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Congestion levels on existing infrastructure
Background

Congestion occurs when available least-cost energy cannot be delivered to some loads because
transmission facilities do not have sufficient capacity to deliver the energy.! Each of these
transmission limits is formulated as a constraint in the models used by system operators to clear
the market and economically dispatch available resources. When a constraint is binding (i.e., its
limit is reached) it has an associated shadow price — the marginal value of relieving the constraint
(i.e., of increasing the asset’s flow limit) — that is determined as a byproduct of solving the dispatch
model. Binding constraints are the primary reason that locational marginal prices vary within a
region. Therefore, binding constraints and their shadow prices offer information about the value
of upgrading individual elements of the existing system.

Guide to report contents

This report contains one page dedicated to each ISO and RTO in the U.S. documenting empirical
outcomes related to binding constraints during 2022 through 2024. In each case, results are
presented separately for the day-ahead and real-time markets, as changing conditions and day-
ahead decisions regularly result in different constraints binding in each market, even for the same
operating time period. Additionally, the day-ahead markets have an hourly resolution while the
real-time markets have a 5-minute resolution.

For each system operator and market timeline, the report contains two maps of infrastructure
elements that are color-coded based on congestion characteristics. The first map provides
information on how often each element has a binding constraint, that is, the frequency of
congestion on the element. The second map reflects the intensity of congestion, measured as the
sum of shadow prices. This metric is equivalent to the average shadow price multiplied by the
number of times the constraint binds; it is agnostic to the capacity or flow limit of the element.
Shadow prices can be positive or negative depending on the modeling conventions and
mathematical formulations used. Here, we standardize to positive shadow prices, taking the
absolute value where necessary. Finally, we converted all shadow prices to $2024 using a GDP-
based deflator. Some constrained elements are not shown on the map because we were
unsuccessful in matching them to a geospatial database of transmission system elements. For all
maps, the color scales are delineated into approximately the following buckets: 0-25™ percentile,
25M-50™ percentile, 50"-75th percentile, 75"-90" percentile, 90"-95™" percentile, 95" percentile
and above.

For each system operator and market timeline, the report also contains a table of key constraint
details. The elements listed are in the top 15 based on either frequency or intensity, regardless of
whether they are depicted in the associated map. The table contains the name of the constrained
element (which may also be referred to as monitored element or monitored facility), the number
of constrained periods and the sum of associated shadow prices.

L https://www.caiso.com/content/monthly-market-performance/nov-2024/congestion.html



California ISO Binding Constraints
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2022-2024 2022-2024
Constrained element #DA  Sum of DA J} Constrained element #RT Sum of RT
hours shadow periods shadow
prices prices
34116_LE GRAND_115_34115_ ADRATAP_115 BR_1_1 6590 378,302 | | [34116_LE GRAND_115_34115_ADRATAP_115BR 1_1 69169 5,747,371
30750_MOSSLD _230_30797_LASAGUIL_230_BR_1_1 5300 748,659 | |[30750_MOSSLD _230_30797_LASAGUIL_230 BR_1_1 34357 8,162,969
31486_CARIBOU _115_30255_ CARBOUM_1.0_XF_11 4498 96,631 | |(7430_KTTLM_GATES_70_1 30542 3,475,163
HUMBOLDT_IMP_NG 3831 47,730 | |[7450_CUYAMS_TAFT_70_1 29293 1,308,148
7430 KTTLM_GATES_ 70 1 3515 293,655 || [31486_CARIBOU _115_30255_CARBOUM_1.0_XF 11 23774 1,334,834
35201_VASCO _60.0_35202_USWP-WKR 60.0_BR_1_1 3102 60,898 || [35201_VASCO _60.0_35202_USWP-WKR 60.0 BR_.1_1 22094 1,128,897
2 31336_HPLNDJT_60.0_31370_CLVRDLT_60.0_BR_1_1 3015 543,693 || [34418 KINGSBRG_115_34405_FRWTTAP_115 BR_.1_1 21989 1,095,229
f_,U CONTRL-INYOTP_115 BR_1_1 2994 326,682 [|[VC_TL_681B_import_NG 19715 410,699
% 33932_MELONES _115_33936_MELNSJB_115_BR_1_1 2988 144,092 ||[30790_PANOCHE _230_30900_GATES _230_BR_2_1 19486 5,316,770
"E 7450_CUYAMS_TAFT_70_1 2514 76,086 | |[7430_GIFFEN-GIFFENT_70_1 17661 563,876
‘G |[30790_PANOCHE _230_30900_GATES 230 BR 2_1 2512 350,205 [ |[7430_Summer_GIFFEN-GIFFENT_70_1 17410 863,451
| -
4&; 34418_KINGSBRG_115_34405_FRWT TAP_115_BR_1_1 2475 72,531 [ [[7430_Summer_KTTLM_GATES_70_1 16936 2,091,101
g 32214_RIO 0SO _115_30330_RIO OSO _230_XF_1 2418 453,668 | |[7450_Nomogram_CUYAMS_TAFT_70_1 16078 826,886
O ||33916_CURTISS _115_33917_FBERBORD_115 BR_1_1 2302 42,156 | [[6110_COI_N-S 14832 1,416,481
% 31334_CLER LKE_60.0_31338_KONOCTI6_60.0_BR_1_1 2296 487,455 ||[7820_TL 230S_OVERLOAD_NG 14812 1,668,013
hV4 35621_IBM-HRJ_115_35642_METCALF_115 _BR_1_1 1400 508,343 | ||31334_CLER LKE_60.0_31338_KONOCTI6_60.0_BR_1 _1 9429 7,211,854
22208_EL CAJON_69.0_22408_LOSCOCHS_69.0_BR_1_1 2080 321,830 ||[115kv LK 9398 6,830,397
32056_CORTINA _60.0_30451_CRTNA M_1.0_XF_1 1494 226,590 | ||31336_HPLND JT_60.0_31370_CLVRDLIT 60.0 BR_.1_1 11244 6,384,673
33724_LOCKEFRD_60.0_33736_LODIJCT 60.0_BR_1_1 1515 195,313 || [32214_RI0O 0SO _115_30330_RIO OSO _230_XF_1 10852 5,926,838
24420_NEENACH _66.0_24452 TAP85 _66.0_BR_1_1 1870 184,231 || [35621_IBM-HRJ_115_35642_METCALF_115_BR_1_1 5682 3,163,926
7430_Summer_KTTLM_GATES 70 1 1680 171,437 || [22208_EL CAJON_69.0_22408_LOSCOCHS_69.0_BR_1_1 6108 3,073,010
22192_DOUBLTTP_138_22300_FRIARS _138_BR_1_1 841 161,535 | | |24420_NEENACH _66.0_24452_TAP 85 _66.0_BR_1_1 9339 3,029,720
CONTRL-INYOTP_115 BR_ 1 1 6605 2,544,281
31336_HPLND JT_60.0_31206_HPLND JT_115_XF_2 7633 2,103,668
Not shown on map 7690-INYOKN_VOLTAGE_EX_NG 4438 1,894,627




Electric Reliability Council of Texas Binding Constraints
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2022-2024 2022-2024
Constrained element  # DA Sum of DA Constrained element  #RT Sum of RT
hours shadow prices periods shadow prices
FTST_SOLSTI1_1 16387 20,518 NE_LOB 105540 2,251,527
PUEBLO_TRA1 16134 248,579 BURNS_RIOHONDO_1 74082 13,887,373
ASHERT_CATARI1_1 15936 119,091 WESTEX 71391 634,282
CATARI_PILONC1_1 14524 286,668 HAMILT_MAVERI1_1 69007 10,103,827
PUEBLO_TRA2 14017 248,017 PNHNDL 65318 826,428
HEXT_YELWJC1_1 14010 288,263 NELRIO 60156 689,121
0 HOEFSROA_T1 11357 20,053 FALFUR_PREMON1_1 54184 7,532,365
% LPLBR_BRT1 11072 156,403 6036__A 53856 2,224,219
"5 HARGRO_TWINBU1_1 10886 678,753 LARDVN_LASCRU1_1 53014 4,673,642
'S CELANE_N_SHAR1_1 10366 30,085 PAWNEE_TANGO1_1 44202 576,708
c BISON_STRS1_1 10355 85,877 LASPUL_RAYMND1_1 40663 663,138
© LENSW_PUTN2_1 9749 13,255 15060__B 40331 2,030,772
17 6144__ A 9746 696,215 CATARI_PILONC1_1 38415 7,749,116
S HAMILT_MAVERI1_1 9554 526,082 6144__ A 37473 6,917,206
g BURNS_RIOHONDO_1 9401 1,141,284 HARGRO_TWINBU1_1 36626 10,004,137
Q LARDVN_LASCRU1_1 8698 398,859 BRUNI_69_1 34860 7,908,886
LPLMK_LPLNE_1 8676 524,016 G138_10B_1 31571 3,776,358
G138_10B_1 8088 505,319 6471_C 31019 7,227,096
6471_C 6920 740,797 LPLMK_LPLNE_1 25147 5,053,510
BRUNI_69_1 6824 1,631,180 BLESSI_PAVLOV1_1 23578 3,673,483
BIGLAK_PHBL T1_1 6435 485,232 6520_E 23438 5,054,581
CONCHO_SANWO_1 6212 1,025,796 COLETO_ROSATA1_1 20341 3,681,049
BLESSI_PAVLOV1_1 4953 375,474 1710_C 16247 5,058,078
LOYOLA_69 1 4102 481,031
6520_E 3311 365,409 Not sh
COLETO_ROSATAL_1 1532 367,687 ot shown on map



ISO New England Binding Constraints

Day-ahead Real-time
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Constrained element  # DA Sum of DA Constrained element # RT Sum of RT
hours shadow prices periods shadow prices
Node_Shoreham_Export 4082 313,182 SYSTEM_10MINSYNC 29771 140,293
KR-EXP 3808 78,053 BASE_INTRFC_KR-EXP 20250 875,242
NYNE 2138 30,645 51BHE_EPPING_T_59BHE-
EPPING_T59BHE-2 A LN 1964 41,614 2_A 15794 723,390
Node_Highgate_Import 1867 72,504 1789 _BUNKR_HL_1029-2_A 11870 340,861
SHFHGE 1863 19,060 BASE_INTRFC_SHFHGE 9722 145,895
” WTS+GR 866 9,404 BASE_INTRFC_KCW 6410 239,983
% Node_Phase2_|mport 816 32’197 BASE_'NTRFC_ORR'SO 6006 402,681
5 KCW 788 36,077 BASE_INTRFC_BNGW 5189 303,364
© BUNKR_HL_1029- BASE_INTRFC_IRMF-E 4964 124,059
'E 2_ A LN 787 18,345 BASE_INTRFC_TIVRTN 4345 60,880
§ ORR-SO 743 10,784 BASE_INTRFC_SHEF 2483 403,716
"J; Node_Salisbury_Export 542 63,915 1340_BUNKR_HL_1029-2_A 2373 64,045
g IRMF-E 477 8,205 BERLS136_PARIS_0154_A 2052 89,005
o SHEF 421 20,920 JOHNST_TS171-3ALN 2025 17,101
3 S_NAUGTK1580 ALN 375 19,839 1789T_BUNKR_HL_1029-2_A 1939 83,199
A HARTF_AV_F106_A_LN 268 12,386 1619 _S_NAUGTK_1580_A 1695 96,645
Node_Shoreham_lmport 8 19,572 BASE_INTRFC_GRPW 1337 102,780
SYSTEM_30MINTOTAL 953 97,588
509530_BRIGHTON_329-
531_A 382 127,019
Not shown on map




Midcontinent ISO Binding Constraints

q
Day-ahead Real-time
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Key constraint details

2022-2024 2022-2024
Constrained element #DA  Sum of DA i Constrained element #RT Sum of RT
hours shadow periods shadow
prices prices

PRES PRES_TIBB_1558 A 10009 617,108 ||| FORMAN TR1TR12 43924 16,641,209
CHAR_CK CHAR_WATF023_11 7374 1,328,405 ||| GOODLAND B NO_1_XFMR 39757 2,192,653
FORMAN TR1 TR12 6941 1,731,440 ||| IRVINESS IRVINBEACO16_11 33874 4,410,452
VVWNSP TR1 TR1 BASE 5933 42,606 ||| INTF: CHARAMB CHARAELSBO11_11 30624 1,374,368
GOODLAND BNO_1_XFMR 5880 221,340 ||| CHAR_CK CHAR_WATF023_11 26436 18,476,911
EDGLYTP EDGLYOAKES41_11 4962 121,296 ||| PRES PRES_TIBB_1558 A 25694 8,245,579
MIDWAY5 11303 A 4872 538,468 ||| LIME_CK LIME_BARTO16_11 20928 1,831,346
IRVINESS IRVINBEACO16_1 1 4852 288,800 ||| TEKAMHO TEKAMSUB1216_1 1 19654 7,358,971
SWAN_LK SWAN_WILMA11_11 4828 478,783 ||| REYNOLD4 13857 A 19617 799,353
COOPER ST_JOCOOPE34_1 A 4815 372,403 ||| ABDNJCT ABDNJELLEN11_11 19560 2,554,648
WPIPSTNW TR1 TR1 BASE 4676 34,912 ||| MURPHYCR MURPHHAYWA16_1 1 19500 2,060,189
OVER X345 XFMR_1_345 4590 463,766 ||| OVER X345 XFMR_1_345 18559 8,577,418
LIME_CK LIME_BARTO16_11 4541 121,860 ||| MORRISOT MORRIGRANT11_11 14402 14,660,839
MORRISOT MORRIGRANT11_11 4385 1,041,269 ||| NSES 10291_161A 13418 4,754,865
FARGO FARGOSHEYN23_11 4152 209,518 ||| PRINCET269-103 D 12759 765,625
MRBN TR_1TRN1_161_138KV 3535 464,266 ||| SWAN_LK SWAN_WILMA11_11 10597 5,595,372
OAHE OAHESULLY23 11 3306 456,652 ||| RAUN 5 161.00 TEKAMAHS5 161.00 1 10046 4,738,108
TEKAMHO TEKAMSUB1216_1 1 2997 452,772 |||MRBN TR_1TRN1_161_138KV 8489 6,264,292
CHICAGO 13831 A 2730 400,998 ||| SHADELND SHADELAFAY13_11 7600 9,042,841
RAUN 5 161.00 TEKAMAH5 161.00 1 2497 424,018 ||| CHICAGO 13831 A 7189 6,916,417
SHADELND SHADELAFAY13_11 1828 539,166 ||| APCT BARN-CALF-1B 6784 5,474,762
NSES 10291_161A 1024 632,939 ||| ELLIOTTW ELLIOENDER11_11 5146 5,952,811
JOHNJCT JOHNJGRACE11_11 775 472,720 ||| JOHNJCT JOHNJGRACE11_11 4761 5,709,802

Not shown on map




New York ISO Binding Constraints
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2022-2024 2022-2024
Constrained element # DA Sum of DA ff Constrained element #RT Sum of RT
hours shadow periods shadow
prices prices
CENTRAL EAST-VC 11047 524,866 ||| CENTRAL EAST - VC 61115 5,840,952
DUNWODIE 345 SHORE_RD 345 1 10090 106,739 ||| DUNWODIE 345 SHORE_RD 345 1 30249 1,379,386
SPRNBRK 345 EGRDNCTY 345 1 6089 36,395 ||| MEYER 115 MEYER 1 1 22363 3,825,602
SCH - NPX_1385 5049 52,721 ||| GREENWD 138 VERNON 138 1 18183 2,578,127
SCH - NE - NY 4876 45,961 ||| FOXHILLS 138 GREENWD 138 1 17129 1,191,894
FRESHKLS 138 WILLWBRK 138 2 4582 43,032 ||| CRICKVLY 345 PLSNTVLY 345 1 15167 731,674
2 SCH-PJ-NY 2854 33,411 ||| MALONE 115WILLIS1151 12098 1,068,441
f_,c GREENWD 138 VERNON 138 1 2761 151,769 ||| GOWANUS 138 GREENWD 138 42231 11872 416,280
% CRICKVLY 345 PLSNTVLY 345 1 2593 36,878 ||| GOWANUS 138 GREENWD 138 42232 9662 969,877
-E RAINEY 138 VERNON 138 36312 2363 5,194 ||| EGRDNCTY 138 VALLYSTR 138 1 9460 528,083
‘© E179THST 138 HELLTP_W 138 1 2282 15,101 ||| SCRIBA 345 VOLNEY 345 20 9413 467,763
43 FRESHKLS 138 WILLWBRK 138 1 2190 22,048 ||| NIAGARA 115 NIAGARA 230 1 9304 8,826
c ELWOOD 69 PULASKLI 69 1 1988 268,629 ||| HILLSIDE 230 E.TWANDA 230 1 7825 417,585
8 ASTANNEX 345 E13THSTA 345 1 1877 3,004 ||| ELWOOD 69 PULASKLI 69 1 6965 1,836,204
5 RAINEY 138 VERNON 138 36311 1664 10,110 ||| RAINEY 138 VERNON 138 36312 6788 48,715
¥ SCRIBA 345 VOLNEY 345 20 1646 40,972 ||| ADIRNDCK 230 MOSES 230 1 4636 1,113,229
ADIRNDCK 230 MOSES 230 1 1319 70,587 ||| CHESTROR 138 SHOEMAKR 138 1 2671 1,989,868
BRENTWOD 69 PILGRIM 69 3 1048 44,139 ||| EDIC_PTR 230 ROTTRDAM 230 1 2647 1,615,363
MEYER 115 MEYER 1 1 924 79,871 ||| MORTIMER 115 SWEDEN 1151 2347 807,446
GORDONRD 230 ROTTRDAM 230 1 920 102,540 ||| GORDONRD 230 ROTTRDAM 230 1 2259 935,919
EDIC_PTR 230 ROTTRDAM 230 1 645 127,544 ||| GREENBSH 115 REGENRON 1151 1775 964,318
CHESTROR 138 SHOEMAKR 138 1 593 94,187
PACKARD 230 PACKARD 1151 73 52,566

Not shown on map



PJM Binding Constraints
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Constrained element #DA  Sum of DA Constrained element #RT Sum of RT
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NOTTINGH230 KV 2-3 14349 954,557 NOTTINGHM 2-3 SER DEV A 230 KV 66874 10,564,928
LENOX-NMESHOPP NML 1090 B 115KV~ 7596 1,383,239 LENOX-NMESHOPP NML 1090 B 115KV 60269 22,937,286
EASTON 69 KV EAS-EMU 5654 33,960 GRACETON230 KV GRA-SAF 17100 2,348,102
GRACETON230 KV GRA-SAF 4953 216,855 ETOWANDA-HILLSIDE 2002 TIE A 230KV 16807 844,397
SAYRECON230 KV SAY-SAY 4786 11,687 94 HAURD-11323 11323 A 138KV 15776 1,122,060
GARDNERS115 KV GAR-TEX 4263 228,713 PREST TIBB 138KV 14088 5,085,551
0 MOUN UGI230 KV 2 4067 17,489 BOONETWN-SREADING BOO-SRE A 230KV 11881 858,645
% 94 HAURD-11323 11323 A 138 KV 3483 89,558 74 KEWAN B1Z1 DIS 138 KV 10825 345,216
‘5 BERGEN 230 KV BER-HUD 2772 3,979 PREST - TIBBS 138 KV 10670 2,264,945
'S ALLENIM 345 KV ALL-RPM 2693 43,489 CONASTON-NORTHWES 2322 B 230KV 10064 2,828,198
< RAMAPO 138 KV RAM-SMA 2515 14,970 SHADELAND-LAFAYETTE SOUTH 13808 9867 7,795,236
© BOONETWN230 KV BOO-SRE 2495 71,208 CHICAGO - PRAXAIR3 138 KV 7267 6,076,729
17 ETOWANDA-HILLSIDE 2002 TIE A 230KV 2415 127,688 | | [TURKEY HILL - HILGARD 138 KV 7153 1,390,783
S CONASTON230 KV CNS-NOR2 2404 249,787 | | [BRAMBLET-EVRGREEN 2172B A 230KV 5966 5,884,665
g MONR AE 69 KV MON-VINE 2187 24,615 WEEDMAN - MAHOMET 138 KV 5643 1,296,198
Q PREST TIBB 138 KV 2033 495,568 GREYSPT-HARMONYV 1021B B 115KV 5594 3,212,911
ELIMA-HAVILAND B 138 KV 2025 273,309 08NW TAP-PURDUE NWT-PUR A 138KV 4939 2,617,351
PREST - TIBBS 138 KV 1807 310,553 MARDELA-VIENNA 6708-1 B 69KV 3308 3,893,211
MARDELA 69 KV MAR-VIE 1442 320,396 CUMB PL-JUNIATA 2235 B 230 KV 3154 2,713,475
CHICAGO-PRAXAIR3 138 KV 1406 339,727 COOLSPRI-MILFORD 23069 A 230KV 2779 2,625,768
CUMB PL 230 KV CUM-JUN 1288 259,456 HOWARD2-MELMORE B 138 KV 2191 2,460,206
SHADELAND-LAFAYETTE SOUTH 13808 1238 458,832 IDYLWOO4-CLARK4 202A A 230 KV 2083 3,144,811
COOLSPRI230 KV COL-MIL 1109 191,518
BRAMBLET230 KV BRA-EVRG 786 227,210
GREYSPT 115 KV GRE-HARM 763 318,371
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Constrained element # DA Sum of DA Constrained element #RT Sum of RT
hours shadow prices periods shadow
LN TEXAS_CO - 24862 181,536 prices
LN GRACMONT - ANADARKO 16711 947,513 LN GRACMONT - ANADARKO 469602 12,386,763
LN CHAR_CK - WATFORD 11538 1,313,775 LN WR_SMKHL - SUMM 403778 3,836,392
LN WR_SMKHL - SUMM 9776 300,552 XFMR POTTER_S - POTTER_S 396989 2,957,086
XFMR CIMARRON - CIMARRON 8338 1,641,430 GGS 309914 237,733
XFMR POTTER_S - POTTER_S 7740 265,606 XFMR CIMARRON - CIMARRON 294490 20,182,473
1% XFMR OZRK_B - OZRK_B 7133 123,621 LN FPLSWTCH - WDWRD1 221338 1,768,521
‘T LN RUSSETT - SBROWN 7130 903,637 LN RDNIXON - KELKER 208919 140,371
"5 LN JAMESTN - VALLEYC 6708 367,562 LN CHAR_CK - WATFORD 197788 18,850,184
'S SPSNMTIES 6649 249,046 XFMR CLEVLND7? - CLEVLND7 194535 13,684,219
k= XFMR WATFORD - WATFORD 5745 104,645 LN W_HDN - ART 193541 110,159
g LN OSAGE_OG - WEBBTAP4 5511 1,153,993 LN RUSSETT - SBROWN 187472 14,724,052
g LN SNAKECK - ALIANCE 5493 686,593 XFMR FTTHOMP - FTTHOMP 185130 2,596,360
o LN TUPLOTP4 - TUPELO2 5470 541,539 SPPSPSTIES 176818 1,090,152
g XFMR CLEVLND7 - CLEVLND7 5029 966,478 LN MDWST - FRNKLN1 165127 5,877,421
Q XFMR FORMAN - FORMAN 4292 762,667 LN CONWAY - KIRBY_SU 151993 7,587,227
LN NSES - RAM452 3735 628,337 LN OSAGE_OG - WEBBTAP4 135564 13,922,262
LN CIMARRON - CKHAL 3441 338,695 LN TUPLOTP4 - TUPELO2 91410 5,632,251
LN MONETT - AUR1241 3015 458,963 LN AUR1241 - RDSPG5 74466 6,582,442
LN CONWAY - KIRBY_SU 2783 362,456 LN SNAKECK - ALIANCE 64587 6,987,941
XFMR EDWV - EDWV 1870 337,013 XFMR FORMAN - FORMAN 42453 15,878,547
LN TUPELO2 - SBROWN 26615 5,016,052
LN MRYVL_SJ - MIDWAY5 15857 5,283,679
LN ELLIOTTW - ENDERLNW 7222 5,487,036

Note: Excludes WEIS market Service Flow constraints
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