. 1lpm. 4pm. 7pm.

ESP ‘ 0.065 ‘ 072 175 17 0.01

ASP ‘ 0.09 ‘ 0.67 1.63 17 0.02






OPS/images/fenrg-12-1428458/fenrg-12-1428458-t005.jpg
n cost ($

From bus (FB) Inv. Cost of UPFC ($/h) Total genera

2 02 2 3436 55886.604
6 -07 2 3281 55886.006
10 | 0.2 2 3837 | 55881.352
21 -025 2 2387 55886595
2 | -0.1 2 3949 | 55888.501
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Scenario (line outage) Scenario (line Outage)

1 Base 55682.67 21 15_16 5572093
2 1.39 55784.6 2 12_13,15_16 5572104
s | 12 55776.26 23 9.39, 12_11, 15_16 | 5572453
4 23 56062.95 24 1.2,12_11, 15_16 5594572
5 225 55739.51 25 1.2,3_18,12_11 55750.08
6 3.4 55695.96 2 1.2,3.18, 12_11, 14_15 5585471
7 45 55710.79 27 I 1.2,3.18,10_13, 12_11 5715271
8 | 414 55750.56 | 28 1.2,3.18,10_13, 13_14 [ 5706659
[ 9 5.8 55715.28 29 1.2,3.18,10_13, 12_13 7 57060.19
10 | 6.7 55753.40 ) 1.2,2.25,318, 10_13 57009.78
1 611 56108.01 31 1.2,3.4,3.18,10_13 56670.63
12 7.8 55696.81 32 1.2,4.5,3_18,10_13 56498.90
13 89 55686.32 33 1.2,5.8,3_18,10_13 56413.19
14 | 9.39 55681.67 34 1.2,3_18,16_17 | 5595452
15 10_11 56109.55 35 1.2,3_18,16_21 55924.14
16 10_13 56201.74 s 1.2,3.18, 1415, 16_21 | 56103.60
17 12_11 55682.66 37 1.2,318, 14_15, 2829 5587651
18 | 12.13 55682.66 38 1.2,318, 14_15, 2628 | 55876.70
19 13_14 56883.21 o 1.2,3.18,14_15, 2324 I 5610194
20 | 14_15 55718.36 40 1.2,3.18,14_15,22.23 55857.74
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Transmission line no. From bus (FB) To bus (TB)

5 2 30 0035 2
37 [ 2 35 [ 0.119 3
35 21 2 0.191 4
14 6 31 0205 5
39 23 36 0274 6
33 19 33 0363 7
10 [ 5 6 [ 0395 8
34 [ 20 34 0534 9
3 [ 2 3 [ 0617 10
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Combination no.

Solar plant placement (in MW)

CVaR Total cost including SGC ($/h)

Bus5 Bus6 Bus7 Bus8 Bus10
3 2 25 e B 1 [ <2 -0.243 -0.2673 55942.66
8 2 25 3 5 15 1 0237 oaes 55945.18
9 25 s s 15 1 2 0219 02672 5593334
13 1 25 3 5 15 2 0237 -oaes1 | 55945.24
15 3 5 15 2 1 25 ~02430 | -02673 55943.15
19 s 5 s 2 25 o2u1 -ozess 5594228
21 s o1 2 25 1 3 o0 | 02673 | 55943.01
24 25 L s s s 2 02437 | -02681 55945.2
27 15 2| s 3 3 5 o | 02673 55943.06
29 25 3 1 5 15 2 02437 | -02681 5594538
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LBMP Bus sensitivity index (BSI) Rank

Base case (1) After line outage (2) Difference (1-2)
10 18.37 1397 44 0.2294415 1
£ 1837 14108 4262 02222454 2
11 18417 19.031 0.614 0.0320175 5
7 18.592 19.153 [ 0561 00292538 4
8 18621 ‘ 19177 0556 00289931 5
5 18535 19.088 | 0553 00288366 e
6 1851 19.062 | 0552 | 00287845 7
31 18.494 19.046 [ 0552 00287845 8
12 18.419 | 18943 0524 | 00273244 9
9 18.589 19.109 | 052 00271158 10
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Height of high-voltage winding . 574 mm . Low voltage winding outside diameter 195 mm
Outer diameter of high-voltage winding 336 mm Low voltage winding bore diameter 151 mm
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