Marginal Damages From Electricity Use By
Hour, Season, and Region

July 16, 2024

Please cite as Stephen Holland, Erin Mansur, Valentin Verdier, and Andrew
Yates, “A New Estimator for Marginal Emissions”, NBER working paper 32065,
January 2024.

Following the methodology in the paper, we estimate marginal emissions by first modeling
a plant’s generation response to changes in electricity consumption across the grid using a

linear regression model. For plant i € N at time ¢t € T, we use equation (17) in the paper:

Vit = Teby + zipdy + pi (1) +wie,  E(uy | X, Z)

0,

where y;; denotes net generation, z; = [zf,...,2X] denotes electricity consumption (loads)
across all regions in plant i’s interconnection (nine regions for the East, three regions for the
West, and a single region for Texas), z;; collects wind speed and solar radiation across plant i’s
balancing authority, and yu;(t) are year-by-week fixed effects. We apply this model separately
to each hour of the day (hour 1-hour 24) to capture variation in marginal emissions across
time-of-day. We estimate marginal emissions A = Y, yw;b; with a constrained regression
estimator that restricts the estimated coefficients for each load region to be positive and
sum to one. The emission factors w; are calculated for each plant as the ratio of total

emissions over total generation.






Table 1: Estimated Marginal Emissions (metric tons of CO3/MWh):

Hour CAL CAR CENT FLA MIDA MIDW NE NW NY SE SW TEN TEX
Summer
1 0.45 0.65 0.56 0.50 0.70 0.62 0.52 0.48 0.55 0.66 0.52 0.64 0.54
2 0.46 0.64 0.46 0.49 0.71 0.65 0.53 0.48 0.53 0.67 0.55 0.67 0.54
3 0.46 0.71 0.37 0.43 0.71 0.67 0.53 0.45 0.51 0.65 0.54 0.69 0.53
4 0.48 0.70 0.35 0.44 0.69 0.69 0.51 0.45 0.46 0.64 0.52 0.69 0.52
5 0.48 0.66 0.25 0.42 0.68 0.69 0.51 0.41 0.49 0.64 0.53 0.66 0.51
6 0.49 0.64 0.22 0.40 0.66 0.70 0.49 0.43 0.51 0.61 0.52 0.64 0.53
7 0.50 0.61 0.21 0.38 0.63 0.68 0.49 0.43 0.50 0.60 0.48 0.63 0.54
8 0.51  0.57 0.25 0.37 0.61 0.67 0.50 0.38 0.49 0.58 0.49 0.60 0.56
9 0.52  0.55 0.31 0.37 0.60 0.64 0.49 0.36 0.51 0.57 0.51 0.62 0.58
10 0.52  0.51 0.38 0.42 0.61 0.62 0.50 0.37 0.52 0.57 0.50 0.61 0.58
11 0.51 045 0.52 0.42 0.62 0.62 0.50 0.37 0.50 0.60 0.50 0.56 0.57
12 0.53 0.49 0.56 0.41 0.63 0.63 0.49 0.37 0.57 0.63 0.51 0.50 0.57
13 0.54 0.59 0.58 0.46 0.67 0.63 0.48 0.33 0.57 0.64 0.47 0.56 0.57
14 0.51 0.64 0.64 0.46 0.69 0.63 0.48 0.28 0.56 0.66 0.48 0.63 0.59
15 0.48 0.68 0.70 0.49 0.69 0.64 0.48 0.32 0.50 0.64 0.50 0.62 0.58
16 0.48 0.69 0.72 0.49 0.66 0.65 0.48 0.37 0.50 0.64 0.47 0.60 0.57
17 0.48 0.64 0.75 0.49 0.65 0.65 0.49 0.42 0.50 0.62 0.42 0.57 0.57
18 0.48 0.63 0.73 0.49 0.65 0.65 0.46 0.44 0.52 0.61 0.44 0.54 0.57
19 0.46  0.63 0.71 0.50 0.66 0.64 0.45 0.45 0.53 0.58 0.45 0.53 0.57
20 0.46  0.64 0.69 0.50 0.67 0.64 0.46 0.45 0.53 0.56 0.47 0.52 0.57
21 0.45 0.63 0.67 0.49 0.68 0.63 0.50 0.44 0.51 0.57 0.49 0.55 0.56
22 0.44 0.64 0.65 0.49 0.68 0.64 0.53 0.46 0.50 0.59 0.49 0.55 0.55
23 0.44 0.65 0.66 0.50 0.67 0.64 0.53 0.45 0.52 0.61 0.51 0.55 0.55
24 0.43 0.65 0.58 0.50 0.68 0.64 0.53 0.46 0.53 0.64 0.51 0.59 0.54
Winter
1 0.42  0.67 0.62 0.53 0.67 0.63 0.33 0.42 0.40 0.58 0.49 0.51 0.52
2 0.45 0.56 0.67 0.55 0.69 0.64 0.35 0.41 0.48 0.58 0.53 0.54 0.52
3 0.43 0.52 0.69 0.57 0.70 0.67 0.33 0.44 0.55 0.59 0.47 0.52 0.52
4 0.42 0.58 0.73 0.55 0.65 0.70 0.49 0.44 0.55 0.57 048 0.54 0.53
5 0.42 0.52 0.76 0.56 0.68 0.69 0.42 0.42 0.59 0.57 0.57 0.52 0.53
6 0.41 0.51 0.75 0.61 0.68 0.68 0.42 0.41 0.65 0.51 0.57 0.52 0.53
7 0.40  0.52 0.74 0.61 0.68 0.67 0.42 0.43 0.60 0.54 0.57 0.56 0.54
8 0.37 0.52 0.77 0.61 0.67 0.66 0.52 0.47 0.49 0.57 0.52 0.50 0.54
9 0.37 0.52 0.77 0.62 0.64 0.67 0.50 0.46 0.53 0.59 0.50 0.47 0.54

10 0.40 0.51 0.76 0.64  0.62 0.68 041 044 039 060 049 044 0.54
11 0.40 0.51 0.76 0.58  0.59 0.65 039 046 0.32 061 048 039 0.54
12 0.45 0.50 0.73 0.59  0.56 0.62 040 045 0.20 059 048 038 0.54
13 0.39 048 0.71 0.58  0.59 0.60 0.37 041 0.25 056 051 037 0.54
14 0.40 0.51 0.71 0.59  0.63 0.61 043 035 035 047 0.50 0.39 0.53
15 0.42  0.60 0.74 0.56  0.65 0.60 052 032 039 038 048 0.63 0.52
16 0.43 0.65 0.76 0.54  0.67 0.63 053 033 0.41 055 043 059 0.52
17 0.42 0.6 0.73 0.53  0.69 0.64 052 035 0.43 058 0.67 062 0.52
18 0.47 0.6 0.70 0.52 0.71 0.66 052 035 043 061 0.60 062 0.53
19 047 0.64 0.64 0.52 0.71 0.67 052 039 042 060 052 0.64 0.54
20 0.48 0.63 0.60 0.50  0.72 0.67 0.55 040 0.45 0.59 0.46 0.63 0.56
21 0.50  0.63 0.59 0.49  0.72 0.68 0.56 037 044 060 0.44 0.63 0.57
22 0.49 0.67 0.61 0.48  0.70 0.69 0.56 037 042 058 044 061 0.57
23 0.49 0.67 0.63 0.47  0.69 0.68 0.50 038 042 057 043 058 0.57
24 0.47 0.64 0.62 0.49  0.69 0.65 045 040 0.42 056 045 054 0.55

Notes: Point estimates. Hours are in Coordinated Universal Time (UTC). Period of observation: 2019-2022.
Summer months are May to October. Winter monthgare November-April.



Table 2: Estimated Marginal Emissions (local damages, U.S. $/MWh):

Hour CAL CAR CENT FLA MIDA MIDW NE NW NY SE SW TEN TEX
Summer
1 3.60 14.76 9.36 5.34 17.75 11.68 6.52 548 1146 7.73 5.10 12.71 5.29
2 3.54 14.90 8.28 5.14 18.14 11.95 6.23 5.45 922 791 546 13.92 5.36
3 3.36  17.63 6.72 3.63 18.43 12.99 6.35 5.14 742 732 5.12 1377 5.53
4 3.44 19.67 6.21 6.78 17.95 13.95 7.39 510 535 6.94 491 14.23 5.57
5 3.47 17.88 4.55 3.98 18.10 14.52 6.53 4.82 6.37 6.52 490 13.20 5.38
6 3.62 16.99 4.23 3.57 16.75 14.67 533 508 7.53 6.02 4.97 12.62 5.83
7 3.83 13.81 4.34 3.42 15.13 14.04 5.41 535 6.76 5.92 4.48 1147 5.95
8 4.18 12.40 5.49 3.06 13.82 13.56 5.84 490 6.59 5.63 4.68 9.77 6.15
9 4.51 11.49 7.08 2.72 13.76 12.64 549 450 7.34 6.49 5.19 10.27 6.37
10 4.69 10.71 8.74 5.54 14.47 11.62 5.26  4.70 885 6.11 5.28 10.93 6.29
11 4.61 9.54 11.83 5.43 14.67 11.35 5.89 452 7.85 6.05 5.50 10.15 6.15
12 494 11.04 12.20 3.71 14.95 12.35 4.84 4.29 1263 6.69 5.13 887 6.06
13 5.06 15.06 11.94 5.40 16.47 12.68 413 3.65 1219 6.69 4.35 10.26 6.25
14 5.15 15.83 13.17 5.45 18.74 11.81 457 291 11.73 7.89 3.94 11.31 6.46
15 4.82 1754 1294 5.71 18.89 11.94 457 342 858 7.52 429 11.68 6.18
16 497 17.72 12.37 5.32 18.01 11.87 488 425 714 749 3.84 12.65 6.05
17 497 16.72 13.04 5.05 16.57 12.10 4.54 4.80 10.83 7.07 3.78 12.04 5.72
18 490 15.84 12.20 4.99 16.87 11.21 4.70 4.85 10.51 6.85 4.07 11.06 5.67
19 442 1558 11.60 5.21 16.64 11.32 493 494 11.67 6.52 439 10.71 5.61
20 4.38 1537 11.25 5.28 16.53 11.32 5.64 4.81 12.84 6.23 4.34 9.97 5.56
21 4.06 14.79 10.82 5.32 16.40 11.12 6.76 4.85 13.15 6.78 4.44 11.40 5.52
22 3.81 1454 10.45 5.27 16.42 11.47 7.48 504 13.06 7.43 456 11.36 5.46
23 3.55 14.67 10.47 5.19 16.30 11.86 7.35 522 13.81 7.80 6.37 11.47 541
24 3.44 14.88 9.26 5.28 16.80 12.20 7.12 547 11.74 8.17 479 1194 5.33
Winter
1 3.43 19.68 9.30 8.22 18.05 11.80 428 4.62 486 6.60 4.31 10.96 4.26
2 3.46 16.84 9.71 9.40 18.54 12.39 4.61 4.09 814 6.75 5.19 12.36 4.29
3 2.92  15.90 9.78 11.06  18.72 13.43 4.69 4.47 11.18 7.55 4.47 10.58 4.39
4 2.83 19.86 10.21 10.14 14.26 15.75 10.33 4.69 17.96 8.63 4.36 11.52 4.51
5 2.70 1526 10.78 11.53 17.35 14.44  15.05 4.40 11.97 7.11 6.02 8.65 4.60
6 2.30 13.02 12.18 12.35 18.25 13.72 7.94 455 14.68 7.57 5.85 11.03 4.73
7 2.35 13.58 11.84 12.82 17.56 13.99 9.10 4.97 1436 7.34 6.59 13.12 5.00
8 2.29 1344 13.09 12.71 17.93 13.69 11.33 5.67 11.05 7.77 6.07 10.90 5.20
9 2.34 1348 1330 13.32 16.82 14.26 10.68 5.72 12.62 8.03 5.55 9.83 5.10
10 2.40 12.88 13.05 15.71 16.58 14.69 7.44 557 6.55 7.71 529 922 508
11 2.41 1236 14.32 13.16 15.00 13.42 5,52 568 642 879 4.85 811 5.06
12 3.32  11.70 12.28 12.71 13.71 11.96 594 554 090 8.09 437 899 5.06
13 2.74 11.00 11.10 11.76 14.73 11.00 436 4.88 204 7.12 449 796 491
14 3.06 12.63 11.37 11.81 16.14 11.10 6.86 3.92 3.36 5.67 4.17 7.06 4.72
15 3.44 1583 1250 11.24 16.77 11.22 9.75 336 3.36 449 3.89 13.28 4.57
16 3.01 1797 12.67 10.97 17.05 12.02 951 350 4.14 7.47 431 14.50 4.53
17 2.89 18.06 11.40 8.58 17.89 12.48 874 393 487 7.63 7.26 1570 4.51
18 3.92 1823 11.49 7.01 18.87 13.04 7.82 421 5.67 7.82 643 14.63 4.67
19 4.19 1850 10.85 6.67 19.28 13.13 7.85 5.02 497 7.05 5.12 15.04 5.02
20 4.57 17.74 9.88 5.70 20.01 13.01 8.30 520 560 7.14 3.99 1392 5.45
21 4.79 17.60 9.89 5.33 20.38 13.19 831 4.82 511 6.76 4.12 14.43 5.74
22 4.81 19.33 10.05 5.03 18.42 13.84 931 4.64 659 6.24 4.16 14.64 5.87
23 4.63 19.10 10.82 5.73 19.38 12.80 735 482 590 5.68 3.61 13.00 5.77
24 4.46 18.73 10.21 6.29 18.74 12.16 6.67 4.87 6.16 5.69 3.75 12.09 5.22

Notes: Point estimates. Hours are in Coordinated Universal Time (UTC). Period of observation: 2019-2022.

Summer months are May to October. Winter monthsjare November-April.



