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BEFORE THE PUBLIC UTILITIES COMMISSION OF OHIO

In the Matter of the :
Application of Ohio Edison:
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EIA Gas Prices-GHG Cases and Wilson Scenarios

HH Gas Prices Projections

12.00 = GHG10
—ae=GHG25
Wison Scenario 1 (AEO 2014 BaseCase)
w=ge=\Wison Scenario 2 (AEC 2014 High O and Gas Resource)

11.00

10.00

300 _g—wison Scenario 3 (Forwards)
8.00

7.00

6.00

5.00

4.00

3.00
9 8 5 22 R ARV INVRIBAASR I N
E R R RRARIBEAE\BRARIRRRKRRRRIBIBREA




10/29/2015 Henry Hub Natural Gas Spot Price (Dollars per Million Btu)
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Henry Hub Natural Gas Spot Price (Dollars per Million Btu)

Waeelk OF iy S Wi f Frng i

1997 Jan- 6 to Jan-10 382 380 361 392

1997 Jan-13 to Jan-17 4.00 4,01 434 471 391
1997 Jan-20 to Jan-24 3.26 2.99 3.05 2.96 2.62
1997 Jan-27 to Jan-31 2.98 3.05 291 2.86 277
1997 Feb- 3o Feb-7 249 259 265 251 239
1997 Feb-10 to Feb-14 242 2.34 242 222 212
1997 Feb-17 1o Feb-21 1.84 1.95 1.92 1.92
1997 Feb-24 1o Feb-28 1.92 177 181 1.80 1.78
1997 Mar- 3 to Mar- 7 1.80 1.87 1.92 1.82 1.89
1997 Mar-10 to Mar-14 195 1.92 1.96 1.98 1.97
1997 Mar-17 to Mar-21 201 191 1.88 1.88 1.87
1997 Mar-24 1o Mar-28 1.80 185 1.5 1.84

1997 Mar-31 to Apr- 4 1.84 1.95 1.85 1.87 191
1897 Apr- 7 1o Apr-11 1.99 2.01 1.96 197 1.98
1997 Apr-14 to Apr-18 2.00 2.00 2.02 2.08 210
1997 Apr-21 to Apt-25 2.09 2.18 222 211 216
1997 Apr-28 to May- 2 2.10 2.09 2.16 2.19 231
1997 May- 5 o May- 9 223 225 234 233 2.30
1997 May-12 to May-16 227 2.18 222 2.25 219
1997 May-19 to May-23 235 222 221 222 220
1997 May-26 to May-30 229 2.34 2.29 223
1997 Jun- 2 to Jun- 8 220 211 2.19 218 219

hitp/iwwiw.eia.govidnav/ng/hist/mgwhhdd htm | 17



)

e e —

!
10/292015
| 1997 Jun- & to Jun-13

1997 Jun-16 to Jun-20
1997 Jun-23 to Jun-27

1897 Jun-30 to Jul- 4
1897 Jul- 7 to Jul-11

1997 .Juk14 to Jul-18
1997 Jul-21 fo Jul-25
1997 Jul-28 to Aug- 1

1997 Aug- 4 to Aug- 8
1897 Aug-11 1o Aug-15
1897 Aug-18 to Aug-22
1997 Aug-25 to Aug-29
1987 Sep-1to Sep-5

1997 Sep- 8 to Sep-12
1997 Sep-15 to Sep-19
1697 Sep-22 to Sep-26
1997 Sep-29 {0 Oct- 3
1997 Oct- 6 to Qct-10

1997 Oct-13 to Oct-17
| 1997 Oct-20 to Oct-24
| 1997 Oct-27 to Oct-31
l 1997 Nov-3 1o Nov- 7
i 1997 Nov-10 to Nov-14
!

1997 Nov-17 to Nov-21
| 1897 Nov-24 to Nov-28
| 1997 Dec- 1 to Dec- 5
1

( 1997 Dec- § to Dec-12

[ 1997 Dec-15 to Dec-19
| 1997 Dee-22 to Dec-26
L 1997 Dec-29 tc Jan- 2
J 1998 Jan- 5 to Jan- 9

| 1998 Jan-12 1o Jan-18
}‘ 1998 Jan-19 to Jan-23

| 1998 Jan-26 to Jan-30
]‘ 1998 Feb- 2 to Feb- 6

1998 Feb- 9 to Feb-13
1998 Feb-16 to Feb-20

1998 Mar- 2 to Mar- 6
i 1988 Mar- 9 1o Mar-13

|
|
| 1898 Feb-23 to Feb-27
|
!
\

| 1998 Mar-16 to Mar-20
[ 1998 Mar-23 to Mar-27

1998 Mar-30 to Apr- 3

‘3 1998 Apr- 6 to Apr-10

P U

! 1998 Apr-13 to Apr-17
1898 Apr-20 to Apr-24
1998 Apr-27 to May- 1
1998 May- 4 fo May- 8

1998 May-11 to May-15
1998 May-18 to May-22
1998 May-25 fo May-29
1998 Jun- 1 to Jun- §
1998 Jun- 8 to Jun-12

1958 Jun-15 to Jun-19
1998 Jun-22 to Jun-26
1998 Jun-29 to Jul- 3
1998 Jul- 6 to Jul-10
19938 Jul-13 to Jul-17

1998 Jul-20 to Jul-24
1998 fui-27 to Jul-31
1998 Aug- 3 to Aug- ¥
1998 Aug-10 to Aug-i4
1988 Aug-17 to Aug-21

1998 Aug-24 to Aug-28
1998 Aug-31 to Sep- 4

tip:/fwww eia.gov/dnaving/hist/mgwhhdd.htm
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10/29/2015 Henry Hub Natural Gas Spot Price (Dollars per Million Btu)

1998 Sep- 7 to Sep-11 1.81 1.78 1.88 1.86
1998 Sep-14 1o Sep-18 1.86 1.94 2.15 212 2327
1998 Sep-21 1o Sep-25 218 2.29 219 217 238
1998 Sep-28 to Oct- 2 223 2.06 2.22 233 2.14
1998 Oct- 50 Oct- 8 209 AUl 2.05 202 1.80
1998 Oct-12 to Oct-16 1.75 170 1.80 1.75 1.64
1298 Oct-18 to Oct-23 1.74 1.95 2.04 1.95 1.84
1898 Oct-26 to Oct-30 1.92 1.85 1.70 2.00 2.00
1898 Nov- 2 to Nov- 6 1.84 2,10 21N 226 225
1998 Nov- 9 to Nov-13 2.28 2.30 2.33 221 221
1998 Nowv-16 to Nov-20 2.19 2.12 2.10 2.10 2,07
4998 Nov-23 to Nov-27 2.02 2.08 2.13

1998 Nov-30 to Dec- 4 1.63 1.41 1.40 1.21 1.05
1988 Dec- 7 to Dec-11 1.44 1.79 164 1.59 1.55
1998 Dec-14 to Dec-18 1.80 1.86 1.95 2.02 2.02
1998 Dec-21 to Dec-25 2.05 1.96 1.88 1.89

1968 Dec-28 to Jan-1 1.79 182 1.81 195

1999 Jan- 4 to Jan- 8 210 205 ‘ 2.04 1.91 1.90
1999 Jan-11 to Jan-15 1.83 1.82 1.87 1.77 1.78
1999 Jan-18 to Jan-22 177 181 185 1.82
1889 Jan-25 to Jan-28 1.76 1.73 1.75 1.75 1.83
1899 Feb- 1 to Feb- 5 1.75 1.78 1.80 1.79 1.81
1999 Feb- 8 to Feb-12 1.81 1.82 1.80 1.78 1.82
1999 Feb-15 to Feb-18 1,79 1.79 1.80 1.79
1989 Feb-22 to Feb-26 1.77 1.75 1.73 1.64 1.63
1899 Mar- 1 to Mar- 5 1.65 1.67 1.68 1.72 1.74
1999 Mar- 8 to Mar-12 1.87 186 1.94 1.87 1.81
1993 Mar-15 to Mar-19 1.75 1.73 1.75 1.75 1.73
1699 Mar-22 to Mar-26 1.74 1.80 1.79 1.80 1.83
1699 Mar-29 to Apr- 2 1.8¢ 1.89 2.02 1.95

1998 Apr- 5 to Apr- 9 2.03 1.98 2.03 2.07 2,10
1999 Apr-12 {o Apr-16 2.06 2.14 211 2,14 2.14
1999 Apr-18 to Apr-23 210 2.18 2.17 2.24 223
1989 Apr-26 to Apr-30 233 232 231 237 2325
1999 May- 3 to May- 7 2.23 2.32 236 2.32 235
1999 May-10 to May-14 2.25 2.29 2.19 221 2.28
1999 May-17 to May-21 2.31 2.30 2.27 2,26 221
1999 May-24 to May-28 2,19 218 222 227 2.29
1998 May-21 to Jun- 4 134 2.36 235 231
1999 Jun- 7 to Jun-11 241 2.38 239 2.37 230
4999 Jun-14 to Jun-18 2.29 2.28 2.28 2.24 2.24
1989 Jun-21 to Jun-25 222 2253 225 2.26 227
1999 Jun-28 to Jul- 2 225 233 2.34 229 226
1998 Jul- 5 to Jul- 9 22% 220 219 217
1989 Jul-12 to Jul-16 2.12 2.14 2.16 2,12 218
1928 Jul-19 to Jul-23 220 2,24 225 232 242
1899 Jul-26 to Jul-30 235 2.55 2.58 2.67 2.55
1999 Aug- 2 1o Aug- 6 2.51 2.61 2.64 2.69 269
1999 Aug- 9 to Aug-13 2.73 2.77 2.79 2.73 2.71
1999 Aug-16 to Aug-20 2.73 2,70 275 2.87 2.97
1999 Aug-23 to Aug-27 2.95 301 3.10 2.97 287
1999 Aug-30 to Sep- 3 2.85 2.84 271 2.56 247
1959 Sep- 6 to Sep-10 2.56 2.66 275 2.84
1999 Sep-13 to Sep-17 2.80 266 2.52 247 245
1999 Sep-20 to Sep-24 2.49 233 2,30 245 2.54
1999 Sep-27 to Oct-1 2.51 2.52 2.57 231 239
1899 Cct- 4 to Oct-8 2.49 2.45 2.48 2.49 235
1999 Oct-11 to Qct-15 2.583 265 2.81 270 266
1999 Oct-18 to Oct-22 2.82 2.89 2.90 2.99 300
1999 Cet-25 to Oct-29 2.98 2.96 3.02 297 2.76
1899 Nov- 1 to Nov-5 273 2.81 2.82 2,75 2.62
1989 Nov- 8 to Nov-12 2.59 2.44 239 2.38 2.16
1999 Nov-15 to Nov-18 233 2.23 224 222 2.16
1999 Nov-22 to Nov-28 2.05 199 1.96

http: /www ela.gov/dnav/ng/hist/mgwhhdd him ‘ 3117
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11999 Nov-29 to Dec. 3
I.J1 998 Dec- € to Dec-10
{1998 Dec-13 fo Dec-17
{ 1989 Dec-20 to Dec-24

|

| 1998 Dec-27 to Dec-31
2000 Jan- 3 to Jan- 7
2000 Jan-10 to Jan-14

{ 2000 Jan-17 to Jan-21

?} 2000 Jan-24 1o Jan-28

| 2000 Jan-31 to Feb- 4
| 2000 Feb- 7 to Feb-11
{ 2000 Feb-14 o Feb-18
‘ 2000 Feb-21 fo Feb-25
| 2000 Feb-28 to Mar- 3

| 2000 Mar- 6 to Mar-10

{ 2000 Mar-13 ta Mar-17
2000 Mar-20 to Mar-24
| 2000 Mar-27 to Mar-31
| 2000 Apr- 3 to Apr- 7

% 2000 Apr-10 1o Apr-14

| 2000 Apr-17 to Apr-21

f 2000 Apr-24 to Apr-28

| 2000 May- 1 o May- 5

| 2000 May- 8 to May-12
f 2000 May-15 1o May-19
i 2000 May-22 to May-26
{ 2000 May-29 to Jun- 2
| 2000 Jun- 5 to Jun-

[ 2000 Jun-12 to Jun-18

2000 Jun-19 to Jun-23
} 2000 Jun-26 to Jun-30
| 2000 Juk 3 to Jul- 7

| 2000 Ju10 to Jul-14
2000 Jul-17 to Jul-21

2000 Jul-24 to Jul-28
2000 Jul-31 to Aug- 4

| 2000 Aug- 7 t¢ Aug-11

| 2000 Aug-14 to Aug-18
2000 Aug-21 to Aug-25

2000 Aug-28 to Sep- 1
2000 Sep- 4 to Sep- 8
2000 Sep-11 to Sep-15
2000 Sep-18 to Sep-22
| 2000 Sep-25 to Sep-29

2000 Oct- 2 to Qct- 6

2000 Qct- 9 to Oct-13
2000 Oct-16 to Oct-20
2000 Oct-23 to Oct-27
2000 Oct-30 to Now- 3

i
!
\
I
|
i
‘f
] 2000 Nov- 6 to Nov-10
!
[
I
i}
f

2000 Nov-13 to Nov-17
2000 Nov-20 to Nov-24
2000 Nov-27 io Dec- 1
{ 2000 Dec- 4 o Dec- 8
I

‘ 2000 Dec-11 to Dec-15
| 2000 Dec-18 to Dec-22
;" 2000 Dec-25 to Dec-2%
| 2001 Jan- 1toJan- 5

| 2001 Jan- 8 to Jan-12
2001 Jan-15 ta Jan-19
2001 Jan-22 to Jan-26
| 2004 Jan-29 to Feb- 2
‘ 2001 Feb- 510 Feb- 9
2001 Feb-12 fc Feb-16

2001 Feb-19 to Feb-23

2.23
2.19
235
2.67

2.36

281
2.61

2.60

2.76
2.79
273
282
292
2.97
313
3.12
3.16
ER ¥

337
395

4.17
422

4.38
437
4.36
4.19
4.13

3.74
375
4.39
4.42
4.60

4.62

4.85
5.06
312

5.24
5.09
5.34
4.83
4356

4.60
559
623
6.24
7.41
9.96
928

10.31

7.70
6.76
6.15
5.74

http:/fwww eia.gov/dnaving/hist/mgwhhdd htm

222
2.16
2.49
2.59

232
2.16
223
235
2.66
281
2.60
2.61
2,55
265

2.78
2.83
274
2.94
2.87
2.98
312
318
3.20
325

345
3.85
4.35
4.48
427
4.02
455

4.17
3.99

3.63
3.78
4.46
4.24
4.80

4.60
4.81
4.96
5.22
5.28

5.29
516
327
4.84
4.37

4.68
581
635
5.90
8.03
8.58
9.11
10.23
2.97
995

8.16
7.02
596
5.59
5.58

517

2,17
223
2.54
245
234
2.17
225
240
273

291
2.62
2.65
235G
271

2.74
276
2.78
292
286
3.05
312
312
318
320

349
394
4.52
4.23
416
4.14
4.44
434
429
4.07

359
405
443
424
467
4.81
489
5.06
524
534

522
510
536
4.64
4.40

4.92
595
6.30
593
875

7.80
$.95
958
.71
9.91
7.85
6.8}
5.83
5.67
5.89

5.20

218
220
2.52
2.42

230
2.18
229
2.53
276
2.85
2.65
2.66
2.52
2.80

2.69
2.84
276
2.83
2.98
3.05
3.07
3.06
3.09
3.37

373
4.18
4390
3.96
438
444
425
402
408
3.86

375
4.23
4.43
4.35
4.53

4.76
4.85
5.10
5.16
3.20

5.21
5.54
5.04
4.6]
4.50

3.34
5.94

6.31
848

7.48
10.4%
9.22
945
8935

7.09
6.81]
5.82
6.24
5.35

511

Henry Hub Natural Gas Spot Price (Dollars per Millien Buu)

2.16
227
2.55

2.19
228
2.55
2.84

278
2.65
265
2.51
272

2.81
282
288
299

3.11

3.09
i
335

376
429
4.21
114
4.45

4.42
4.36
4.00
4.37
388

3.89
415
444
4.38
455

479
4.74
528
5.16
5.10

5.04
543
484
448
4.64

524
5.62

6.53
813

5.03
10.48
10.48
10.63

875

7.61

100

6.7

6.24

5.57

5.05

417
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2001 Feb-26 to Mar- 2
2001 Mar- 5 to Mar- 9

2001 Mar-12 to Mar-16
2001 Mar-19 to Mar-23

2001 Mar-26 to Mar-30
2001 Apr- 2 to Apr- 6
2001 Apr- 9 1o Apr-13
2001 Apr-16 to Apr-20
2001 Apr-23 fo Apr-27
2001 Apr-30 to May- 4
2001 May- 7 to May-11
2001 May-14 to May-18
2001 May-21 to May-25
2001 May-28 to Jun- 1

2001 Jup- 4 to Jun- &
2001 Jun-11 to Jun-15
2001 Jun-18 to Jun-22
2001 Jun-25 to Jun-29
2001 Jul- 2 to Jul- 6

2001 Jul- 9 fo Jul-13
2001 Jul-18 to Jul-20
2001 Jul-23 to Jul-27
2001 Jul-30 to Aug- 3
2001 Aug- 6 to Aug-10

2001 Aug-13 to Aug-17
2001 Aug-20 to Aug-24
2001 Aug-27 1o Aug-31
2001 Sep- 3to Sep-7

2001 Sep-10 to Sep-14

2001 Sep-17 to Sep-21
2001 Sep-24 to Sep-28
2001 Oct- 1 to Qct- 5
2001 Oct- 8 to Dot-12
2001 Oct-15 to Oct-19

2001 Oct-22 to QOct-26
2001 Cct-26 to Nov- 2
2001 Nov- 5 to Nov- 9
2001 Nov-12 to Nov-16
2001 Nov-19 to Nov-23

2001 Nov-26 to Nov-30
2001 Dec- 3to Dec-7

2001 Dec-10 to Dec-14
2001 Dec-17 to Dec-21
2001 Dec-24 ic Dec-28

2001 Dec-31 to Jan- 4
2002 jan- 7 to Jan-11
2002 Jan-14 to Jan-18
2002 Jan-21 to Jan-25
2002 Jan-28 to Fab- 1

2002 Feb- 4 to Feb- 8
2002 Feb-11 to Feb-15
2002 Feb-18 to Feb-22
2002 Feb-25 to Mar- 1
2002 Mar- 4 to Mar- 8

20102 Mar-11 to Mar-15
2002 Mar-18 to Mar-22
2002 Mar-25 to Mar-29
2002 Apr- 1to Apr-5
2002 Apr- 8 to Apr-12
2002 Apr-15 to Apr-19
2002 Apr-22 fo Apr-26
2002 Apr-29 1o May- 3
2002 May- 6 to May-10

2002 May-13 to May-17

http:/fwww cia.gov/dnav/ng/hist/rngwhhdd.htm

5.07
5.32
4.98
5.27

523
5.25
5.45
5.48
508

473
4.33
4.28
4.14

3.98
391
391
3,56
2.92

ER1Y
3.08
302
3.28
3.07

3.00
317
261

2.38
2.36
1.99
1.74
202
2.26
2.61
321
2.87
2.45
2.08
1.79
210
2.28
2.40

2.40
2.58
232

2.03

2.28
222

2.40
2.66

2,90
3.13
3.46
343
3.36
327
3.58
3.44
3.61

3.62

5.07
527
5.08
527

5.47
5.25
5.55
536
543

4.55
4.22
4.46
4.04
3.86

3.93
405
3.96
346
3.00

3.20
3.14
3.00
331
3.16
3.05
318
2.57
223

2.38

2.18
1.94
1.83
211
251
2.82
311
272
2.38
2.55

1.87
200
2.58
.40

2.39
232
228
2.03
2.28
2.39
2.32
2.46
2.63
2.94
333
3.59
372
3.25
3.44
363
3.65
3.50

375

Henry Hub Natural Gas Spot Price (Dollars per Million Btu)

5.25
5.22
4.99
5.16

5.60
5.24
545
5.15
4598

4.54
4.15
446
4.11
3.66

3.7
4.13
383
3.39

321
3.13
305
3.27
311

315
3.20
2.46
2.34
2.44

2.13
1.88
1.97
2.22
2.61
2.67
3.07
273
2.29
1.91

2.30
1.89
2,57
240
240

2.55
23
2.38
228
2728

214
2.37
241
249
2.52

297
329
3.35
3.68
325
3.40
3.53
379
174

525
5.25
5.27
5.16

531
5.27
532
5.06
4952

4.46
417
4.20
4.12
3.73

3.68
392
3.69
320
3.09

329
301
3.26
3.15
10

346
2.87
247
243
2.39
2.06
1.90
213
24]
2.39

3.15
299
268
1.99

2,19
1.81
240
240
2.40

2,58
2.32
2.40
213
228

217
2.26
2.40
249
273

2.78
320
318
3.56
3.14
3.50
346
3.65
372

345

5.06
513
5.27
5.16

535
5.33

5.00
483

4.50
4.25
415
3.83
3.70

362
3.86
3.68
291
299

3.05
297
3.06
3.06
2,99
3.24
277
215
236
241
2.04
1.8¢
211
2.28
2.31

3.06
293
2.5l
1.69

1.83
211
2.40
240
240
258
232
218
2.03
228
2.21
2.18
2.40
2.51
282

299
357

331
3.07
3.40
332
3.71
3.70

341
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!
10/29/2045 Henry Hub Natural Gas Spot Price (Dollars per Million Btu)

| 2002 May-20 1o May-24 3.44 3.33 3.39 338 3.2
! 2002 May-27 to May-31 118 3.30 3.33 3.15
| 2002 Jun- 3 to Jun-7 3.18 131 329 3.29 a1l
i 2002 Jun-10 to Jun-14 3.14 311 315 3.04 3.13
2002 Jun-17 to Jun-21 134 323 124 3.33 318
2002 Jun-24 to Jun-28 333 349 392 322 3.20
2002 Jul- 1 to Jui- 5 3.28 3.17 3.08
? 2002 Jul- 8 to Jul-12 3.06 2.97 3.04 285 287
| 2002 Jul-15 ta Jul-19 2.83 289 297 2.85 295
| 2002 Jul-22 1o Jul-26 3.01 2.95 2.91 3.05 294
| 2002 Jul-29 to Aug- 2 307 297 302 107 2.90
| 2002 Aug- 5 to Aug- 8 281 280 273 275 2.83
'+ 2002 Aug-12 to Aug-16 29) o1 3.03 292 3.10
| 2002 Aug-19 to Aug-23 310 325 322 336 148
{ 2002 Aug-26 to Aug-30 351 3.47 331 323 312
I 2002 Sep- 2 to Sep- 6 3.10 313 320 3.39
| 2002 Sep- 9 to Sep-13 3.24 335 333 122 3.37
| 2002 Sep-16 10 Sep-20 3,45 3.46 3,80 3,90 3.93
| 2002 Sep-23 to Sep-27 3.87 4.00 3.76 3.61 176
“ 2002 Sep-30 to Oct- 4 4.09 441 427 423 336
| 2002 Oct- 7 to Oct-11 37 .86 391 3.93 380
| 2002 Oct-14 to Cct-18 4,19 419 4.10 410 411
;2002 Qct-21 to Qct-25 . 4.23 4320 424 430 4.12
} 2002 Oct-28 to Nov- 1 416 420 434 439 4.07
2002 Nov- 4 o Nov- & 3.94 3.90 192 3.50 376
! 2002 Nov-11 to Nov-15 3.83 3.83 383 3.90 392
| 2002 Nov-18 to Nov-22 418 4.3 427 424 432
| 2002 Nov-25 to Nov-29 434 423 4.19
| 2002 De¢- 2 to Dec- 6 473 435 424 435 439
| 2002 Dec- @ to Dec-13 4.32 440 4.63 431 5.05
i 2002 Dec-16 to Dec-20 5.31 5.13 498 5.14 5.05
i 2002 Dec-23 to Dec-27 5.03 5.03 498 481
| 2002 Dew-30 to Jan- 3 474 159 493 5.13
j 2003 Jan- 6 to Jan-10 454 489 5.07 505 5.19
| 2003 Jan-13 to Jan-17 5.23 525 521 5.50 5.66
| 2003 Jan-20 to Jan-24 547 572 6.55 591
| 2003 Jan-27 to Jan-31 5.91 5.52 5.61 5.76 5.58
| 2003 Feb- 3 to Feb- 7 571 6.26 522 608 . 6.30
| 2003 Feb-10 to Feb-14 6.35 6.19 6.19 5.81 5.88
| 2003 Feb-17 ta Feb-21 6.09 6.10 6.38 6.73
2003 Feb-24 to Feh-28 11.98 18.48 10.47 8.42 10.81
{2003 Mar- 3 to Mar- 7 851 7.71 7.80 757 7.42
| 2003 Mar-10 to Mar14 6.78 625 580 571 5.17
| 2003 Mar-17 to Mar-21 5.32 5.13 520 5.20 5.05
| 2003 Mar-24 o Mar-28 5.07 507 490 187 5.06
| 2003 Mar-31 to Apr- 4 501 4.90 4.89 491 4.86
| 2003 Apr- 7 to Apr-11 458 521 513 518 528
‘r 2003 Apr-14 to Apr-18 5.29 5.53 5.62 554
i[ 2003 Apr-21 1o Apr-25 555 558 558 546 5.39
[ 2003 Apr-28 to May- 2 5.30 512 525 532 5.24
! 2003 May- 5 to May- 9 5.36 5.64 549 5.65 573
| 2003 May-12 to May-16 591 5.98 6.17 6.24 5.96
{2003 May-18 to May-23 6.08 593 6.08 6.09 . 5.92
| 2003 May-26 to May-30 534 5.71 5.76 5.99
[ 2008 Jun-2 to Jun-6 6.22 6.25 s4¢ - 6.7 6.25
| 2008 Jun- 9 fo Jun-13 625 5.08 6.06 5.86 5.44
© 2003 Jun-16 to Jun-20 5.45 5.66 5.53 553 5.68
| 2008 Jun-23 1o Jun-27 5.89 5.34 5.64 5.49 5.19
i 2003 Jun-30 1o Jul- 4 531 53 5.05 496
| 2003.Jul-7 to Jul-11 5.20 5.40 5.56 5.40 5.2
' 2003 Jul-14 to Jul-18 515 517 5.00 2.96 5.0
| 2003 Jul-21 to Jul-25 511 5.04 488 4.86 468
i 2003 Jul-28 to Aug- 1 468 472 168 163 471
J‘ 2003 Aug- 4 to Aug- 8 4.81 4.71 4.74 4.85 5.02

I
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10/29/2015 Henry Hub Natural Gas Spot Price (Dollars per Million Biu)

2003 Aug-11 to Aug-15 5.08 5.06 517 5.10 4.83
2003 Aug-18 to Aug-22 4.94 4,99 5.03 514 524
2003 Aug-25 to Aug-29 5.26 5.09 5.1 4.94 4.86
2003 Sep- 1to Sep-5 4.62 168 470 476
2003 Sep- 8 to Sep-12 4,82 4.70 4.78 485 4.66
2003 Sep-15 10 Sep-1% 4.66 467 461 452 433
2003 Sep-22 o Sep-26 4.38 4.51 458 4.55 4,42
2003 Sep-29 to Oct- 3 4.57 4.66 447 4.42 4.34
2003 QOct- 6 to Oct-10 4,40 4.66 4.84 4.78 4.92
2003 Oct-13 to Oct-17 4.96 4.84 493 4.92 4.53
2003 Oct-20 to Oct-24 4.30 4.04 4.89 4,90 4,78
2003 Qct-27 to Oct-31 4.56 445 4.51 446G 398
2003 Nov- 3 to Nov- 7 4.12 4.01 4.46 4.74 448
2003 Nov-1C to Nov-14 4.42 4,52 4,77 4.60 4.62
2003 Nov-17 to Nov-21 4.49 4.35 4.406 4.35 415
2003 Nov-24 to Nov-28 4.57 4.4% 4.86
2003 Dec- 110 Dec- 5 5.02 545 545 5.70 6.27
2003 Dec- 8 to Dec-12 6.06 6.52 6.67 6.56 6.73
2003 Dec-15 to Dec-19 6.63 6.58 6.56 6,98 692
2003 Dee-22 to Bec-26 6.32 5.58 5.50
2003 Dec-29 to Jan- 2 5.46 5.96 5.76
2004 Jan- 5to Jan-9 6.28 7.04 6.61 6.41 6.91
2004 Jan-12 to Jan-16 6,29 6.26 573 6.02 543
2004 Jan-19 to Jan-23 6.15 6.20 6.03 5.82
2004 Jan-26 to Jan-30 5.70 5.87 6.04 599 5.80
2004 Feb- 2 to Feb- 6 5.5t 5.69 5.74 5.54 5.38
2004 Feb- 9 to Feb-13 544 5.49 5.34 535 5.62
2004 Feb-16 tc Feb-20 543 5.33 5.28 5.19
2004 Feb-23 1o Feb-27 5.10 5.08 5.10 513 5.27
2004 Mar- 1 to Mar- 3 517 5.37 5.34 5.17 532
2004 Mar- 8 to Mar-12 5.42 534 5.33 5.33 352
2004 Mar-15 to Mar-19 5.59 5.60 5.61 563 5.49
2004 Mar-22 to Mar-26 5.46 5.36 5.35 522 5.16
2004 Mar-29 to Apr- 2 5.25 540 5.63 582 5.69
2004 Apr- 5 to Apr- 9 581 570 576 5.84
2004 Apr-12 to Apr-16 5.85 5.92 5.73 5.68 562
2004 Apr-19 to Apr-23 5.57 5.46 552 5.59 5.53
2004 Apr-26 to Apr-30 5.60 5.81 5.80 5.78 5.81
2004 May- 3 to May-7 5.80 6.21 6.09 6.22 6.18
2004 May-10 to May-14 6.14 6.24 6.41 6.42 6.43
2004 May-17 to May-21 6.41 6.28 6.18 6.44 6.35
2004 May-24 {0 May-28 6.48 6.73 6.70 651 6.45
2004 May-31 to Jun- 4 6.45 6.51 6.44 ’ 6.15
2004 Jun- 7 to Jun-11 6.09 619 6.04 6.00
2004 Jun-14 to Jun-18 6.15 6.35 6.38 6.57 6.48
2004 Jun-21 to Jun-25 642 6.29 6.30 6.41 5.28
2004 Jun-28 fo Jul- 2 6.13 6.02 6.03 595 5.88
2004 Jui- 5 to Jul- 9 6.16 6.27 6.19 5.89
2004 Jul-12 to Jul-16 5.95 5.85 591 592 5.77
2004 Jul-19 to Jul-23 5.75 5.80 5.90 5.85 598
2004 Jul-28 to Jul-30 5.94 587 537 593 6403
2004 Aug- 2 1o Aug- & 5.86 5.77 5.70 5.54 5.42
2004 Aug- 9 to Aug-13 5.58 5.78 5.64 5.46 5.27
2004 Aug-16 1o Aug-20 534 5.27 536 5.34 539
2004 Aug-23 to Aug-27 5.34 5.23 5.32 5.19 5.05
2004 Aug-30 to Sep- 3 5.05 5.04 5.02 475 4.32
2004 Sep- 6 to Sep-10 4.41 4.69 4.57 4.57
2004 Sep-13 to Sep-17 5.12 515 5.17 482 495
2004 Sep-20 to Sep-24 522 543 5.58 5.58 541
2004 Sep-27 1o Oct- 1 522 545 6.26 6.36 538
2004 Cct- 4to Oct- 8 31 6.407 6.00 6.24 5.59
2004 Oct-11 to Oct-15 5.63 5.63 538 5.76 5.64
2004 Oct-18 to Oct-22 5.64 6.13 727 735 7.11
2004 Oct-25 to Oct-28 1.75 7.8 8.12 6.80 643
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1012912015 Henry Hub Natural Gas Spot Price (Dollars per Million Btu)

I 2004 Nov- 1 to Nov- § 6.8 6.8 725 7.40 6.08
1 2004 Nov- 8 to Nov-12 662 5.79 6.12 6.19 590
} 2004 Nov-15 to Nov-18 6.02 6.57 6.06 5.59 481
' 2004 Nov-22 to Nov-26 5.24 5.24 5.01
2004 Nov-29 to Dec- 3 6.76 6.79 6.78 669 6.04
2004 Dec- 6 to Dec-10 6.05 6.03 5.9% 6.04 6.29
2004 Dec-13 to Dec-17 6.89 710 7.04 688 736
‘ 2004 Dec-20 to Dec-24 714 6.83 7.05 693
! 2004 Dec-27 to Dec-31 6.57 627 6.18 6.02
| 2005 Jan- 310 Jan- 7 5.53 571 5.8 579 5.82
12005 Jan-10 1o Jan-14 6.21 596 589 6.06 6.45
2005 Jan-17 to Jan-21 6.69 6.19 6.27 643
12005 Jan-24 to Jan.28 64l 6.44 6.44 6.50 623
2005 Jan-31 to Feb- 4 614 6.28 638 632 612
12005 Feb- 7 1o Feb-11 6.02 5.95 6.20 6.21 602
12005 Feb-14 to Feb-18 595 6.01 6.10 6.05 588
12005 Feb-21 to Fab-25 592 6.02 633 624
‘Jzoos Feb-28 to Mar- 4 6.62 6.63 6.61 6.71 6.51
; 2005 Mar- 7 to Mar-11 6.66 6.81 6.99 691 6.73
| 2005 Mar-14 to Mar-18 6.86 7.16 7.08 7.25 7.12
| 2005 Mar-21 to Mar-25 7.16 7.2 7.1 7.07
1 2005 Mar-28 to Apr- 1 6.94 6.93 718 7.46 7.57
| 2005 Apr- 4 to Apr. 8 7.80 7.44 745 7.50 7.26
| 2005 Apr-11 10 Apr-15 7.17 7.34 7.07 7.02 6.95
| 2005 Apr-18 to Apr-22 6.95 695 7.10 6.9 7.06
12005 Apr-25 to Apr-29 .27 7.08 7.10 6.67 564
2005 May- 2 to May- 6 6.50 6.61 6.49 6.65 6.67
2005 May- 9 to May-13 - 656 6.67 6.63 6.62 647
! 2005 May-15 to May-20 6.45 6.41 6.50 639 6.36
| 2005 May-23 to May-27 633 6.45 6.33 630 6.22
| 2005 May-30 to Jun- 2 631 6.36 563 6.65
1 2005 Jun- 6 to Jun-10 7.05 7.13 7.22 7.05 7.09
I 2005 Jun-13 to Jun-17 7.08 7.32 739 7.41 7.61
! 2005 Jun-20 to Jun-24 7.80 746 7.39 751 745
‘f 2005 Jun-27 to Jul- 1 7.29 704 7.08 7.01 7.01
1 2005 Jul- 4 o Jul- 8 . 738 7.69 7.62 7.87
l 2005 Jul-11 to Ju-15 7.35 7.79 778 7.99 .02
/ 2005 Jul-18 to Jut-22 7.77 7.7G 7.78 764 74l
‘ 2005 Jul-25 {o Jul-29 7.38 745 7.52 769 7.76
{ 2008 Aug- 1 o Aug- 5 8.03 333 875 855 8.60
| 2005 Aug- 8 to Aug-12 8.93 8,70 8.82 229 9.59
| 2005 Aug-15 to Aug-19 9.53 9.66 9.99 9.38 9.09
! 2005 Aug-22 1o Aug-26 944 9.96 10.02 977 986
| 2005 Aug-29 to Sep- 2 9.86 1236 12.69 1136 1175
| 2005 Sep- 5 10 Sep- 9 11.56 11.03 1092 1103
p" 2005 Sep-12 to Sep-16 10.68 10.71 10.30 11.24 11.25
i 2005 Sep-19 to Sep-23 11.59 12.76 14.26 14.84
{ 2005 Oct- 3 to Oct- 7 13.67
{: 2005 Oct-10 to Oct-14 13.29 13.67 13.77 1348 12.80
:‘ 2005 Oct-17 to Oct-21 13.89 1341 13.52 13.24 12,73
| 2005 Oct-24 10 Oct-28 12.95 13.90 14.68 13.90 13.16
| 2005 Oct-31 to Nov- 4 12.18 10.80 10.8% 10.79 9.67
j 2005 Nov- 7 to Nev-11 8.77 915 9.31 9.66 9.20
| 2005 Nov-14 to Nov-18 9.15 9.21 11.03 11.92 10.01
!f 2005 Nov-21 to Nov-25 10.48 . 11.15 11.02
| 2005 Mov-28 to Dec- 2 11.01 11.17 11.73 12.58 12.95
il 2005 Dec- 5 o Dec- 9 14.27 13.57 13.95 14125 15.02
| 2005 Dec12 to Dec-18 14.82 15.39 14.81 14.07 13.36
| 2005 Dec-19 to Dec-23 13.73 13,79 13.56 13.03 11,17
2005 Dec-26 to Dec-30 1022 990 10.07 9,52
E 2006 Jan- 2 o Jan- 6 9.90 9.25 9.24 9.30
| 2006 Jan- 9to Jan-13 8.79 8.60 8.55 8.70 §.50
E 2006 Jan-18 1o Jan.20 882 886 8.21 380
‘: 2006 Jan-23 to Jan-27 8.29 8.27 8.50 7.86 819
|
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1042972015
2006 Jan-30 to Feb- 3
2006 Feb- 6 fo Feb-10
2006 Feb-13 to Feb-17

2006 Feb-20 to Feb-24
2006 Feb-27 ta Mar- 3
2006 Mar- 6 o Mar-10
2006 Mar-13 to Mar-17
2006 Mar-20 to Mar-24

2006 Mar-27 to Mar-31
2006 Apr- 3 to Apr-7
2008 Apr-10 to Apr-14
2006 Apr-17 to Apr-21
2006 Apr-24 to Apr-28

2006 May- 1 to May- 5
2006 May- 8 to May-12
2006 May-15 to May-19
2006 May-22 to May-26
2006 May-29 to Jun- 2

20086 Jun- 5to Jun- 9
2006 Jun-12 1o Jun-18
2006 Jun-19 10 Jun-23
2006 Jun-26 10 Jun-30
2008 Jul- 3to Jui- 7

2006 Jul-10 to Jul-14
20086 Jul-17 to Jul-21
2006 Jul-24 {0 Jul-28
2006 Jul-31 to Aug- 4
2006 Aug- 7 to Aug-11

2006 Aug-14 fo Aug-18
2006 Aug-21 10 Aug-25
2008 Aug-28 to Sep- 1
2006 Sep- 4 {0 Sep- 8
2006 Sep-11 to Sep-15

2006 Sep-18 to Sep-22
20086 Sep-25 to Sep-29
2006 Cct- 2 to Oct-6
2008 Cct- 9 to Oct-13
20086 Oct-16 to Oct-20

2006 Oct-23 t¢ Oct-27
2006 Oct-30 fo Nov- 3
2006 Nov- 6 to Nov-10
2008 Nov-13 to Nov-17
2008 Nov-20 to Nov-24

2006 Nov-27 10 Dec- 1
2006 Dec- 4 to Dec- 8
2006 Dec-11 to Dec-15
2006 Dec-18 to Dec-22
2006 Dec-25 to Dec-20

2007 Jan- 1 to Jan- 5

2007 Jan- 8 to Jan-12
2007 Jan-15 to Jan-19
2007 Jan-22 {¢ Jan-26
2007 Jan-29 to Feb- 2

2007 Feb- 5 to Feb- &
2007 Feb-12 to Feb-16
2007 Feb-19 to Feb-23
2007 Feb-26 to Mar- 2
2007 Mar- 5 to Mar- 9

2007 Mar-12 to Mar-16
2007 Mar-19 to Mar-23
2007 Mar-25 to Mar-30
2007 Apr- 2 to Apr- &
2007 Apr- 9 to Apr-13
2007 Apr-16 to Apr-20
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6.77
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6.4
6.02
6.71
5.89

532
6.27
6.33
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6,72
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5.02
4.31
4.11
5.06
513
1.29
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6.72
7.26
7,79

7.58
7.84
6.81
6.62

6.02

7.20
7.35

9.14
7.8

7.73
7.36
6.81
6.70
7.15
7.62
7.65

7.66

8.73
7.74
7.03

7.40
6.69
6.53
715
6.83

115
7.04
6.99
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1.37

6.68
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5.99
627
6.20

6.16
5.95
6.62
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5.51
6.02
6.78
8.66
7.06

6.9
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6.24
5.45
5.57

499
4.36
4.01
5.16
6.26
7.13
6.64
6.59
742
7.57

7.61
732
693
6.27
572

5.40
615
6.82
7.53
7.32

.29
3.09
734
7.44
7.55

6.78
6.81
T.15
157
7.65

7.50

Henry Hub Natural Gas Spot Price (Dollars per Miilion Btu)
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6.78
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6.04
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749
6.40
570
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4.35
4.38
5.66
507
720
715
7.39
7.45
7.42

7.74
7.32
7.21
643
554

5.47
642
6.57
7.58
7.76

7.90
350
7.51
7.23
7.50
6.86
682
747
7.46
7.97

7.54

8.01
7.55
7.16

7.23
669
6.31
7.12
7.16

119
7.06
6.64
7.95
6.94

6.47
6.80
5.79
5.85
6.25

5.84
6.43
651
6.09
5.28

592
6.14
7.03
161
7.95
6.73
722
380
5.64
5.09

4.65
4.15
4.69
5.17
6.77

7.91
732
7.35
7.59

832
7.61
1.26
6.09
5.63

5.60
6.09
6.29
7.18
7.93

8.06
391
7.47
.07
7.14

7.02
7.07
7.34
7.53
7.95

7.54

8.0]
7.57
7.39

7.39
6.39
6.40
7.17
7.43
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6.81

7.65
6.64
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6.35
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378
6.23

6.10
7.03
6.14
5.84
5.18

6.28
5.90
7.24
7.44
7.56

6.66
748
5.24
531
4.40

447
1.66
441
430
6.88

7.41
743
116
7.23

842
145
6.52
588
5.5

5.52
597
6.40
6.95
8.17

816
8.45
7.53
7.22
7.0%

6.84
7.16
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qu291’2015 Henry Hub Natural Gas Spot Price (Dollars per Million Btu)

2007 Apr-23 to Apr-27 7.24 7.57 7.60 7.56 7.44
2007 Apr-30 to May- 4 7.71 7.64 7.64 7.58 782
2007 May- 7 to May-11 7.69 7.50 7.46 7.63 753
12007 May-14 to May-18 785 7.68 762 7.69 787
2007 May-21 to May-25 7.66 7.60 7.51 7.56 747
2007 May-28 to Jun- 1 7.5) 7.7) 7.80 7.57
2007 Jun- 4 to Jun- 8 7.73 7.83 7.83 7.89 752
| 2607 Jun-11 to Jun-15 7.42 7.45 7.60 7.48 758
!, 2007 Jun-18 to Jun-22 7.69 7.46 739 724 704
f2007 Jun-25 to Jun-28 677 6.85 6.74 6.79 640
; 2007 Jul- 2 to Jui- 6 6.24 637 630 6.15
IZQU? Jul- 9 1o Jul-13 6.39 6.44 6.66 6.26 6.7
{ 2007 Jul-16 to Jul-20 632 6.34 6.23 6.50 6.46
2007 Juk-23 to Jul-27 500 5.66 5.56 5.83 577
%2007 Jul-30 10 Aug- 3 6.31 6.53 6.19 634 611
|2007 Aug- 6 to Aug-10 6.10 6.38 6.24 645 6.57
12007 Aug-13 o Aug-17 7.15 6.36 7.30 .96 7.14
12007 Aug-20 to Aug-24 6.47 5.92 5.84 5.73 569
2007 Aug-27 1o Aug-31 534 5.56 5.64 534 549
}2007 Sep- 3 to Sep-7 530 5.80 6.02 553
12007 Sep-10 to Sep-14 5.56 5.98 6.13 627 623
{ 2007 Sep-17 to Sep-21 6.3% 642 6.25 6.02 5.96
1 2007 Sep-24 1o Sep-28 6.12 6.54 6.47 6.38 6.15
12007 Oct- 1 to Oct- 5 6.07 6.55 6.96 6.91 677
| 2007 Oct- 8 to Oct-12 6.69 6.63 679 6.85 6.46
| 2007 Oct-15 to Oct-19 7.09 7.29 712 711 691
'1. 2007 Oct-22 to Qct-26 6.63 630 6.11 649 6.43
| 2007 Oct-28 to Nov- 2 6.66 6.99 728 7.09 6.63
12007 Nov- 5 to Nov- 9 6.71 7.20 742 6.81 6.59
‘l 2007 Nov-12 to Nov-18 6.83 7.2z 7.28 7.35 729
i 2007 Nov-19 to Nov-23 7.38 6.8) 6.67 6.67
| 2007 Nov-26 to Nov-30 7.53 742 251 745 7.29
; 2007 Dec- 3to Dec- 7 6,97 7.27 7.04 7.29 7.04
| 2007 Dec-10 io Dec-14 6.98 712 722 7.46 7.09
| 2007 Dec-17 to Dec-21 7.06 716 718 7.19 7.03
| 2007 Dec-24 to Dec-28 7.0 694 6.80 71
| 2007 Dec-31 to Jan- 4 711 783 784 751
j 2008 Jan- 7 1o Jan-11 7.61 7.5% 7.89 7.96 8.13
;f 2008 Jan-14 to Jan-18 8.45 843 823 8.10 3.42
| 2008 Jan-21 {5 Jan-25 7.97 7.84 7.85 7.80
! 2008 Jan-28 to Fab- 1 7.87 £.1¢ 817 £10 7.88
i 2008 Fet- 4 1o Feb- § 7.56 7.80 7.94 7.99 §.06
! 2008 Feb-11 to Feb-15 8.38 8.37 835 850 373
il 2008 Fab-18 to Feb-22 891 908 8.90 865
| 2008 Feb-25 to Feb-29 9.15 921 921 211 9.10
| 2008 Mar- 3 to Mar-7 9.07 921 937 970 9.82
; 2008 Mar-10 to Mar-14 959 9.85 9.69 9.74 9.84
| 2008 Mar-17 to Mar-21 9.59 9.10 9.11 8.54
‘ 2008 Mar-24 to Mar-28 8.99 918 925 930 936
‘ 2008 Mar-31 to Apr- 4 9.85 "9.92 9.60 968 936
| 2008 Apr-7 to Apr-11 9.48 978 988 10.18 10,07
| 2008 Apr-14 1o Apr-18 10.03 10.16 10.11 10.27 10.08
| 2008 Apr-21 to Apr-25 10.50 10.56 1033 10.58 10.72
‘; 2008 Apr-28 to May- 2 1095 10.94 10.8] 10.66 10.37
i 2008 May- 5 to May- 9 10.77 11.09 11.08 11.33 1129
; 2008 May-12 to May-16 11.38 11.18 11.52 11.41 11.31
| 2008 May-18 to May-23 11.10 10.94 11.40 1157 11.56
i 2008 May-26 to May-30 1185 11.60 1181 1143
| 2008 Jun- 2 to Jun- 6 11.80 1227 12.17 12.49 1271
| 2008 Jun- 9 1o Jun-13 12,71 1272 12.49 12.51 1251
l 2008 Jun-186 ic Jun-20 12.73 12.87 12.93 13.09 12.76
2008 Jun-23 to Jun-27 12.92 12.96 12.76 12.70 13.10
| 2008 Jun-30 to Jul- 4 13.19 1328 13.31 13.00
2008 Jul- 7 to Jul-11 12.96 1247 12.10 11.83 12.15
‘i 2008 Jul-14 1o Jul-18 11.58 11.79 11.15 11.43 10.54
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10/29/2015

2008 Jul-21 o Jul-25
2008 Jul-28 to Aug- 1
2008 Aug- 4 to Aug- 8
2008 Aug-11 to Aug-15

2008 Aug-18 to Aug-22
2008 Aug-25 to Aug-29
2008 Sep- 110 Sep-5

2008 Sep- 8 to Sep-12
2008 Sep-15 to Sep-19

2008 Sep-22 tc Sep-26
2008 Sep-29 to Oct- 3
2008 Oct- 6 to Oct-10
2008 Oct-13 to Oct-17
2008 Oct-20 to Oct-24

2008 Qct-27 to Qct-31
2008 Nov- 3 o Nov-7
2008 Nov-10 to Nov-14
2008 Nov-17 to Nov-21
2008 Nov-24 to Nov-28

2008 Dec- 1 to Dec- 5
2008 Dec- 8 to Dec-12
2008 Dec-15 to Dec-19
2008 Dec-22 to Dec-26
2008 Dec-28 to Jan- 2

2009 Jan- 5 to Jan- 9
2009 Jan-12 o Jan-16
2008 Jan-19 tc Jan-23
2009 Jan-26 to Jan-30
2009 Feb- 2 to Feb- 6

2009 Feb- 9 to Feb-13
2009 Feb-16 to Feb-20
2009 Feb-23 to Feb-27
2009 Mar- 2 to Mar- 8

2009 Mar- 9 to Mar-13

2009 Mar-16 to Mar-20
2009 Mar-23 to Mar-27
2009 Mar-30 to Apr- 3
2009 Apr- 6 to Apr-10
2009 Apr-13 to Apr-17

2009 Apr-20 to Apr-24
2009 Apr-27 to May- 1
2009 May- 4 fc May- 8
2009 May-11 to May-15
2009 May-18 to May-22

2009 May-25 to May-29
2009 Jun- 1 to Jun- 5
2009 Jun- 8 to Jun-12
2009 Jun-15 to Jun-19
2009 Jun-22 to Jun-26

2009 Jun-29 to Jul- 3
2002 Jul- 8 to Jul-10
2009 Jul-13 to Juk17
2009 Jul-20 to Jul-24
2008 Jul-27 to Jul-31

2009 Aug- 3 to Aug-7

2009 Aug-10 to Aug-14
2009 Aug-17 to Aug-21
2009 Aug-24 to Aug-28
2009 Aug-31 to Sep- 4

2009 Sep- 7 to Sep-11
2009 Sep-14 to Sep-18
2009 Sep-21 to Sep-25
2009 Sep-28 to Qct- 2
2009 Cet- 5 to Oct- 9

http:/Awww eia.gov/dnav/ng/hist/rmgwhhdd .htm
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9.20
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8.02

7.66
7.13
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6.62
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6.27
6,45
7.07
6.55
6.85

6.48
373
5.75
5.39
5.81
3.83
5.59

4.62
4,48

4.70

4.23
4.36
3.86

378
4.17
3.63
3.74
3.46

3.55
3.19
347
4.24
4.02

3.56
3.53
3.30
401
3.88
3.24
317
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3.46
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3.55
311
2.69
242

2.84
3.35
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2.89

10.16
9.17
8.66
8.23

7.73
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824
7.28
7.76

7.84
7.17
6.74
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6.79
7.02
6.74
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6.68
5.37
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3.37
371
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5.70
4.86
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4.35
4.21
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3.78
4.13
358
360
359

343
3.29
3.62
441
3.99

3.35
4.05
3.53
4.16
39

3.72
3.30
3.29
3.48
3.49

3353
3.54
3.12
2.85
2.36
2.43
3.21
337
3.30
323

Heary Hub Natural Gas Spot Price (Dollars per Million Btu)
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7.04
6.31
6.76

6.35
5.86
5.63

3.96
5.27
4.72
4.71
4.34

4.73
4.46
4.08
4.22
3.87

3.68
4.16
3.69
3.59
3.54

346
325
3.96
4.10
377

335
358
351
4.19
3.82

349
336
321
3.66
3134

N
3.34
3.03
2.76
2.06

2.68
3.5¢
3.56
291
4.24

9.34
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i
1
!

10/29/2015 . Henry Hub Natural Gas Spot Price (Dollars per Million Btu)
\

12009 Oct-12 to Oct-16 3.96 4.03 3182 388 394
i 2009 Oct-19 to Oct-23 4.22 4.60 4.80 498 4.88
?2009 Oct-26 to Oct-30 4.52 4.52 4.59 4.11 4.11
:; 2009 Nov- 2 to Nov- & 4.32 433 4.49 4.30 395
2009 Nov- 9 to Nov-13 3.78 37 3.59 3.24 251
2009 Nov-16 to Nov-20 2.65 347 374 357 3.09
) 2009 Nov-23 to Nov-27 379 363 3.32 332
‘: 2009 Nov-30 10 Dec- 4 4.41 430 467 4.57 453
li 2009 Dec- 7 to Dec-11 478 5.10 527 502 521
i 2009 Dec-14 to Dec-15 5.41 3.53 3.57 5.65 587
; 2009 Dec-21 to Dec-25 579 5.56 5.55 575
2009 Dec-28 to Jan- 1 5.91 6.01 578 582
2010 Jan- 4o Jan- 8 6.09 6.19 6.47 751 6.56
2010 Jan-11+to Jan-15 5.77 5.57 5.61 577 5.66
1 2010 Jan-18 to Jan-22 551 5.54 5.52 5.67
I 2010 Jan-25 to Jan-29 5.76 5.61 5.42 5.32 526
2010 Feb- { to Feb-5 5.30 547 551 547 561
[ 2010 Feb- 810 Feb-12 573 5.54 5.48 553 548
! 2010 Feb-15 to Feb-19 5.65 547 540 510
Ii 2010 Feb-22 to Feb-26 492 491 4.91 4.84 476
; 2010 Mar- 1 tc Mar- 5 4.83 478 4.76 B 4,78 4.56
) 2010 Mar- 8 to Mar-12 447 4.51 4.44 4.47 435
J; 2010 Mar-15 to Mar-19 429 438 4.27 4.19 401
% 2010 Mar-22 to Mar-26 4.02 4.08 4402 4,01 392
: 2010 Mar-29 to Apr- 2 3.83 379 393 372
] 2010 Apr- 5to Apr-9 393 4,16 4,08 392 3.90
2010 Apr-12 to Apr-16 4.04 397 4.15 4.16 3.97
‘ 2010 Apr-18 to Apr-23 4,02 3.93 3.96 3.95 407
} 2010 Apr-26 to Apr-30 423 4.18 4.19 4.24 394
| 2010 May- 3 to May- 7 386 3.96 4.00 3.97 3.91
2010 May-10 to May-14 4.08 4.15 418 426 427
| 2010 May-17 to May-21 4.34 4.42 428 4.12 412
| 2010 May-24 to May-28 4.08 4.08 4.19 422 431
2010 May-31 to Jun- 4 4.39 4.32 4.46 4.60
2010 Jun- 7 to Jun-11 4,67 489 475 4.68 4.68
i 2010 Jun-14 to Jur-18 4.94 311 5.13 5.14 517
7 2010 Jun-21 to Jun-25 515 487 4.90 4 88 4.84
2010 Jun-28 to Jul- 2 4.85 4.68 4,53 4,54 4.72
2010 Jul- 510 Jul- 9 4.85 4,76 4.61 436
2010 Jul-12 to Jul-18 4.42 446 439 443 4.68
2010 Jul-19 to Jul-23 4.56 4.59 470 4.67 4.69
i 2010 Jul-26 to Jul-20 4.65 472 475 4.80 4.81
2010 Aug- 2 to Aug- 6 4.94 4.78 477 4,84 4.67
2010 Aug- 9 to Aug-13 452 4.43 4.38 4.42 435
] 2010 Aug-16 to Aug-20 4.37 428 4.35 4.29 419
; 2010 Aug-23 to Aug-27 4.12 4.07 3.99 385 375
| 2010 Aug-30 to Sep- 3 377 3.80 373 374 374
F 2010 Sep- 6 to Sep-10 3.82 18 3179 3.79
‘[ 2010 Sep-13 to Sep-17 3.83 398 4.06 4.09 411
1r 2010 Sep-20 to Sep-24 4.01 385 4.02 4.08 3.97
% 2010 Sep-27 to Cct- 1 380 3.80 3.81 385 3.67
! 2010Q0ct-4t0 Oct-8 3.56 3.51 3.56 3.62 336
‘[ 2010 Oct-11 to Oct-15 - 343 3.40 3.58 3.58 347
f 2010 Oct-18 to Oct-22 336 3.36 3.46 3.46 319
E 2010 Oct-25 to Oct-29 3.18 3.28 3.37 3.36 3.36
‘J 2010 Nov- 1 to Nov- 5 342 3.20 3.35 3.53 . 347
/ 2010 Nov- & to Nov-12 3.49 3.76 4.00 3.73 3.50
[ 2010 Nov-15 to Nov-19 3.56 3.65 377 3.8% 179
1 2010 Nov-22 {o Nov-28 402 3.93 3.82 3182
.‘ 2010 Nov-29 {o Dec- 3 4.12 4.16 4.21 428 423
| 2010 Dec- 6 to Dec-i0 447 4.48 447 452 437
J 2010 Dec-13 to Dec-17 4.55 4.35 422 4.19 399
\ 2010 Dec-20 to Dec-24 4,10 4.17 4.01 4.08
E 2010 Dec-27 to Dec-31 4.05 4.10 419 422 422
5 2011 Jan-3{e Jan-7 4.54 4.61 4.52 449 442
f:tlp:.’.’www.eia.gov,’dnav!ng!histlmgwhhdd.htm 12/17
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107292015 Henry Hub Naiural Gas Spot Price (Doliars per Million Btu)

2011 Jan-10 o Jan-14 449 4.42 4.55 4.48 4.38
2011 Jan-17 to Jan-21 4.52 4,48 4,57 4.72
2011 Jan-24 to Jan-28 4,72 4.46 4.40 441 4.27
2011 Jan-31 to Feb- 4 4.42 4432 4,55 4.69 4.48
2011 Feb- 7 to Feb-11 4.32 424 422 4.11 396
2011 Feb-14 to Feb-18 3.89 3.92 3.93 3.90 3.84
2011 Feb-21 to Feb-25 3.89 3.83 3.83 3.81
2011 Feb-28 to Mar- 4 393 3.93 3.79 395 3.7¢
2011 Mar- 7 to Mar-11 173 3.83 381 187 3.78
2011 Mar-14 to Mar-18 3190 381 3.86 3.85 3.98
2011 Mar-21 to Mar-25 399 4.05 418 427 4.13
2011 Mar-28 to Apr-1 4.35 427 4.25 4.32 432
2011 Apr- 4 fo Apr- 8 421 4.22 417 4.12 4.05
2011 Apr-11 tc Apr-15 4.0% 4.08 4.14 4.12 4.21
2011 Apr-18 to Apr-22 4.23 4.19 4,33 4,33

2011 Apr-25 to Apr-29 437 4.32 435 4.38 4351
2011 May- 2 to May- 6 4.60 4.60 4.59 449 4.24
2011 May- 9 to May-13 4.28 4.19 4.23 4,10 4.09
2011 May-16 to May-20 4.21 4.25 115 210 4,05
2011 May-23 to May-27 427 437 436 437 436
2011 May-30 to Jun- 3 4.63 4.62 4.64 472
2011 Jun- 6 to Jun-10 4.83 4.83 483 4.92 4,72
2011 Jun-13 to Jun-17 4.75 4.59 4.53 454 4,39
2011 Jun-20 to Jun-24 4,33 4.37 4.42 4.31 4.20
2011 Jun-27 to Jul- 1 425 4.34 4.40 428 433
2011 Jul- 4 to Jul- 8 4.40 4,34 423 419
2011 Jul-11 to Jul-15 4.35 438 443 442 4.49
2011 Jul-18 to Jul-22 4.60 4.60 4.64 4.58 4.46
2011 Jul-25 to Jul-29 4,45 4.43 4.46 441 426
2011 Aug- 110 Aug- 5 429 4.30 426 426 4.00
2011 Aug- 8 to Aug-12 4,00 4.06 409 406 417
2011 Aug-15 to Aug-19 4.05 4.03 398 3.98 3.99
2011 Aug-22 to Aug-25 397 4.01 4.10 4.01 3.96
2011 Aug-29 to Sep- 2 393 3.85 3.97 4.18 4.12
2011 Sep- 5to Sep- @ 3.93 3.96 3.99 3.96
2011 Sep-12 to Sep-16 3.92 3.96 401 4.04 3.84
20111 Sep-18 to Sep-23 378 3.84 3.78 3.72 3.74
2011 Sep-26 to Sep-30 3.80 3.92 3.88 3.77 3.68
2011 Oct- 3 to Oct- 7 3.57 3.56 3.63 349 3.40
2011 Oct-10 to Oct-14 141 3.5 3.54 342 349
2011 Oct=17 to Oct-21 372 3.63 3.5¢ 3.61 354
2011 Oct-24 to Oct-28 3.61 3.62 3.65 3.59 3.63
2011 Oct-31 o Nov- 4 3.66 349 339 339 3.44
2011 Nov- 7 to Nov-11 335 3.42 3.55 3.48 329
2011 Nov-14 to Nov-18 3.i7 312 311 3.11 3.01
2011 Now-21 to Nov-25 194 306 2.84 284
2011 Nov-28 to Dec- 2 3.09 3.39 3.53 3.49 335
2011 Dec- 5 to Dec- ¢ 3.38 3.43 345 3.42 329
2011 Dec-12 to Dec-16 313 3.12 3.08 3.05 3.01
2011 Dec-19 to Dec-23 3.03 3.06 305 3.08 297
2011 Dec-26 to Dec-30 3.09 3.07 3.03 2.98
2012 Jan- 2 to Jan- 6§ 297 296 2.91 2.85
2012 Jan- 9 to Jan-13 2.89 297 281 270 2.67
2012 Jan-16 to Jan-20 - 2,51 249 236 223
2012 Jan-23 to Jan-27 2.39 2.60 261 © 268 2.59
2012 Jan-30 to Feb- 271 251 232 2.30 240
2012 Feb- B to Feb-1Q T 246 240 248 2.50 251
2012 Feb-13 to Feb-17 242 248 254 247 2.67
2012 Feb-20 to Feb-24 2.63 2.60 2.68 2.60
2012 Feb-27 to Mar- 2 2.55 244 242 245 238
2012 Mar- 5 to Mar- § 2.31 2.30 224 224 2.21
2012 Mar-12 to Mar-16 2.17 2.15 2.13 2.G7 2.01
2012 Mar-19 to Mar-23 2.14 2.19 221 2.19 247
2012 Mar-26 to Mar-30 2.16 2.09 2.05 2.02 2.00
2012 Apr- 2 to Apr- 6 1.88 1.94 2,06 1.98

http://www.eia.gov/dnav/ng/hist/rmgwhhdd.htm 13/17
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.

| 2012 Apr- 8 10 Apr-13
, 2012 Apr-15 to Apr-20
j 2012 Apr-23 to Apr-27
1 2012 Apr-30 to May- 4
2012 May- 7 to May-11

2012 May-14 to May-18
7 2012 May-21 to May-25
'r 2012 May-28 1o Jun- 1
J‘,‘ 2012 Jun- 4 to Jun- 8
| 2012 Jun-11 to Jun-15

[ 2012 Jun-18 to Jun-22
i 2012 Jun-25 to Jun-28
! 2012 Jul- 210 Jul-6

b 2012 Jul- 9 1o Ju-93

| 2012 Jul-16 to Jul-20

| 2012 Jul-23 to Jul-27
[ 2012 Juk30 to Aug- 3
| 2012 Aug- 5 to Aug-10
! 2012 Aug-13 to Aug-17
[ 2012 Aug-20 1o Aug-24

| 2012 Aug-27 to Aug-31
2012 Sep- 310 Sep-7

2012 Sep-10 to Sep-14
2012 Sep-17 to Sep-21
2012 Sep-24 to Sep-28

2012 Oct- 110 Qct- 5

2012 Oct- 8 to Oct-12
2012 Oct-15 o Oct-19
2012 Oct-22 to Cct-26
2012 Oct-28 to Nov- 2

2012 Nov- 5 to Nov- 8
2012 Nov-12 1o Nov-16
2012 Nov-19 to Nov-23
2012 Nov-26 to Nov-30
2012 Dec- 3 to Dec- 7

2012 Dec-10 to Dec-14
2012 Dec-17 to Dec-21
2012 Dec-24 to Dec-28
2612 Dec-31 to Jan- 4
2013 Jan- 7 to Jan-11

2013 Jan-14 to Jan-18
2613 Jan-21 to Jan-25
2013 Jan-28 {0 Feb- 1
2013 Feb- 4 to Feb- 8
2013 Feb-11 fo Feb-18

2013 Feb-18 to Feb-22
2013 Feb-25 to Mar- 1
2013 Mar- 4 1o Mar- 8
2013 Mar-11 to Mar-15
2013 Mar-18 to Mar-22

2013 Mar-25 to Mar-28
2013 Apr- 1 1o Apr- 5
2013 Apr- 8 to Apr-12
2013 Apr-15 to Apr-19
2013 Apr-22 to Apr-26

2013 Apr-28 to May- 3

2013 May- 6 to May-10
2013 May-123 to May-17
2013 May-20 tc May-24
2013 May-27 to May-31

2013 Jun- 3 to Jun-7

2013 Jun-10 to Jun-14
2013 Jun-17 to Jun-21
2043 Jun-24 fo Jun-28
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279
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252
274
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341
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377
3.38

3.39
329

32

3.40
363
314
3.34
330

323
346
3.63
371
396

399
4.07
4.08
4.19
427

43¢
3.88
393
413
4.19

4.00
i
3.90
377
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1.87
1.99
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260
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2.41
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260
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287
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270
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324
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341
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3.25
3.35
3.30
.14

343
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334
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372
397
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4.00
4.07
424
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4.31
3.86
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4.16
4.15

3.99
374
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372

1.87
1.85
2.10
2.29
236
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2.66
234
233
220
2.48
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2383
299

.13
3.16
2.89
278
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3.0
2.76
301
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328
128
159
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345
3.63
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343

327
3.35
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3.19
3.08

344
3.56
333
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3.30

329
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334
374
4.01

4.03
394
4.11
4.23
4.19
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387
4.01
4.15
4.12

3.93
373
3.90
3.73

1.87
1.82
2.05
2.30
237

156
256
224
222
2.44
250
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288
3.03

3.10
291
284
2.70
2.81
272
273
294
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326
3.38
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338
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333
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342
3.40
320
318

354
342
3.34
3.26
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327
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4.01
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398
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3.89
4.15
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3176
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357
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2013 Jul- 1 to Jul- 5

2013 Jul- 8 to Jul-12
2013 Jul-15 to Ju-1%
2013 Jul-22 1o Jul-26
2013 Jui-28 1o Aug- 2
2013 Aug- 5t0 Aug- 8

2013 Aug-12 fo Aug-i8
2013 Aug-19 to Aug-23
2013 Aug-26 1o Aug-30
2013 Sep-2to Sep-6

2013 Sep- 9 fo Sep-13

2013 Sep-16 to Sep-20
2013 Sep-23 fo Sep-27
2013 Sep-30 to Oct- 4
2013 Gor- 7 to Oct-14
2013 Oct-14 to Oct-18

2013 Oct-21 to Oct-25
2013 Oct-28 to Nov- 1
2013 Nov- 4 o Nov- 8
2013 Nov-11 10 Nov-15
2013 Nov-18 to Noy-22

2013 Nov-25 to Nov-29
2013 Dec- 2to Dec- 6

2013 Dec- 9 to Dec-13
2012 Dec-16 10 Dec-20
2013 Dec-23 to Dec-27

2013 Dec-30to Jan- 3
2014 Jan- 6 fo Jan-10
2014 Jan-13 to Jan-17
2014 Jan-20 {c Jan-24
2014 Jan-27 to Jan-31

2014 Feb- 3to Feb-7
2014 Feb-10 to Feb-14
2014 Feb-17 to Feb-21
2014 Feb-24 to Feb-28
2014 Mar- 3 to Mar- 7

2014 Mar-10 to Mar-74
2014 Mar-17 to Mar-21
2014 Mar-24 to Mar-28
2014 Mar-31 to Apr- 4
2014 Apr- 7 to Apr-11
2014 Apr-14 to Apr-18
2014 Apr-21 to Apr-25
2014 Apr-28 to May- 2
2014 May- 5 to May- 9
2014 May-12 to May-16

2014 May-19 to May-23
2014 May-26 to May-30
2014 jun- 2 to Jun- 6
2014 Jun- 9 to Jun-13
2014 Jun-18 to Jun-20

2014 Jun-23 to Jun-27
2014 Jun-30 to Jul- 4
2014 Jul- 7 to Jul-11
2014 Jul-14 {c Jul-18
2014 Jul-21 to Jul-25

2014 Jul-28 fo Aug- 1
2014 Aug- 4 to Aug- 8
2014 Aug-11 to Aug-15
2014 Aug-18 fo Aug-22
2014 Aug-25 to Aug-29

2014 Sep-1 10 Sep- 5

2014 Sep- 8 to Sep-12
2014 Sep-15 to Sep-19
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Natural Gas

Natural Gas Consumption

EiAs forecast of L1.S. total natural gas consumption averages 76.2 billion cubic feet per day (Bcfid) in 2015 and 76.4 Befid in
2016, compared with 73,1 Befid in 2014, ElA projects natural gas consumption in the power sector to increase by 15.6% in
2015 and then decrease by 2.1% in 2016. Natural gas prices, which are expected to remain below $3 per million British
thermal units (MMB1u) through January 2018, supportincreased use of natural gas for electricity generation in 2015. Industrial
sector consumption remains flatin 2015 and increases by4.2% in 2018, as new industrial projects, particularly in the fertilizer
and chemicals sectors, come oniine late this year and next year, and as industrial consumers continue to experience low

natural gas prices. Natural gas consumption in the residential and commercial sectors is projected to decline in both 2015 and
2016.
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Natural Gas Production and Trade

ElA expects that marketed natural gas production witl increase by 4.2 Bef/d (5.6%) and by 1.5 Befid (1.9%)in 2615 and 2016,
respectively, with increases in the Lower 48 states expected to more than offset continuing production declines in the Guif of
Mesico. Increases in drilling efficiency will continue to support growing natural gas production in the forecast despite relatively
low natural gas prices. Most of the growth is expected to come from the Marceilus Shale, as the backlog of uncompleted wells

is reduced and as new pipelines come online to deliver Marcellus natural gas to markets in the Northeast,

Increases in domestic natural gas production are expected to reduce demand for natura! gas imports from Canada and to
www.gia.goviforacasts/stec/report/natgas.cfm : 44
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support growth in exports to Mexico. Earlier this year, natural gas netimports fell to the lowest monthlylevel since 1987,
averaging 2.3 Befid in both May and June. ElA expects natural gas exports to Mexico, particulariy from the Eagle Ford Shale in
South Texas, to increase because of growing demand from Mexico's eiectric power sector coupled with flat natural gas
production in Mexico. EIA projects LNG gross exports will increase to an average of 0.79 Beffd in 2016, with the startup of a
major LNG liquefaction plant in the Lower 48 states at the end of this year.
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Natural Gas Inventonies

On September 25, natural gas working inventories totaled 3,538 Bcf, 454 Bof {(15%) above the level atthe same time in 2014
and 152 Bef (4%) above the five-year average for that week. ElA projects end-of-Qctober 2015 inventories will total 3,956 Bef,
which would be 158 Bef above the five-year average, and the highest end-of-QOctober leve on record,

wwy.eia.govforecasis/siewrepar Vnatgas.cim
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Nafural Gas Prices

The Henry Hub natural gas spot price averaged $2.66/MMBtu in September, a decrease of 11 cents/MMBtu from the August
price. Monthly average Henry Hub spot prices are forecast to remain lower than $3/MMBtu through January, and lower than
$3.50/MMB1 through the rest of the forecast, The projected Henry Hub natural gas price averages $2.81/MVBtu in 2015 and
$3.05/MMBtu in 2016.

Natural gas futures contracts for January 2016 delivery traded during the five-day period ending Cctober 1 averéged
$2.87/MMBtu. Current options and futures prices imply that market participants place the lower and upper bounds for the 85%
confidence interval for January 2016 contracts at $1.93/MMBtu and $4.27/MMBtU, respectively. At this time in 2014, the naturai
gas futures contract for January 2015 delivery averaged $4.19/MMBtu, and the corresponding lower and upper limits of the 85%
confidence interval were $2.96/MMBiu and $5.94/MMB1u, respectively,

www eia govfforecastsistealreportinatgas.cfra 4
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New Regime, New Results: Insights from
Recent PJM Auctions

By George Katsigiannakis, Himanshu Pande, Rache Green, and Shanthi Muthiah

Shareables

1. PIM's restructured Reliability Pricing Model (RPM) has provided higher capacity prices in
exchange for greater availability of resources. The increase in prices reflects the risk
penalties that generators will face if they underperform, and higher offer caps. Fult
implementation is not scheduled until the 2020/2021 auction when alf purchased
resources face Capacity Performance (CP) penalties.

2. The higher capacity prices in the Base Residual Auction (BRA) and transition auctions
provide additional revenue for select marginal coal and nuclear resources that did not
clear in the prior BRA.

3. Base Product prices in the BRA cleared at only a modest discount to CP Product prices
due to lesser overall participation and higher bid levels for resources that did participate.

4. There is one more auction (the 2019/2020 BRA) before all resources are subject to the CP
penalties. Given the current proposal to decrease PIM's forecasted peak demand, BRA
RTO prices for the 2019/2020 auction could be slightly lower than in the 2018/2019
auction. However, several other market developments, including more aggressive
bidding by resources at prices closer to the cap, the Supreme Court ruling on DR
participation and forthcoming winter performance and penalty experience, could
significantly change this assessment.

What Happened and Why

Histerically, changes in structure and auction parameters have been the major source of velatility in the
PJM capacity market. Since the implementation of PIM's Reliability Pricing Model (RPM} in 2007, the last
auction saw the most dramatic of these changes: (i) a new demand curve was implemented that provides
higher capacity prices, especially under excess supply, (ii) the Short Term Procurements Requirements
(STRP) rule was remaved (a measure that required 2.5 percent of reliability requirements to be set aside
and procured in the incremental auctions), (iii) following the triennial schedule, PJM lowered the Cost of
New Entry (CONE), {iv} the peak demand for 2018/2019 was revised down, resulting in a decrease of about
3.5 GW in capacity requirements from the last auction (2017/2018 BRA), and {v} implementation of a CP
Product (see Table 1 in the Appendix for the key elernents of the CP). These are significant changes,
especially the CF, most with a major effect on auction resuits. However, the new demand curve, STPRT
elimination, and peak demand revision largely offset one another in the auction, with the implementation
of CP effectively increasing the RTO capacity price by approximately $36/MW-day. In Exhibit 1, ICF
provides an estimate of the rough impact cf each of these parameters on the PIM RTO capacity price.

The $165/MW-day was the second highest BIM RTO capacity price ever recorded even though the tariff
does not schedule full CP implementation until the 2020/2021 BRA to be held in 2017 {(procurement in
the last auction was 80 percent CP Product), and is the latest in & trend of increasing capacity prices
affecting all capacity markets. Prices were even higher in non-RTO markets.

icfi.com @ 2075 1CF International, Inc.
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Exhibit 1 lilustrative Offsetting Effects of Implemented Changes in 2018/2019 BRA Auction

20172018 STPRYT Lawer Peak Net CONE and EFORD, IRM, Local Impact of CP 2018/201%

Capatcity Price elimination Demand VRR Changes Requirements, CETL Capacity Price
and FRR Changes

NOTE: The graph above reflects the estimated impact of each component assuming a specific sequence. The impact could be
different if the sequence is different.

Source: ICF

Inv agldition to the 2018/2019 BRA, PIM alsc conducted two voluntary transition auctions to procure
certain amounts of the highly available CP Product for the 2016/2C17 and 2017/2018 capacity periods
{periads for which PIM had already procured capacity in the BRA auctions). The RTQ capacity prices in
the 2016/2017 and 2017/2018 transition auctions cleared at $134/MW-day {123 percent higher than
the BRA price, with only 60 percent CP procurement) and $152/MW-day (27 percent higher than the
BRA price with only 70 percent CP procurement), respectively. MAAC prices in the transition auctions
were approximately $15 to $32/MW-day higher than the MAAC BRA price in each of those two
periods. The premium largely reflects the incremental risk of undertaking the performance obligations
for the CP Product relative to the annual Product. The higher price in the 2017/2018 transition auction
reflects higher CP requirernents, higher offer caps, and higher penaity rates.

Results of the 2018/2019 BRA

CP Product prices cleared within ICF's expectations. RTO cleared at $164.8/MW-day with separation
seen in EMAAC ($225.4/MW-day) and ComED (5215/MW-day). Base Product prices saw more
convergence with the CP Preduct prices than expectad, with only a $14.9/MW-day decrement in all
regions, except for PPL which saw a $75/MW-day decrement. Exhibit 2 summarizes the CP and Base
Product clearing prices by LOA.

icfi.com w2015 1CF International, inc.
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Source: PIM

Historically, capacity prices in PJM have been very volatile, averaging $93/MW-day in RTO and $159/
Mw-day in EMAAC irs the 2007/2008 to 2017/2018 period (see Exhibit 3) and ranging from a low of $16/
Mw-day for RTO to a high of $174/MW-day for RTO and $245/MW-day for EMAAC. CP Product prices for
the 2018/2019 auction cleared approximately 77 percent higher in RTO and 42 percent higher in EMAAC
than the corresponding histarical {12-periad) average. The RTO capacity price was the second highest
ever. Prices were also 38 percent higher in RTO and 88 percent higher in EMAAC for the 2018/2019
auction relative to the previous (2017/2018) auction despite reserve margins at similar levels.

Exhibit 3: Historical RTO and EMAAC Clearing Prices

3300
Significant decrease of approx. 2GW in CETL
$250 in MAAC and EMAAC
EMAAL modeled as a seperate e 8
LoA CPimplementaton, New ™
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5200 Peak Demand revisions and
elimiantion of STPRT
5150
$100 - )
EPA MATS Regulation PIM limits Capacity
1
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Source: PIM, ICF

'ICF projections for CP Product in the range of $180 - 200/MW-day were revised downward to the range of $150 to $ 160/
mMw-day after PIM modified its tariff removing firm fuel requirements for CP Product qualification.
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Key Outcomes and Lessons Learned

Economic Bidding Behavior: RTO Aimed at Clearing, EMAAC Closer to Cap: As indicated by the
fact that prices cleared at 69 percent of the offer cap in RTO, price increases up to the new, much
higher offer cap did not accur for RTO (see Exhibit 4). Even participants with large portfolios who had
the power to increase capacity prices by bidding close to the offer cap, did not bid at the offer cap.
However, this may reflect a desire to test the legal and political waters before undertaking a more
aggressive bidding strategy.

In EMAAC, the story was different. Prices did clear close to the offer cap, indicating in part that (i} units
in EMAAL regions have high CP compliance risk (due to a higher number of projected scarcity hours for
this region and higher risk from unavailability of fuel) and (i) limits for capacity imports (CELT) in
EMAAC were binding.

i

i
Tl'ie RTO results reflect ICFs competitive price expectations for CP Product bids
bdsed on the following formulation:

1 2018/2019 BRA CP Bid = Going Forward Cost + EFOR CP Risk Premium + Min {Fuel
urﬁavaila bility or environmental limit risk, firm fuel and environmental investment cost}

Wﬁere:

G&ihg Forward Cost: ICF estimates of fixed operating and maintenance costs
{FO&M) net of estimated 2018/2019 energy margins with gas prices based on
NYMEX futures.

EI*LOR CP Risk Premium: Risk premium associated with the participant’s assessment
for penalties due to forced outages during Performance Hours.

Fljel Unavailability Or Environmental Limit Risk: Risk premium associated with the
participant’s assessment of penalties due to lack of fuel or dispatch restriction due fo
environmental regulations during Performance Hours.

Firm Fuel And Environmental Investment Cost: Annualized investment for firm gas
supply or installation of dual fired capability and/or installation of SCR for oil fired
units in non-attainment areas.

Before the CP implemantation, the applicable offer caps {Avoided Cost Rates) were an important driver
of capacity prices. Until now, especially for RTO, bidders competitive market risk perceptions, rather
than the offer caps and their ability tc raise prices to cap levels, have been mare important. Going
forward, participants interested in projecting future clearing prices sheuld monitor and model CP-
driven costs (such as Performance Hours and gas pipeline constraints affecting fuel deliveries to power
plants) as well as bidding strategy to tease cut which effects are truty driving bidding behavior.

icfi.com = 2015 ICF International. Inc.
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Exhibit 4: 2018/2019 BRA Clearing Prices Relative to Offer Caps

S T3 T TS T

Offer Cap ($/MW-day)

ICAP Net CONE ($/MW-day} 281 254 267 300
CP Resource Clearing Price (5/MW-day) 165 165 225 215
CP Resource Clearing Price as % of Offer Cap 69% 76% 99% 84%
CP Resource Clearing Price as % of Net CONE 59% 65% 85% 72%

Using a stochastic bidding model and the competitive bid formulation provided above, ICF projected
the RTQ and EMAAC CP Product prices to be in the range of $150-$160/MW-day and $150 to $200/
MW-day for EMAAC, indicating that participants likely used a similar methodology in constructing
their bids.

Higher prices and a higher range for EMAAC reflects higher risk premiums as the region historically
had significantly more Performance Hours (see Exhibit 5) and more gas pipeline constraints (see
Exhibit ).

Exhibit 5: Historical Performance Hours by LDA

EMAAC AE)

2009/2010 0 0

2010/2011 23 2

2011/2012 22

2012/2013 12 7

2013/2014 54 30
Average 22 8

Source: PJM Independent Market Monitor

Exhibit 6: Number of Effective Operational Flow Orders in PJM

L

Transco 1
TCO 0 1 0 0
ANR 0 0 0 0
NGPL 2 1 0 1
TETCO 4 1 0 2
TGP 0 4 0 2
DTI 4 3 0 1
Total 14 13 1 8

Source: PIM 2015 Winter Report

5 icfi.com @ 2015 ICF International, Inc.
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Base Product prices cleared higher than expected: Base Product prices cleared higher than many
analysts’' expectaticns, including ICFs. We believe that expectations of low Base Product prices were
set before the FERC Order, when PIM's proposal required that a CP resource owner "has obtained and
holds, or reasonably expects to obtain and hold, the contractual and other rights necessary tc ensure
firm fuel supply to each of its affected units during thae Delivery Year” With these strict requirements,
market participants expected oversupply and low prices for the Base Product. However, in the July 9th
order, when FERC required PJM to relax the requirements for CP qualification, PJM modified its tariff to
make it possible for all non-intermittent resources to qualify for CP. This represented a dramatic
change in the supply of both Base and CP Product, with more resources qualifying as CP. With
expectations for low Base Product prices, few generating resources were offered as Base (i.e. as a Base
only resource or in the form of coupled offers) in the LDAs.

Additionally, the offer caps for the Base Product were significantly lower than for the CP Product. As
previously mentioned, CP Product offer caps were in the range of $200 to $250/MW-day, while Base
Product offer caps were still subject to ACR-based offer caps. ACR-based offer caps varied by resource
type and were as low as $30/MW-day for CC and CT units, ranging up to $170/MW-day for coal units.
These offer caps were further reduced by the estimated energy margins for these resources. Rescurces
that had the option to submit coupled offers for CP and Base Product largely decided to offer as CP
only if the Base Product offer cap was too low and not reflective of the relatively small risk discount of
Base Product compared to CP Product. For example, a gas-fired generator with a cost-based CP bid of
$160/MW-day would want 1o offer as a Base Product at approximately $150/MW-day (reflecting the
risk discount for only facing penalties in summer months). Thus, being over the Base offer cap, they
would choose to bid as CP only, reducing the supply of Base Product. Furthermore, the bid levels for
the resoyrces that did bid as Base Products had high bid price levels.

Base Product prices saw separation frem the CP Product prices because there was some excess Base
capacity in RTO. The relatively high Base Product requirements specified by PJM in the EMAAC and
COMED .DAs {compared to the relatively low RTO Base Product constraint, see Exhibit 7} combined
with relatively low participation for the Base Product (gither in the form of coupled or Base-only offers)
to result in Base Product capacity shortages in all the LDAs. Only RTO had excess Base Product
capacity, resulting in the small price separation between Base and CP Product (see Exhibit 8). The PIM
algorithr dictates that if the Base Product constraint is binding in the RTO region and non-binding in
the LDAs, then the RTO price decrement is applicable to all non-binding LDA regions {to derive the
Base Product pricing in the other regions).

Exhibit 7: Base and CP Requirements by LDA for 2018/2019

% of Total Requirements Base Requirement’ CP Requirements

| PJM Region _ 16% 84%
MAAC 24% 76%
EMAAC 35% , 65%

PS NORTH 28% 72%
COMED 40% 60%

Source; PJM, ICF
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Exhibit 8: lllustrative RTO and EMAAC Base and CP Offers

CP Product
substitution for
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NMustrative RTO Base and CP Mlustrative EMAAC Base and CP
Product Offers Product Offers
Base Product Offers CP Product Offers
Source: PJM

Relatively small amount of new generation: Fewer new capacity resources {3 GW) cleared in the
2018/2019 BRA than in recent previous auctions, even though the clearing prices were higher (exhibit
9). This is likely due to the risk of higher penalties if a plant does not come online by the beginning of
the capacity period? and to some degree, due to the increased credit requirements for new resources.
As illustrated in Exhibit 18, historically, a large amount of capacity that cleared in the previous auctions
was delayed coming oniine. In addition, the 3-month delay of the auction may have magnified
developers’ concerns about not being able to have the new power plants online by June 1, 2018.

Exhibit 9: BRA New Generation and RTC Clearing Prices
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‘FERC rejected PIM's inftial propeosal to exempt planned generation resources from capacity must-offer requirements until they
become operational.
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Exhibit 10: Capacity Additions in PJM

5.0

40

3.0
=
[}

2.0

) J II

2010/2011 2011/2012 2012/2013 2013/2014 2014/2015 2015/2016
M New Capacity B Cleared in
Ganline Auction

Source: PIM, SNL Financial, ICF

With the implementation of CP, the incentives for speculative bidding for new resources have been
reduced. This wilt be even more significant in the 2019/2020 auction when new units will be required
to execute a Facility Study Agreement before being permitted to offer into the BRA. In short, PJM
seems to have achieved the goal of designing incentives so that bidding resources are actually likely to
become operational, and therefore that capacity clearing in the market wili be present and on
schedule. Regardiess of the relatively small participation of new capacity resources in the last auction
and the concerns that the new rmarket structure will make it harder to finance new generating
resources, ICF believes that a significant portion of the 13 GW that requested MOPR exceptions will bid
and most likely clear in the next few auctions. New units continue to appear to have favorable
economics as indicated by the fact that 85 percent of the new capacity offered cleared the auction.

PSEG announced that the 527 MW that cleared in the EMAAC region reflacts its Sewaren 7 project in
Woodbridge, New Jersey. ICF believes that the remaining 2.5 GW of new capacity in RTO includes the
Moundsville project in APS, Advance Power’s Carroll County in AEP, and the Middletown and Meigs
County projects in the Duke Energy and AEP regions.

Change in un-cleared capacity location: The last auction saw a net increase of 1.2 GW in un-cleared
capacity across PIM over the 2017/2018 capacity period, (13 GW vs 11.8 GW) (sea Exhibit 11).
Uncleared capacity increased in the gas dominated regions of eastern PIM and decreased in western
PJM. The un-cleared capacity in MAAC and EMAAC increased by 3.5 GW and 1.3 GW respectively. [CF
believes this is primarily due 1o higher expected scarcity hours and going forward costs in eastern
regions of PIM, resulting in higher bids.
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Exhibit 11: Change in un-cleared capacity between 2017/2018 and 2018/2019 Auction
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The decrease in uncleared capacity in ATSI indicates that First Energy likely cleared Mansfield 1-3, units
that did not clear in previous auctions. Similarly, the decrease in uncleared capacity in COMED, as
announced by Exelon, reflects the fact that the Byron nuclear unit cleared the auction. Exelon
announced that the Three Mile Istand nuclear unit, which cleared the 2017/2018 auction, did not clear,
which explains the increase in uncleared capacity in MAAC.

Weak price signals from MISO market: The slight 3 percent increase in imports {by 160 MW to 4,688
MW) from the 2017/2018 BRA indicates that market participants do not expect the MISC capacity
market to provide the price signals needed to maintain merchant MISO capacity, even though MISO is
expacted to face capacity shortages by the 2018/2019 capacity period. PIM reports that all imports
were exempt from the Capacity Import Limits (CILs) i.e. external resources committed to PIM for the
2018/2019 capacity period will have firm transmission inte the PIM and will qualify for CP Product.

To evaluate changes to PIM imports in upcoming auctions, stakeholders should closely maonitor
developments in MISO capacity markets. in addition, because of high Base Product pricing,
stakeholders shouid alse account for the potential of more imports without firm transmission that
could be offered as Base Product in the 2019/2020 capacity period.

DR/EE participation slightly up: To ICF's and other market analysts’surprise, the level of Demand
Response (DR) and Energy Efficiency (EE) clearing in the market increased slightly compared to
2017/2018. This marginal increase was primarily due to the elimination of the CR factor,? resulting in an
increase in the UCAP of DR rescurces. It was largely expected—as occurred in ISO-NE with the
implementaticn of their Pay-for-Performance Initiative (Pl}—that the amount of DR participation
would decline. Approximately 11 GW cleared in total, largely as Base Product (9.6 GW). Of this amount,
slightly more than half bid as Base only, 1 GW bid as CP only, and 4 GW submitted coupled offers, Most
units that submitted coupled offers cleared as Base; the fact that the clearing prices of Base and CP
were very close indicates that these units must have had high CP bids. Going forward, the capacity
that submitted coupled offers will likely continue to offer as CP Product, By 2020, when the CP Product
requiremeants will increase, these units clearing as CP would push up the prices.

The importance of the Supreme Court’s decision on the legality of DR and EE participation in capacity
rnarkets needs to be seen in the context of upward price pressure due to full implermentation of CP
even if the court does not act. This decision could affect the volume of DR, espacially if state by state

*The DR Factor was used to further derate the ICAP capacity of DR Resources,
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replacement of DR incentives are not smooth. It could also affect prices to some degree, especially if
advocates of DR would otherwise be able te reinstate differential and preferential treatment for DR in
the absence of the decision.

Transition Auction Results

In addition o the 2018/2019 BRA, PIM alsc conducted two valuntary transition aucticons to procure
certain amounts of the highly available CP Product for the 2016/2017 and 2017/2018 capacity periods
(periods for which PIM has already procured capacity in the BRA auctions), ie. 60 percent and 70
percent of reliability requirements, respectively. Another key differentiator for the transition auctions, in
addition to even lower procurement of CP Product than the recent BRA, is that there is nc consideration
of local requirements, which results in a single clearing price across the entire RTO.

The RTO capacity prices in the 2016/2017 and 2017/2018 transition auctions cleared at $134/MW-day
(123 percent higher than the BRA price, with only 60 percent CP procurement) and $152/Mw-day (27
percent higher than the BRA price, with only 70 percent CP procurement), respectively. MAAC prices in
the transition auctions were approximately $15 to $32/MW-day higher than the MAAC BRA price in
each of those two periods. ICF believes units' bids in the transition auctions reflected, at minimurm, their
corresponding BRA price in order to ensure that they would earn at least what they had already realized
in the respective BRA. Units added to this Base price an additional risk premium based on their

expected performance during scarcity hours to account for the additional risk incurred by participating
irs the CP market.

Transition Auction Bid = Corresponding BRA Price + Forced Outage Risk Premium + Min (Fuel
Unavailability or environmental limit risk, Firm fuel and environmental investment cost)

2016/2017 Transition Auction: The price differential between the Rest-of-RTO and MAAC 2016/2017
BRA prices largely influenced the clearing price of the 2016/2017 transition auction. In the 2016/2017
BRA, the majority of capacity cleared at either the rest-of-RTCO or MAAC price, $59.37/MW-day or
$119.13/MW-day respectively. In the 2016/2017 BRA, As the rest-of-RTC capacity price was lower than
the MAAC price, units in the rest-of RTO had significantly more scope 10 increase their bids and still clear
the auction (approximately $60/MW-day). ICF estimates that approximately 57 GW was available in rest
of RTO with little additional cost, and approximately 27 GW was available with increased costs 1o
address higher risk of fuel unavailability or environmental limitations. Thus, it was possible that the
2016/2017 CP requirereant of approximately 95 GW could have been largely met by units in rest of RTC.
However, ICF believes that the most expensive units in the rest-of-RTO had bids above the lower cost
units in MAAC, thus resulting in approximatety 79 GW of cleared capacity in RTO and 16 GW of cleared
capacity in MAAC, with MAAC units setting the price for all units at $134/MW-day (approximately $14/
MW-day higher than the correspending BRA price}. Approximately 4.2 GW of supply without
commitment in the 2016/2017 BRA cleared in the auction, reflecting 3.5 GW of previously uncleared
coal capacity and 0.6 GW of DR and EE. Most of the previously uncommitted capacity (2.5 out of 4.2
GW) was from the ATSI territory, indicating that First Energy most likely cleared the Mansfield

power plant.

2017/2018 Transition Auction: Prices in the 2017/2018 auction cleared $18/kW-yr higher than in the
prior transition auction, largely due to the higher CP requirement of 17 GW {to approximately 112 GW)
and the higher penalty rate by approximately $500/MWh (to $2420/MWh) Since there was no price
difference in the 2017/2018 BRA price of RTO and MAAC (both cleared at $120/MW-day), the rest of RTO
upits did not have the price advantage in this transition auction. This development, coupled with the
higher CP requirement, resulted in more capacity clearing from MAAC in the 2017/2018 transition
auction than in the 2016/2017 auction. In total, approximately 74 GW of capacity cleared in the rest of
RTO and 38 GW of capacity cleared in MAAC at a capacity price of $152/MW-day.
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PSEG units, whose BRA price was $215/MW-day, likely did not participate in the 2017/2018 transition
auction because the offer cap was set at $210.83/MW-day. The PSEG units that had previcusly cleared
were better off with their $215/MW-day BRA prices, while the units which did not previously clear
were unlikely to clear in the transition auction due to higher capacity price requirements.

The amount of cleared capacity without previous commitments increased from 4.7 GW in the
2016/2017 transition auction to 9.3 GW, reflecting 4.1 GW of coal units and 4.3 GW of nuclear. Exelon
announced that all its nuclear plants that did not clear the 2017/2018 BRA, inctuding Byron, Quad
Cities, and Oyster Creek, cleared in the transition auction. With this development, Exelon indicates that
it plans to keep all its nuclear fleet online up to June 2018 and decide on the future of its lilinois fleet
(@nd participation in the 2019/2020 BRA) based on the ongoing lllincis legislative proposals (H.B. 3328,
H.B. 2607, and H.B. 3293).

Looking Ahead

There is one more auction scheduled with less than 100 percent procurement of CP Product. ICF
believes there is plausible scenario in which there could be a slight decline in the RTO capacity price
for the 2019/2020 BRA, notably in a scenario with lower peak demand projections. Using ICF's
stochastic PJM BRA bidding model, there is a 90 percent confidence interval of approximately $143 to
$159/MW-day for the RTO CP Product (see Exhibit 12) in a scenario in which (i) the lower peak demand
forecast of approximately 4 GW proposed by the PIM Load Sub-Committee in September 2015 is
implemented in the upcoming auction {this remains highly uncertain), (i) some new generation
capacity clears, (i) energy margins reflect recent natural gas futures and basis differentials for the
2019/2020 period, (iv) CETL limits remain constant, (v) the Exelon nuclear fleet continues to bid their
net going forward cost, {(vi) there is ne change in the participation of DR {in reality, the Supreme Court
on the EPSA ruling could have a major impact on DR participation), and {vii) there is no increase in the
willingness of entities to hid claser to the offer caps in the RTO (in reality, willingness could be affected
by their perception of legal and pelitical risks).

Exhibit 12: lllustrative 2019/2020 BRA RTO Clearing Price
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[n addition to the factors listed above, forthcoming experience in the winter of 2015/2016 and
the number of Performance Hours could also modify the risk assessments of market
participants, resulting in different bids and capacity prices.

APPENDIX

TABLE 1 - KEY ELEMENTS OF THE CP PROPOSAL

! = Compliance Hours are defined as the hours during which PIM declares
emergency actions. CP Resources will be evaluated for their performance during
these hotirs and will be assessed performance payments {(benus or penalties) at a
predefined $/MWh Performance Payment Rate (PPR) based on any deviations of

the resource’s actual performance from its Expected Performance.

Expected Performance (EP) of a CP resource reflects its pro-rata share of system
requirements during compliance hours, The performance payments fora CP
resource dispatching at MWactual during compliance hours are calculated using
i the following formulas:

] Performance Payments ($) = (MWactual - EP) * PPR

| EP (MW) = MW(cleared * (Peak Demand + Reserve Requirements) / (MW
- committed
' ~ from all resources)

Where:
PPR ($/MWh) = (Net CONE/30 hours) * 365 days

= Balancing Ratio (BR) is the ratio {Peak Demand + Reserve Requirements] / (MW
committed from all resources] and is a measure of the performance of the system
during compliance hours,

[' = Offer. Caps; existing units that qualify as CP Product can be offered in the auctions
! at a price up to Net CONE times the corresponding Balancing Ratio. This is a
significant increase from the existing offer caps that reflect going forward costs

: {(net ACR).

| = Transition Auctions: to create a glide path for a smooth transition to the new
system, there will be transition auctions for the 2016/2017, 2017/2018 and
2018/2019—2019/2020 periods where the CP Product will be procured at 60
percent, 70 percent and 80 percent of PIM's reliability requirements respectively,
with corresponding decreases on penalty rates and offer caps.

i

I

. Foradetailed discussion of the CP proposal visit: icficom/insights/white-
papers/2015/capacity-performance-changing-pjm-iso

For questions, please contact:
George Katsigiannakis | georgekatsigiannakis@icfl.com | +1.703.934.3223
Shanthi Muthiah | shanthimuthiah@icficom | +1.703.934.3881
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Capacity Performance:
Changing the Game in PJM 15O

By George Katsigiannakis, Shanthi Muthiah, Rache! Green, and Himanshu Pande, ICF International

The Bottom Line

1. PJM Intercennection LEC's (PIM's) proposed new capacity market mechanisms to better
value performance and penalize underperformance will push PIM regional transmission
crganization's (RTO's) capacity prices up to $170 to $200/MW-day for RTO and even
higher for some constrained locational deliverability areas (LDAs). Energy prices will be
slightly lower in the long term. Low-compliance-cost oil, coal, and nuciear units will be
first in line to bid and benefit from these higher prices.

2. We find that the existing fleet can satisfy PiM RTO'’s new requirements, but only if
significant investments are made.

3. Stakeholders must consider their new bidding strategy and adjusted investment plans
carefully. New sell-side mitigation rules will result in & dramatic change in the bidding
behavior and the dynamics of the auction. Previously, avoided cost recovery {ACR} offer
caps drove the bids of existing generation and planned generators trying to outbic
existing generators. Now with offer caps up to net cost of new entry (Net CONE), both
planned and existing generators will compete on an equal basis to provide the capacity
performance (CP) product requirement. Fierce competition will likely drive RTC CP
preduct prices significantly below Net CONE.

Abstract

The severe winter weather during the 2013-2014"Pclar Vortex” pushed the systern in PJM closer to the
brink than many thought was possible and led to historic price spikes in energy markets. This event shed
light on the surprising weakness in the reliability of generation rescurces and potential flaws in the capacity
market mechanisms meant 1o value both capacity and performance under constrained conditions.!

In response, PIM has proposed phasing in a new capacity market design that compensates owners for
reliability investments and penalizes underperformance. We find that the existing fleet can satisfy PIM RTO's
new CP requirements, but only if significant investments are made, especially by gas units lacking dual-fired
capacity which may need investments in the range of $30/MW-day to $60/MW-day 1o comply. Based on
our assumed cost for firm fuel supply and projected risk premiums, we anticipate that the price of the CP
product in the upcoming auction will be in the range of $170 to $200/MW-day for RTO and significantly
higher (at Net CONE evels) for some constrained MidAtlantic Area Council regions. We also project some
concurrent decreases in energy prices.

These broad findings, cornbined with other implications of the PIM proposal described in this paper, would
have significant consequences for market stakeholders, Low-compliance-cost oil, coal, and nuclear units
will bid and clear first in the new capacity market, benefitting from higher prices. Gas-fired units without
firm supply will in turn need to make significant and costly investments to meet PIM's new requirements.
All generators will have to adjust their capacity market bids to factor in a risk premium for
underperformance penaities.

‘See Rose, Judah, "Waiting for the Next Polar Vortex, Public Utilities Fortnightly, June 2014.
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Demand response (DR} rescurces will face a new regime miting which resources can participate in
capacity markets. And there will be added incentives to locate new planned units closer to [refatively
less expensive} fusl supply. 1ICF continues 1o work on more detailed analysis for clients to help guide
investmens choices, asset and refiabiiity-based investment valuation, and market bidding swrategies.

The Capacity Underperformance Problem

in January 2014, the Folar Yortex led 1o two pericds of extreme coid friom January 6 to 12 and January
17 19 29, during which PIM experienced forced outage rates three times higher than expected,
Although mechanical issues caused by extreme old contributed to many of the forced cutages, &
subsstantial portion was due to problems in securing either primary or secondary fusl {see Exhibit 1),

Exhibit 1: Sources of lanuary 7 Evening Peak {7 p.m.} Forced Qutage
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Tnis underperformance of capacity during the Polar Vortex demonstrated that the capacity market
had rot property incentivized reliabitity and firm fuel supply under severe operating conditions.
Generation owners find the cost of investments in rellability (2.4, securing a firm gas contract, dual-fire
capability, and increased maintenance} 1o be more exgensive than the penalties that could be
incurred for underperformance during cutage events. The preblem is exacerbated even further by
several factors:

= The PJM capacity market excuses any cutages due 1o fuel-supply interruptions from penalties.

s Generztion owners are not allowed 10 include the cost of firm fuel supply in supply offers and
therefore cannot recover this cost.

= A seifreinforcing effect occurs: Generation owner's fear that any incremental reliability-based
investrment will make them less competitive if other market participants are not making
these investments.

All of these issues discourage investrnents in reliability, and the result is higher-than-expecied forced
ourages rates during stress conditions. £ 2 shows the negative correlation between capacity
prices and forced outage rates beginning in the 2011-2012 auction year,
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Exhibit 2: Historical PIM Average Forced Qutages and Capacity Prices
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lmproving capacity market incentives will be particularly important in the future as more coal plants
retire and the rmarket relies even more on gas-fired units—renewables that are elther less flexible or
gquire firm fuel supply 1o be reliable,

in response during the past year, PIM 15O proposed and FERC approved a number of initial changes
meant 1o Improve system reflabifity and optimize participation of DR and energy efficiency resources”
Further individual reform proposal were ultimately shelved, however, in favor of pursuing a mere
comprehensive and far-reaching restructuring proposal, the CP produc,

Capacity Performance Proposal

The most consequential change for capacity in PIM is a major restructuring of the reliability pricing
model (RPM} itself with PIM ISO's new CP product proposed 1o the Federal £nergy Regulatory
Cormmission (FERC) on December 12, 2014 (ER15-623-000;. Based on iSO-NES Pay-for-Performance
Initiative, the CP product wouid create a two-settiement process where capacity revenue now
comprises a base payment plus penalties for underperformance or credins for overperformance during
compliance hours (the hours when PiM declares an ernergency action {i.e., voitage reduction, of
ranuat fead dump warnings or actions).”

How Payments Are Determined

Penalties or credits would be calculated using performance paviments rates (PPRs, expressad in $/
MWh) that reflect the applicable Net CONE {expressed in $/MW-day) normalized over the compliance
hours. The reievant rate wouid then be applied to the rescurce’s actual performance, compared with its
expected performance in order to calculate the total penaity or bonus.

@ a) an upper imit of 4 percent of the refialiity requirement for limited DR pro
percent for the 2 gate amount of limited and extended suminer DR, b stricie aguiremerss {or dermand side
rnenagement (5] rescurces 1o ensure that OR resources ame valid, and ¢ capacity § £ it on the armount of axvernal
genetation Capacity that ¢an e rellably committed 16 PIM, both for each of five external source-zones and for the pverall 12,

“theseing arams and an upper bound of 10
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Expectad performance of a CP resource reflects its pro-rata share of the system requirements during
comptiance hours,

How Penalties and Bonuses are Calculated

For each hour during and emergency action, the performance payment for each
resource is calculated based on the following formulas:

Performance Payments {5} = {MWactual — EP) * PPR

EP = MWcleared * {Peak Demand + Reserve Requirements}/(MW committed from
all resources)

PPR = {Net CONE/30 hours} * 365 days
EP—Expected Performunce

PPR~Performance Payment Rate

Howaver, PIM proposed putting boundaries on the amount of penalty or creditin order t
annual and monthiy stop loss providiens that {after 2 transition period) would be set at 1.5 Net CONE
and D.5*Net CONE, respectively.

Further Reliability Incentives

To fix sorne of the lack of incentives for firm supply in the current capacity meachanism, starting with the
2018-2019 base residual auction (BRA}, offer caps for CP resources would be set at Net CONE (although
PIM would ailow higher values to be approved under ACR review), and the existing ACR methodaiogy
alsn would he sdiusted 16 include the cost of firm fuel supply adjusted duel avaliabillty expense
TAFARD and the risk premium of CP resources {capacity pedormance quantifisble risk [CPORD. The
phase-in structure for several reliability incentive mechanisms during the transitional auctions is
outlined in ¢ 3
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Timeline for Implementation and Who Wil Qualify

To allow time for rescwicas o improve their reliability along a glide path rather than in a sudden
transition, PIM plans to phase in CP during the next five auction periods. In the interim, PIM wouyld
maintain an enhanced varsion of the existing annual capacity product, catled the base capacity
preduct. Base capadity resources would only be assessed penaities for underperformance during
summar months, Which plants weuld be CP compliant is not clear, because the proposed PIM ule
does not provide hard riteria (only 14 hours start up and 1-hour notification reguirerments), However,
RiM has stated that fossi] generators cleared as annual product and expected 1o be available during
the 708 hours of high-peak demand would qualify for CF product. Harsh penalties for misrepraseniting
guatifications shoukd stesr participation.

Demand Response Resources in the CP Proposal

A great deal of attention has been paid 10 how DR will be treated in future capacity auctions, given the
recent legal uncertainties, P (P proposal attempts to maintaln the status quo by ueating DR
PIogTams as resources; however it plans to eliminate limited DR from all upconing auctions. ltalso
allows extended summer DR 1o participate as a base product in the transition auctions subjectto a
fimit of 83 percent of peak demand for the 8TO. After 2020-2021, however, only annual DR can
participate as a CF peoduct, P alse filed with FERC an alternative traatmant for DR revources. in this
fiing, i the US. Suprame Court upholds the Distrial Court Electric Power Supply Association decision,
PIM IS0 proposed to include DR resources on the demand side, aliowing only) load-serving entities o
use DR resources 1o decrease their RPM requirshents.

Implications of the CP Product: Winners, Losers, and New Investment

We project that PiVs proposal will have significant irmpacts across the market, inCluding shightly higher
Base Capacily prices and much higher capadity prices in the CP product as weli as a longer term dipin
enaergy prices. Higher capacity prices will be driven by the fact that not enough low-compliance-cost
resources are available to meet PIM's (P requirements. Coal and nuciear units could have a relatively
iow-compliance cost by miaking boiler modifications and weatherization investments, Of units also
could offer CP products with relatively little investment, as long as thelr generation is not restricted by
environmantal or other ordinances, These types of units wiff be the first in line 1o offer and clear the
market. But ICF estimates that after accounting for these compliant- and low-compliance-cast units, in
the upcoming BRA auction, the PIsd RTO still will be short of its £P requirements by approximately 10
GW.Therelore, gas units—rmany of which wouid require significant investments to become
compliant—also would need to offer CP products.

Those that can already dual fire (or that are planned relatively close 1o—and can therefore less
axpensively access—IiIm ¢as supply) will have a more managesble compifance cost, However, those
without dual-firing capability wauld have 1o procure firm gas supply (commadity and firm
transportation contracts) of instail dual-firing capabidiities. For some power plants, firm contracts may
not be available, and the only option o gualify as a CF product woultd be dual firing, The costs of these
investrments vary widely and can be anywhere from $30/MW-day to $60/MW-day or more, degending
on location and technelogy type. Resourcas would add these investment costs 1o their bids in the BRA
auction, driving up capacity prices. In the longer term, these costs also would affect investment
behavior in othet ways, as portfolio owners factor in the costs of firm fuel supply into planned
locations of new units.

in addition to the investment costs, bids now aiso wouid include the risk of performance penalties,
further elevating capacity prices. The axpectad risk premium can be estimated using the NET Cone
and resources'historical forced outage rate. For example, a cominined cycle {C0) unit with 2 historical
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forced outage rate of 3.6 percent and a NET Cone of $300/MW-day would increase its bid by
STU/MW-day or $4/kW-year. Risk premiums for participation as a base-capacity resource are
expectad 1o be lower than those for CP participation because they have a shorter time
frame in which to face penalties. A resource would not participate in either auction if the
expected cost of nonperformance is higher than its annual capacity revenue, so the risk
premiums should be considered as a price floor. With the use of the above costs, ICF
simudations indicate CP product prices in the range of $170 te $200/MW-day for RTC and
sigrificantly higher (closer Net CONE levels) in the constrained Eastern Mid-Atlantic Arez

Councit { EMAAC) regions.

At equilibrium, the price of the base-capacity product PBR and the price of the CP product
PCP can be linked with the following formula:

PCP = PBR + Cost of secure fuel + CP Performance Risk Premiums

Although based on the fundamentals, the price of the base-capacity product should be
around $130/MW-day, Depending on the participation of DR resources, the prices of base
capacity could be significantly lower. These estirates include the effect of the new demand
curve and naw CONE values that have been proposed by PJM and filed with FERT as well as
the elimination of the short-term procurement target {ie, 2.5 percent hold-back of reliabilicy
requirernents for BRA auctions for procurement in incremental auctions),

Although the CP product increases capacity prices, it would lead to lower energy prices for
these reasons: (1) more supply from new efficient units {CF's simulations indicate
approximately 5 GW of more new capacity expansion in 2018-2013 period, compared with
the capacity expansion without CP implementation) (2) lower energy market bids during
peak conditions (CP resources are required 1o offer their capacity as econgmic in the
day-ahead energy market), and (3) improved performance from existing units {(to avoid
perfarmance penalties, axisting resources would have greater avaitability and lower forced
outage rates, and thereby increase the supply of energy. With a greater supply, all else equal,
energy prices would be on average lower).

Conclusions and Next Steps

PIM's proposal would fundamentally alter the incentives and strategies for capacity and
energy market participants and their related stakeholders. Individual businesses will need to
carefully assess their approach to firm supply and incremental builds. ICF has the expertise
and the right modeling tools to help market participants understand and benefit from these
dramatic changes in PJM markets. ICF assists market participants in making investment
decisions to optimize their position for the new market, assessing the vaiue of refiability
investments, formulating bidding strategies, and valuing current or prospective resources in
the new market constructs. We help stakeholders to better understand and hedge against
risk, and 1o prepare for future developments as the market continues to evolve and adjust,

For questions, please contact:
George Katsigiannakis | +1.703.934.3223 | gkatsig@icficom
Shanthi Muthiah | +1.703.9343881 | shanthimutniah@iclicom
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Averaging forecasts has the following advantages:

Different forecasts draw on varying information and emphasize different issues —
averaging captures these diverse views and evens out extreme positions

They may use different methods of forecasting — averaging likely to offset errors

Professors Larrick and Armstrong recommend this approach to forecasting
(excerpts from WS article on next page)

In fact, MH prices are even higher than the consensus forecasts (i.e., the average
of forecasts from five independent consultants). MH’s approach to use consensus
forecasts plus a premium as a minimum for pricing long-term contracts is
reasonable. This helps guard against seller’s regret, i.e., regret if spot prices turn
out to be higher, and ensures Manitoba Hydro negotiators have access to up-to-

date information.
§  EXHIBIT
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“Perhaps the most powerful tool for improving the quality of predictions
is simply to combine several forecasts from a variety of independent
sources...Forecasts from different sources tend to draw on varying
information and divergent methods, so their errors will frequently offset

one another.”
Professor Armstrong “has found that [the] technique [of averaging
forecasts] reduces forecasting errors by up to 58% - a massive

improvement over individual forecasts.”

Source: “Making Sense of Market Forecasts,” Wall Street Journal, January 8, 2011
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Natural gas consumption

Industrial and electric power sectors drive
growth in U.S, natural gas consumption

Figure MT-39. Natural gas consuimption by sector in
the Reference ease, 1990-2040 (trillion cubic feet)
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LS, total natural gas consumption grows from 25.6 trillion
cubic feet (Tcf) in 2012 to 31.6 Tcf in ‘2040 in the AEQ2014
Reference case. Natural gas use increases in all of the end-use
sectors except residential (Figure MT-39). Natural gas use for
residential space heating declines as a result of population
shifts to warmer regions of the country and improvements in
appliance efficiency.

Consumption of natural gas for electric power generation grows
by about 2 Tef and makes up about 33% of the increase in total
natural gas consumption by 2040. Relatively low natural gas
prices make natural gas an attractive fue! for serving increased
load. Natural gas is also the fuel most often used to replace
older coal-fired generation as it is retired.

From 2012 to 2040, natural gas consumption in the industrial
sector increases by 2.5 Tcf, an average of 0.9%/year, represent-
ing about 26% of the total increase in natural gas consump-
tion. As industrial output grows, the energy-intensive industries
take advantage of relatively low natural gas prices, particularly
through 2028. After 2028, industrial-sector consumption of
natural gas continues to grow but at a somewhat slower rate, in
response to rising prices.

Although transportation use currently accounts for only a small
partion of total U.S. natural gas consumption, natural gas use by
heavy:duty vehicles (HDVs), trains, and ships shows the largest
percentage growth of any fuel in the projection. Consumption in
the transportation sector, exciuding natural gas use at compres-
sor stations, grows from about 40 billion cubic feet (Bef) in 2012
to 850 Bef in 2040.

U.5. Energy Information Administration { Annual Energy Outlook 2014

Natural gas prices rise with an expected
increase in production costs

Figure MT-40. Annual average Henry Hub spot
natural gas prices in the Reference case, 1990-2040
(2012 dollars per million Btu)
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Average annual U.5. natural gas prices have remained relatively
low over the past several years as a result of the availability of
abundant domestic resources and the application of improved
production technologies. To provide the supplies necessary to
meet growth in natural gas consumption and a rise in exports
in the AEQO2014 Reference case, producers move into areas
where the recovery of natural gas is more difficult and expen-
sive, which leads to an increase in Henry Hub spot prices over
the projection period. Henry Hub spot prices for natura! gas
increase by an average of 3.7%/year in the Reference case,
from $2.75/million Btu (MMBtu) in 2012 to $7.65/MMBtu

(2012 dollars) in 2040 (Figure MT-40).

Growth in demand for natural gas, largely from the electric
power and industrial sectors and for liquefied natural gas
(LNG) exports, results in upward pressure on prices, particu-
larly in the 2015-18 period. Delivered prices to residential, com-
mercial, industrial, and electric power consumers generaily
rise with Henry Hub prices in the projection, but the lower 48
average spot price increases at a slightly slower rate than the
Henry Hub spot price, because regional production growth in
areas that do niot serve the Henry Hub is somewhat faster than
growth in areas that supply the Henry Hub, In particular, dry gas
production in the Marcellus shale play, which predominantly
serves the Northeastern and Mid-Atlantic regions, grows from
1.9 Tef in 2012 to 5.0 Tcf in 2022 in the Reference case, before
declining to 4.6 Tef in 2040. Total onshore production in the
Northeast region grows on average by 3.2%/year, from 3.3 Tcf
in 2012 to 8.1 Tef in 2040, while combined onshore and off-
shore production in the Gulf region grows by 2.1%/year, from
7.3 Tcfin 2012 to 13.0 Tef in 2040.

MT-21



Natural gas prices

Natural gas prices depend on economic growth
and resource recovery rates among other factors

Figure MT-41. Annual average Henry Hub spot prices
for natural gas in five cases, 1990-2040 (2012 dollars
per ntillion Btu)
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The projection of natural gas prices depends on many factors,
including macroeconomic growth rates and expected rates of
resource recovery from natural gas wells. Higher rates of eco-
nomic growth lead to increased consumption of natural gas,
primarily in response to their effects on housing starts, com-
mercial floorspace, and industrial output. In the High Economic
Growth case, higher levels of consumption result in more rapid
increases both in depletion of natural gas resources and in the
cost of developing new production, pushing natural gas prices
higher. The converse is true in the Low Economic Growth case
(Figure MT-41). In the High and Low Economic Growth cases,
the price rises by 4.0%/year and 3.5%/year, respectively, com-
pared with 3.7%/year in the Reference case.

The rate of resource recovery from oil and natural gas wells has a
direct impact on the cost per unit of production and, in turn, prices,
The High Oil and Gas Resource case assumes higher estimates
for recoverable crude oil and natural gas resources in tight wells
and shale formations and for offshore resources in the lower 48
states and Alaska than in the Reference case. The Low OQil and
Gas Resource case assumes lower estimated ultimate recovery of
natural gas from each shale well or tight well than in the Refer-
ence case. In the Low and High Oil and Gas Resource cases, Henry
Hub spot natural gas prices increase by 4.9%/year and 1.8%/year,
respectively. (An article in the Issues in focus section, “U.S. tight
oil production: Alternative supply projections and an overview of
EiA's analysis of well-level data aggregated to the county level,”
provides more information on the alternative resource cases.)

In both cases, there are mitigating effects that dampen the
initial price response from the demand or supply shift. For
example, lower natural gas prices lead to increases in natural
gas exports and demand, which place some upward pressure
on natural gas prices.

MT-22

With production growing faster than use, the
U.S. becomes a net exporter of natural gas

Figure MT-42. Total natural gas production,
consumption, and imports in the Reference case,
1990-2040 {trillion cubic feet)
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in the AEQC2014 Reference case, natural gas production grows
by an average rate of 1.6%/year from 2012 to 2040, more than
double the 0.8% annual growth rate of total U.S. consumption
over the period. The growth in production meets increasing
demand and exports (liquefied natural gas [LNG] and pipe-
line exports), while also making up for a drop in natural gas
impaorts. The United States becomes a net exporter of natural
gas before 2020,

The development of shale gas resources spurs growth in nat-
ural gas production, with producers seeing higher prices as a
result of growing demand, especially from both the industrial
and electricity generation sectors. Growing LNG exports also
support higher natural gas prices.

The United States transitions from being a net importer of 1.5
Tef of natural gas in 2012 10 a net exporter of 5.8 Tcf in 2040,
with 88% of the rise in net exports (6.5 Tcf) accurring by 2030,
followed by slower growth through 2040 (Figure MT-42).

Met LNG exports, primarily to Asia, increase by 3.5 Tef from
2012 to 2030, then remain flat through 2040. Prospects for
future LNG exports are uncertain, depending on many factors
that are difficult to anticipate. The increase in net LNG exports
to Asia through 2030 accounts for 55% of the rise in total net
natural gas exports, with the remainder coming from decreased
net pipeline imports from Canada and increased net pipeline
exports to Mexico. Net pipeline imports from Canada drop
from 2.0 Tcf in 2012 to 0.4 Tcf in 2030, mainly as a result of
lower imports to the western United States. Imports from Can-
ada increase to 0.7 Tcf in 2040, with higher imports into the
northeastern United States. In contrast, net pipeline exports to
Mexico grow steadily, from 0.6 Tcf in 2012 to 3.1 Tcf in 2040.

U.S. Energy Information Administration | Annual Energy Outlook 2014



Natural gas supply

U.S. natural gas production, use, and exports
all are affected by oil prices

Figure MT-43. U.S. natural gas production in three
cases, 1990-2040 (trillion cubic feet per year)
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U.S. natural gas production is affected by crude oil prices
primarily through changes in natural gas consumption and
exports. Across the oil price cases, the largest changes in con-
sumption are seen for natural gas consumed in transportation

and natural gas exported as LNG.

The profitability of natural gas as atransportation fuel or as LNG
for export depends primarily on the price differential between
crude oil and natural gas. For example, in the Low Qil Price
case, the average difference between oil prices and natural gas
prices from 2012 through 2040 is about $7.70 per million Btu
{(MMBtuU), With that low price differential, virtually no natural
gas is consumed in the transportation sector, and little LNG is
exported. In the High Oil Price case, in contrast, the average
price difference is about $21.90/MMBtu, which provides sub-
stantial incentive for direct use of natural gas in transportation
and for conversion to LNG for export.

Across the oil price cases, total natural gas preduction var-
ies by 8.3 Tcf in 2040 (Figure MT-43), with changes in LNG
exports accounting for 6.3 Tef and changes in direct consump-
tion for transportation accounting for 2.2 Tef. The increase in
LNG exports and transportation consumption is offset to some
extent by lower natural gas consumption in other sectors, with
spot prices for natural gas from 2012 to 2040 averaging about
$0.70/MMBtu higher in the High Oil Price case than in the Low
Qil Price case.

U.S. Energy Information Administration | Annual Energy Outlook 2014

Shale gas provides the largest source of
growth in U.S. natural gas supply

Figure MT-44. U.S. natural gas production by source
in the Reference case, 1990-2040 (trillion cubic feet)
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The 56% increase in total natural gas production from 2012 to
2040 in the AEO2014 Reference Case results from increased
development of shale gas, tight gas, and offshore natural gas
resources (Figure MT-44). Shale gas production is the largest
contributor, growing by more than 10 Tcf, from 9.7 Tcf in 2012
t019.8 Tcf in 2040. The shale gas share of total U.S, natural gas
production increases from 40% in 2012 to 53% in 2040. Tight
gas production and offshore gas production increase by 73%
and 78%, respectively, from 2012 to 2040, but their shares of
total production remain relatively constant.

From 2017 toe 2022, U.S. offshore natural gas production
declines by 0.3 Tcf, as offshore exploration and development
activities are directed primarily toward oil resources in the Gulf
of Mexico. Offshore natural gas production increases after
2022, growing to 2.9 Tcf in 2040, as natural gas prices rise.

Alaska's natural gas production also increases during the pro-
jection period, because of Alaska LNG exports to overseas cus-
tomers, beginning in 2026 and increasing to 0.8 Tcf (2.2 Bef/d)
in 2026, Alaska's LNG exporis level off at 0.8 Tcf per year over
the last decade of the projec-tion. Alaska's total natural gas
production in 2040 is 1.2 Tk,

Although U.S. natural gas production rises throughout the pro-
jection, the mix of sources changes over time. Onshore non-
associated production (from sources other than tight gas, shale
gas, and coalbed methane) declines from 3.9 Tef in 2012t0 1.6
Tcf in 2040, and in 2040 it accounts for only about 4% of total
domestic production, down from 16% in 2012,

MT-23



Natural gas trade

U.S. exports to North American and overseas
gas markets increase as gas production rises

Figure MT-45. U.S. net imports of natural gas by

source in the Reference case, 1990-2040

(trillion cubic feet)
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With relatively low natural gas prices in the AEQ2014 Refer-
ence case, the United States becomes a net exporter of natural
gas in 2018, with net exports growing to 5.8 Tcf in 2040. Maost
of the projected growth in exports consists of LNG exported to
overseas markets. From 2012 to 2040, U.S. net exports of LNG
increase by 3.5 Tcf (Figure MT-45), including 0.8 Tcf of LNG
originating in south-central Alaska, with the remaining volumes
originating frorn export terminals located along the Atlantic and
Gulf coasts. In general, future U.5. LNG exports depend on a
number of factors that are difficult to anticipate, including the
speed and extent of price convergence in global natural gas
markets, the extent to which natural gas competes with oil in
U.S. and international gas markets, and the pace of natural gas
supply growth outside the United States.

The next-largest growth market for U.5. natural gas exports is
pipeline exports to Mexico, which increase from 0.6 Tcf in 2012
to 3.1 Tef in 2040, The increase in exports to Mexico reflects a
growing gap between Mexico's natural gas consumption and
production. However, Mexico's recently enacted legislation to
restructure its oil and gas industry could reduce the need for
U.S. natural gas exports to Mexico in the future.

Net natural gas imports from Canada decline through 2033,
when they reach a low point of about 0.4 Tcf. After 2033, higher
natural gas prices in the lower 48 improve the economics of
Canadian natural gas exports to the U.5. West Coast. In 2040,
net U.S. imports of natural gas from Canada total about 0.7 Tcf.

MT-24

LNG export growth depends on price and
productivity assumptions

Figure MT-46. U.S. exports of liquefied natural gas in
five cases, 2005-40 (trillion cubic feet)
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In the AEC2014 Reference case, growing natural gas produc-
tion from shale gas and tight oil formations supports an increase
in U.S. exports of LNG and pipeline gas. Net exports of LNG
increase by 3.5 Tcf from 2012 to 2040, representing 48% of the
total increase in U.S. natural gas net exports over the period.
The United States becomes a net LNG exporter in 2016, with
gross exports reaching their peak level of 3.5 Tcf in 2030.

The United States is a net LNG exporter in all of the AEO2014 oil
price and resource cases; however, LNG export levels vary sig-
nificantly by case. In the High Oil Price case, where both global
LNG demand and LNG prices are higher than in the Reference
case, LNG exports increase to 6.7 Tefin 2028 and remain at that
level through 2040 (Figure MT-46). Conversely, in the Low Oil
Price case, gross LNG exports increase to only 0.8 Tcf in 2018,
where they remain through most of the projection period. The
LNG export projections in AEQ2014 are based on a generalized
economic evaluation and do not reflect a specific evaluation or
knowledge of decisions on pending LNG export applications.

In the High Oil and Gas Resource case, large production
increases put downward pressure on U.S. natural gas prices,
and as a result LNG exports climb to 5.1 Tcf after 2025. The Low
Cil and Gas Resource case assumes lower natural gas produc-
tion and higher domestic gas prices. Gross LNG exports in the
Low Oil and Gas Resource case reach 2.1 Tcf by 2027,

U.5. Energy Information Administration | Annual Energy Outlook 2014
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Natural gas supply

U.S. natural gas production rates depend on
resource availability and production costs

Figure MT-47. U.S. natural gas production in three
cases, 1990-2040 ({trillion cubic feet per year)
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Praspects for production from tight oil and shale gas resources
are uncertain, both because large portions of the formations
have little or no production history, and because future technol-
ogy could increase well productivity while reducing costs. The
Low Oil and Gas Resource and High Oil and Gas Resource cases
illustrate the potential impacts of changes in the Reference case
assumptions regarding technology advances and the resource
size and quality.

The High Oil and Gas Resource case assumes (1) higher esti-
mates of onshore lower 48 tight oil, tight gas, and shale gas
resources than in the Reference case, as a result of higher esti-
mated ultimate recovery (EUR) per well and closer well spac-
ing; (2) tight oil development in Alaska; (3) higher estimates
of offshore resources in Alaska and the lower 48 states; and
(4) higher rates of long-term technology improvement. In the
High Resource case, higher well productivity reduces devel-
opment and production costs per unit, resulting in more and
earlier resource development than in the Reference case. With
the greater abundance of less-expensive shale gas resources,
cumulative shale gas production from 2012 through 2040
totals 540 Tcf, as compared with 442 Tcf in the Reference
case. In the Reference case and the High Resource case, total
natural gas production in 2040 grows to 37.5 Tcf and 45.5 Tcf
per year, respectively.

In the Low Qil and Gas Resource case, which assumes lower
tight oil, tight gas, and shale gas resources than in the Refer-
ence case, total natural gas production plateaus at just under 29
Tcf per year from 2027 through 2036, then declines to 28.1 Tcf
in 2040 (Figure MT-47). Shale gas production peaks in 2030
at 131 Tcf and declines to 11.6 Tcf in 2040, From 2012 to 2040,
cumulative shale gas production totals 341 Tef in the Low Oil
and Gas Resource case.

U.S. Energy Information Administration | Annual Energy Outlook 2014

Marcellus shale gas production growth changes
U.S. natural gas transportation patterns

Figure MT-48. Marcellus shale production share of total
U.S. natural gas consumption east of the Mississippi
River in the Reference case, 2000-40) (percent)
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Histerically, naturalgas produced in Texas, Louisiana, Oklahoma,
and the offshore Gulf of Mexico has been transported to mar-
kets east of the Mississippi River. In addition, significant vol-
umes of natural gas have been transported from Canada and
the Rocky Mountains to serve the same markets. However, the
advent of large-scale natural gas production in the Marcellus
shale formation, located in Appalachia, will alter natural gas
transportation patterns east of the Mississippi River.

In the AEO2014 Reference Case, natural gas production from
the Marcellus shale grows from 1.9 Tcf in 2012 to a peak pro-
duction volume of about 5.0 Tcf per year from 2022 through
2025, Marcellus shale gas production could provide up to 39%
of the natural gas needed to meet demand in markets east of
the Mississippi River during that period—up from 16% in 2012.
Although Marcellus gas production declines after 2024 in the
Reference case, it still provides enough natural gas to meet at
least 31% of the region’s total demand for natural gas through
2040 (Figure MT-48).

Marcellus natural gas exceeds 100% of the demand projected
for the New England and Mid-Atlantic Census Divisions from
2016 through 2040 in the Reference case, requiring trans-
portation of some Marcellus gas to other markets. During the
expected peak production period for the Marcellus shale, from
2022 through 2025, its total production exceeds natural gas
consumption in the New England and Middle Atlantic regions
by more than 1.0 Tcf over the period.

MT-25



Natural gas consumption

Natural gas-fired generation grows strongly in
the electric power sector

Figure MT-49. Natural gas-fired generation in the
electric power sector by NERC region in the Reference
case, 2005-40 (billion kilowatthours)
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Consumption of natural gas by the U.S. electric power sector
grows by an average of 0.7%/year from 2012 to 2040 in the
AEQ2014 Reference case. That growth is equivalent to 42%
of the total increase in electricity generation over the period.
While the coal-fired share of total generation in the electric
power sector declines from 39% in 2012 to 34% in 2040, the
natural gas share rises from 29% to 33%,

The increase in natural gas-fired generation is generally more
pronounced in regions where coal-fired power plants are
retired, including the SERC Reliability Corporation (SERC) and
ReliabilityFirst Corporation (RFC) regions (Figure MT-49). The
retirement of coal-fired capacity in the SERC region from 2012
to 2040, at 129 GW, is the country's second largest, and ifs
increase in natural gas-fired generation over the same period, at
109 million MWh, is the largest. The largest decrease in coal-fired
capacity (217 GW) is in the RFC region, which also has the third-
largest increase in natural gas-fired generation, at 103 million MWh,

Two other regions with large increases in natural gas-fired genera-
tioninthe Reference case are the Western Electricity Coordinating
Council (WECC) and the Texas Reliability Entity (TRE). Those
two regions dao not have large retirements of coah-fired generation
capacity, but they do have significant overall growth in electricity
demand, most of which is met with natural gas-fired generation.
WECC has the country's second-largest increase in natural gas-
fired generation from 2012 to 2040 (105 million MWh), and TRE
has the fourth-largest increase (81 million MWHh).

In the RFC and TRE regions, natural gas-fired generation meets
the vast majority of growth in electricity demand through 2040.
Despite retirements of coal units, coal generation still meets a
significant portion of demand in the SERC region. In the WECC
region, renewables meet a significant portion of demand growth,

MT-26

Led by transportation, petroleum and other
liquids consumption declines

Figure MT-50. Consumption of petroleum and other
liquids by sector in the Reference case, 1990-2040
(million barrels per day)
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Consumption of petroleum and other liquids remains relatively
flat in volumetric terms in the AEO2014 Reference case (Figure
MT-50). While the transportation sector accounts for the larg-
est share of total consumption throughout the projection, its
share falls from 72% in 2013 to 65% in 2040, as a result of
improvements in vehicle efficiency following the incorporation
of corporate average fuel economy (CAFE) standards for both
light-duty vehicles (LDVs) and heavy-duty vehicles (HDVs). In
the industrial sector, consumption in the chemicals industry
increases by 1.3 million barrels per day (MMbbl/d) from 2012
to 2040, largely reflecting higher volumes of hydrocarbon gas
liguids as the sector benefits from increased U.S. produciion
of natural gas., Consumption in all other industry segments
decreases between 2012 and 2040.

Motor gasoline, ultra-low-sulfur diese! fuel, and jet fuel are the
primary transportation fuels, all of which can include biofuels
and may be supplemented by natural gas. Total motor gasoline
consumption increases from 2012 to 2015 before dropping by
approximately 2.1 MMbbl/d from 2015 to 2040 in the Refer-
ence case, while total diesel fuel consumption increases from
3.4 MMbbl/d in 2012 to 4.3 MMbbl/d in 2040, primarily for
use in HDVs.

Both ethanol blending into gasoline and E85 consumption are
essentially flat throughout the projection period, as a result
of declining gasoline consurnption and limited penetration of
FFVs. The rapid rise of U.S. crude oil production, combined with
the decline in motor gasoline demand and a modest increase in
diesel fuel demand, reduces market opportunities for CTL and
GTL technologies.

U.5. Energy Information Administration | Annual Energy Outlook 2014
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Emissions from energy use

Power plant emissions of sulfur dioxide are
reduced by further environmental controls

Figure MT-65. Sulfur dioxide emissions from
electricity generation in selected years in the Reference
case, 1990-2040 (million short tons)
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In the AEQ2014 Reference case, sulfur dioxide (505) emissions
from the electric power sector increase slightly in the early years
of the projection but fall rapidly in 2016, when the Mercury and
Air Toxics Standards (MATS) [78] are fully implemented.

The Reference case assumas that all coal-fired power plants
operating in the United States will be equipped with either flue
gas desulfurization units (scrubbers) or dry sorbent injection
(DSI) systems by 2016 to comply with the specific requirements
of MATS. The emissions controls have the ancillary benefit of
removing significant amounts of SO;. For example, scrubbers
remove more than 90% of 50, emissions from flue gas. DSl sys-
tems, when combined with fabric filters, remove approximately
70% of SO, emissions.

At the end of 2012, 64% of electric power sector coal-fired gen-
erating capacity in the United States already had either scrub-
bers or DSl systems installed. The Reference case assumes that
by 2016, every operating coal plant in the United States larger
than 25 megawatts has some type of control equipment, inciud-
ing approximately 31 GW of coal-fired capacity retrofitted with
scrubbers and anather 45 GW retrofitted with DS| systems,

After a 61% decrease from 2012 to 2016 (Figure MT-65),
annual SO; emissions increase by 0.9%/year from 2016 to
2040, as total electricity generation from coal-fired power
plants increases by 0.3%/year, and scrubbers and DSI equip-
ment remove most (but not all) SO; from flue gas. As a result of
MATS compliance, SO, emissions are reduced to a level below
the cap specified in the Clean Air interstate Rule (CAIR).

MT-34

Energy-related carbon dioxide emissions are
sensitive to potential policy changes

Figure MT-66. Energy-related carbon dioxide
emissions in five cases, 2000-40 (million metric tons)
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Although the AEQ2014 Reference case assumes that current
laws and regulations remain in effect through 2040, the poten-
tial impacts of future policies that would place an implicit or
explicit value on CO; emissions are examined in two cases,
starting at 310 (GHG10) and $25 (GHG25) per metric ton CO;
in 2015 and rising by 5% per year thereafter. Because of uncer-
tainty about the growing role of natural gas in the U.S. energy
landscape and how it might affect efforts to reduce GHG
emissions, the $10 fee case was run both with the Reference
case and combined with the High Oil and Gas Resource case
(GHG10 and Low Gas Prices) (Figure MT-66),

Emissions fees or other policies that place an explicit or implicit
value on CQO, emissions would encourage all energy producers
and consumers to shift to lower-carbon or zero-carbon energy
sources. Relative to 2005 emissions levels, energy-related CO;
emissions are 15% and 28% lower in 2025 in the GHGI0 and
GHG25 cases using Reference case resources, respectively,
and 22% and 40% lower in 2040. When combined with High
Oil and Gas Resource assumptions, the CQ; fees in the GHG10
case tend to lead to slightly greater emissions reductions in the
near term and smaller reductions in the long term.

The alternative assumptions about natural gas resources have
only smali impacts on energy-related CQ; emissions in the
GHG10 and Low Gas Prices case, Although more abundant and
less expensive natural gas in the High Oil and Gas Resource
cases does lead to less coal use and more natural gas use, it also
reduces the use of renewable and nuclear fuels and increases
energy consumption overall. Shortly after 2020, the emissions
reductions achieved by shifting from coal to natural gas are off-
set by the impacts of reduced use of renewables and nuclear
power for electricity generation, and by higher overall levels of
energy consumption.

U.S. Energy Information Administration | Annual Energy Outlook 2014
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Natural gas consumption

Industrial and electric power sectors drive
growth in U.S. natural gas consumption

Figure MT-39. Natural gas consumption by sector in
the Reference case, 1990-2640 (trillion cubic feet)
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U.S. total natural gas consumption grows from 25,6 trillion
cubic feet (Tcf) in 2012 to 31.6 Tcf in 2040 in the AEQ2014
Reference case. Natural gas use increases in all of the end-use
sectors except residential (Figure MT-39). Natural gas use for
residential space heating declines as a result of population
shifts to warmer regions of the country and improvements in
appliance efficiency. ’

Consumption of natural gas for electric power generation grows
by about 2 Tcf and makes up about 33% of the increase in total
natural gas consumption by 2040. Relatively low natural gas
prices make natural gas an attractive fuel for serving increased
load. Natural gas is also the fuel most often used to replace
older coal-fired generation as it is retired.

From 2012 to 2040, natural gas consumption in the industrial
sector increases by 2.5 Tcef, an average of 0.9%/year, represent-
ing about 26% of the total increase in natural gas consump-
tion. As industrial output grows, the enargy-intensive industries
take advantage of relatively low natural gas prices, particularly
through 2028. After 2028, industrial sector consumption of
natural gas continues to grow but at a somewhat slower rate, in
response to rising prices.

Although transportation use currently accounts for only a small
portion of total U.S. natura! gas consumption, natural gas use by
heavy-duty vehicles (HDVs), trains, and ships shows the largest
percentage growth of any fuel in the proiection. Consumption in
the transportation sector, excluding natural gas use at compres-
sor stations, grows from about 40 billion cubic feet (Befy in 2012
to 850 Bef in 2040.

LS. Energy Information Administration | Annual Energy Qutlock 2014

Natural gas prices rise with an expected
increase in production costs

Figure MT-40. Annual average Henry Hub spot
natural gas prices in the Reference case, 1990-2040
(2012 dollars per million Btu)
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Average annual U.S. natural gas prices have remained relatively
low over the past several years as a result of the availability of
abundant domestic resources and the application of improved
production technologies, To provide the supplies necessary to
meet growth in natural gas consumption and a rise in exports
in the AEQZ014 Reference case, producers move into areas
where the recovery of natural gas is more difficult and expen-
sive, which leads to an increase in Henry Hub spot prices over
the projection period. Henry Hub spot prices for natural gas
increase by an average of 3.7%/year in the Reference case,
from $2.75/million Btu (MMBtu) in 2012 to $7.65/MMBtu

(2012 dollars) in 2040 (Figure MT-40),

Growth in demand for natural gas, largely from the electric
power and industrial sectors and for liquefied natural gas
{LNG) exports, results in upward pressure on prices, particu-
larly in the 2015-18 period. Delivered prices to residential, com-
mercial, industrial, and electric power consumers generally
rise with Henry Hub prices in the projection, but the lower 48
average spot price increases at a slightly slower rate than the
Henry Hub spot price, because regional production growth in
areas that do not serve the Henry Hub is somewhat faster than
growth in areas that supply the Henry Hub. In particular, dry gas
production in the Marcellus shale play, which predominantly
serves the Northeastern and Mid-Atlantic regions, grows from
19 Tctin 2012 to 5.0 Tcf in 2022 in the Reference case, before
declining to 4.6 Tcf in 2040. Total onshore production in the
Northeast region grows on average by 3.2%/vear, from 3.3 Tcf
in 2012 to 8.1 Tef in 2040, while combined onshore and off-
shore production in the Gulf region grows by 2.1%/year, from
7.3 Tcfin 2012 to 13.0 Tef in 2040.

MT-21



Natural gas prices

Natural gas prices depend on economic growth
and resource recovery rates among other factors

Figure MT-41. Annual average Henry Hub spot prices
for natural gas in five cases, 1990-2040 (2012 dollaxs
per million Btu)

12 History 2012 Projections
Low Oil and Gas Resouroe\
10 4
A High Economic Growth

oo /2

Low Economic\Growth
High Qil and Gas Resource

O T T T T T t
1990 2000 2010 2020 2030 2040
The projection of natural gas prices depends on many factors,
including macroecaonomic growth rates and expected rates of
resource recovery from hatural gas wells, Higher rates of eco-
nomic growth lead to increased consumption of natural gas,
primarily in response to their effects on housing starts, com-
mercial floorspace, and industrial output. In the High Economic
Growth case, higher levels of consumption result in more rapid
increases both in depletion of natural gas resources and in the
cost of developing new production, pushing natural gas prices
higher. The converse is true in the Low Economic Growth case
(Figure MT-41). In the High and Low Economic Growth cases,
the price rises by 4.0%/year and 3.5%/year, respectively, com-

pared with 3.7%/year in the Reference case.

The rate of resource recovery from oil and natural gas wells has a
direct impact on the cost per unit of production and, in turn, prices.
The High Oil and Gas Resource case assumes higher estimates
for recoverable crude oil and natural gas resources in tight wells
and shale formations and for offshore resources in the lower 48
states and Alaska than in the Reference case. The Low Qil and
Gas Resource case assumes lower estimated ultimate recovery of
natural gas from each shale well or tight well than in the Refer-
ence case. In the Low and High Oil and Gas Resource cases, Henry
Hub spot natural gas prices increase by 4.9%/year and 1.8%/year,
respectively. (An article in the Issues in focus section, “U.S. tight
oil production: Alternative supply projections and an overview of
ElA’s analysis of well-level data aggregated to the county level”
provides more information on the alternative resource cases.)

In both cases, there are mitigating effects that dampen the
initial price response from the demand or supply shift. For
example, lower natural gas prices lead to increases in natural
gas exports and demand, which place some upward pressure
on natural gas prices,

MT-22

With production growing faster than use, the
U.S. becomes a net exporter of natural gas

Figure MT-42, Total natural gas preduction,
consumption, and imports in the Reference case,
1990-2040 (trillion cubic feet)
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In the AEQ2014 Reference case, natural gas production grows
by an average rate of 1.6%/year from 2012 to 2040, more than
double the 0.8% annual growth rate of total U.S. consumption
over the period. The growth in production meets increasing
demand and exports {liquefied natural gas [LNG] and pipe-
line exports), while also making up for a drop in natural gas
imports. The United States becomes a net exporter of natural
gas before 2020,

The development of shale gas resources spurs growth in nat-
ural gas production, with producers seeing higher prices as a
result of growing demand, especially from both the industrial
and electricity generation sectors. Growing LNG exports also
support higher natural gas prices.

The United States transitions from being a net importer of 1.5
Tef of natural gas in 2012 to a net exporier of 5.8 Tef in 2040,
with 88% of the rise in net exports (6.5 Tcf) occurring by 2030,
followed by slower growth through 2040 (Figure MT-42),

Net LNG exports, primarily to Asia, increase by 3.5 Tcf from
2012 to 2030, then remain flat through 2040. Prospects for
future LNG exports are uncertain, depending on many factors
that are difficult to anticipate. The increase in net LNG exports
to Asia through 2030 accounts for 55% of the rise in total net
natural gas exports, with the remainder coming from decreased
net pipeline imports from Canada and increased net pipeline
exports to Mexico. Net pipeline imports from Canada drop
from 2.0 Tcf in 2012 to 0.4 Tef in 2030, mainly as a result of
lower imports to the western United States. Imports from Can-
ada increase to 0.7 Tcf in 2040, with higher imports into the
northeastern United States. In contrast, net pipeline exports to
Mexico grow steadily, from 0.6 Tcf in 2012 to 3.1 Tef in 2040.

U.5. Energy Information Administration | Annual Energy Outlook 2014



Natural gas supply

U.S. natural gas production, use, and exports
all are affected by oil prices

Figure MT-43. U.S. natural gas production in three
cases, 1990-2040 (trillion cubic feet per year)
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U.5. natural gas production is affected by crude oil prices
primarily through changes in natural gas consumption and
exports. Across the oil price cases, thelargest changes in con-
sumption are seen for natural gas consumed in transportation
and natural gas exported as LNG.

The profitability of natural gas as a transportation fuel or as LNG
for export depends primarily on the price differential between
crude oil and natural gas. For example, in the Low Oil Price
case, the average difference between il prices and natural gas
prices from 2012 through 2040 is about $7.70 per million Btu
(MMBtu). With that low price differential, virtually no natural
gas is consumed in the transportation sector, and little LNG is
exported. In the High Oil Price case, in contrast, the average
price difference is about $21.90/MMBtu, which provides sub-
stantial incentive for direct use of natural gas in transportation
and for conversion to LNG for export.

Across the oil price cases, totai natural gas production var-
ies by 8.3 Tcf in 2040 (Figure MT-43), with changes in LNG
exports accounting for 6.3 Tef and changes in direct consump-
tion for transportation accounting for 2.2 Tef. The increase in
LNG exports and transportation consumption is offset to some
extent by lower natural gas consumption in other sectors, with
spot prices for natural gas from 2012 to 2040 averaging about
$0.70/MMBtu higher in the High Qil Price case than in the Low
Oil Price case.

U.S. Energy Information Administration | Annual Energy Qutlook 2014

Shale gas provides the largest source of
growth in U.S. natural gas supply

Figure MT-44. U.S, natural gas production by source
in the Reference case, 1990-2040 (trillion cubic feet)
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The 56% increase in total natural gas production from 2012 to
2040 in the AEO2014 Reference Case results from increased
development of shale gas, tight gas, and offshore natural gas
resources (Figure MT-44). Shale gas production is the largest
contributor, growing by mare than 10 Tef, from 9.7 Tcf in 2012
t019.8 Tef in 2040. The shale gas share of total U.S. natural gas
production increases from 40% in 2012 to 53% in 2040. Tight
gas production and offshore gas production increase by 73%
and 78%, respectively, from 2012 to 2040, but their shares of
total production remain relatively constant.

From 2017 to 2022, U.S. offshore natural gas production
declines by 0.3 Tcf, as offshore exploration and development
activities are directed primarily toward oil resources in the Gulf
of Mexico. Offshore natural gas production increases after
2022, growing to 2.9 Tcf in 2040, as natural gas prices rise.

Alaska's natural gas production also increases during the pro-
jection period, because of Alaska LNG exports to overseas cus-
tomers, beginning in 2026 and increasing to 0.8 Tcf (2.2 Bcf/d)
in 2029. Alaska's LNG exports level off at 0.8 Tcf per year over
the last decade of the projec-tion. Alaska’s total natural gas
production in 2040 is 1.2 Tcf.

Although U.S. natural gas production rizes throughout the pro-
jection, the mix of sources changes over time. Onshore non-
associated production (from sources other than tight gas, shale
gas, and coalbed methane) declines from 3.9 Tcf in 2012 to 1.6
Tcf in 2040, and in 2040 it accounts for only about 4% of total
domestic production, down from 16% in 2012,

MT-23



Natural gas trade

U.S. exports to North American and overseas
gas markets increase as gas production rises

Figure MT-45. U.S. net imports of natural gas by
source in the Reference case, 1990-2040
(trillion cubic feet)
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With relatively low natural gas prices in the AEQ2014 Refer-
ence case, the United States becomes a net exporter of natural
gas in 2018, with net exports growing to 5.8 Tcf in 2040. Most
of the projected growth in exports consists of LNG exported to
overseas markets. From 2012 to 2040, U.S. net exports of LNG
increase by 3.5 Tcf (Figure MT-45), including 0.8 Tcf of LNG
originating in south-central Alaska, with the remaining volumes
originating from export terminals located along the Atlantic and
Gulf coasts. In general, future U.5. LNG exports depend on a
number of factors that are difficult to anticipate, including the
speed and extent of price convergence in global natural gas
markets, the extent to which natural gas competes with oil in
U.S. and international gas markets, and the pace of natural gas
supply growth outside the United States.

The next-largest growth market for U.5. natural gas exports is
pipeline exports to Mexico, which increase from 0.6 Tefin 2012
to 3.1 Tef in 2040, The increase in exports to Mexico reflects a
growing gap between Mexico's natural gas consumption and
production. However, Mexico's recently enacted legislation to
restructure its oil and gas industry could reduce the need for
U.S. natural gas exports to Mexico in the future.

Net natural gas imports from Canada decline through 2033,
when they reach a low point of about 0.4 Tct, After 2033, higher
natural gas prices in the lower 48 improve the economics of
Canadian natural gas exports to the U.S. West Coast. In 2040,
net U.S. imports of natural gas from Canada total about 0.7 Tcf.

MT-24

LNG export growth depends on price and
productivity assumptions

Figure MT-46. U.S. exports of liquefied natural gas in
five cases, 2005-40 (trillion cubic feet)
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In the AEQ2014 Reference case, growing natural gas produc-
tion from shale gas and tight oil formations supports an increase
in U.S. exports of LNG and pipeline gas. Net exports of LNG
increase by 3.5 Tcf from 2012 to 2040, representing 48% of the
total increase in U.S. natural gas net exports over the period.
The United States becomes a net LNG exporter in 2016, with
gross exports reaching their peak level of 3.5 Tef in 2030.

The United States is a net LNG exporter in all of the AE0C2014 oil
price and resource cases; however, LNG export levels vary sig-
nificantly by case. In the High Oil Price case, where both global
LNG demand and LNG prices are higher than in the Reference
case, LNG exportsincrease to 6.7 Tcf in 2028 and remain at that
level through 2040 (Figure MT-46). Conversely, in the Low Oil
Price case, gross LNG exports increase to only 0.8 Tef in 2018,
where they remain through most of the projection period. The
LNG export projections in AEQ2014 are based on a generalized
economic evaluation and do not reflect a specific evaluation or
knowledge of decisions on pending LNG export applications.

In the High Oil and Gas Resource case, large production
increases put downward pressure on U.S. natural gas prices,
and as a result LNG exports climb to 5.1 Tcf after 2025. The Low
Oil and Gas Resource case assumes lower natural gas produc-
tion and higher domestic gas prices. Gross LNG exports in the
Low Oil and Gas Resource case reach 2.1 Tef by 2027,

U.S. Energy Information Administration | Annual Energy Outlook 2014



Natural gas supply

U.S. natural gas production rates depend on
resource availability and preduction costs

Figure MT-47. U.S, natural gas production in three
cases, 1990-2040 (trillion cubic feet per year)
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Prospects for production from tight oil and shale gas resources
are uncertain, both because large portions of the formations
have little or no production history, and because future technol-
ogy could increase well productivity while reducing costs. The
Low Qil and Gas Resource and High Qil and Gas Resource cases
illustrate the potential impacts of changes in the Reference case
assumptions regarding technology advances and the resource

size and quality.

The High Oil and Gas Resource case assumes (1) higher esti-
mates of onshore lower 48 tight ocil, tight gas, and shale gas
resources than in the Reference case, as a result of higher esti-
mated ultimate recovery (EUR) per well and closer well spac-
ing; (2) tight oil development in Alaska; (3) higher estimates
of offshore resources in Alaska and the lower 48 states; and
(4) higher rates of long-term technology improvement. In the
High Resource case, higher well productivity reduces devel-
opment and production costs per unit, resulting in more and
earlier resource development than in the Reference case. With
the greater abundance of less-expensive shale gas resources,
curmnulative shale gas production from 2012 through 2040
totals 540 Tef, as compared with 442 Tct in the Reference
case. In the Reference case and the High Resource case, total
natural gas production in 2040 grows to 37.5 Tcf and 45.5 Tcf
per vear, respectively.

In the Low Gil and Gas Resource case, which assumes lower
tight oil, tight gas, and shale gas resources than in the Refer-
ence case, total natural gas production plateaus at just under 29
Tef per year from 2027 through 2036, then declines to 28.1 Tcf
in 2040 (Figure MT-47). Shale gas production peaks in 2030
at 13.1 Tcf and declines to 11.6 Tcf in 2040. From 2012 to 2040,
cumulative shale gas production totals 341 Tcf in the Low Qil
and Gas Resource case.

U.S. Energy Information Administration | Annual Energy Outlook 2014

Marcellus shale gas production growth changes
U.S. natural gas transportation patterns

Figure MT-48. Marcellus shale production share of total
U.S. natural gas consumption east of the Mississippi
River in the Reference case, 2000-49 (percent)
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Historically, natural gas produced in Texas, Louisiana, Oklahoma,
and the offshore Gulf of Mexico has been transported to mar-
kets east of the Mississippi River. In addition, significant vol-
umes of natural gas have been transported from Canada and
the Rocky Mountains to serve the same markets. However, the
advent of large-scale natural gas production in the Marcellus
shale formation, located in Appalachia, will alter natural gas
transportation patterns east of the Mississippi River.

In the AEO2014 Reference Case, natural gas production from
the Marcellus shale grows from 1.9 Tcf in 2012 to a peak pro-
duction volume of about 5.0 Tef per year from 2022 through
2025. Marcellus shale gas production could provide up to 35%
of the natural gas needed to meet demand in markets east of
the Mississippi River during that period—up from 16% in 2012.
Although Marcellus gas production declines after 2024 in the
Reference case, it still provides enough natural gas to meet at
least 31% of the region’'s total demand for natural gas through
2040 (Figure MT-48).

Marcellus natural gas exceeds 100% of the demand projected
for the New England and Mid-Atlantic Census Divisions from
2016 through 2040 in the Reference case, requiring trans-
portation of some Marcellus gas to other markets. During the
expected peak production period for the Marcellus shale, from
2022 through 2025, its total production exceeds natural gas
consumption in the New England and Middle Atlantic regions
by more than 1.0 Tcf over the period.

MT-25



Natural gas consumption

Natural gas-fired generation grows strongly in
the electric power sector

Figure MT-49. Natural gas-fired generation in the
electric power sector by NERC region in the Reference
case, 2005-4¢ (billion kilowatthours)
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Consumption of natural gas by the U.S. electric power sector
grows by an average of 0.7%/year from 2012 to 2040 in the
AEQ2014 Reference case. That growth is equivalent to 42%
of the total increase in eleciricity generation over the period.
While the coal-fired share of total generation in the electric
power sector declines from 39% in 2012 to 34% in 2040, the
natural gas share rises from 29% to 33%.

The increase in patural gas-fired generation is generally more
pronounced in regions where coal-fired power plants are
retired, including the SERC Reliability Corporation (SERC) and
ReliabilityFirst Corporation (RFC) regions (Figure MT-49). The
retirement of coal-fired capacity in the SERC region from 2012
to 2040, at 129 GW, is the country's second largest, and its
increase in natural gas-fired generation over the same period, at
109 milfion MWh, is the largest. The largest decrease in coal-fired
capacity (21.7 GW) is in the RFC region, which also has the third-
largest increase in natural gas-fired generation, at 103 million MWh.

Two other regions with large increases in natural gas-fired genera-
tion inthe Reference case are the Western Electricity Coordinating
Council (WECC) and the Texas Reliability Entity (TRE). Those
two regions do not have [arge retirements of coal-fired generation
capacity, but they do have significant overall growth in electricity
demand, most of which is met with natural gas-fired generation.
WECC has the country's second-largest increase in natural gas-
fired generation from 2012 to 2040 (105 million MWh), and TRE
has the fourth-largest increase (81 million MWHh).

In the RFC and TRE regions, naturzl gas-fired generation meets
the vast majority of growth in efectricity demand through 2040,
Despite retirements of coal units, coal generation still meets a
significant portion of demand in the SERC region. In the WECC
region, renewables meet a significant portion of demand growth.

MT-26

Led by transportation, petroleum and other
liquids consumption declines

Figure MT-50. Consumption of petroleum and other
liquids by sector in the Reference case, 1990-2040
(million barrels per day)
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Consumption of petroleum and other liguids remains relatively
flat in volumetric terms in the AEQ2014 Reference case (Figure
MT-50). While the transportation sector accounts for the larg-
est share of total consumption throughout the projection, its
share falls from 72% in 2013 to 65% in 2040, as a result of
improvements in vehicle efficiency following the incorporation
of corporate average fuel economy (CAFE) standards for both
light-duty vehicles (LDVs) and heavy-duty vehicles (HDVs). In
the industrial secter, consumption in the chemicals industry
increases by 1.3 million barrels per day (MMbbl/d) from 2012
to 2040, largely reflecting higher volumes of hydrocarbon gas
liquids as the sector benefits from increased U.S. production
of natural gas. Consumption in all other industry segments
decreases between 2012 and 2040,

Motor gasoline, ultra-low-sulfur diesel fuel, and jet fuel are the
primary transportation fuels, all of which can include biofuels
and may be supplemented by natural gas. Total motor gasoline
consumption increases from 2012 to 2015 before dropping by
approximately 2,1 MMbbl/d from 2015 to 2040 in the Refer-
ence case, while total diese! fuel consumption increases from
3.4 MMbbl/d in 2012 to 4.3 MMbbl/d in 2040, primarily for
use in HDVs,

Both ethanol biending into gasoline and E85 consumption are
essentially flat throughout the projection period, as a result
of declining gasoline consumption and limited penetration of
FFVs. The rapid rise of U.S. crude oil production, combined with
the decline in motor gasoline demand and a modest increase in
diesel fue! demand, reduces market opportunities for CTL and
GTL techrologies.

U.S. Energy Information Administration | Annual Energy Outlook 2014
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Emissions from energy use

Power plant emissions of sulfur dioxide are
reduced by further environmental controls

Figure MT-65. Salfur dioxide emissions from
electricity generation in selected years in the Reference
case, 1990-2040 (million short tons)
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I the AEQ2014 Reference case, sulfur dioxide (SO5) emissions
from the electric power sector increase slightly in the early years
of the projection but fall rapidly in 2016, when the Mercury and
Afr Toxics Standards (MATS) [187 are fully implemented.

The Reference case assumes that all coal-fired power plants
operating in the United States will be equipped with either flue
gas desulfurization units {scrubbers) or dry sorbent injection
(DS1) systems by 2016 to comply with the specific requirements
of MATS. The emissions controls have the ancillary benefit of
removing significant amaounts of SO,. For example, scrubbers
remove more than 90% of SO, emissions from flue gas. DSl sys-
tems, when combined with fabric filters, remove approximately
70% of SO, emissions.

At the end of 2012, 64% of electric power sector coal-fired gen-
erating capacity in the United States already had either scrub-
bers or D5 systems installed. The Reference case assumes that
by 2016, every operating coal plant in the United States larger
than 25 megawatts has some type of control equipment, includ-
ing approximately 31 GW of coal-fired capacity retrofitted with
scrubbers and another 45 GW retrofitted with DS| systems,

After a 61% decrease from 2012 to 2016 (Figure MT-65),
annual SO, emissions increase by 0.9%/year from 2016 to
2040, as total eleciricity generation from coal-fired power
plants increases by 0.3%/year, and scrubbers and DS! equip-
ment remove most (but not all} SO, from flue gas, As a result of
MATS compliance, SO, emissions are reduced to a level below
the cap specified in the Clean Air Interstate Rule (CAIR).

MT-34

Energy-related carbon dioxide emissions are
sensitive to potential policy changes

Figure MT-66. Energy-related carbon dioxide
emissions in five cases, 2000-40 (million metric tons)
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Although the AEO2014 Reference case assumes that current
laws and regulations remain in effect through 2040, the poten-
tial impacts of future policies that would place an implicit or
explicit value on CO, emissions are examined in two cases,
starting at $10 (GHG10) and $25 (GHG25) per metric ton CO;
in 2015 and rising by 5% per year thereafter. Because of uncer-
tainty about the growing role of natural gas in the U.S. energy
landscape and how it might affect efforts to reduce GHG
emissions, the $10 fee case was run both with the Reference
case and combined with the High Oil and Gas Resource case
{GHGI10 and Low Gas Prices) (Figure MT-66).

Emissions fees or other policies that place an explicit or implicit
value on CO; emissions would encourage all energy producers
and consumers to shift to lower-carbon or zero-carbon energy
sources. Relative to 2005 emissions levels, energy-related CO,
emissions are 15% and 28% lower in 2025 in the GHGI0 and
GHG25 cases using Reference case resources, respectively,
and 22% and 40% lower in 2040. When combined with High
Oil and Gas Resource assumptions, the CO; fees in the GHG10
case tend to lead to slightly greater emissions reductions in the
near term and smaller reductions in the long term.

The alternative assumptions about natural gas resources have
only small impacts on energy-related CO; emissions in the
GHGI0 and Low Gas Prices case. Although more abundant and
less expensive natural gas in the High Qil and Gas Resource
cases does lead to less coal use and more natural gas use, it also
reduces the use of renewable and nuclear fuels and increases
energy consumption overall. Shortly after 2020, the emissions
reductions achieved by shifting from coal to natural gas are off-
set by the impacts of reduced use of renewables and nuclear
power for electricity generation, and by higher overall levels of
energy consumption.

U.S. Energy Information Administration | Annual Energy Cutlook 2014
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World Shale Resource Assessments
Lastupdated: September 24, 2015

This series of reports provides an initial assessment of world shale cil and shale gas resources. The first edition was
released in 2011 and updates are released on an on-going basis. Four countries were added in 2014: Chad, Kazakhstan,
Oman and the United Arab Emirates (UAE) and are available as supplemental chapters to the 2013 report Technically
Recoverable Shale Oil and Shale Gas Resources.

The most current version of each country chapteris linked in the table of countries below. Archived editions are provided in links
in the sidebar column to the right.

Countries assessed by date

Unproved technically recoverable

wet shale gas tight oil Date
Region Country (trillion cubic feet) {billion barrels) updated
North America
Cargda 572.9 8.8 517113
""""""""""" Mexico T Tsas2 431 EMTM3
T ust T T 6225 T 782 T 4/14115
TAustralia T )
Australia® 429.3 15.6 5/17/13
“South America 7
Argentina . 8015 . 27.0 5113
T Bolja %4 06 5/17/13
T Brazil ... 249 53 5/17/13
ST Chie 485 23 517113
T Colombia ... 547 68 511713
o Pamaguay 783 3.7 BM7TH3
N Uruguay? 4.6 0.6 511713
T Nengzugia T AN A
EasteFﬂ-ét_l}Bpe
] Bulgaria . 166 02 517113
] Lithania/Kaliningrad 24 14 51713
e Poland 1458 18 517113
______ Romania 50.7 03 51713
o Rwssia o aeas 748 573
e Twkey 236 ... AT 5117113 _
Ukraine 127.9 " 14T 5117/13
Western Europe
. DenmarK 3T . 0.0 . 61713
France 136.7 47  5/1713

waweia.g owanalysis/siudiesmorldshalegas/ 12
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1022115 U.8. Energy Information Administration (EIA)
. Germany 007 517113
Netheands 7T 259 29 5(17/13
ST Noway TR 0.0 T 0.0  5M7M3
e Span 84 .01 57113
SO Sweden 98 . 00 . 517113
e ______United Kingdom e 25.8 0.7 SN7/13_
North Africa T ’
L Algeria 789 57 517113
] Eeypt o o.1000 46 .. SI17H3
R Lbya 1216 281 SI7I3
N Mauitania 0.0 . 00 .- S/A7I13
e A Morocco Me . 0.0 SN7113
________________ Tunisia ey 45 573
 WestSahaa T 86 0.2 511713
Sub-Saharan Africa
. Chad 444 162 12/29/14
_ southAfica 389.7 0.0  5/17/13
Asia ,
________________ China 1115.2 322 51713
o ndia %4 38 . 517113
... hdoresia 44 79 817113
ST, Mongolia . 44 34 S/1713
. Pakistan 1052 . 9.1 SM7M3
T Tnailend T 54 0.0 5/17/13
Caspian o
___m__“_Ka_a_z_a_lgi]s_t_a}r_l L 27.5 10.6 12129/14
 Middle East
e dordan . 6.8 . 01 517113
e MmN 483 . 62 12/29/14
________________ United Arab Emirates_ 2063 226 12020114
46 Countries total TR 7,576.6 M89

bbl = barrels; Tef = tiillion cubic feef.

1includes data from U.S. Geological Survey, Assessment of Potential Oil and Gas Resources in Source Rocks of the
Alaska North Slope, Fact Sheet 2012-3013, February 2012.
LS. Energy information Administration, Annual Energy Qutiook 2015 Assumptions Repori. Table 9.3 used for tight oif and

Table 9.2 dry unproved natural gas (shale gas} resource estimate was multiplied by 1.045 so as lo include natural gas plant

liquids for an unproved wet natural gas volume.

2.3Corrected data inaccuracy in EIA/ARI 2013 world shale report. See Attachment A.

wwwela.g ovanalysis/studiesmoridshaleg as/

22
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é//']j—‘a U.S. Energy Information

Administration

Today in Energy

August 20, 2014
Russia-China deal will supply Siberian natural gas to China’s northern,

eastern provinces

Chinese natural gas supply mix (201240}
trillion cubic feet

18 :

16

14

LMG wmparts and
piher canlracts
pipeline imports
from Russia
pipeline imports
from Turkmenistan

domestic production

hina supply Increased Turkmenistan Russia-  Additional China supply
2012 domestic deal China LNG and 2040
production gas deal other e
contracts eia

Source: U.S. Energy Information Administration, International Energy Outlook 2013, IHS Energy, Eastern Bloc
Research
Note: Volumes shown for Russia-China gas deal assume minimal contract abligations. Increases in these volumes will
lessen the amount needed from LNG imports and other contracts.
China's natural gas demand has been growing as the government seeks to move away from coal in favor of cleaner fuels.
According fo EIA's Infernational Energy Outiook 2013 {IEO2013) Reference case, demand will more than triple from 5.2 Tcf

in 2012 to 17.5 Tcf by 2040.

Russia's largest natural gas company, Gazprom, finalized a deal with the Chinese National Petroleum Corporation (CNPC) in
May. Under the first phase of the new 30-year contract, Russia will supply China 38 billion cubic meters {bem), or 1.3 trillion
cubic feet (Tcf), per year of natural gas starting in 2018. Future phases could increase this volume to as much as 60 bom (2.1
Tcf) per year. The contract links the natural gas price to international crude oil prices and operates as a take-or-pay scheme:
the buyer, CNPC, must pay for the contracted natural gas even if it decides not to receive it.

New natural gas production in Russia will mainly come from fields in eastern Siberia, which currently lack export
infrastructure. The planned Power of Siberia pipeline will export gas south to China and east to a liquefied natural gas (LNG)
plant on Russia's east coast.

This contract is Gazprom's largest to date. Gazprom has a monopoly on pipeline natural gas export contracts made by
Russia. The situation differs from that in LNG markets, where other companies such as Rosneft and Novatek may
participate.

China's northern and eastern provinces have growing natural gas demand that cannot be met by existing pipelines or LNG,
and the new Russian natural gas will mostly go to meet demand in these regions. China has also commitied to purchasing 38
bem (1.3 Tef) per year of natural gas from Turkmenistan by 2016, increasing to 65 bem {2.2Tcf) per year by 2020.

http://www.eia.gov/todayinenergy/detail.cfm?id=17631 10/28/2015
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Russia-China deal will supply Siberian natural gas to China’s northern, eastern provinces ... Page 2 of 2

Although China continues to import more LNG, the government is committed to expanding Chinese domestic production,
which increases from 4 Tcf in 2012 to 10 Tcf by 2040 in the IEQ2013 Reference case. Developing China's shale gas
reserves is also an important part of the government's natural gas strategy. According to ElA's assessment of worid shale
gas resources, China has 1,115 Tcf of technically recoverable shale gas. New production along with imports of LNG will meet

rising demand in China's eastern and southern coastal regions.

Selected natural gas infrastructure in eastern Russia

2 s

=me natural gas pipeline
.M oil and natural gas field
© e city eia

& i 5 s H2, i P
Source: U.S. Energy Information Administration, INS Energy, Eastern Bloc Reseeﬁch

g e
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Principal contributor: Alexander Metelitsa

http://www.eia.gov/todayinenergy/detail.cfm?id=17631
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C L IAN.29.2008 12:58PM  US ATTORNEY’S OFFICE

NO. 338 P.7

Defexred Prosecution Agreement Betweoon the United States of America
and

FirstEnargy Nuclear Operating Company

The United States Attomey’s Office for the Northern District of Ohlo end the
Euvironmental Crimes Section of tho Bavironment and Natural Rescurces Division of the
Depumc:ﬂuuoe (collectively the “Department”), on bebalf of the Ugited States of
Americs, avd the FirstBnergy Nuclear Operating Company (“FRNOC™), pursuant to anthority
granted by its Board of Diroctors in the foem of s Board Resolution (Attachment A), hereby enter
ifito this Defiared Prosecution Agreament (the “Agroement™. The United States acknowledges
FENOC’s extensive carrective actions st Davis-Bease Nuoclesr Power Station (“Davis-Besse™),
FENOC's cooperstion during investigations by the Department and the U.S. Nuciear Regulatory
Cammission ("NRC™), FENOC's pladge of continued coaperation, FENOC's acknowledgement
of responsibility for the bebavior of its employees, and its agreament to pay a monetary penalty.

1. FENOC admits that the Department oan prove that ftom September 3, 2001
 through November 28, 2001, FENOC employees, acting on its behal®, knowingly made false
reprosentations 1o the NRC in the courss of attempting fo persuade the NRC that Davis-Besse
waa safe to operate boyond December 31, 2001, aa st forth in detall in'the Statement of Fycts
sttached hereto a5 Attachment B (tho “Statement of Pacts™).

2 mmwmmammmdmnﬁm A portion of this
amount may be directed to & commuuity service peoject, with the agreement of bath parties,
Nmammmuummmmahmmuwmm
a Public Utitity Coinmission rate-making prooeeding,

T OEXHIBIT




L IAN.20.2006 12:SiPM US ATTORMEY’S OFFICE

NO. 338 P.8

Defieral of Rrosecntion

3.  Inocansiderstion of PENOC's entry into this Agreement and its commitment to
() accept xad scknowiedgo responsibility for tis conduct; (b) cooperate with s United Statos
and the NRC as set forth in Parsgraph 9; (¢) make the payment specified in Paragraph 2;
(d) conply with Federal crirninal jaws; xnd (o) otherwise comply with all of the terms of this
Agreament, the Departnent, shsent & material breach of this Agreemsnt, will reftain flom
seeking m indictoent or othaewise initiating criminal prosecttion of FENOC for all conduct
relsted fo the conduct desceibed in the attached Siaterent of Facts.

4  IFENOC materlally breaches its obligations doscribed herein, the Department
may prosecute FENOC ftr any violations Imown to it at that time, including the conduct
described in the Statement of Facts, Dotermination of breach shall be governed by Paragraph 12
of this Agreement.

S.  FENOC agrees that i sy such prosecution the Statement of Facts shall be
admissible in evidence. ‘ |

6. FENOC agrees to toll the rumming of the criminal statnte of limitations during the
tarmn of this Agrecment with respect to all conduct related to the conduot dsscxibed in tho
Statement of Facts. FENOC expreaaly intends and hareby does waive its rights with respect to
that period, including sny right to make & claim premised in the statute of limitations, FENOC
also waives any claim conoerning pre-indictment delsy, inchuding but not limited to, speedy trial
rights under the Sjxth Amendment of the United States Constitution, Title 18 United States
Code, Section 3161, Fodaral Rule of Criminal Procedure 48(b), and any spplicable Locs] Rules
for the period during which this Agreement {8 in effect.
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7.  FENOC agrees to wsive its constitutional right to presentment of an indictment to
a grand juzy, and to allow the United States to procesd aginst it by Sling en Informstion with
regand to all conduct relsted to the condnot desctibed in the Statement of Facts.
8. TENOC agress that it shall not, through its attorneys, agents, ot eamployees, make
any statement, including in litigation, contradicting the Statement of Facts or its representations
in this Agreement. Within 48 hours after reccipt of notice by the Department of such
contradictory statement, FENOC shall repudiate such statement in writing, both to the recipient
. and to the Department. FENOC conseuts to public relesse by the Deputment of such

9. FENOCAss coopersted xnd will continns t coopecats wit the Unied States and
the NRC in all criminal and sdministrative investigations and proceedings related to the conduct
described in the attached Statement of Facta. In any further inquiry, FENOC agroes that ite
 continuing cooperation shall include the Sollowing:
~ 7% 91  FENOCwill completely, trathully snd prompéiy discioes ell infrmation
in its possession related to fhs matters addiressed in the sttached Statement of Facts sbout
which the Departntent and the NRC may inquire, including all infbrmation about the
activities of FENOC, present employees, former employees, consaltants, and agents,
92  FENOC wiil provide the Department and NRC sny inforrnation snd
documents of which it becomes aware that may be ralevant to further criminal and

administrative investigations and proceedings related to the conduct described in the
swm
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93  FENOC agrees to waive claims of attomney work-produst protection by
" providing copies of witness inerview summariss previously disclosed to the United

States fioe inspection in the event that the United States hrings prosecutions of individuals.

Byp:odndn;mhd&hpmmmﬂﬂspmmr_ENOCdmmwmmem

cHent privilege or the work-product protection, of other epplisable privileges s to third

partios.

10, FENOC agrees to endorse any motions filed by the United States secking
disclosure of grand jury materisls to the NRC pursuant to Rule 6(c)(3)X(E) fur the uss of
administrative proceadings. .

Teum of the Agreement

11.  The tam of the Agreement shall commence on the dste of execution and rum
thvough Decwmber 31, 2008.

Breach al the Agreement

12. Mmmmmmmmmmmm
Depsrtment shail provide notice to FENOC of ths basia for that deteemination and allow FENQC
30 days to demonstrate that no breach occurred, that the breach has been cured, or that the breach
does not mezit further action by the Department. If the Department detesmines that FENOC has
materially bresched its obligations under the terms of this Agreement, the Department may file
an Information without prior judiclal approval. FENOC will have no right to seek judicisl action
to enjoin or otherwise prevent the filing of an Information. If criminal prosecution is initiated by
the Departient on the basis of # claimed material breach of this Agresment, FENOC shalf not be

barred from moving to dismiss the action on the groumd that it bas not matexially breached this
Agreement,
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13.  Itisunderstood that this Agreement is binding on the Department, but specifically
does not bind other Federal agancies, stute or local law enfircement agencics, licensing
authorities, or regulatory suthorities, If requested by FENOC, the Department will bring to the
attention of any such agencies the cooperation of FENOC and its compliance with its obligations
wnder this Agroement.

Intesrafion Clanss

14. MAMmmmhm&ﬁmww _
between FENOC sud the United States. No modifications or additions to this Agreement shail
be valid unless they ave in writing snd signed by the parties to this Agreement.

T

By:

Brvironmental Crimes Saction
Environmoent and Natural Resonrces Division

On behalf of the United States of America
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FiestBnergy Nuclesr Opersting Company

76 South Msin Street

Algon, OH 44308

s

William L. Gardner
Morgan, Lewis & Bockins

1111 Pennsylvanis Avenue, NW
Washington, D.C. 20004

On behalf of FENOC

Date of Bxecution: f/f/"
Attackments:

Resolution (Attachment A)
Statesuent of Facts (Attachment B)

NO.338

P.12
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Attachment A

Resolution of ths Board of Directors of PirstEnorgy Nuciesr Operating Company, Inc, (FENOC)

Upon motion duty mads, seconded and unanimously smied by the sifirmative vots of all
the Directors present, the following resolntions wars adopted on November 9, 2005:

WHEREAS, FENOC has beca engaged in discussions with the United States Attorney’s
Office for the Northern District of Ohlo and the Eyvironmentsl Crimes Section of the
of Justice (the “United States™) in connection with m investigation being conducted
by the United States into activitios of FENOC employees and managers who prepared responses
10 ant inquiry by the Nuclear Rognliatory Commission;

WHEREAS, the Board of Directars of FENOC has determined that it is in the best

interests of FENOC to enter into the Defarced Prosecution Agreement that the Bourd of Directors
- hans reviewed with counsel representing FENQC;

NOW, THEREFORE, BE IT RESOLVED that the Board of Directors of FENOC
consents to the resolution of the discussions with the United States by entering into the Deferred

Prosecution Agreement in substantiaily the sams form as reviewed by the Board of Directors and
as attached hersto as Exhibit A; and

BE IT FURTHER RESOLVED that the Board of Directors of FENOC anthorizes
management and counsel representing FENOC to execute the Defiarred Prosecution Agreement
on bebalf of FRNOC md to take sny and all other actions ss may be necessary or appropriate,
aud to approve the farms, teaus, or provisions of any agreements or other documents as may be
wwWhmMMWMWBdemm
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In suppart of a deferred prosecution sgreement, the FirstBnergy Nuclesr Opersting
Company (FENOC), through its board of directars, admits that, for all thnes relevant to the

mmﬁoﬂowhgﬁoumm

1.

FENOC operated the Davis-Besse Nuclesr Power Station an the soutirwesters shore of
Lake Etle in Ohio. FENOC held a license, issued by the Nuslear Regulatory
Commission (NRC) to opernte this pressurized water renctor (FWR). The Davis-Besse
plant used nuclesr fisslon to heat water to spproximately six hundred. degrocs Fabrenheit.
At that temperature, the reactor ccolant water, which was sealod insids a resctor pressure
vessel, reached & pressure of approximately two thousand pounds per square inch, The
reactor coolant was then used to saper-heat steam to dvive eleotricity-genersting turbines,

At Davis-Besse, reactor operators used two systerns io contyol tho rate of fisxion. For
coarse control, they raised or lowered vertical control rods in the reactor core to absarb
the neutrons that drive the fisslon reaction snd reactor power. When the rods were fully
insertod, the fission reaction became non-self-sustsining,. Por fine fisvion and resctor
power control, operatoes also added (or removed) borio acid from the resctor coolant
water. Like the control rods, the botlo acid also absorbed neutrona,

The machinery that raised and lowered the control rods was attached to the reactor vessel
head, which was removed when the resotor was being refucled. Control rod drive
mechanism noxzies penetrated the dome-shaped head and the control rods were raised
and lowered throngh those nozzles, The Davis-Besse reactor vessel ioad had sixty-nine
nozzies. Thess nozzles were numrounded by a large cylindrical service struchins, which
was wolded to the head, Because of this confignration, the only way to inspect the

nozzles at Davis-Besse was by inserting o camera ttrough inspection ports located arotnd
the bottom of the secvice structure.

After many yoars of sazvice, the control rod drive mechanism nozzles could develop
crecks. Alfhough seversl FWR licensoes had formd axial nozale cracks in the eadly
1990s, thsy were of less concern than circumfisrential cracks. In 2001 several PWR
Hoensees found circumferential cracks in their reactoe vessel hoad nozzies,
Circumferential cracks alao oould grow around 8 nozzie over time, If they were not
detected and repsired first, 2 crack could reach a critical size snd allow the complete
break of s nozzle. A broken nozzle could sject from the resstor head, leaving & hole
through which reactor coolant could escape into the containment bullding. PWRs were
designed to withstand such a *loss of coolant sccident™ and to provent off-site
radiological consequences. Nevertheless, such an eveut would stress » plant’s safety
systema.

For several years prior to the summer of 2001, Davis-Besss employees had filed to
properdy implement the plant’s Borla Acid Corrosion Coatrol and Correotive Astion
programs. These programs were designed 1o ensure that Davis-Bosse euployees
wmmmwmmwmmmm
mmmdmmely Sinoe 1996, some Davis-Besse employees kmew fhat boric
wmldmﬁemmwwmwwm Some
Davis-Besse employees aleo knew that the service structure surrounding the reactor

B-1
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Attachment B

pressure veasel head impeded inspection of soma of the nozeles. Inspection and clesning
steps under the Borls Acid Corrosion Control program were not performed properly
during the refusling outages in 1996, 1998, and 2000, Instead, Davis-Besse enginsers
prepared snalyses justifying operation without remaving all of the boric acid.

Tn August 2001, following reports of circumfarential nozzle cracks at several PWRs in
the United States, the NRC issued Bulletin 2001.01. This Bulletin required thes operators
of PWRa, inctuding FENOC, to provids information concsming how the potestial
circumferential cracking of reacior vessel head nozzies was addressed st their plants. The
information each PWR operator was required to provide depended upan soveral factors
discussed in the Bulletin, including whether there was a prior history of nozzle cracking
or leaking st the plant and whethier the plant’s design and operating history made it more
or less susceptibie to nozzle cracking. With regard to Davis-Beass, FENOC was required
to report on (1) the susceptibility of the plant to nozzle cracking, (2) the ateps FENOC
had tajeq to detect it, and (3) FENOC"s plang for inspecting the reactor vessel head
nozzies in the future, Boosuse FENOC did not plen to inspect the Davis-Besss reactor
vessel head for sigus of ceacking by December 31, 2001, the Bulletin required FENOC to
explain how it would still meet specified regulatory requirements during the period of
continued operation untit the inspections were to be performed. Purmmant to section 50.9
of Title 10 of the Code of Federnl Raguiations, all submissions of information to the

NRC, including responses to bullsting, were required to be “complete and accurate in ail
material sespects.” ‘

- At the time the Bulletin was issued, the next refieling outage at Davis-Besse was
scheduled to bejgin in 1ate March 2002, Rescheduling of the refueling outage was
dependent on many factors, incinding delivery date of the new nuclear fuel, aergy
remaining in the used mclear firel within the reactoe, replacement power costs, and
availability of needed contractors and equipment, In the fall of 2001, Davis-Besse
pwsomel had estimated that if the Company had to perform & nozzls inspection amd
refueling outage beginping in Jutusry 2002, then that outage would last 43 days and the
Compazy wonld incor additional expenditures as compared to the schednled 34-duy
reflieling cutage beginning at the end of March 2002. The primary contributor to the
mmhlmmmnpwmmdudnsﬂsﬂmm

anusry,

In September 2001, FENOC amployees at Davis-Beses responded to the Bulletin, Over
the three months that followed, Davis-Besss employees submitted five “Serial Lotters” to
the NRC, responding to the Bulletin, Thess letters wers numbered 2731, 2735, 2741,
2744, aud 2745, In thess letters, Davis-Besas employoes provided technical arguments to
suppart FENOC’s position that it could continnes to operste safely and in complinnce with
NRC regulations untit Maxch of 2002, '

The Serial Letters included ths following false statements:

9.1. A statement in Sexisl Lotter 2731 that “Inspoctions of the [rosctor pressure vessel
head] are performed .., in accordance with [Dsvis-Besse Nusisar Power Station)
procedurs NG-EN-00324, ‘Boric Acid Conrosion Control Program.™ This

B-2
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statement was false. An inspection to determing whether boric acid was causing
comosion was one of the stepe of the Beric Acld Carrosion Control Program. An
enginser who inspected the reactor pressure vessel head in 1996 noted that “steps
cutlined in NG-EN-00324 Rev. 1 (Borlo Acld Corresion Control Program) cannot
be fully implemented” The same engineer reviewad and approved Setial Letter
2731 in the Fall of 2001.

A statement in Serial Letter 27335 that “in 1996, during [the 10th refueling
outage), the entire [reactor pressure vessel] head was inspected.” This statement
was false. In 1996, this same eqgineer conductad a videotaped inspection of the
reactor vessel hoad which demonstrated that restrictions imposed by the location
and size of the inspection ports prevented an inspection of ths entire reactor
preesuro vessel head, n 2001, another enginese reviewed that 1996 videotape,
Both enginecers reviewed and spproved Serial Letter 2735,

A statement in Serisl Lettor 2741 that in the speing of 2000, Davis-Besse

had “performed s heed clesning to allow for a quality [Reactor Pressure
Vessel Head] bare metal visuat inspection in Apsil 2002.” This statemient was
false in that the entire head had not been cleancd. The enginoer who performed
the hezd inspection in 2000 knew that substantial deposits of boric acid had been
left on the head at the end of the 2000 ontage. Other Davis-Besse employees
received a consultant’s letter in September 2001 that described substantial
deposits of boric acid on the conter top area of the head of the reactor. Some of
theeo smployees reviewed and approved Serial Letter 2741,

A stetemnent in Serlsd Yetter 2745 that, “during 10 RFO, in spring of 1996, the
antire head was visible so 100% of the [contyol rod drive mechanism] nozzles
were inspected with the exception of bur nozzles In the center of the head.” This
statement was false for the reasons stated above, at 9.2. Serial Letter 2748
containad a probabilistic risk assesmment purparting to show that Devis-Besse's
core damags frequancy was acceptably low, such that an immediate ingpection
Was TIMecessary. TMMMWMhMm&nmﬂmm
the 1996 inspection was as described. The sugineer who

Imomplmiulpmﬁonlnlmamedlbouu9a)mmdﬂwmof
the probabilistic risic sssesmnent that this assumption was coerect,
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