
PUCO EXHIBIT FILING 

Date of Hearing: /^ l a ^ j ^ i S ^ 

Case No. / ^ - / ^ i 7 - ^ Z ^ S S C 

PUCO Case Caption: 4^^:tl> yW^OG^ ^ - ^ /Xj^^fi^^s^tZ^ 

List of exhibits being filed: \ / A) V\/\/ \ / 

\^3 

yJAJL^UK-̂  C i u ^ " y S j * ^ 6 ^ ^ ^ f ' ^ ^ 

0:6-5 /V^ jg^ / / . ^ ; -7 , \ ^ 
^ ^ C L 

C") 

This i s t o c e r t i f y tihafe the imageg aDnear.incr a re an 
accura te and complete reproduct ion of a ca^e f i l e 
docugtent daXiyaxQd l a txia regular course o£ ^'^^^"-"Qj^-
Technician ^ ^ K ^ Date Proeg^Ga^^d UUI 3 0 2015 

^0 

- i "'"1 
p-o .-n 

c n 

—1 

CD r-̂ . 

—I 

C I 

C D '-'•'•> 

Reporter's Signature:_ 
Date Submitted: /^/g^/^/.-r 



FirstEnergy Volume XXXV 

BEFORE THE PUBLIC UTILITIES COMMISSION OF OHIO 

In the Matter of the 
Application of Ohio Edison 
Company, The Cleveland 
Electric Illuminating 
Company, and The Toledo 
Edison Company for 
Authority to Provide for 
a Standard Service Offer 
Pursuant to R.C. 4928.143 
in the Form of an Electric 
Security Plan. 

Case No. 14-1297-EL-SSO 

PROCEEDINGS 

before Mr. Gregory Price, Ms. Mandy Chiles, and 

Ms. Megan Addison, Attorney Examiners, at the Public 

Utilities Commission of Ohio, 180 East Broad Street, 

Room 11-A, Columbus, Ohio, called at 9:00 a.m. on 

Thursday, October 29, 2015. 

VOLUME XXXV 

ARMSTRONG & OKEY, INC. 
222 East Town Street, Second Floor 

Columbus, Ohio 43215-5201 
(614) 224-9481 - (800) 223-9481 

Fax - (614) 224-5724 

Armstrong & Okey, Inc., Columbus, Ohio (614) 224-9481 



Figure 9 (Corrected) 
EIA Gas Prices-GHG Cases and Wilson Scenarios 

HH Gas Prices Projections 
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10/29/2015 Henry Hub Natural Gas Spot Price (Dollars per Million Btu) 
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2.71 

2.74 

2.76 

2,78 

2.92 

2,86 

3,05 

3,12 

3.13 

3,18 

3.30 

3.49 

3.94 

4.53 

4,23 

4.16 

4,14 

4,44 

4,24 

4.29 

4.07 

3,59 

4,05 

4,48 

4,24 

4.67 

4.61 

4.89 

5.06 

5.24 

5.34 

S.22 

5.10 

5.36 

4.64 

4.40 

4.92 

5.95 

6.30 

5,93 

8.75 

7.80 

9.95 

9.58 

9.7) 

9.91 

7,85 

6.8J 

5,83 

5.67 

5.89 

5,20 

2.18 

2.20 

2.52 

2.42 

2.30 

2,18 

2.29 

2.53 

2,76 

2,85 

2.65 

2.66 

2,52 

2.80 

2.69 

2.84 

2,76 

2.83 

2.98 

3.05 

3.07 

3.06 

3,09 

3,37 

3.73 

4.18 

4,39 

3,96 

4,38 

4,44 

4,25 

4,02 

4.08 

3,86 

3.75 

4.23 

4.43 

4.35 

453 

4,76 

4.85 

5.10 

5,16 

5,20 

5.21 

5.54 

5,04 

4,6! 

4.50 

5,34 

5,94 

6,3! 

848 

7,48 

10,49 

9.22 

9.45 

8.95 

7.09 

6.8! 

5.82 

6.24 

5-35 

5,11 

(Dollars per Million Btu) 

2.16 

2.27 

2.55 

2,19 

2.28 

2.55 

2,84 

2,78 

2.65 

2.65 

2.51 

2.72 

2.81 

2,82 

2.88 

2.99 

3.1! 

3,09 

3.11 

3.33 

3.76 

4,29 

4,21 

4,14 

4,45 

4,42 

4,36 

4,00 

4.17 

3,88 

3.89 

4.25 

4.44 

4.38 

455 

4,70 

4.74 

5.28 

5.16 

5.10 

5.04 

5.43 

4.84 

4.48 

4.64 

5.24 

5.62 

6,53 

8.13 

8.03 

10.48 

10.48 

10,03 

8,75 

7,61 

7-00 

6,76 

6,24 

5.37 

5.03 

4/17 
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2001 Feb-26 to Mar -2 

2001 Mar -5 to Mar -9 

2001 Mar -12 toMar -16 

2001 Mar -19 toMar -23 

2001 Mar-26 to Mar-30 

2001 A p r - 2 to Ap r -6 

2001 A p r - 9 t o A p r - 1 3 

2001 Apr -16 toApr -20 

2C01 Apr-23 to Apr-27 

2001 Apr-30 to May- 4 

2001 May -7 to May-11 

2001 May-14 toMay-18 

2001 May-21 to May-25 

2001 May-28to Jun-1 

2001 Jun -4 to Jun -8 

2001 J u n - l l to Jurv lS 

2001 Jun-18 to Jun-22 

2001 Jun-25toJun-29 

2001 Ju l -2 to Ju l -6 

2001 J u l - 9 t o J u l - 1 3 

2001 Jul-16 to Jul-20 

2001 Jul-23 to Jul-27 

2001 J u l - 3 0 t o A u g - 3 

2001 Aug -6 toAug-10 

2001 Aug-13 toAug-17 

2001 Aug-20 to Aug-24 

2001 AU9-27 l o Aug-31 

2001 Sep -3 to Sep -7 

2001 Sep-10 toSep-14 

2001 Sep-17 toSep-21 

2001 Sep-24 to Sep-28 

2001 Oc t -1 to Oct- 5 

2001 O c t - 8 t o O c t - 1 2 

2001 Oct -15toOct -19 

2001 Oct-22 lo Oct-26 

2001 Oct-29t0 Nov-2 

2001 Nov- 5 to Nov- 9 

2001 Nov-12 toNov-16 

2001 Nov-19 to Nov-23 

2001 Nov-26 to Nov-30 

2001 Dec- 3 to Dec- 7 

2001 Dec-10 toDec-14 

2001 Dec-17toDec-21 

2001 Dec-24 to 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 lo Feb -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 

2(J02Mar-11 toMar-15 

20O2Mar-18toMar-22 

2002 Mar-25 to Mar-29 

2002 Ap r -1 to Apr- 5 

2 0 0 2 A p r - 8 t o A p r - 1 2 

2002 Apr -15 toApr -19 

2002 Apr-22 to Apr-26 

2002 Apr-29 to May- 3 

2002 May -6 to May-10 

5.07 

5.32 

4.98 

5.27 

5.23 

5.25 

5,45 

5.48 

5.09 

4.73 

4.33 

4.38 

4.14 

3.98 

3.91 

3.91 

3,56 

2.92 

3.10 

3,08 

3.02 

3.28 

3.07 

3,00 

3.17 

2.61 

2.38 

2.36 

1.99 

1.74 

2,02 

2.26 

2.61 

3,21 

2,87 

2,45 

2,08 

1.79 

2.10 

2.28 

2.40 

2.40 

2.58 

2.32 

2.03 

2.28 

2.22 

2.40 

2,66 

2,90 

3,15 

3,46 

3,43 

3,36 

3,27 

3,58 

3,44 

3,61 

5,07 

5,27 

5,08 

5.27 

5,47 

5,25 

5.55 

5,36 

5,\3 

4,55 

4,22 

4,46 

4,04 

3,86 

3,93 

4,05 

3,96 

3,46 

3.00 

3,20 

3,14 

3,00 

3.31 

3,16 

3,05 

3.18 

2,57 

2,23 

2.38 

2.18 

1.94 

1.83 

2.11 

2.51 

2.82 

3.11 

2,72 

2.38 

2.55 

1.87 

2.00 

2.58 

2.40 

2.39 

3.32 

3.28 

2.03 

2.28 

2.39 

2.32 

2.46 

2.63 

2.94 

3.33 

3.59 

3.72 

3.23 

3.44 

3.63 

3.65 

3,30 

Henry Hub Natural Gas Spot Price 

5.25 

5.22 

4.99 

5.16 

5.60 

5.24 

5.45 

5.15 

4.98 

4.54 

4,15 

4,46 

4,1! 

3,66 

3,76 

4,13 

3,83 

3,39 

3.2! 

3,15 

3.06 

3.27 

3,1! 

3,15 

3.20 

2.46 

2,34 

2.44 

2.13 

1.88 

1.97 

2.22 

2.6! 

2.67 

3.07 

2.73 

2.29 

1.9! 

2.30 

1.89 

2,57 

2,40 

2.40 

2.55 

2,31 

2.38 

2.28 

2.2S 

2.14 

2.37 

2.41 

2,49 

2,52 

2,97 

3,29 

3,35 

3.68 

3,25 

3.40 

3,53 

3.79 

3.74 

5.25 

5.25 

5.27 

5,16 

5,3! 

5.27 

5.32 

5.06 

4,92 

4,46 

4,!7 

4,20 

4,12 

3.73 

3,68 

3.92 

3,69 

3,20 

3.09 

3,29 

3,01 

3.26 

3.15 

3,10 

3,46 

2.87 

2.47 

2.43 

2,39 

2.06 

1.90 

2.13 

2,41 

2.39 

3.15 

2.99 

2,68 

1.99 

2,19 

1.81 

2,40 

2,40 

2.40 

2,58 

2.32 

2.40 

2.13 

2.28 

3.17 

3.26 

2,40 

2.49 

2.73 

2.78 

3,20 

3,18 

3.56 

3.14 

3.50 

3,46 

3,65 

3,72 

(Dollars 

5.06 

5.13 

5.27 

5,16 

5.35 

5,33 

5,00 

4,83 

4,50 

4.25 

4,15 

3.83 

3.70 

3.62 

3,86 

3.68 

2.91 

2,99 

3,15 

2,97 

3.06 

3,06 

2,99 

3,24 

2.77 

2,15 

2.36 

2,41 

3,04 

1.80 

3.11 

2.28 

2.3! 

3.06 

2,93 

2,6! 

1,69 

1,83 

2.1! 

2,40 

2,40 

2,40 

2,58 

2,32 

2.28 

2,03 

2,28 

2,21 

2,18 

2,40 

2,5! 

2,82 

2,99 

3.57 

3.31 

3.07 

3.40 

3.32 

3.7! 

3.70 

2002 May-13 to May-17 3.62 

h t tp : / /www.e ia .gov/dnav/ng/h is t / rngwhhdd.htm 

3.75 3.60 3,45 3.4! 
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j 2002 May-20 to May-24 

< 2002 May-27 to May-31 

/ 2002 Jun -3 to Jun-7 

1 2002 Jun-10toJun-14 

2002 Jun-17toJun-21 

2002 Jun-24 to Jun-28 

2002 Ju l -1 to Jul- 5 

2 0 0 2 J u l - 8 t o J u l - 1 2 

2002 Jul-15to Jul-19 

2002Ju l -22toJu l -26 

2002 Jul-29 to Aug- 2 

2002 A u g - 5 to Aug -9 

2002Aug-12 toAug-16 

2002ALig-19toAug-23 

2002 Aug-26 to Aug-30 

2002 Sep- 2 to Sep- 6 

I 2 0 0 2 S e p - 9 t o S e p - 1 3 

i 2002Sep-16 toSep-20 

i 2002 Sep-23 to Sep-27 

! 2002 Sep-30 to Oct- 4 

I 2002 Oct- 7 to Oct-11 

j 2002Oct -14 toOct -18 

; 2002Oct-21 toOct-25 

j 2002 Oct-28 to Nov- 1 

' 2002 Nov- 4 to Nov- 8 

2002NOV-11 toNov-15 

j 2002 Nov-18 to Nov-22 

) 2002 Nov-25 to Nov-29 

i 2002 Dec- 2 to Dec- 6 

j 2002 Dec-9 to Dec-13 

j 2002 Dec-16 to Dec-20 

2002 Dec-23 to Dec-27 

2002 Dec-30 to Jan- 3 

2003 Jan-6 to Jan-10 

2003 Jan-13to Jan-17 

2003 Jan-20 to Jan-24 

2003 Jan-27 to Jan-31 

2003 Feb- 3 to Feb- 7 

2003Feb-10 toFeb-14 

2003 Feb-17 to Feb-21 

2003 Feb-24 to Feb-28 

2003 Mar- 3 to Mar- 7 

2003Mar -10 toMar -14 

2003Mar -17 toMar -21 

2003 Mar-24 to Mar-28 

2003 Mar-31 to Apr- 4 

2 0 0 3 A p r - 7 t o A p r - 1 1 

2003 Apr-14 to Apr-13 

2003 Apr-21 to Apr-25 

2003 Apr-28 to May- 2 

2003 May- 5 to May- 9 

2003May-12 toMay-16 

2003 May-19 to May-23 

2003 May-26 to May-30 

2003 Jun -2 to Jun -6 

2003 Jun -9 to Jun-13 

2003 Jun-16 to Jun-20 

2003 Jun-23 f o J u n - 2 r 

2003 Jun-30 to Jul- 4 

2 0 0 3 J u l - 7 t o Jul-11 

2003JUJ-14 toJu l - IS 

2003JUI-21 to Jul-25 

2003 Ju l -26 toAug- 1 

3.44 

3.18 

3.14 

3.34 

3.33 

3.28 

3.06 

2.83 

3.01 

3,07 

2.81 

2,91 

3.10 

3.51 

3.24 

3,45 

3,87 

4,09 

3,77 

4,19 

4.23 

416 

3.94 

3.83 

418 

4,34 

4,23 

4.32 

5,3! 

3.03 

474 

4,94 

5,23 

5,9! 

5,71 

6,35 

11,98 

8.5! 

6,78 

5,32 

5,07 

5.0! 

4,98 

5,29 

5,55 

3.30 

5.36 

5,91 

6,08 

6,22 

6.25 

5.45 

5.89 

5.3! 

5,20 

5,15 

5.11 

4.68 

3.33 

3.18 

3.3! 

3,1! 

3.23 

3.49 

3,17 

2,97 

2,89 

2,95 

2,97 

2.80 

3.0! 

3.25 

3.47 

3.10 

3.35 

3.46 

4.00 

4.4! 

3.86 

4,19 

4.20 

4.20 

3.90 

3,83 

4,25 

4,23 

4,35 

4.40 

5.13 

5.03 

4,59 

4,89 

5,25 

5.47 

3.32 

6,26 

6,19 

6.09 

18.48 

7.71 

6.25 

5.13 

5.07 

4.90 

5.21 

5.53 

5.58 

5,12 

3.64 

5.98 

5.93 

5.84 

6.25 

6.08 

3.66 

5.84 

5.22 

5.40 

5.17 

5.04 

4.72 

Henry Hub Natural Gas Spot Price 

3,39 

3.30 

3,29 

3,15 

3,24 

3.92 

3,08 

3,04 

2,97 

2,9! 

3,02 

2.73 

3.03 

3,22 

3.31 

3.13 

3,33 

3,80 

3,76 

4.27 

3.9! 

4,10 

4.24 

4,34 

3.92 

3,83 

4.27 

4,J9 

4,24 

4,63 

4.98 

5.07 

5.2! 

5.72 

5.6! 

6,32 

6.19 

6,10 

10.47 

7.80 

5.80 

5.20 

4.90 

4.89 

5.11 

5.62 

5.58 

5.25 

5.49 

6.17 

6.08 

5,71 

6,40 

6,06 

5,53 

5,64 

5,05 

5,56 

5,00 

4,88 

4,68 

3.38 

3.33 

3,29 

3,04 

3,33 

3.22 

2,85 

2,85 

3,05 

3,07 

2.75 

2,92 

3.36 

3,25 

3.20 

3,22 

3,90 

3,61 

4.23 

3,93 

4,10 

4.30 

4,39 

3.90 

3,90 

4,24 

4,35 

4,81 

5.14 

4,98 

4,93 

5,05 

3.50 

6.53 

5.76 

6.08 

3.8! 

6.38 

8.42 

7.57 

5.7! 

3,20 

4.87 

4.9! 

5.18 

5,54 

346 

5.32 

5.65 

6,24 

6.09 

5.76 

6,17 

5,86 

5,53 

5,49 

4.96 

5,40 

4.96 

4.86 

4.63 

(Dollars per Million 

3.21 

3.13 

3.11 

3.13 

3,)8 

3.20 

2.87 

2,95 

2,94 

2,90 

2,83 

3,10 

3.48 

3,!2 

3.39 

3,37 

3.93 

3,76 

3.86 

3.80 

4,1! 

4.12 

4.07 

3.76 

3.92 

4,32 

4.39 

5.05 

5.05 

481 

5.13 

5.19 

5.66 

5.9! 

5.58 

6.30 

5.88 

6,73 

10,81 

7.42 

5,17 

5,05 

5,06 

4,86 

5,28 

5,39 

5,24 

5.73 

5,96 

, 5,92 

5.99 

6.25 

5.44 

5.68 

5-19 

5.22 

5.01 

4.68 

4.7! 

2003 Aug- 4 to Aug- S !.8J 4.74 4.S5 5,02 
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2003Aug-11 toAug-15 

2003Aug-18 toAug-22 

2003 Aug-25 to Aug-29 

2003 Sep-1 to Sep- 5 

2 0 0 3 S e p - 8 t o S e p - 1 2 

2003Sep-15 toSep -19 

2003 Sep-22 to Sep-26 

2003 Sep-29 to Oct- 3 

2003 Oc t -6 to Oct-10 

2003Oct -13 toOct -17 

2003 Oct-20 to Oct-24 

2003 Oct-27 to Oct-31 

2003 Nov- 3 to Nov- 7 

2003 Nov-10 to Nov-14 

2003 Nov-17 to Nov-21 

2003 Nov-24 to Nov-28 

2003 Dec-1 to Dec- 5 

2003 Dec-8 to Dec-12 

2003Dec-15 toDec-19 

2003 Decr22 to Dec-26 

2003 Dec-29 to Jan- 2 

2004 Jan- 5 to Jan- 9 

2004 Jan-12to Jan-16 

2004 Jan-19 to Jan-23 

2004 Jan-26 to Jan-30 

2004 Feb- 2 to Feb- 6 

2004 Feb-9 to Feb-13 

2004 Feb-16 to Feb-20 

2004 Fei)-23 to Feb-27 

2004 Mar-1 to Mar -5 

2 0 0 4 M a r - 8 t o M a r - 1 2 

2004Mar -15 toMar -19 

2004 Mar-22 to Mar-26 

2004 Mar-29 to Apr- 2 

2004 Apr- S to Apr- 9 

2004Apr -12 toApr -16 

2004 Apr-19 to Apr-23 

2004 Apr-26 to Apr-30 

2004 May- 3 to May- 7 

2004 May-10 to May-14 

2004 May-17 to May-21 

2004 May-24 to May-28 

2004 May-31 to Jun -4 

2004 J u n - 7 t o Jun-11 

2004 Jun-14 to Jun-18 

2004 Jun-21 to Jun-25 

2004 Jun-28 to Jul- 2 

2004 Jul- 5 to Jul- 9 

2004 Jul-12 to Jul-16 

2004 Jul-19 to Jul-23 

2004Jul-26tQ Jul-30 

2004 Aug- 2 to Aug- 6 

2004 A u g - 9 t o A u g - 1 3 

2004 Aug-16 to Aug-20 

2004 Aug-23 to Aug-27 

2004 Aug-30 to Sep- 3 

2 0 0 4 S e p - 6 t o S e p - 1 0 

2004Sep-13 toSep-17 

2004 Sep-20 to Sep-24 

2004 Sep-27 to Oc t -1 

2004 Oct- 4 to Oct- 8 

2004Oct-11 toOct-15 

2004 Oct-181o Oct-22 

2004 Oct-25 to Oct-29 

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

5.08 

4,94 

3,26 

4,82 

4,66 

4.38 

457 

4,40 

4.96 

4.30 

4.56 

4.12 

4.42 

4.49 

4.57 

5.02 

6.06 

6.63 

6.32 

5.46 

6.28 

6,29 

5.70 

5.51 

5.44 

5.10 

5,17 

5.42 

5,59 

5.46 

3.25 

5,8! 

5,85 

5.57 

5.60 

5.80 

6.14 

6.4! 

6.48 

6.09 

6,15 

6,42 

6.13 

5,95 

5.75 

5.94 

5.86 

5.58 

5.34 

5.34 

5,05 

5,12 

5,22 

5,22 

5,72 

3,63 

3,64 

7,75 

5,06 

4,99 

5.09 

4.62 

4,70 

4.67 

4.5! 

4,66 

4.66 

4.84 

4.64 

4,45 

4,0! 

4,52 

435 

4,49 

5.45 

6,52 

6,58 

5.58 

5,96 

7,04 

6,26 

6.15 

5,87 

5.69 

5.49 

5.43 

5.08 

5.37 

5,34 

5.60 

5.36 

5.40 

5.70 

5.92 

5,46 

5.81 

6.21 

6.24 

6.28 

6,73 

6,45 

6,19 

6.33 

6.29 

6,02 

6,16 

5,85 

5,80 

5.87 

5,77 

5,78 

5,27 

5,23 

5,04 

4,4! 

5,15 

5.43 

5,45 

6.07 

5,63 

6,13 

7,78 

5,17 

5,03 

5,11 

4,68 

4,78 

4,61 

4,58 

4,47 

4,84 

4,93 

4.89 

4.51 

4,46 

4,77 

4,46 

4,86 

5.45 

6,67 

6.56 

5,50 

5,76 

6,61 

5,73 

6.26 

6.04 

5,74 

5,34 

5.33 

5,10 

5,34 

5.33 

5,6! 

5,35 

5,63 

5,76 

5.73 

5,52 

5,80 

6,09 

6.41 

6.18 

6.70 

6.51 

6,04 

6,38 

6,30 

6,03 

6,27 

5.91 

5,90 

5.77 

5.70 

5,64 

5.36 

5.32 

5,02 

4.69 

5-17 

5.38 

6.26 

6.00 

3,38 

7,27 

8.!2 

5.10 

5.14 

4.94 

4.70 

4.85 

4,52 

4,55 

4,42 

4,78 

4,92 

4,90 

4,40 

4.74 

4,60 

4,35 

5,70 

6,36 

6,98 

6,4! 

6.02 

6.03 

5.99 

5.54 

5.35 

5.28 

5.13 

3,17 

5,33 

5,63 

5,22 

5.82 

5.84 

5,68 

5.59 

5.78 

6,22 

6,42 

6,44 

6.51 

6,44 

6.00 

6,57 

6,41 

5,95 

6.19 

5.92 

5.85 

5,93 

5,54 

3,46 

5.34 

5,19 

4.75 

4,57 

4,82 

5.58 

6.36 

6.24 

3.76 

7,33 

6.80 

4.83 

5.24 

4.86 

4,76 

4,66 

4,33 

4,42 

4,34 

4,92 

4,53 

4,78 

3.98 

4,48 

4.62 

4.15 

6.27 

6,73 

6,92 

6,9! 

5,43 

3,82 

5,80 

5,38 

5,62 

5,19 

5,27 

5,32 

5,52 

5.49 

5,16 

5,69 

5.62 

5.53 

5,81 

6,18 

6,43 

6,35 

6,45 

6,15 

6.48 

6.28 

5,88 

5,89 

5,77 

5,98 

6.03 

5.42 

5.27 

5.39 

5.05 

432 

4.57 

4.95 

5.4! 

538 

5.59 

5.64 

7,11 

6,43 
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2004 Nov- 1 to Nov- 5 

2004 Nov- 8 to Nov-12 

1 2004 Nov-15to Nov-19 

) 2004 Nov-22 to Nov-26 

2004 Nov-29 to Dec- 3 

2004 Dec-6 to Dec-10 

2004 Dec-13toDec-17 

{ 2004 Dec-2Q to Dec-24 

', 2004 Dec-2? to Dec-31 

1 2005 Jan- 3 to Jan- 7 

12005 Jan-10 to Jan-14 

2005 Jan-17 to Jan-21 

12005 Jan-24 to Jan-28 

j 2005 Jan-31 to Feb-4 

)2005 Feb-7 to Feb-11 

'j2005 Feb-14to Feb-18 

i2005 Feb-21 to Feb-25 

2005 Feb-28 to Mar- 4 

: 2005 Mar- 7 to Mar-11 

i 2005Mar -14 toMar -18 

j 2005 Mar-21 to Mar-25 

i 2005 Mar-28 to A p r - 1 

2005 Apr- 4 to Apr- 8 

1 2005 Apr-11 to Apr-15 

) 2005 Apr-18 to Apr-22 

2005 Apr-25 to Apr-29 

2005 May- 2 to May- 6 

2005 May- 9 to May-13 

2005 May-15 to May-20 

2005 May-23 to May-27 

, 2005 May-30 to Jun -3 

|2005 Jun-6 to Jun-10 
J 

J2005 Jun-13 to Jun-17 

i 2005 Jun-20 to Jun-24 

2005 Jun-27 io Ju l -1 

j 2005 Jul- 4 to Jul- 8 

{ 2005 Jul-11 to JuI-15 

/ 2005 Ju l -18to Jul-22 

{ 2005 Jul-25 to Jul-29 

1 2005 A u g - 1 to A u g - 5 

!' 2005 A u g - 8 to Aug-12 

I 2005Aug-15 toAug-19 

! 2005 Aug-22 to Aug-26 

2005 Aug-29 to Sep -2 

, 2005 Sep- 5 to Sep- 9 

(' 2005Sep-12 toSep-16 

j 2005 Sep-19 to Sep-23 

j 2005 Oct- 3 to Oct- 7 

\ 2005 Oct-10 to Oct-14 

i 2005 Oct-1? to Oct-21 

,j 2005 Oct-24 to Oct-28 

i 2005 Oct-31 to Nov-4 

1 2005 Nov- 7 to Nov-11 

'( 2 0 0 5 N o v - l 4 t o N o v - 1 8 

! 2005 Nov-21 to Nov-25 

\ 2005 Nov-28 to Dec-2 

j 2005 Dec- 5 to Dec- 9 

! 2005 Dec-12 to Dec-16 

2005 Dec-19 to Dec-23 

2005 Dec-26 to Dec-30 

2006 Jan- 2 to Jan- 6 

2 0 0 6 J a n - 9 t o Jan-13 

2006 Jan - IS to Jan-20 

2006 Jan-23 to Jan-27 

6,98 

6.62 

6.02 

5,24 

6.76 

6,05 

6,89 

7,14 

6,57 

5,53 

6.2! 

6.41 

6,14 

6.02 

5.95 

6.62 

6,66 

6,86 

7,16 

6.94 

7,80 

717 

6,95 

7.27 

6,50 

6.56 

6,45 

6,33 

7,05 

7,08 

7,80 

7,29 

7.35 

7.77 

7.38 

8,03 

8,93 

9,53 

9,44 

9.86 

10,68 

11,99 

13,29 

13,89 

12,95 

12.18 

8.77 

9,15 

10.48 

11,01 

1427 

14.82 

13.73 

8.79 

8.29 

6.88 

5.79 

6.57 

5.24 

6.79 

6.03 

7,10 

6.83 

6,27 

5,7! 

5,96 

6,69 

6,44 

6,28 

5,95 

6,0! 

5,92 

6.63 

6.81 

7.16 

7,24 

6,93 

7,44 

7.34 

6.95 

7,08 

6,6! 

6,67 

6.4! 

6.45 

6.31 

7,13 

7.32 

7.46 

7.04 

7,38 

7,79 

7,70 

7,45 

8,38 

8,70 

9.66 

9.96 

12.36 

11.56 

10.7! 

12.76 

13.67 

13.41 

13.90 

10.80 

9,15 

9.21 

11.15 

11.17 

13.57 

15.39 

13,79 

10,22 

9,90 

8,60 

8,82 

8.27 

Henry H u b Natural Gas Spot Price (Dol lars 

7.25 

6.12 

6,06 

5,01 

6,78 

5,98 

7.04 

7,05 

6.18 

5.84 

5.89 

6,19 

6.44 

6.38 

6,20 

6,10 

6.02 

6,6! 

6,99 

7,08 

7,11 

7.18 

7,46 

7.07 

7,10 

7.10 

6.49 

6,63 

6,50 

6,33 

6,36 

7,22 

7,39 

7,39 

7,08 

7,69 

7,78 

7.75 

7.52 

8,75 

8.82 

9,99 

10,02 

12.69 

11.03 

10,80 

14,26 

13.77 

13.52 

14.68 

10.85 

9.31 

11,03 

11,02 

11.73 

13.93 

14.81 

13,56 

9-90 

9,25 

8,55 

8.86 

8,50 

7,40 

6.19 

5,59 

6,69 

6.04 

6.88 

6.98 

6.02 

5.79 

6.06 

6.27 

6.50 

6,32 

6,2! 

6,05 

6,33 

6,7! 

6,91 

7.25 

7,07 

7,46 

7,50 

7.02 

6.93 

6,67 

6,65 

6,62 

6.39 

6.30 

6.63 

7,05 

7,4! 

7.5! 

7.0! 

7.62 

7,99 

7,64 

7,69 

8,55 

9,29 

9.38 

9.77 

11.36 

10.92 

11.24 

14.84 

13.48 

13.24 

13.90 

10.79 

9.66 

11.92 

12,58 

14.25 

14,07 

13,03 

10,07 

9,24 

8,70 

8.21 

7,86 

6,08 

5,90 

4,81 

6.04 

6.29 

7.36 

5.83 

6.45 

6,43 

6,23 

6 12 

6,02 

5,88 

6 34 

6.5! 

6,73 

7,12 

757 

7,26 

6,95 

7,06 

6.64 

6.67 

6.47 

6.36 

6.22 

6.65 

7.09 

7.61 

7.45 

7.0! 

7.87 

8.02 

7,4! 

776 

8,60 

9.39 

9,09 

9,86 

11.73 

11.03 

11.25 

13.67 

12.80 

12,73 

13.10 

9.67 

9.20 

10.01 

12.95 

15.02 

13,36 

11,17 

9,52 

9,30 

8,50 

8.80 

8,19 
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2006 Jan-30 to Feb- 3 

2006 Feb-6 to Feb-10 

2006 Feb-13 to Feb-17 

2006 Feb-20 to Feb-24 

2Q0Q Feb-27 to Mar- 3 

2006 Mar -6 to Mar-10 

2006Mar -13 toMar -17 

2006 Mar-20 to Mar-24 

2006 Mar-27 to Mar-31 

2006 Apr- 3 to Apr- 7 

2006Apr -10 toApr -14 

2006 Apr-17 to Apr-21 

2006 Apr-24 to Apr-28 

2006 May-1 to May- 6 

2 0 0 6 M a y - 8 t o M a y - 1 2 

2006 May-15 to May-19 

2006 May-22 to May-26 

2006 May-29 to Jun- 2 

2006 Jun- 5 to Jun- 9 

2006 Jun-12 to Jun-16 

2006 Jun-19 to Jun-23 

2006 Jun-26 to Jun-30 

2006 Jul- 3 to Jul- 7 

2006 Jul-10 to Jul-14 

2006Ju l -17 toJu l -21 

2006 Jul-24 to Jul-28 

2006 Jul-31 to A u g - 4 

2006 A u g - 7 to Aug-11 

2006Aug-14 toAug-18 

2006 Aug-21 to Aug-25 

2006 Aug-28 to Sep-1 

2006 Sep- 4 to Sep- 8 

2006 Sep-11 to Sep-15 

2006 Sep-18 to Sep-22 

2006 Sep-25 to Sep-29 

2006 Oct- 2 to Oct- 6 

2006 Oct -9 to Oct-13 

2006 Oct-16 to Oct-20 

2006 Oct-23 to Oct-27 

2006 Oct-30 to Nov- 3 

2006 Nov-6 to Nov-10 

2006Nov-13 toNov -17 

2006 Nov-20 to Nov-24 

2006 N D V - 2 7 to Dec-1 

2006 Dec- 4 to Dec- 8 

2006 Dec-11 toDeo-15 

2006Dec - i a toDec-22 

2006 Dec-25 to Dec-29 

2007 Jan -1 to Jan- 5 

2007 Jan -8 to Jan-12 

2007 Jan-15 to Jan-19 

2007 Jan-22 to Jan-26 

2007 Jan-29 to Feb- 2 

2007 Feb- 5 to Feb- 9 

2007 Feb-12 to Feb-16 

2D07Feb-19toFeb-23 

2007 Feb-26 to Mar- 2 

2007 Mar- 5 to Mar- 9 

2D07Mar-12toMar-16 

2007Mar -19 toMar -23 

2007 Mar-26 to Mar-30 

2007 Apr- 2 to Apr- 6 

2007 Apr -9 to Apr-13 

2007Apr -16 toApr -20 

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

8.36 

8.24 

7.36 

6.97 

6,50 

6.77 

7,00 

703 

7.08 

6.83 

7.22 

7.73 

6.53 

6.54 

5.92 

5,91 

6.40 

6.02 

6.7! 

5.89 

5,32 

6.27 

6.33 

8,04 

6.97 

6.89 

6,72 

6,5 i 

5.29 

5,02 

431 

411 

5,06 

5,13 

7.29 

6.99 

6.72 

7.26 

7,79 

758 

7.84 

6.81 

6.62 

6,02 

7.20 

7.35 

9.14 

7.78 

7.73 

736 

6.8! 

6.70 

715 

7.62 

7.65 

7.66 

8.73 

7.74 

7,03 

7.40 

6.69 

6.53 

7,15 

6.83 

7.15 

7,04 

6.99 

7,60 

7,37 

6,68 

6,55 

5,99 

6,27 

6.20 

6,16 

5,95 

6,62 

5,97 

5,51 

6,02 

6.78 

8,66 

7,06 

6,90 

6,86 

6,24 

5,45 

5,57 

4,99 

4,36 

4.0! 

5,16 

6,26 

7,13 

6,64 

6,59 

7,42 

7,57 

7.6! 

7,32 

6,93 

6,27 

5,72 

5.40 

6,15 

6,82 

7,53 

732 

8,29 

8,09 

734 

7,44 

7,55 

6-78 

6,8! 

7,15 

7,57 

7.63 

7.50 

8,71 

7.88 

7.31 

7.55 

6,62 

6.47 

7.10 

7,06 

716 

6,89 

6,78 

7.72 

717 

6.56 

6,50 

6,13 

6,01 

3,97 

5,82 

6.08 

6,50 

6.04 

5,70 

5,66 

5,89 

6.71 

8.65 

7,60 

7.01 

7,\9 

6,40 

5,70 

5,40 

4,87 

4,35 

4.38 

5.66 

6,07 

7,20 

715 

7,39 

7,45 

7,42 

7.74 

7,32 

7,21 

6.43 

5,54 

5,47 

6,42 

6.57 

758 

7,76 

7.90 

8,90 

7,5! 

7,23 

750 

6,86 

6,82 

7,47 

7.46 

7,97 

7,54 

8,01 

755 

7,16 

7.23 

6,69 

6,31 

7.12 

7.16 

719 

7.06 

6.64 

7.93 

6.94 

6.47 

6,80 

5.79 

5,85 

6,25 

5.84 

6.43 

6,51 

6,09 

5,28 

5,92 

6,14 

7.03 

7,61 

7,95 

6.73 

7,22 

5,80 

5,64 

5,09 

4,65 

4,15 

4.69 

5,17 

6,77 

7,9! 

7,32 

7,35 

7,59 

8,32 

7,61 

7,26 

6.09 

5,63 

5,60 

6,09 

6.29 

7,18 

7,93 

8.06 

8,91 

7,47 

7,07 

714 

7.02 

7.07 

7.34 

7.53 

7.95 

7.54 

8,01 

7,57 

739 

7.39 

6,59 

6,40 

7,17 

7,43 

6,98 

6.8! 

7,65 

6,64 

6,80 

6,35 

3,77 

5,78 

6.23 

6,10 

7,03 

6,14 

5,84 

5,18 

6,28 

3.90 

7,24 

7,44 

7,56 

6,66 

7,48 

5,24 

5,31 

4.40 

4,47 

3,66 

4.4! 

430 

6.88 

7.4! 

7,43 

716 

7.23 

8,42 

7,45 

6,82 

5,88 

5.50 

5,52 

5,97 

6,40 

6.93 

8,17 

8,16 

8.45 

753 

7,22 

7,03 

6,84 

7,16 

7,50 

7,93 

7,32 
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l ( | / 29 /20 i5 

2007 Apr-23 to Apr-27 

i2007 Apr-30 to May- 4 

12007 May-7 to May-11 

j2007 May-14 to May-18 

\2007 May-21 to May-25 

12007 May-28 to Jun-1 

J2Q07 J u n - 4 t o J u n - 8 

I 2007 Jun-11 toJun-15 

12007 Jun-18 to Jun-22 
i 

12007 Jun-25 to Jun-29 

12007 Ju l -2 to Ju l -6 

|2Q07 J u l - 9 t o J u l . 1 3 

! 2007 Jui-16 to Jul-20 

i 20O7 Jul-23 to Jul-27 

12007 Jul-30 to A u g - 3 

12007 Aug -6 to Aug-10 

12007 A u g - l 3 t o A u g - 1 7 

12007 Aug-20 to Aug-24 

12t)07 Aug-27 to Aug-31 

j 2 t ) 0 7 S e p - 3 t o S e p - 7 

i2007Sep-10 toSep-14 

( 2 0 0 7 S e p - l 7 t o S e p - 2 1 

I 2007 Sep-24 to Sep-28 

{ 2007 Oc t -1 to Oct- 5 

,1 2007 Oct- 8 to Oct-12 

I 2 f )07Oct-15toOct -19 

! 2007 Oct-22 to Oct-26 

j 2007 Oct-29 to Nov -2 

! 2007 Nov-5 to Nov -9 

2D07 Nov-12 to Nov-16 

j 2D07 Nov-19 to Nov-23 

I 2007 Nov-26 to Nov-30 

I 2007 Dec- 3 to Dec- 7 

•j 2007 Dec-10 to Dec-14 

i 2007 Dec-17toDec-21 

i 2007 Dec-24 to Dec-28 

j 2007 Dec-31 to Jan -4 

! 2008 Jan-7 to Jan-11 

I 2008 Jan-14 to Jan-18 

i 2008 Jan-21 to Jan-25 

' 2008 Jan-2S to Feb -1 

j 2008 Feb- 4 to Feb- 8 

i 2008 Feb-11 to Feb-15 

i 2008 Feb-18 to Feb-22 

i 2008 Feb-25 to Feb-29 

j 2008 Mar- 3 to Mar- 7 

j 2008Mar -10 toMar -14 

j 2008 Mar-17 to Mar-21 

i 2008 Mar-24 to Mar-28 

! 2008 Mar-31 to A p r - 4 

i 2008 Apr- 7 to Apr-11 

I 2008 Apr-14 to Apr-18 

I 2008 Apr-21 to Apr-25 

I 2008 Apr-28 to May -2 

i 2008 May- 5 to May- 9 

I 2008May-12 toMay-16 

i 2008 May-19 to May-23 

I 2008 May-26 to May-30 

j 2008 Jun- 2 to Jun- 6 

I 2008 Jun-9 to Jun-13 

1 2008 Jun-16 to Jun-20 

I 2008 Jun-23 to Jun-27 

\ 2008 Jun-30 to Ju l -4 

I 2008 Ju l -7 to Jul-11 

i 2008Ju l -14toJu! -18 
1 

/ 'ht tp: / /www.eia.gov/dnav/ni 

7.24 

7.7! 

7.69 

7,85 

7,66 

7,73 

7,42 

7,69 

6,77 

6,24 

6,39 

6.33 

6.00 

6.3! 

6,10 

715 

6.47 

5,34 

5.56 

6.38 

6.13 

6.07 

6,69 

7,09 

6.63 

6,66 

6,7! 

6.83 

7.38 

753 

6,97 

6.98 

7,06 

7,03 

7,11 

7,6! 

8.45 

7,S7 

7.56 

8.38 

9,15 

9,07 

9.39 

9,59 

8,99 

9,86 

9,48 

10,03 

10.50 

10.95 

10.77 

11.38 

11.10 

11.80 

13.7! 

12.73 

12,92 

13.19 

12.96 

!i,58 

;/hist/rngwhhdd,htm 

757 

7.64 

7.50 

7,68 

7,60 

75] 

7,83 

7.45 

7,46 

6,S5 

6.37 

6.44 

6.34 

5,66 

6.53 

6.38 

6.86 

5.92 

5.56 

5.30 

5.98 

6.42 

6.54 

6.55 

6.63 

7.29 

6.30 

6.99 

7.20 

7.22 

6.81 

7.42 

7.27 

712 

7,16 

7,59 

8,43 

7,97 

S,JO 

7.80 

8.37 

8.9! 

9,21 

9,2] 

9.85 

9.10 

9,28 

9,92 

9,78 

10,16 

10,56 

10,94 

11,09 

11.18 

10,94 

11,85 

12,27 

12.72 

12,87 

12.96 

13.28 

12.47 

11.79 

Henrj' Hub Natural Gas Spot Price (Dollars per Million Btu) 

7.60 

7.64 

7.46 

7.62 

7.5! 

7,7] 

7,83 

7,60 

7,39 

6.74 

6,66 

6.33 

5.56 

6,19 

6,24 

7,30 

3.84 

5,64 

5,80 

6,13 

6,25 

6.47 

6,96 

6,79 

7,12 

6.11 

7,28 

7,42 

7.28 

6.67 

7.5! 

7.04 

7,22 

7,18 

6,94 

7,83 

7.89 

8,23 

7,84 

8,17 

7.94 

8,35 

9,08 

9.2! 

9.37 

9.69 

9,11 

9,23 

9.60 

9.88 

10.11 

10.33 

10.81 

11.08 

11,52 

11.40 

11.60 

12.17 

12.49 

12.93 

12.76 

13.31 

12.10 

11,15 

7,56 

7,58 

7.63 

7.69 

7,56 

7,80 

7,89 

7,48 

7,24 

6,79 

6.30 

6.26 

6.50 

5, S3 

6,34 

6,45 

6,96 

5.73 

5.54 

6,02 

6.27 

6.02 

6.38 

6.9! 

6.85 

7,11 

6.49 

7,09 

6,81 

7.35 

745 

7,29 

7,46 

719 

6,80 

7.84 

7.96 

8.10 

7.85 

S.JO 

7.99 

8.50 

8.90 

9.1! 

9,70 

9,74 

8,54 

9.30 

9.68 

10.18 

10.27 

10.58 

10,66 

11,33 

11,41 

11,57 

11,81 

12,49 

12.31 

13.09 

12.70 

13.00 

11.83 

11.43 

7.44 

7.82 

7.53 

7,87 

7,47 

757 

7,52 

7,58 

7,04 

6,40 

6.13 

6,27 

6.46 

5,77 

6,1! 

6.57 

7.14 

5.69 

5.49 

5,53 

6.23 

5.96 

6.13 

6.77 

6.46 

6.9! 

6,43 

6,63 

6,59 

7.29 

6,67 

7.29 

7.04 

7.09 

7.03 

7.1! 

7,51 

8.13 

8.42 

780 

7SS 

8.06 

8.73 

8.65 

9.10 

9.82 

9.84 

9.36 

9,36 

10.07 

10.08 

10.72 

10.37 

11.29 

11.31 

11,56 

11.43 

127! 

12.51 

12.76 

13.10 

12.15 

10.54 
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2008Jul-21 to Jul-25 

2008 Jul-28 to A u g - 1 

2008 A u g - 4 to A u g - 8 

2008 Aug-11 to Aug-15 

2008 Aug-18to Aug-22 

2008 Aug-25 to Aug-29 

2008 S e p - 1 to Sep- 5 

2008 Sep -8 to Sep-12 

2008Sep-15 toSep-19 

2008 Sep-22 to Sep-26 

2008 Sep-29 to Oct- 3 

2 0 0 8 O c t - 6 t o O c t - 1 0 

2008Oct -13 toOct -17 

2008 Oct-20 to Oct-24 

2008 Oct-27 to Oct-31 

2008 Nov-3 to Nov -7 

2008Nov-10 toNov -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-29 to Jan- 2 

2009 Jan- 5 to Jan- 9 

2009 Jan-12 to Jan-16 

2009 Jan-19 to 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- 6 

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 A p r - 6 to Apr-10 

2009 Apr -13to Apr-17 

2009 Apr-20 to Apr-24 

2009 Apr-27 to May-1 

2009 May- 4 to May- 8 

2009May-11 to May-15 

2009 May-18 to May-22 

2009 May-25 to May-29 

2009 Jun-1 to J u n - 5 

2009 Jun -8 to Jun-12 

2009 Jun-15to Jun-19 

2009 Jun-22 to Jun-26 

2009Jun-29 to Ju l -3 

2 0 0 9 J u l - 6 t o JuI-10 

2009Ju l -13 toJu l -17 

2009 Jul-20 to Jul-24 

2009 Jul-27 to Jul-31 

2009 A u g - 3 to A u g - 7 

2009Aug-10 toAug-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 

2009Sep-14 toSep-18 

2009Sep-21 to Sep-25 

2009 Sep-28 to Oct- 2 

2009 Oct- 5 to Oct- 9 

10.58 

9.26 

9.20 

8.18 

7.74 

7.63 

768 

8,02 

7,66 

713 

6,87 

6,62 

6,98 

6,27 

6,45 

7,07 

6,55 

6.83 

6.48 

5.73 

5.75 

5,39 

5,81 

5.83 

5,59 

4.62 

4,48 

4.76 

423 

4.36 

3.86 

3.78 

4.17 

3.63 

3.74 

3,46 

3.53 

3,19 

3.47 

4.34 

4.02 

3.86 

3.53 

3.80 

4.01 

3.88 

3.34 

3,17 

3.49 

3.46 

3.43 

3.55 

3.11 

3,69 

2,42 

2,84 

3.35 

3.54 

2.89 

10.16 

9.17 

8.66 

8.23 

7.73 

8,02 

8,24 

7,28 

776 

7,84 

7,17 

6,74 

6,74 

6,76 

6.40 

6,79 

7,02 

6.74 

6.71 

6.68 

5.57 

5.75 

5.37 

5.7! 

6,10 

5,70 

4.86 

4,76 

5,04 

4.84 

4.35 

4.2! 

4.43 

3.88 

3,78 

4.13 

3,58 

3,60 

3,59 

3,43 

3,29 

3,62 

4,4! 

3,99 

3.35 

4,05 

3.53 

4.16 

3,91 

3,72 

3,30 

3,29 

3.48 

3,49 

3,53 

3.54 

3-12 

2.85 

2.36 

2.43 

3.2! 

3,37 

3,30 

3,23 

Henry H u b Natural G 

9.88 

9.0! 

8.70 

8,11 

8.02 

8.54 

7.26 

7,65 

7,72 

8,13 

7,41 

6,58 

6.64 

6,94 

6.58 

6.94 

6,65 

6,76 

6,43 

6,48 

3,67 

3,79 

5,44 

5,63 

5.89 

5.47 

487 

4.84 

5.0! 

4,68 

4,35 

4.20 

4,23 

3,92 

3,75 

413 

3,56 

3,50 

3,60 

3,48 

3,43 

3,67 

4,42 

3,75 

3,49 

3.81 

3,56 

3,99 

3,80 

3,63 

3,22 

3,37 

3,49 

3,41 

3.61 

3,36 

3.03 

2,76 

2,25 

2,72 

3,28 

3,43 

3.25 

3.70 

as Spot Price (Dol lars per M i l l i o n Btu) 

9.70 

9,26 

8,77 

8,15 

8,04 

8,36 

7.24 

7.83 

8,26 

7,63 

7,64 

6,69 

6,65 

6,77 

6,75 

7.04 

6.3! 

6,76 

6,55 

5,86 

5,63 

3.96 

3.27 

4,72 

4.71 

4.84 

473 

4.46 

4.08 

4.22 

3.87 

3.68 

4.16 

3.69 

3.59 

3,54 

3,46 

3,25 

3,96 

4.10 

3.77 

3.55 

3,38 

3,5! 

4,19 

3,82 

3,49 

3,36 

3,21 

3.66 

3.34 

3,78 

3,34 

3,03 

2,76 

2,06 

2.68 

3.30 

3.56 

2.91 

4.24 

9.34 

9.05 

8.22 

7.82 

7.98 

8.24 

7.40 

8.02 

7.79 

7,42 

716 

6,52 

6,76 

6.29 

6.18 

6.60 

6.33 

6.56 

6,43 

3,99 

5,56 

3.66 

5,44 

5,41 

5,60 

5,09 

4,75 

4,77 

4,67 

4,60 

4.2! 

4.04 

3.93 

3,90 

3.99 

3.73 

3,66 

3.47 

3,3! 

3.30 

4.16 

4.05 

3,4! 

3,92 

3,51 

3,54 

4.04 

3,8! 

3,24 

3,39 

3,37 

3,34 

3,57 

3,18 

2,78 

2.52 

1.83 

2,94 

3,2! 

3,6! 

2,32 

3,92 
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lp/29/20I5 
!2009Oct-12 to Oct-16 

12009 Oct-19 to Oct-23 

j 2009 Oct-26 to Oct-30 

: 2009 Nov- 2 to Nov- 6 

2009 Nov- 9 to Nov-13 

2009 Nov-16 to Nov-20 

] 2009 Nov-23 to Nov-27 

! 2009 Nov-30 to Dec-4 

2009 Dec- 7 to Dec-11 

j 2009Dec-14 toDec-18 

j 2009 Dec-21 to Dec-25 

I 2009 Dec-28 to Jan-1 

j 2010 Jan -4 to Jan-8 

2010 Jan-11-to Jan-15 

j 2010 Jan-18 to Jan-22 

j 2010 Jan-25 to Jan-29 

I 2010 Feb-1 to Feb-5 

j 2010 Feb-8 to Feb-12 

I 2010Feb-15 toFeb-19 

j 2010 Feb-22 to Feb-26 
I 

(2010 Mar-1 to Mar -5 

i 2 0 1 0 M a r - 8 t o M a r - 1 2 

; 2010Mar -15 toMar -19 

I 2010 Mar-22 to Mar-26 

I 2010 Mar-29 to Ap r -2 

2 0 1 0 A p r - 5 t o A p r - 9 

2010Apr -12 toApr -16 

2010 Apr-19 to Apr-23 

2010 Apr-26 to Apr-30 

,12010 May-3 to May-7 

2010May-10 to May-14 

j 2010 May-17 to May-21 

I 2010 May-24 to May-28 

2010 May-31 to Jun-4 

2010 Jun-7 to Jun-11 

2010Jun-14tO Jun-18 

2010Jun-21 to Jun-25 

2010 Jun-28 to Ju l -2 

2010 Ju l -5 to Ju l -9 

2010 Jul-12 to Jul-16 

2010 Jul-19 to Jul-23 

2010 Jul-26 to Jul-30 

2010 Aug- 2 to A u g - 6 

2010 Aug -9 to Aug-13 

2010 Aug-16 to Aug-20 

2010 Aug-23 to Aug-27 

2010 Aug-30 to Sep -3 

2 0 1 0 S e p - 6 t o S e p - 1 0 

2010Sep-13 toSep-17 

2010 Sep-20 to Sep-24 

2010 Sep-27 to Oc t -1 

2010 Oct -4 to Oc t -8 

2010Oct-11 toOct-15 

2010 Oct-18 to Oct-22 

2010 Oct-25 to Oct-29 

2010 Nov-1 to Nov-5 

2010 Nov-8 to Nov-12 

2010 Nov-15 to Nov-19 

2010 Nov-22 to Nov-25 

2010 Nov-29 to Dec -3 

2010 Dec-6 to Dec-10 

2010Dec-13 toDec-17 

2010 Dec-20 to Dec-24 

; 2010 Dec-27 to Dec-31 

j 2011 Jan-3 to Jan -7 

ittp://www.eia.gov/dnav/ng/hist/mgwhhdd,htm 

3,96 

4,22 

4.52 

432 

3,78 

2,65 

3,79 

4,41 

4,78 

5.4! 

5.79 

5,91 

6.09 

5,77 

3,76 

5,30 

5,73 

4.92 

4.83 

4.47 

429 

4.03 

3.83 

3,93 

4,04 

4.02 

433 

3,86 

4.08 

4.34 

4.08 

4,67 

4,94 

5,13 

4,83 

4,43 

4,56 

4,65 

4,94 

4.52 

437 

412 

3,77 

3,83 

4.0! 

3.80 

3.56 

3.43 

3,36 

3,18 

3.42 

3,49 

3,56 

4,02 

412 

4,47 

455 

4,10 

4,05 

4,54 

4,03 

4,60 

4.32 

4-33 

3,76 

3,47 

3,63 

4,30 

5,10 

3,53 

3,56 

6,01 

6,19 

5,57 

5.5! 

5.61 

5,47 

5.54 

5.65 

4.9! 

4,78 

4.5! 

4.38 

4.08 

3.79 

4,16 

3,97 

3,93 

4.18 

3,96 

4,13 

4,42 

4,08 

4,39 

4.89 

5,11 

4,87 

4,68 

4,85 

4,46 

4.39 

4.72 

4,78 

4.43 

4,28 

4.07 

3,80 

3,82 

3,98 

3,95 

3,80 

3.3! 

3.40 

3.36 

3.28 

3.20 

3.76 

3.66 

3.93 

4.16 

4.48 

435 

4.17 

4.10 

4.61 

Henry Hub Natural Gas Spot 

3.82 

4.80 

4.59 

4,49 

3.59 

3.74 

3.32 

4.67 

5.27 

5.57 

5.55 

5.78 

6.47 

5.61 

5.54 

5.42 

5,51 

5.48 

5,47 

4,9! 

4,76 

4.44 

4.27 

4,02 

3,93 

4,08 

4,15 

3,96 

4,19 

4,00 

4,18 

4,28 

4,19 

4,32 

4.75 

5.13 

4.90 

4.53 

4.76 

4.39 

4.70 

4.75 

4,77 

4,38 

4.35 

3.99 

3.73 

3,81 

4.06 

4,02 

3,8! 

3,56 

3,58 

3,46 

3,37 

3,35 

4,00 

3,77 

3,82 

4,21 

4,47 

4,22 

4.0! 

4.19 

4.32 

3.88 

4.98 

4.11 

4.30 

3.24 

3.57 

4.57 

5,02 

5,65 

5,75 

3-82 

7.3! 

5,77 

3.32 

5.32 

5,47 

3.33 

5,40 

4,84 

4,78 

4.47 

4.19 

4,0! 

3,72 

3.92 

4,16 

3,95 

4,24 

3.97 

4,26 

4,12 

4,22 

4,46 

4,68 

5,14 

4.88 

4,54 

4,61 

4.43 

4,67 

4.80 

4,84 

4,42 

4.29 

3,85 

3.74 

3,79 

4,09 

4.08 

3.85 

3.62 

3.58 

3.46 

3.36 

3.53 

3.73 

3.89 

4,28 

4,52 

4,19 

4,08 

4,22 

4,49 

Price (Dollars per Million Btu) 

3.94 

4.88 

411 

3,95 

2,51 

3,09 

3,32 

4,53 

5.21 

5,87 

6,56 

5,66 

5,67 

5,26 

5.61 

5.48 

5.10 

4,76 

4.56 

4.35 

4.0! 

3.92 

3.90 

3.97 

4.07 

3.94 

3.91 

4.27 

4.12 

4.3! 

4.60 

4.68 

5.17 

4.84 

4.72 

4,36 

4.68 

4.69 

4.81 

4.67 

435 

419 

3,75 

3,74 

3.79 

4.11 

3.97 

3.67 

3.36 

3.47 

3.19 

3.36 

3.47 

3.50 

3.79 

3.82 

4.23 

4,37 

3,99 

4.32 

4.42 
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10/29/2015 

2011 Jan-10 to Jan-14 

2011 Jan-17 to Jan-21 

2011 Jan-24 to Jan-28 

2011 Jan-31 to Feb-4 

2011 Feb-7 to Feb-11 

2011 Feb-14 to Feb-18 

2011 Feb-21 to Feb-25 

2011 Feb-28 to Mar -4 

2011 M a r - 7 t o M a r - l l 

2011 Mar-14toMar-18 

2011 Mar-21 to Mar-25 

2011 Mar-28 to Ap r -1 

2011 Apr- 4 to Apr- 8 

2011 Apr-11 toApr-15 

2011 Apr-18 to Apr-22 

2011 Apr-25 to Apr-29 

2011 May-2 to May-6 

2011 May-9 to May-13 

2011 May-16 to May-20 

2011 May-23 to May-27 

2011 May-30 to Jun -3 

2011 Jun-6 to Jun-10 

2011 Jun-13 to Jun-17 

2011 Jun-20 to Jun-24 

2011 JLjn-27 to Ju l -1 

2011 Ju l -4 to Ju l -8 

2011 Jul-11 toJul-15 

2011 Jul-18 to Jul-22 

2011 Jul-25 to Jul-29 

2011 A u g - 1 to A u g - 5 

2011 Aug -8 tQAug-12 

2011 Aug-15 to Aug-19 

2P11 Aug-22 to Aug-26 

2011 Aug-29 to Sep -2 

2011 Sep -5 to Sep -9 

2011 Sep-12toSep-16 

2011 Sep-19 to Sep-23 

2011 Sep-26 to Sep-30 

2011 Oct -3 to Oct -7 

2011 Oct-10toOct-14 

2011 Oct-17 to Oct-21 

2011 Oct-24 to Oct-28 

2011 Oct-31 to Nov-4 

2011 Nov-7 to Nov-11 

2011 Nov-14toNov-18 

2 0 M Nov-21 to Nov-25 

2011 Nov-28 to Dec-2 

2011 Dec-5 to Dec -9 

2011 Dec-12 to Dec-16 

2011 Dec-19 lo Dec-23 

2011 Dec-26 to Dec-30 

2012 Jan -2 to Jan -6 

2012 Jan-9 to Jan-13 

2012 Jan-16 to Jan-20 

2012 Jan-23 fo Jan-27 

2012 Jan-30 to Feb-3 

2 0 l 2 F e b - 6 t o F e b - 1 0 

2012 Feb-13 to Feb-17 

2012 Feb-20 to Feb-24 

2012 Feb-27 to Mar -2 

2 0 l 2 M a r - 5 t o M a r - 9 

2012 Mar-12 to Mar-16 

2012 Mar-19 to Mar-23 

2012 Mar-26 to Mar-30 

2 0 1 2 A p r - 2 t o A p r - 6 

h I tp : / /www.e ia .gov/dnav/ng/h is t /m! 

4,49 

4.72 

4.43 

4.33 

3.89 

3,93 

3,73 

3,90 

3,99 

4,35 

4.31 

4.05 

4.23 

4.37 

4,60 

4,28 

4,21 

4,27 

4,83 

4.75 

4,33 

425 

4,35 

4.60 

4,45 

429 

4.00 

4.05 

3,97 

3.93 

3.93 

3,78 

3.80 

3.57 

3.4! 

3.73 

3,61 

3.66 

3.35 

3.17 

2,94 

3.09 

3.38 

3,13 

3,03 

3.89 

2.39 

2 7 ! 

2.46 

2,42 

2.55 

2.3! 

2.17 

2.14 

2.16 

1.88 

;whhdd.hlm 

4.42 

4.52 

4.46 

4.43 

434 

3.92 

3.89 

3-93 

3.83 

3,81 

4.05 

4,37 

4.32 

4.08 

4.19 

432 

4.60 

4.19 

4.23 

4.37 

4.63 

4.83 

4.59 

437 

4.34 

4.40 

4.38 

4,60 

4.43 

4.30 

4.06 

4,03 

4.01 

3.85 

3.93 

3.96 

3.84 

3.92 

3.56 

3.52 

3,63 

3.62 

3,49 

3,42 

3.12 

3.05 

3.39 

3.43 

3.12 

3,06 

3.09 

2.97 

2.97 

2,5! 

3.60 

2.51 

2.60 

2.48 

2.63 

2,44 

2.30 

2.1S 

2.!9 

2.09 

1.94 

Henry Hub Natural Gas Spot 

435 

4,48 

4.40 

455 

4.22 

3.93 

3.83 

3.79 

3.81 

3.86 

4,18 

4.25 

417 

4.14 

433 

4.35 

4.59 

4.23 

415 

4.36 

4.62 

4,83 

433 

4.42 

4.40 

4,34 

4,43 

4.64 

4,46 

4,26 

4,09 

3,98 

4,10 

3,97 

3.96 

4.0! 

3.78 

3.88 

3.63 

3.54 

3.39 

3.65 

3.39 

3.35 

3.1! 

2.84 

3,53 

3.45 

3.08 

3.05 

3,07 

2,96 

2.8! 

2,49 

2,61 

2,32 

2,48 

2.54 

2.60 

2.44 

2,24 

2.13 

2,2! 

2,05 

2,06 

4.48 

4,57 

4.4! 

4.69 

4.11 

3.90 

3,83 

3.75 

3.87 

3,85 

4.27 

4.32 

4,12 

412 

433 

4.38 

4.49 

4,10 

4.10 

4.37 

4.64 

4.92 

4,54 

4.31 

4.28 

4,25 

4.42 

4.58 

4,41 

4,20 

4,06 

3,98 

4,0! 

4,18 

3.99 

4.04 

3.72 

3,77 

3,49 

3,42 

3,61 

3,59 

3,39 

3,48 

3,1! 

3,49 

3,42 

3,05 

3,08 

3,03 

2,9! 

3,70 

2,36 

2,68 

2,30 

2.50 

2,47 

2,68 

3,45 

2.24 

2.07 

2.19 

2.02 

1.98 

Price (Dol lars per M i l l i o n Btu) 

4.38 

4.72 

4.27 

4.48 

3,96 

3,84 

3.8! 

3,70 

3,78 

3.98 

4.13 

432 

4.05 

4.21 

4.51 

4,24 

4,09 

4,05 

4,36 

472 

4,72 

4,39 

4,20 

433 

4,19 

4,49 

4.46 

4,26 

4,00 

4,17 

3,99 

3,96 

4,12 

3.96 

3.84 

3,74 

3,68 

3.40 

3.49 

3,54 

3,63 

3,44 

3,29 

3.01 

2,84 

3,35 

3,29 

3,01 

2,97 

2.98 

2,85 

2,67 

2.23 

2.59 

2.40 

2,5t 

2.67 

2.60 

2.38 

2,21 

2.0! 

2.07 

2.00 
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1(0/29/2015 Henry Hub Natural Gas Spot Price (Dollars per Million Btu) 

2 0 1 2 A p r - 9 t o A p r - 1 3 

2012 Apr-16 to Apr-20 

2012Apr-23 to Apr-27 

2 0 1 2 A p r - 3 0 t o M a y - 4 

2 0 1 2 M a y - 7 t o M a y - 1 1 

2012 May-14 to May-15 

2012 May-21 to May-25 

2012 May-28 to Jun-1 

2012 Jun -4 to Jun -8 

2012Jun-11 toJun-15 

2012 Jun-18 to Jun-22 

2012 Jun-25 to Jun-29 

2012 Ju l -2 to Ju l -6 

2012 J u l - 9 t o J u l - 1 3 

2012 Ju l - ie to Jul-20 

2012 Jul-23 to Jul-27 

2012 Ju ( -30 toAug -3 

2 0 1 2 A u g - 6 toAug-10 

2012Aug-13 to Aug-17 

2012Aug-20 toAug-24 

2012Aug-27 t oAug -3 l 

2012 Sep -3 to Sep -7 

2012Sep-1DtoSep-14 

2012Sep-17 toSep-21 

2012 Sep-24 to Sep-23 

2012 Oct -1 to Oct- 5 

2 0 1 2 O c t - S t o O c t - 1 2 

2012Oct -15 toOct -19 

2012 Oct-22 to Oct-26 

2012 Oct-29 to Nov -2 

2012 Nov-5 to Nov -9 

2012 Nov-12 to 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 

2012 Dec-31 to Jan -4 

2 0 1 3 J a n - 7 t o Jan-11 

2013 Jan-14 to Jan-18 

Z013 Jan-21 to Jan-25 

2013 Jan-28 to Feb-1 

2013 Feb-4 to Feb-8 

2013Feb-11 toFeb-15 

2013 Feb-18 to Feb-22 

2013 Feb-25 to Mar -1 

2013 Mar -4 to Mar -8 

2013Mar-11 toMar-15 

2 0 1 3 M a r - l 8 t o Mar-22 

2013 Mar-25 to Mar-29 

2013 Ap r -1 to Ap r -5 

2 0 1 3 A p r - 8 t o A p r - 1 2 

2013Apr-151o Apr-19 

2013 Apr-22 to Apr-26 

2013 Apr-29 to May -3 

2013 May -6 to May-10 

2013 May-13 to May-17 

2013 May-20 to 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-2l 

2013 Jun-24 to Jun-28 

1.99 

1.88 

1.89 

2.10 

2.30 

2.4! 

2.60 

2.32 

2.22 

2,45 

2.70 

2.73 

2.79 

2.92 

3.05 

3,14 

2,90 

2.77 

2.75 

2.80 

2.66 

2-83 

2.82 

3.19 

3.18 

3.35 

3,49 

3.40 

3.34 

3.40 

3.63 

3.75 

3,44 

3.35 

3.20 

3.30 

3.43 

3.30 

3.39 

3.25 

3.27 

3,20 

3.42 

3.53 

3.64 

3.98 

4.08 

3.97 

4,18 

4.23 

4.33 

4.28 

3,93 

3.87 

410 

4.00 

3.85 

3.78 

3,8! 

1.99 

1.89 

1.97 

2.29 

2.27 

2.38 

2.35 

2,30 

3,39 

2.17 

2.59 

2.70 

3.78 

3.87 

2.83 

3.16 

3.30 

3.99 

3.79 

2.S0 

2.7! 

2,8! 

2.82 

3.74 

3.84 

3.21 

3.18 

3,37 

3,34 

3,43 

3,4! 

3,57 

3.62 

3.77 

3.38 

3.39 

3.29 

3.31 

3.40 

3.63 

3,14 

3.34 

3.30 

3.23 

3,46 

3,63 

3,7! 

3,96 

3.99 

4.07 

4.08 

419 

4.27 

4,30 

3,88 

3.93 

413 

4,19 

4.00 

3.77 

3.90 

3.77 

1.9] 

1.87 

1.99 

2,31 

2.36 

2.50 

2.60 

2.39 

2.4! 

2.18 

2.60 

2.87 

2,72 

2.84 

3.19 

3.20 

2.97 

2,82 

2,S0 

2,64 

2,87 

2.96 

2,70 

2,92 

3.2 J 

3.26 

3.24 

3,43 

3.50 

347 

3,66 

3,59 

3,7! 

3,41 

3,33 

3.25 

3.35 

3.30 

3.14 

3.43 

3,53 

3,24 

3,4! 

3.29 

3,34 

3,49 

3,57 

3.72 

3,97 

4.08 

4,00 

4.07 

4,24 

4,25 

4.3! 

3,86 

4,03 

4,16 

4.15 

3,99 

3,74 

3.93 

3.72 

1,87 

1.85 

2.10 

2.29 

2.36 

2.60 

2.66 

2,34 

2.33 

2,20 

3.48 

2,81 

2,90 

2.83 

2.99 

3.13 

3.16 

2.89 

2.78 

2.81 

2,72 

2,85 

3.01 

2,76 

3,0! 

3.23 

3.28 

3,28 

3,39 

3,50 

345 

3,63 

3,6! 

3,48 

3,27 

3.35 

3.3! 

3.19 

3.08 

3.44 

3.56 

3.33 

3.39 

3.30 

3.29 

3.48 

3,54 

3,74 

4.0! 

4.03 

3,94 

4 , 1 ! 

4.23 

4.19 

4.28 

3.87 
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Natural Gas 
Natural Gas Consumption 
EtA's forecast of U.S. total natural gas consumption averages 76.2 billion cubic feet per day (Bcf/d) in 2015 and 76.4 Bcf/d in 

2016, compared with 73,1 Bcf/d in 2014. EIA 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 (MMBtu) through January 2016, support increased use of natural gas for electricity generation in 2015. Industrial 

sector consumption remains flat in 2015 and increases by4.2% in 2016, as new Industrial projects, particularly in the fertilizer 

and chemicals sectors, come online late this yearand 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 
ElAexpects that marketed natural gas production will increase by 4.2 Bcf/d (5.6%) and by 1.5 Bcf/d (1.9%) in 2015 and 2016, 

respectively, with increases in the Lower 48 states expected to more than offset continuing production declines in the Gulf of 

Mexico. Increases in drilling efficiency will continue to support growing natural gas production in the forecast despite relatively 

low natural gas prices. MostOf the growin is expected to come Trom the Marcellus 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 eypected to reduce demand for natural gas imports fi'om Canada and to 
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support growth in exports to Mexico. Eariier this year, natural gas net Imports fell to the lowest monthly level since 1987, 

averaging 2.3 Bcf/d in both Mayand June. ElAexpects natural gas exports to Mexico, particulartyfrom the Eagle Ford Shale in 

South Texas, to increase because of growing demand from Mexico's electric power sector coupled with flat natural gas 

production in Mexico. EIA projects LNG gross exports will increase to an average of 0.79 Bcf/d 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 Inventories 
On September 25, natural gas working inventories totaled 3,538 Bcf, 454 Bcf (15%) above the level at tiie same time in 2014 

and 152 Bcf (4%) above the five-year average for that week. ElAprojects end-of-October 2015 inventories will total 3,956 Bcf. 

which would be 158 Bcf above ttie five-year average, and the highest end-of-October level on record. 
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U.S. Working Natural Gas in Storage 
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Natural Gas Prices 
The Henry Hub natural gas spot price averaged $2.66/MMBtu in September, a decrease of 11 cents/MMBtu from Oie August 

price. Monthly average Henry Hub spot prices are forecast to remain lower than $3/MMBtu through January, and lower than 

$3.50/WMBtu through the rest of the forecast. The projected Henry Hub natural gas price averages $2.81/MMBtu in 2015 and 

$3.05/MMBtuin2016. 

Natural gas futures contracts for January 2016 deliverytraded during the five-day period ending October 1 averaged 

$2.87/MMBtu. Current options and futures prices Imply that market participants place the lower and upper bounds for the 95% 

confidence interval for January 2016 contracts at$1.93/MMBtu and $4.27/MMBtu, respectively. At this time in 2014, the natural 

gas futures contract for January 2015 delivery averaged $4.19/MMBtu, and the corresponding lowerand upperlimits of the 95%i 

confidence interval were £2.96/M(VIBtu and $5.94/MMBtu, respectively. 
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EXHIBtT 

New Regime, New Results: Insights from 
Recent PJM Auctions 
Sy Gmqe Katsigionnokls, Himanshu Pande, Rachel Green, and Shonthi Muthiah 

Shareables 

1. PJM'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. Full 
implementation is not scheduled until the 2020/2021 auction when all 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 PJM'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 
Historically, changes in structure and auction parameters have been the major source of volatility in the 
PJM capacity market. Since the implementation of PJM'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 removed (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 elements of the CP). These are significant changes, 
especially the CP, most with a major effect on auction results. 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 of each of these parameters on the PJM RTO capacity price. 
The 5165/MW-day was the second highest PJM 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 a trend of increasing capacity prices 
affecting all capacity markets. Prices were even higher in non-RTO markets. 
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Exhibit 1: Illustrative Offsetting Effects of Implemented Changes in 2018/2019 BRA Auction 
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Impact of CP 2018/2019 

Capacity Price 

NOTElTie 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 

In addition to the 2018/2019 BRA, PJM also conducted two voluntary transition auctions to procure 
certain amounts of the highly available CP Product for the 2016/2017 and 2017/2018 capacity periods 
(periods for which PJM had already procured capacity in the BRA auctions). 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.The premium largely reflects the incremental riskof undertaking the performance obligations 
for the CP Product relative to the annual Product. The higher price in the 2017/2018 transition auction 
reflects higherCP requirements, higher offer caps, and higher penalty rates. 

Results o f t h e 2018 /2019 BRA 

CP Product prices cleared within ICF's expectations. RTO cleared at S164.8/MW-day with separation 
seen in EMAAC ($225.4/MW-day) and ComED ($215/MW-day). Base Product prices saw more 
convergence with the CP Product prices than expected, 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. 
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Exhibit 2:2018/2019 BRA Clearing Prices 

KEY: O ^P^crty Performance Clearing Price O Base Cleafing Price 

Source: PJM 

Historically, capacity prices in PJM have been very volatile, averaging $93/MW-day in RTOand $159/ 
MW-day in EMAAC in 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 historical (12-period) 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 
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Source: PJM, ICF 

' ICF projections for CP Product in the range of S180 - 200/MW-day were revised downward to the range of S i 50 to $ 160/ 
MW-day after PJM modified its tariff removing firm fuel requirements for CP Product qualification. 
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Key O u t c o m e s 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 occur 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 EMAAC 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 (ii) limits for capacity imports (CELT) in 
EMAAC were binding. 

Trie RTO results reflect ICF's competitive price expectations for CP Product bids 
bcised on the following formulation: 

12018/2019 BRA CP Bid = Going Forward Cost + EFOR CP Risk Premium + Min {Fuel 
ui^availability or environmental limit risk, firm fuel and environmental investment cost} 

Where: 

GJ>ing Forward Cost: ICF estimates of fixed operating and maintenance costs 
(Fb&M) net of estimated 2018/2019 energy margins with gas prices based on 
NyMEX futures. 

El[OR CP Risk Premium: Risk premium associated with the participant's assessment 
for penalties due to forced outages during Performance Hours. 

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

Firm Fuel And Environmental Investment Cost: Annualized Investment for firm gas 
sjpply or installation of dual fired capability and/or installation of SCR for oil fired 
uriiits In non-attainment areas. 

Before the CP implementation, 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 to raise prices to cap levels, have been more important. Going 
forward, participants interested in projecting future clearing prices should 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 out which effects are truly driving bidding behavior. 
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Exhibit 4:2018/2019 BRA Clearing Prices Relative to Offer Caps 

MAAC EMAAC COMED 

Offer Cap ($/MW-day) 

ICAP Net CONE ($/MW-day) 

CP Resource Clearing Price ($/MW-day) 
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227 
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99% 

85% 

255 

300 

215 

84% 

72% 

Using a stochastic bidding model and the competitive bid formulation provided above, ICF projected 
the RTO 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 6). 

Exhibit 5: Historical Performance Hours by LDA 

Delivery EMAAC (AE) 

2009/2010 0 0 

2010/2011 23 2 

2011/2012 22 0 

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 
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Base Product prices cleared higher than expected: Base Product prices cleared higher than many 
analysts'expectations, including ICF's. We believe that expectations of low Base Product prices were 
set before the FERC Order, when PJM'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 to 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 CR This represented a dramatic 
changein 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. Resources 
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 to 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 resources that did bid as Base Products had high bid price levels. 

Base Product prices saw separation from 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 LDAs (compared to the relatively low RTO Base Product constraint, see Exhibit 7) combined 
with relatively low participation for the Base Product (either 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 PJM 
algorithm 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 

MAAC 

EMAAC 

; PS NORTH 

i COMED 
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60% 

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

CP Product 
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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 10, historically, a large amount of capacity that cleared in the previous auctions 
was delayed coming online. 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 RTO Clearing Prices 
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- FERC rejected PJM's initial proposal to exempt planned generation resources from capacity mu5t-offer requirements until they 
become operational. 
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Exhibit 10: Capacity Additions in PJM 
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Source: PJM, SNL Financial, ICF 

With the implementation of CP, the incentives for speculative bidding for new resources have been 
reduced. This will 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 will be present and on 
schedule. Regardless of the relatively small participation of new capacity resources in the last auction 
and the concerns that the new market 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 reflects its Sewaren 7 project in 
Woodbridge, New Jersey ICF believes that the remaining 2.5 GW of new capacity in RTO includes the 
Moundsyille project in APS, Advance Power's Carroll County in AER 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 PJM over the 2017/2018 capacity period, (13 GW vs 11.8 GW) (see Exhibit 11). 
Uncleared capacity increased in the gas dominated regions of eastern PJM and decreased in western 
PJM. The un-cleared capacity in MAAC and EMAAC increased by 3.5 GWand 1.3 GW respectively. ICF 
believes this is primarily due to higher expected scarcity hours and going forward costs in eastern 
regions of PJM, 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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Source: PJM, ICF 

The decrease in uncleared capacity in ATSI indicatesthat 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 Island 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 MISO capacity 
market to provide the price signals needed to maintain merchant MISO capacity, even though MISO is 
expected to face capacity shortages by the 2018/2019 capacity period. PJM reports that all imports 
were exempt from the Capacity Import Limits (CIL's) i.e. external resources committed to PJM for the 
2018/2019 capacity period will have firm transmission into the PJM and will qualify for CP Product. 

To evaluate changes to PJM imports in upcoming auctions, stakeholders should closely monitor 
developments in MISO capacity markets, in addition, because of high Base Product pricing, 
stakeholders should also 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 DR factor,^ resulting in an 
increase in the UCAP of DR resources. It was largely expected—as occurred in ISO-NE with the 
implementation of their Pay-for-Performance Initiative (PI)—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 GWbid 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 
requirements 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 
marl<ets needs to be seen in the context of upward price pressure due to full implementation of CP 
even if the court does not act. This decision could affect the volume of DR, especially if state by state 

^The DR Factor was used to furtiier 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 to reinstate differential and preferential treatment for DR in 
the absence of the decision. 

Transi t ion A u c t i o n Results 

In addition to the 2018/2019 BRA, PJM also conducted two voluntary transition auctions to procure 
certain amounts of the highly available CP Product for the 2016/2017 and 2017/2018 capacity periods 
(periods for which PJM has already procured capacity in the BRA auctions), i.e. 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 no 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 minimum, 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 
in 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 differentia! 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-RTO or MAAC price, $59.37/MW-dayor 
$ n 9.13/MW-day respectively. In the 2016/2017 BRA, As the rest-of-RTO capacity price was lower than 
the MAAC price, units in the rest-of RTO had significantly more scope to 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 to 
address higher risk of fuel unavailability or environmental limitations. Thus, it was possible that the 
2016/2017 CP requirement ofapproximately 95 GW could have been largely met by units in rest of RTO. 
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 approximately 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 corresponding 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 S18/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 
units did not have the price advantage in this transition auction. This development, coupled with the 
higherCP 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 previously cleared 
were better off with their $215/MW-day BRA prices, while the units which did not previously clear 
wereunlikely 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, including 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 Illinois fleet 
(and participation in the 2019/2020 BRA) based on the ongoing Illinois legislative proposals (KB. 3328, 
KB. 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 
forthe 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-dayfortheRTOCP Product (see Exhibit 12) in a scenario in which (I) the lower peak demand 
forecast ofapproximately4GW proposed by the PJM Load Sub-Committee in September 2015 is 
implemented in the upcoming auction (this remains highly uncertain), (li) some new generation 
capacity clears, (ill) 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 no 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 bid closer to the offer caps in the RTO (in reality, willingness could be affected 
by their perception of legal and political risks). 

Exhibit 12: Illustrative 2019/2020 BRA RTO Clearing Price 
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In 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 PJM declares 
emergency actions. CP Resources will be evaluated for their performance during 
these hours and will be assessed performance payments (bonus 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 for a CP 
resource dispatching at MWaaual during compliance hours are calculated using 
the following formulas: 

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

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

Wfiere: 

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

Balancing Ratio (BR) Is the ratio [Peak Demand -i- 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 PJM's reliabliity requirements respectively, 
with corresponding decreases on penalty rates and offer caps. 

For a detailed discussion of the CP proposal visit: icfi.com/insights/white-
papers/2015/capacity-performance-changlng-pjm-Iso 

For questions, please contact: 

George Katsigiannakis | george.katsigiannakis@icfi.com | -t-1.703.934.3223 

Shanthi Muthiah I shanthi.muthiah@icfi,com I +1.703.934.3881 
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EXHIBIT 

Capacity Performance: 
Chanaina the Game in 
By George Katsigionnokls, Shonthi Muthioh, RocheKjreen, and Himonshu Ponde, ICF International 

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

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

3. Stakeholders must consider their nev\' bidding strategy and adjusted investment plans 
carefully. New sell-side mitigation rules v\'ill result in a 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 outbid 
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 RTO CP 
product prices significantly below Net CONE. 

Abstract 
The severe winter weather during the 2013-2014"Polar Vortex" pushed the system 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 resources and potential flaws in the capacity 
market mechanisms meant to value both capacity and performance under constrained conditions.' 

In response, PJM has proposed phasing in a new capacity market design that compensates owners for 
reliability investments and penalizes underperformance.Wefind that the existing fleet can satisty PJM 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 to 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 S200/MW-day for RTO and significantly 
higher (at Net CONE levels) for some constrained MidAtlantIc Area Council regions. We also project some 
concurrent decreases in energy prices. 

These broad findings, combined with other Implications of the PJM 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 PJM's new requirements. 
All generators will have to adjust their capacity market bids to factor in a risk premium for 
underperformance penalties. 

'See Rose. Judah, "Waiting for the Next Polar Vortex,'' Public Utilities Fortnightly June 2014. 
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Demand response (DR) resources will î ace a new regime lirriiUng which resources can participate in 
capacity markets. And there will be adaed incentives to bcate new planned units closer to 'relatively 
less expensive) fuel supply. ICF continues to work on more detailed analysis for clients to help guide 
investment choices, asset and reliabiiity-based investment valuation, and market bidding strategies. 

The Capaci ty U n d e r p e r f o r m a n c e Prob lem 

In January 20 K, the Polar Vortex led to two periods of extreme cold fiom January 6 to 12 and January 
17 to 29, during which PJM experienced forced outage rates three titries higher than expected. 
Although mechanical issues caused by extreme cold cor^thbuted to many of the forced outages, a 
substantial portion was due to prcblerns in securirig either primary or secondary fuel (see Exhibit 1). 

Exhibit 1: Sources of January 7 Evening Peak (7 p.m.) Forced Outage 

Source: PJM iSCrProbie '̂̂ T St.:itemenEon PJM Csp^city Performsnce" 

This underperformance of capacity durir>g the Polar Vortex demonstrated that the capacity market 
had not properly incentlvized reliability and firm fuel supply under severe operatir^g conditions. 
Generation owners find the cost of investments In reliability (e.g., securing a firm gas contract, dual-tire 
capability and increased maintenance) to be more expensive than the penalties that could be 
incurred for underperformance during outage events.The problem is exacerbated even further by 
several factors: 

« The PJM capacity market excuses any outages due to fuel-supply interruptions from penalties. 

» Generation owners are not allowed to Include the cost of firm fuel supply in supply offers and 
therefore cannot recover this cost, 

^ A seif-reinforcing effect occurs: Generation owners fear that any incremental reliability-based 
investment will make them less competitive if other market participants are not making 
these investments. 

.Ail of these issues discourage investments In reliability, and the result is higher-than-expected forced 
outages rates during stress conditions. Exhibit 2 shows the negative correlation between capacity 
prices and forced outage rates beginning in the 2011-2012 auction year. 

'<> 2015 fCf- U-^i?nat^onBl Inc 
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Exhibit 2: Historical PJM Average Forced Outages and Capacity Prices 
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liriptoving capacity market incentives will be particularly irnportam in the future as more coal plants 
retire ana the rnarket relies even more on gas-ftred units—renewables that are either less flexible or 
require firm fuel supply to be reliable, 

in response during the past year, PJM 150 proposed and FERC approved a number of initial changes 
meant to Improve system reliability and optimize participation of DR and energy efficiency resources.-̂  
Further individual reform proposal were ultimately shelved, howeve.r, in favor of pursuirtg a more 
compj-ehensive and far-reaching restructuring proposal, tlie CP product. 

Capacity Performance Proposal 

The most consequential change for capaci^/ in PJM Is a major restructuring of the reliability pricing 
model (RPM) itself with PJM ISO's new CP product proposed to the Federal Energy Regulatory 
Commission (FERC) on December 12,2014 (ER15-623-000). Based on ISO-NE's Pay-for-Performance 
Initiative, the CP product would create a two-settlement process where capaclxy revenue now 
comprises a base payment plus penalties for underperformance or credits for overperformance during 
compliance hours (the hours when PJM declares an emergency action (i.e., voltage reduction, or 
manual load dump warnings or actions).-̂  

Penalties or credits xvould be calculated using performance payments rates (PPRs, expressed in $/ 
MWh) that reflect the applicable Net CONE (expressed in S/MW-day) normalized over the compliance 
hours. The relevant rate would then be applied to the resource's actual performance, compared with its 
expected performance In order to calculate the total penalty or bonus. 

'•The^e infjiijde a) an upper linii: of 4 percent of the relisbmy reqiiirernent for limited Dî  prograrns and an upper bound of 10 
percent for tne aggregate amount of limited and e'<tended summer DR. b) stricter registration requiremerns for derr:3nd side 
rnsnagemem (DSM) resources to ensure that Di^ resources are valid, and c) capacity import iln^its on the amount of external 
generation capacity that can be reiiably comn^ined to PJM, both for each of five extemsl source-2ones and fo? the .overall '^'\'0. 

' Under this defirDiion ;n the last 20B-2014 <:3pac;ly penod, •>.m experience*:; 23 corT!piiance hours, Becaus-i n: piojecK mois 
scarcity in the future, ? M ISO propose;; lo as^uiT'e a rat* of ;0 c;omplistice vvouts for upco^ning cspac;vy psrkKJii. although it can f;te 
to iiMivJe Ehis iissurnpgon ai ariv poiril. 

•?>2015 K.f U-\t^m\Bt\onMjnc 
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Expected performance of a CP resource reflects Its pro-rata share of the system requtrernents during 
corriollance hours. 

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

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

EP = MWcleared * (Peak Demand + Reserve Requirements)/(1V!W committed from 
all resources) 

PPR = (Net CONE/30 hours) * 365 days 

EP—Bxpected Performance 

PPR—Performance Payment Rate 

However; PJM proposed putting boundaries on the amount of penalty cr credit in order to jlmtt risk— 
anntisi and monthly stop loss provisions that (after a transition period) would be set at 1 .fj'Nct CONE 
and O.S '̂Net CONE, respectiveiy. 

To fix some of the lack of incentives for firm supply m the current capacity mechanism, starting with the 
2018-2019 base residual auction (BRA), offer caps for CP resources would be set at Net CONE (although 
PJM would allow higher values to be approved under ACR revlGv }̂, and the existing .ACR methodolooy 
also would be adjusted to include the cost of firm f^iel supply (adjusted duel availability expense 
[AFAEj) and the risk premium of CP resouioes (capacity performance quantifiable risk [CPQRjlThe 
phase-in structure for several reliability incentive mechanisms during the transitional auctions is 
outlined in Exhibits. 

Exhibit 3: Transitional Capacity Auction Characteristics 

%ofReHabinty 
Requirement 

Offer Caps 
Performan<« Annua! Stop % of Reliability 

Payment Rates Loss Requirement 

: 60% - prooired on gQ^, nf (hjet 
2016f2017 voluntary basis in spedai 50% ofi^et COME CONE/30)*36S 

auc t ton tn^ rasOIS 

201^-2019 
and 2019-

2620 

2020-202U 

2017^2018 voluntary basis in special 60% of Net CONE cONE/30)465 
auction in May 2015 

s m i - in BRA auctions v^tti Hei COME or 
must offer obligations , higher 

10<m ~ in BRA auctions ffet CONE or 
with must oifer otdigaiaons higher 

{Met 
<X)NE/30)*365 

{Net 
COHE/30)*365 

0.75*Net 
CONE 

0.9*Net: CONE 

l,S'NetC0N£ 

1.S*NetC0NE 20% 

iti'LCOrr 
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Toaliow time tor resources to improve their reliability along a glide path rather than in a sudden 
transition, PJM plans to phase in CP during the next five auction periods. In the Interim, PW\ would 
rnslntain an enhanced version of the existing annual capacity product, called the base capacity 
product. Base capacity resources would only be assessed penalties for underperformance during 
summer months. Which plants would be CP cor'npliant is not clear, because the proposed PJM rule 
does not provide hard criteria (only 14 hours start up and 1 -hour notification requirements). However, 
PJM has stated that fossil generators cleared as annual product snd expected to be available during 
the 70G hours of high-peak demand would qualify for CP product. Harsh penalties for misrepresenting 
quaHficaiions shouid steer participation. 

A great deal of attention has been paid to how DR will be treated in future capacity aucilons, given the 
recent legal uncertainties, PJM's CP proposal attempts to maintain the status quo by treating DR 
programs as resources; however. It plans to eliminatG limited DR from ail upcoming auctions. It also 
allows extended summer DR to participate as a base product in the transition auctions subject to a 
limit of 8.3 percent of peak demand forthe RTO. After 2020-2021, however, only annual DRcan 
participate as a CP product. PJIvl also filed with FERC. an alternative, treatment for DR resources, in this 
filing. If the U.,S. Supreme Court upholds the District Court Electric Power Supply Association decision, 
PJM ISO proposed to Include DR resources on the demand side, allowing (only) load-serving entities to 
use DR resources lo decrease their RPM requtrements. 

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

We project that PJM.'s proposal will have significant impacts across the market, including slightly higher 
Base Capacity prices and much f-ilghei- capacity prices In the CP product as well as a longer term dip in 
energy prices. Higher capacity prices will be driven by the fact that not enough bw-compiiance-cost 
resources are available io meet PJM's CP requirements. Coal arid nuclear units could have a relatively 
low-cornpilance cost by making boiler modifications and weathehzation investments. OH units also 
could otter CP products vv-lth relatively little investment, as long as their generation is not restricted by 
environmental or other ordinances. These types of units will be the first In line to offer and clear the 
market. But ICF esti.mates thai after accounting for these compliani- Bm iow-compliance-cost units, in 
the upcoming BRA auction, the PJM .RTO still vviil be short of its CP requirements by approximately 10 
GW.Therefore, gas units—many of which vv'ouid require significant investments to become 
compliant—also would \̂ eQd to oifer C? products. 

Those that can already dual fire (or that are planned relatively close to—and can therefore less 
expensively access—firm gas supply) vvill have a more manageable compliance cost. However, those 
without dual-firing capability would have to procure firm gas supply fcorrimodlty and firm 
transportation contracts) or install dual-firing capabilities. For some power plants, firm contracts may 
not be available, and the or'sly option to qualify as a CP product vv'ouid be dual firir^g. The costs of these 
Irivestments vary widely and can be anywhere frorr^ $30/MW-day to $60/MvV-day or more, depending 
on location and technology type. Resources would add these investment costs to their bids in the BRA 
auction, driving up capacity prices. In the longer term, these costs also would affect investment 
behavior In other 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 also would include the risk of performance penalties, 
further elevating capacity prices. The expected risk premium can be estimated using the NET Cone 
and resources'historical forced outage rate. For example, a combined cycle (CC) unit with a historical 

Icnxxirp. ^ 2015IC? intes-n.i^ional, inc. 
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forced outage rate of 3.6 percent and a NET Cone of $300/MVV-day would increase its bid by 
$ 1 l/MW-day or $4/kW-year. Risk premiums for participation as a base-capacity resource are 
expected to 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 nonpefformarice 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 
simulations Indicate CP product prices in the range of Si 70 to $200/MW-day for RTO and 
significantly higher (closer Net CONE levels) in the constrained Eastern Mid-Atiantic Area 
Council (EMAAC) regions. 

At equilibnum, 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 estimates include the effect of the new demand 
curve and new CONE values that have been proposed by PJM and filed with FERC as well as 
the elimination of the short-term procurement target (i.e., 2.5 percent hold-back of reliabliity 
requirements for BRA auctions for procurement in incrementa] auctions). 

Although the CP product increases capacity prices, it vv'ouid lead to lower energy prices for 
these reasons: (1) more supply from new efficient units (ICF's simulations indicate 
approximately 5 GW of more new capacity expansion In 2018-2019 period, compared with 
the capacity expansion without CP implementation) (2) lower energy market bids during 
peak conditions (CP resources are required to offer their capacity as economic in the 
day-ahead energy market), and (3) improved performance from existing units (to avoid 
performance penalties, existing resources would have greater availability 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). 

Conclus ions and Next Steps 

PJM'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 value of reliability 
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 to prepare for future developments as the market continues to evolve and adjust. 

George Katsigiannakis | -i-1.703.934.3223 | gkatsig^icf lcom 

Shanthi Muthiah I -hi.703.934.3881 i sh3nthi.nnuthiah@lcfi.com 

mailto:sh3nthi.nnuthiah@lcfi.com
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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 Arnnstrong recommend this approach to forecasting 
(excerpts from WSJ 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. 

EXHlBif 



"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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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, 1990-2040 (trillion cubic feet) 

Histofy 2012 Projections 

1990 2000 2010 2020 2030 2040 

U.S. total natural gas consumption grows from 25.6 trillion 
cubic feet (Tcf) in 2012 to 31.6 Tcf in-2040 in the AEO2014 
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 mal<es 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 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 
portion 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, excluding natural gas use at compres­
sor stations, grows from about 40 billion cubic feet (Bcf) in 2012 
to 850 Bcf in 2040. 

Natural gas consumption 

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) 

History 2012 Projections 

1990 2000 2010 2020 2030 2040 

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 AE02014 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/miilion 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 
1.9 Tcf in 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%/year, from 3.3 Tcf 
in 2012 to 8.1 Tcf in 2040, while combined onshore and off­
shore production in the Gulf region grows by 2.1%/year, from 
7.3 Tcf in 2012 to 13.0 Tcf in 2040. 

U.S. Energy Information Administration | Annual Energy Outlook 2014 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 million Btu) 

History 2012 Projections 
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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 w/ith 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 Oil 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. 

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) 

History 2012 Projections 
40 

30 
f^et imports, 2012 (6%)-

20 =^ 

10 
Net imports 

-10 

Net exports, 2040 (18%)-

Total productior 

Total consumption 

Net exports 

1990 2000 2010 2020 2030 2040 

In the AEO2014 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 
Tcf of natural gas in 2012 to a net exporter of 5.8 Tcf 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 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. 

MT-22 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) 

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) 

History 2012 Projections 

1990 2000 2010 2020 2030 2040 

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 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 oil 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, total natural gas production var­
ies by 8.3 Tcf in 2040 (Figure MT-43), with changes in LNG 
exports accounting for 6.3 Tcf and changes in direct consump­
tion for transportation accounting for 2.2 Tcf. 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 
Oil Price case. 
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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 
to 19.8 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 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 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 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. 

U.S. Energy Information Administration | Annual Energy Outlook 2014 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 AE02014 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 
originatingfr'omexportterminals located along the Atlantic and 
Gulf coasts. In general, future U.S. 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.S. natural gas exports is 
pipeline exports to Mexico, which increase from 0.6 Tcf in 2012 
to 3.1 Tcf 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.S. West Coast. In 2040, 
net U.S. imports of natural gas from Canada total about 0.7 Tcf. 

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 AEO2014 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 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 Tcf in 2018, 
where they remain through most of the projection period. The 
LNG export projections in AEO2014 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 Tcf by 2027. 
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Natural gas supply 
U.S. natural gas production rates depend on 
resource availability and production costs 

Figure ]VrT-47, U.S. natural gas production in three 
cases, 1990-2040 (trillion cubic feet per year) 

History 2012 Projections 
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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 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 Oil 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 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 Oil 
and Gas Resource case. 

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

Figure MT-48. JVIarcellus 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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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 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. 
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Natural gas consumption 
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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 
AE02014 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 
Reliability First Corporation (RFC) regions (Figure MT-49). The 
retirement of coal-fired capacity in the SERC region from 2012 
to 2040, at 12.9 GW, is the country's second largest, and its 
increase in natural gas-fired generation over the same period, at 
109 million 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 in the Reference case are the Western Electricity Coordinating 
Council (WECC) and the Texas Reliability Entity (TRE). Those 
two regions do not have large 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 005 million MWh), and TRE 
has the fourth-largest increase (81 million MWh). 

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. 

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 AE02014 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 
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 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 consumption and limited penetration ol 
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. 
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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) 

History Projections 

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) 

20 

15 
15.7 

10 - | 

History 2012 
e,coo ^ ^ ^ 

^ 

5,000 T 
\ 

Projections 
High Oil and Gas Resource 

^ Reference 

""•--^^...^^^ / ^ GHGIO 

GHG10 and Low Gas Prices' 

GHG25 

1990 2000 2012 2016 2020 2030 2040 

In the AE02014 Reference case, sulfur dioxide (SO2) 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) [18] 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 
(DSl) systems by 2016 to comply with the specific requirements 
of MATS. The emissions controls have the ancillary benefit of 
removing significant amounts of SO2. For example, scrubbers 
remove more than 90% of SO2 emissions from flue gas. DSl sys­
tems, when combined with fabric filters, remove approximately 
70% of SO2 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 sometypeofcontrol equipment, includ­
ing approximately 31 GW of coal-fired capacity retrofitted with 
scrubbers and another 45 GW retrofitted with DSl systems. 

After a 61% decrease from 2012 to 2016 (Figure MT-65), 
annual SO2 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 DSl equip­
ment remove most (but not all) SO2 from flue gas. As a result of 
MATS compliance, SO2 emissions are reduced to a level below 
the cap specified In the Clean Air Interstate Rule (CAIR). 

2020 2030 2040 

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 CO2 emissions are examined in two cases, 
starting at $10 (GHGIO) and $25 (GHG25) per metric ton CO2 
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 
(GHGIO and Low Gas Prices) (Figure MT-66). 

Emissions fees or other policies that place an explicit or implicit 
value on CO2 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 CO2 
emissions are 15% and 28% lower In 2025 In the GHGIO 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 CO2 fees in the GHGIO 
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 CO2 emissions in the 
GHGIO 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. 

MT-34 U.S. Energy Information Administration | Annual Energy Outlook 2014 



DOE/EIA-0383(2014) j April 2014 

Annual Energy 
Outlook 2014 
with projections to 2040 

Independent Slatistics & Ana^sis 

f^-n ^ I U.S. Energy Information 
C A Q . Administration 



Natural gas consumption 

Industr ial and electric power sectors drive 
growth in U.S. na tura l gas consumption 

Figure MT-39. Natural gas consumption by sector in 
the Reference case, 1990-2040 (trillion cubic feet) 

History 2012 Projections 

Natura l 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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U.S. total natural gas consumption grows from 25.6 trillion 
cubic feet (Tcf) in 2012 to 31.6 Tcf In 2040 in the AEO2014 
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 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 
portion 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, excluding natural gas use at compres­
sor stations, grows from about 40 billion cubic feet (Bcf) in 2012 
to 850 Bcf in 2040. 

1990 2000 2010 2020 2030 2040 

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 AEO2014 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 areasthat 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 Tcf in 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%/year, from 3,3 Tcf 
in 2012 to 8.1 Tcf in 2040, while combined onshore and off­
shore production in the Gulf region grows by 2.1%/year, from 
7.3 Tcf in 2012 to 13.0 Tcf in 2040. 
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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 million 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 Oil 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, 

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 AEO2014 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 
Tcf of natural gas in 2012 to a net exporter of 5.8 Tcf 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 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, 
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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) 

Natural gas supply 
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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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, 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 oil 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, total natural gas production var­
ies by 8.3 Tcf in 2040 (Figure MT-43), with changes in LNG 
exports accounting for 6.3 Tcf and changes in direct consump­
tion for transportation accounting for 2.2 Tcf. 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 
Oil Price case. 
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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 
to 19.8 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 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 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 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. 
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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 AEO2014 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,S. 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.S. natural gas exports Is 
pipeline exports to Mexico, which Increase from 0.6 Tcf In 2012 
to 3.1 Tcf 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.S. West Coast, In 2040, 
net U.S. imports of natural gas from Canada total about 0.7 Tcf. 

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 AEO2014 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 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 Tcf in 2018, 
where they remain through most of the projection period. The 
LNG export projections In AEO2014 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 Tcf by 2027, 
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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) 

History 2012 Projections 

1990 2000 2010 2020 2030 2040 

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 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 Oil 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 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 Oil 
and Gas Resource case. 

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) 

History 2012 Projections 

2000 2010 2020 2030 2040 

Historically, naturalgasproduced 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 AE02014 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. 
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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) 

History 2012_ Projections 
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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 
AEO2014 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 
Re I lability First Corporation (RFC) regions (Figure MT-49). The 
retirement of coal-fired capacity in the SERC region from 2012 
to 2040, at 12.9 GW, is the country's second largest, and Its 
increase in natural gas-fired generation over the same period, at 
109 million 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 in the Reference case are the Western Electricity Coordinating 
Council (WECC) and the Texas Reliability Entity (TRE). Those 
two regions do not have large 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 MWh). 

In the RFC and TRE regions, natural gas-flred 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. 

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 
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 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 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 fuel demand, reduces market opportunities for CTL and 
GTL technologies. 
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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) 
^ History Projections 

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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In the AEO2014 Reference case, sulfur dioxide (SO2) 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) [?S] 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 
(DSl) systems by 2016 to comply with the specific requirements 
of MATS. The emissions controls have the ancillary benefit of 
removing significant amounts of SOj. For example, scrubbers 
remove more than 90% of SO2 emissions from flue gas, DSl sys­
tems, when combined with fabric filters, remove approximately 
70% of SO2 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, includ­
ing approximately 31 GW of coal-fired capacity retrofitted with 
scrubbers and another 45 GW retrofitted with DSl systems. 

After a 61% decrease from 2012 to 2016 (Figure MT-65), 
annual SO2 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 DSl equip­
ment remove most (but not all) SO2 from flue gas, As a result of 
MATS compliance, SO2 emissions are reduced to a level below 
the cap specified in the Clean Air Interstate Rule (CAIR). 

2000 2010 2020 2030 2040 

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 CO2 emissions are examined in two cases, 
starting at $10 (GHGIO) and $25 (GHG25) per metric ton CO2 
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 
(GHGIO and Low Gas Prices) (Figure MT-66). 

Emissions fees or other policies that place an explicit or implicit 
value on CO2 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 CO2 
emissions are 15% and 28% lower in 2025 in the GHGIO 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 CO2 fees in the GHGIO 
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 COj emissions In the 
GHGIO 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. 
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Analysis & Projections 
World Shale Resource Assessments 
Lastupdated: September 24,2015 

This series of reports provides an initial assessment of world shale oil 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 chapter is linked in the table of countries below. Archived editions are provided in links 
in the sidebar column to the right. 

Count r ies assessed by date 

Unproved technically recoverable 

Region Country 
wet shale gas 

(trillion cubic feet) 
tight oil 

(billion barrels) 

Date 

updated 

North America 
Canada 
Mexico 

U.S.'' 

572.9 
545.2 
622.5 

8.8 
13.1 
78.2 

5/17/13 
5/17/13 
4/14/15 

Australia 

Australia^ 429.3 15.6 5/17/13 

South America 
Argentina 
Bolivia 
Brazil 
Chile 
Colombia 
Paraguay 

Uruguay^ 
Venezuela 

8015 
36.4 

244.9 
48.5 
54.7 
75.3 
4.6 

167.3 

27.0 
0.6 
5.3 
2.3 
6.8 
3.7 
0.6 

13.4 

5/17/13 
5/17/13 
5/17/13 
5/17/13 
5/17/13 
5/17/13 
5/17/13 

5/17/13 
Eastern Europe 

Bulgaria 
Lithuania/Kaliningrad 
Poland 
Romania 
Russia 
Turkey 
Ukraine 

16.6 
2.4 

145.8 
50.7 

284.5 
23.6 

127.9 

0.2 
1.4 
1.8 
0.3 

74.6 
4.7 
1.1 

5/17/13 
5/17/13 
5/17/13 
5/17/13 
5/17/13 
5/17/13 
5/17/13 

Western Europe 
Denmark 
France 

31.7 
136.7 

0.0 
4.7 

5/17/13 
5/17/13 
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Germany 

U.S, Energy Information Adrrinistration (EIA) 

17^0 0.7 5/17/13 

Netherlands 
Norway 
Spain 
Sweden 

United Kingdom 

25.9 
0.0 
8.4 
9.8 

25.8 

2.9 
0.0 
0.1 
0.0 

0.7 

5/17/13 
5/17/13 
5/17/13 
5/17/13 

5/17/13 
North Africa 

Algeria 
Egypt 
Libya 
Mauritania 
Morocco 
Tunisia 
West Sahara 

706.9 
100.0 
121.6 

0.0 
11.9 
22.7 
8.6 

5.7 
4.6 

26.1 
0.0 
0.0 
1.5 
0.2 

5/17/13 
5/17/13 
5/17/13 
5/17/13 
5/17/13 
5/17/13 
5/17/13 

Sub-Saharan Africa 
Chad 
South Africa 

44.4 
389.7 

16.2 
0.0 

12/29/14 
5/17/13 

Asia 
China 
India 
Indonesia 
Mongolia 
Pakistan 
Thailand 

1115.2 
96.4 
46.4 
4.4 

105.2 
5.4 

32.2 
3.8 
7.9 
3.4 
9.1 
0.0 

5/17/13 
5/17/13 
5/17/13 
5/17/13 
5/17/13 
5/17/13 

Caspian 
Kazakhstan 27.5 10.6 12/29/14 

Middle East 
Jordan 
Oman 
United Arab Emirates 

46 Countries' total 

6.8 
48.3 

205.3 
7,576.6 

0.1 
6.Z 

22.6 
418.9 

5/17/13 
12/29/14 
12/29/14 

bbl = barrels; Tcf= trillion cubic feet. 

^ llncludes 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. 

U.S. Energy Information Administration, Annual Energy Outlook 2015 Assumptions Report. Table 9.3 used for tight oil and 

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

liquids for an unproved wef natural gas volume. 

^'^Corrected data inaccuracy In EIA/ARI2013 world shale report. See Attachment A. 
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Today in Energy 
August 20, 2014 

Russia-China deal will supply Siberian natural gas to China's northem, 
eastem provinces 
Chinese natural gas supply mix (2012-40) 
trillion cubic feet 
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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 obligations. 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 to ElA's International Energy Outlook 2013 (IEO2013) Reference case, demand will more than triple from 5.2 Tcf 
in2012to17.5Tcfby2040. 

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 (bcm), or 1.3 trillion 
cubic feet (TcO, per year of natural gas starting in 2018. Future phases could increase this volume to as much as 60 bcm (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 committed to purchasing 38 
bcm (1,3 Tcf) per year of natural gas from Turkmenistan by 2016, increasing to 65 bcm (2.2Tcf) per year by 2020. 

http://www.eia.gov/todayinenergy/detail.cfm?id=17631 10/28/2015 

http://www.eia.gov/todayinenergy/detail.cfm?id=17631
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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 IEO2013 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 world shale 
gas resources, China has 1,115Tcf 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 
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Source: U.S. Energy Information Administration, IHS Energy, Eastern Bloc Research 
Principal contributor: Alexander Metelitsa 

http://wwv^'.eia.gov/todayinenergy/detail.cfm?id=1763l 10/28/2015 
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Dsfnnd FiwicntfoB Agrecmvat BaCWMM te United State 0^ 
and 

IheUtiiM SWci Attonuy^B O£Bfi0 ibr ftflNofflualMitEScA of OU^ 

Hoviraonuaaial Crimea Sedioii of teBonteimi^ 

OqiMOtmeDt of J^ntico (co!!eody«fy &fi ''DepaRmennt ^ behalf of ̂  United St«Ses of 

Ameriea, asd fto TtotBnagy ̂ M « v Opeodiiig Coiiq;»^ 

gjaiiitod by ita Boaid of Diiectcn In ̂  ftcn of a Boaid Reiolotbn ( A ^ ^ 

ifl£otidaDftfined?ioieetttoiAci«emcnt(&a''Agroflmenn* TlutA^iStedStateaaEkaowtedgeB 

FBNOCa floctenalvacamedvottsdoBa at Dvyi»-BeiaeNiio1«ar Power Statbm (*D«vla-Bene^7, 

FENOC*acoopar«tlcn daring ipveatigatoaby Ihe D ^ ) ^ ^ 

CammiiaioarNRCr)> FBNOCa pledge of cGOtfaBiedGOoperation,FBNOC8 adawwtodgemsnt 

of leiponaibili^ fo AM bebn^or of Ita en^ployeee, aikl ita agnaneot to pay a monetaty 1 ^ ^ 

1. FBNOCadmitBthatthsI)epaitBMatoanpRive«batftQmS«ptaBber3,200t 

throustoNoveuiber ̂  2001» 7BK0C enplayeea^ actteg o a ^ 

zcivesentBtiotta to tfae NRC in te ooweo of attempitfng to pennade llie M ^ 

waa iaft to openM beyond Doeentec 31,2Q0t» u «et Itoh i&dfltatt b&'te StasanuBt of ?icta 

attaciied henlo » Attadaneot B (te''Statement of^BofO* 

2, PEKOCagreeetopqraattuietaiypcBa]tyaf$28imIHoau Aptntumofthia 

ananiminiybaAcctodtoaCTTntirnmltyecrvloopwjact^wM^ 

Kcno of te penalty dxaU be tex dadiictiU% nor dia& aay of it b« nibndtted aa (diowa 

a PnUlB Utdity CoiDndiBiaaxata-nuildng pcooeeding. 

000001 
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# 

3. inoiaaidentionofPBNOC'ientcylntotUaAgiMnuatandltaccinndtmetf 

(a) accept and adCMWledgexeqjonaibiHtyfotia eondact; (b)eoopentfaw^ 

and te NRC aa let tedi In PingrMt 9; (e) niaka te pajnoaot ^woifiad In Paragnqdi 2; 

(4) coolly wi&Fedend crimteVtewi; and (Q) oterwiae cooqptywift a^ 

AgKOcmeâ  te Department ibient a natsrial bfeadi of tiiia Agreenenl^ wiU nftato 

eeeid&g an bfietmeat oc oteririap nitSating o H m ^ 

nlated to te conduct deeedbed in te attached Statomant ofFtoUt 

4 IfPENOCittatarialIybnaciieaitadbligBteiadeieribedbflrein.teI^a^ 

inqfproeegntaJBNOCibranyidQladflnalmowntoitattette»inffandHigtecondnct 

deactibed in te Statement of Ftota. Dniwmiimilonofbteach tell bo governed by Paragr^ 12 

ofdnaAgveemeoot 

5. FENOCagreeafbat in any aocfapioaecakmte Statement of Pacta tell b« 

adndaaiblB In evideoca. 

6. PraffX^agneatotoUteinninogofteodminalatatntDofliiQitatianadtiringte 

temi of tfala Agreement wifhie^peet ID aU coodoGtidatad t o t e Goodoet d o a a j ^ 

Statameot of Facta. FBlKX^esqpMeatykteadaandlierAydoea-waiyellad^itawiflkieipeotto 

tfaatperiod»fnn1nrt<ngaiyria|ittonutoaclaimprendaediBteatatnteofllmitrt^ FBNOC 

atao walvea any claim oonoeining pxv-indletment delay, biBlndfeg btt n ^ 

l i ^ under te Sfx^Amanteent of te United StateaConadtndon, IfOa 18 IMed StBtea 

Code^ Section 3161» Fedoal Bule of CUvinal hDoednie48(b)» and a i^ i ^ c a b l o Local Rolea 

te tepecM dodsg wbloh tilila AyeemMit la In elftct 

- 2 -

000002 

http://jqM.2a.2006


. JflN.20.2006 12:51PH US flTTORICY'S OFFICE N0.33a P .9 

# 7. FBNOCagreestowaiveitioosititotiodalri^topceseitfnientofattiniBctmantto 

a grand juty, and to allow i te t U a d Stataa to piocoed a g a t e it by fi&V n B i t e ^ ^ 

legaRl to all conduct mated to te condnot daaodbed in te Statement of Facta. 

g. FffllOCagnet tbat !t ten not, dimii|^itaattoinaya»a8Bnta,OTenqiIoyeea,mal» 

any atatonent, incilBdlng in Utigatksu contradidingte S W e ^ ^ 

inddaAgreeitteBt V^tfabi48IiouraailerTeec^ofsoticebyteDeiMntmentofaudi 

costiadictary statement, FEKOC ten iqnidialn aucSi ititemeot In writing; bolb to te r ^ 

andtoteDqwitment FBt^OCopaaeatatDpiibllonieaaebyteDqMBlmentofBach 

lepodiation. 

9. FENOChucoopemtedandwOlcontisnetQcoopeataiidttiteUyMStiteaand 

teNRCinaflcrimtelandadmliiUaaUwinverfgettonaaiklpniceeitfngare^^ 

deaeribed In teattadaal Statement of Fkcta, &afl(yfMier inquiry, PSNOC^raee diat ita 

contfandng oooperad«n ten include te fidlowing; 

9.1 F^^KX:wlnoan9letdy,tIatllfbny«adIaompdyd!aek)aoaninfisma^ 

in Itapoeaeaiioaietetad to temattgaaddieiaed l a t e attached Statement of Facta aboot 

which te Departnunt and te NRC mj^ inqite^ ioclndlng aU iatematlai about te 

activitioe of FBNOC; preeeot enqdoyeei^ ibinier en^loyeee^ coneoltanti, and agenta. 

9JZ FBNOC win provide teDepaxtment and KRC any faribnaatien Old 

docnmeola of which it becomea fWKV tet may ba idovant to ftarAer crimiaal and 

•dndniatrativo Inyeatigatiaoa andprocoedingi xdatad to te cooteot deacribed fai te 

Statement ofFteta. 

- 3 -
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# 

# 

93 FBNOCagoeato-waiveclteaqfattotnaywrfc-prodBctpiotectiottby 

piovidhig eoidea of witneia faiteivtew lomnnriaa pnndos^ diaolosed to te Ihdted 

Statee te inspection in te ovent that te tMted Statea hringi pcoiecotiona of bkdviduala. 

By ptodaehig materiala puranant to dda paragn^b, FBNOC doca not waive te attoney^ 

cfiflot privilege or te woilcrprodnct pratecdon, or o te r vplieablo privilegea aa to dilid 

|wdea* 

10. FENOCagraaatooDdoaeax^nwdooaffledbyteXHtedStateaaeddng 

dieolOBUEs of grand jury matedala to te NBC putinant to Ibile 6(e)Q)® fbr te uae of 

adiHJniatiativo proceedings . 

11. ThotomiofteAgieemcDtteUcommeBceontedateoffioceeationandxnn 

teou|^lJ)ec«ober31,200d. 

WffldlirflfiffAgmmwt 

12. Should teDcpartmoitdetecmbietet FBNOC baa s t a t e d ddt Agreement, te 

Dqwrtmonl ten prDvidoaodca to FBNOC rftebaaiatedat deternrfnalioa and aHow FBNOC 

30 daya to dcmonatnfie that no breach oocncn4 tet te bveaoii haa been ourod, or tet te breach 

doee not merit teteraBrionhytePqwiliiiBiit XfteDepartnuatdfltenalnea diet FBNOC haa 

matBrlaUy hreadiedita obfigadcna under te terma of thia Agreement; te Department may filo 

an fafimuation without prior judicial approval. FBNOC wifi have aorigttt to loflk judicial action 

toet^hiorotherwiaopreveDtteSnDgofanlittenadmL If criminal proieeutiQniahdtlated by 

teI>epactment<mtebadaofaelidn»edniatedalbfeiflh^tfaiaAgteemeol;FBMOCte^ 

bailed fiom moving to d i in te te acdoa oa te ground tet it baa not materially breadied tfaia 

Agpeement* 

- 4 -
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• 

13. It la undentood diat dda Agreement la blading on teDq)artmest, but i ^ c d f i o ^ 

doea not I t e l odier Federal agpodaa, atale or local law entecemcat agendea, liccniring 

aodioritiea, or regulatory andioritlaa. IfrequeatedbyFBNOCteDepar&nentwiBbrhigtote 

atteation of any aochagendeate cooperation ofFENOC audita compliance wife ftaoMigaliona 

under dda Agreement; 

Tatwrrihnit ^ m t 
14. IldaAgKMmeotaetaibrfiiaBteteaaaofteDBteadAtoaecutiottAgPBeniem 

betwoenFSNOC and te United Statea. No modificadona or additiana to tbia Agreement ten 

be valid nnleaa tey are In wxltittg and riffMd by te partiea to thia Agreement 

Qn^^nnta 
tXaitod 

By: 
Stiokan 

Aaalalam United Sfatea Attom^ 

RidiardPoolo 
Seoior'&iailAttom^ 

Bbvimomem and Natural Reeoureea Diviaion 

# 

iT.BaUimte 
ttialAttooMy 
Bnvirotuuiental Crimea Secrion 
Baviranmaot and Natural ReaoumeaDivlaian 

On b t e l f o f t e Ignited Statea ofAnnriea 

- 5 -
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# 

By: 

cyR.lWdkh GaryR. 
Preaidatt and Chief Nbolav OflOcer 
^xaffinergy Nodear Oparadng Con^aoy 
76 Soudi3idai& Street 
Akion, OH 44308 

V^nfamUOardnec 
Mbrgaa, Lewla ABodrina 
1111 Pean^^vania Avemu^NW 
WateiglDn,D.C 20004 

On b t e l f of FBNOC 

DateofBuouriom ^ ' / / f / ^ ^M± 
**ttaobmeoilas 

Reaolntion {Attachment A) 
Statement of Facta (AttaobmentB) 

6-
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AttadmentA 

Reaohidatt of te Board of Dbeotora ̂ nntBnergy Nuclear Opendlttg ConpaaQf, loe, (^BNOC) 

Upcp motion dn^mada^ aecondad anduuauhuoualy oaniedby te afHtmadvo vote of all 
te Din^oa pnaco^ te ftSovdng naointioDa WK* adopted on November 9,2005: 

WHBRBAS, FBNOC baa been engaged in diacoaakma widi te United Statea Attomey'B 
OfBoa te te Ndxdiem Diatrict of d d o and te Bavlxonnieatal Qimea Seedon of te 
D^artment of Jnatico ( t e "United StateQ in comiectioa wifli an inveerigatinnbeiag conducted 
by te United Statea faao actMtiee of FBNOC eo^loyeea and managna ̂ Rte prq^ared zeiponaea 
u> aft inquby by te Noclaar RegidatoKy Gomndsalon; 

WHBRBAS, te Board of Diieoeaca ofFBNOC baa determined tet It la in te beat 
intareatt of FBNOC to enter Into die De&ctedProaecud^m Agreement tet the Board of Directora 
baa tcWewed widi oounael iepieacutingFBW)C; 

NOW, IHBRBFORE BB IT RBSOLVBD diat te Board of Dbtcten of FBNOC 
ccnaesta to die Teaolatia& of te diaouaaloBa widi te United Statea by entering isto te Dctend 
Froseeution Agreement in auhatantially te aama i t a i aa reviowed by te Board of Dizeotora and 
aa atteched hereto aaExUbit A; and 

BB t r FURTHER RESOLVED tbat te Board of I t ec ton of FBNOC aadiorizea 
managemear and oonnad zepceaosdng FBNOC to coceeute te Deibtred Pioaeeutiott Agjmment 
on bflbalf of FBNOC Bid to t t e assy and an odwr aedcoa aa ma^be neceaaaiy or appnpriate; 
and to a^rove te fiimii; teona; or proviaiona of any agreementa or other dooumente aa may bo 
neceaaary or ̂ ipropriate to cany out and efiEbcUiate te pnpoae ac^ lideot of te teegoin^ 

A - 1 
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AttadaaentB 

Bi Bi9poxt of a deteodproaeeadon agraemeot, teKndBnergyNudev Openring 
Con^aiqr (FO^OG}^ da rm^ ite board of dirootBra, adnte thai; te an dmaa l e l ^ ^ 
apcemeia, te fidloiHng ten are tmo: 

1. FBNOC opcratedteDavla-BeaaeN^MlearPowerStadononteaoudiweatcoitere of 
Lako6ri«in(%i0i Fm70CbddaHeea8a;iaanedbyteNiuIearRegahdoiy 
r^^mftmiAm^^Q^C^taapagtt^l^nMfafeam^T^watmermeiaft^^ thoDovla-Beaao 
r 'ffl t TlffH m ' ^ h ^ flarian te b—t xtfrtar te q^p imfa ia t i ^ afag hi«drBd.dggrM« Fahtgnhrit. 
At diat temperataro; te reactor coolant water; «dd0bwaa lealed InaidB a reacttr preaauxe 
VMae],readiedapxeaanteofappioxfanate^twodioo8andpoondaperaqttarohidL Tho 
reactor coolant w u dien uaed to Bope»4iBar atcam to driva eleotrld^t-genflradng tubinea. 

2. At Pavi»aeeae^taaetoropeitforauaed two ayateaai to control te rate of telnn. For 
ooarae control, dicyxaiaed or towered vertical control rode bi te reaocor core to abaorb 
teaenttonadiatAtvetetelciirftartton and reactor powar. 'WhmtetodawcrtfUUy 
ittaerted^fhofladoniuBcdottbecamononFael^auatthdng; For fhieteion and reactor 
power coEttrol, opentora abo added (or xemoved) bodo add ten te xeaetor coohud 
water. Iikediecaatrolroda,teborioaeldalaoabaoxbednenlrona. 

3. Tho maohlOery diat ndaed and lowuredte control toda war atoidied t o t e reactor veaael 
head, whidiwaa removed when te reactor waabeiBgre&ded. Control rod drivo 
mechaniam nosdea penettated te dome-ahqped head and te control roda were ndaed 
andlowarnddnon^dioaeaoaKlee. ThoDavia-Beaae reactor veeedhoadhadaiztyaine 
nozzlee. Theeenos^lea were anxounded by a large cyteUodaervkeatructae; which 
waawddedtodiohead. BeeauaeofthiaoeofigpratloQ,teonlywaytoinapeette 
nozdea at Danda-'Beaa* waa by inaartliig a canieni diroogh iuapectioa porta located around 
tebottomof te aecvice atmcturBi 

4. After aaaayyeara of aarvice;tecoattol rod drivenMwhanlimnnBdea could dafvdop 
cracka; AlteniftaevendPWRlicenaeea had tend axial uoadacmdca hi te eariy 
1990%diaywaBaof]fl8aeonB8mdundrcumftreadalcmda. &i2001 saverdFWR 
lioaoaeea tei^ drcumteaidd cnnka bi dialr leaotor veaad baad no2dea. 
CireomftreiabdcradEaBlaoconldpowaroundasoBdootferdme; Iflhqrwaranot 
detected and lepairBd tel; a cmok could reach a attied aiaa and aOow te oomplete 
bred^ofanozaOOi AbcdDettnoaSlaeould4actihimteteaotorbnd,leKringahole 
daoogbvdiiflh reactor coolant could eaoqpe into tecontdnmeotbttildhig. PWRawere 
deaignfld to widiatand nich a "loaa of oodant acddantf and to ptevot ofMte 
tadiologicd conarqumcea, Navarthdeaa, audi an event would atreaa a plaafaaaftty 
ayatanuk 

5. ForaevcndyeaBi}aiortoteaummerof2001,Dtvla-Beaaa<mplDyBeabadfld]edto 
properlylmplomwttepbBaraBcrtoAaidCorBodeaOentrdandCorreedveArttai 
pnpama; TbeaepKopamaweKadedpiedtoenaaredudDanda-Beeaeenq^l^eeB 
diecovarod boric add ledca, identified dieir aooroea; doeanmted ttidr extent; and deatt 
widianyconoaiflapaqTcriy. Sttica 1996; aome Dade PeiaeemployBea knew flat boric 
add d^odte were left on tereactorpveaaoreveeadhaad tan outage te outage. Some 
Davia-Bease en^loyeea aho lo&ew diat te aarviee abndnra aurromding te reactor 
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AtiadanentB 

preaaoreveaadheadhivededbupeeliciiofaomoofteiioadaa. Inqpecdonaaddeanlng 
atepa under te Borte Add Cenodon Coand program were not pertened pr^eriy 
during tezetenngoutagaabi 1996k 1998. and 2000. teteadtDavia-Beaaeengteeera 
prq^ared an^aea juad^hig opeTBdon widiont lemovhig an of te bozio add. 

6. 5iAngpat2001,fMlowfaigr^oit8ofdicnmibrenddnogdecradoiataeverdPWRam 
teXAiitadStatBa;teNRCiaauedBnnedn2001-01« TbiaBunednrequiredteoperatora 
ofFWBa,ind»dfaEigFEKOC, to providekteDoadoncoacerningfaowtepotflndd 
ca««nteentidcmd±igofreactorvBaad head nogleawaaadMreaaed at their planta. Ibe 
intemadmi each FWR Qperator Wtt respired to provide depended i^on aeverd tetora 
^teuaaed in te BuUetin, iofiSiUUng wbedur there waa a prior Uatory of nozde creddng 
or lealdrig at d^ plant arid ̂ itedier te plant'a deaign and operathig Uatory nude it more 
orteaaauacqpttbletonoKdecnddn^ ^ i W i ^ s d to DadarBeaae^ FBNOC waa required 
to report on (1) te anacepdbility of te pbna to nozste ciaddng; C^ te ate^ FBNOC 
had tdONi to detect it; and 0 )̂ FBNOC!*a plana te te^iectingte reactor veead head 
aozdea l a t e fixture. BecaoaaFBNCKtdidnaitplaatoinapectteDayia-Beeaereaetor 
veead heed te aigpa of CTKddttgby December 31.2001, te BnlledB requited FBNOC to 
explahi bow it would atdl sieet Qiosided regobdory requhnmente during te period of 
cQudnuedcperatlcoundldieinapecdciiaweretobeperlbamed. PuzanaiiktoieGiion30.9 
of Tide 10 of te Code of Federd Ragnlatfona; aU anbnriadnna of Jaformadon to te 
NBC, faicbidiiig rei^ouee to bolledna; were reqoired to be ̂ 'con^lete and accurate in aU 
materidreapeeta.'* 

7. At tedmeteBanedawaaiaanedytenaxtreflienng outage dDavia-Beaaewaa 
adaednledtob^^iahaeMacdi2002. ReadiednUngoftereflxdhig outage waa . 
dependent on marytetora;fndudhigddiveiy date o f t e new nuclear did, OHcrgy 
reauddng in teuaednaeteartelwShinte reactor; replacement power coata; and 
avandriU^ofneededoonttactoraaDdeqd^aiaat biteftUof2001,D8vlfr>Beaae 
penwmndhadeatliTiatedflidifteOoiiyanyhadtoperflamanosndeinapeodonand 
leteShig outege b ^ n e ^ hi January 200(2, dica dnt outege wodd laat 4S daya and te 
Conyanywoaldincar addltlond ei^anditnree aaccnyaredtoteadiedded 3 4 ^ y 
z^hdfaig outage begfaadngdteeod of Mardi 2002. The primary contributor tote 
addidond capanditBre waa higher repbcemant power eoate during te 4 5 H ] ^ outage 
starting in Jannary. 

8. &i September 2001, FBNOC asq^loyeea at Davia-Beaae responded to teBuSedn. Over 
die three moBteduafbltowed,I?aviaBeaBeaniployeeaadmdtted five''SeridLettetar'to 
teNRC^reqiondlngtoteBullethi. TlteaeleCtera were numbered 2731,2735,2741, 
2744,attd274S. bidieaaletter^Didfr-Beeaeemployeeaprovidedtedudcdargumamato 
m^port FfiNOC'a poaltloa that it could ecorinne to operate aaf^ aid ia compliance with 
NBC xagalatkoauadlMnd& ctf 20Q3. 

9. The Serial Letteia included teibnowfaigiblBeatatBnattte; 

9.1. A atatementfaiSerid Letter 2731 dud *1napeodopaoftebBactorptBaanmvraad 
faeedl areperifarmed... in accordaace widi ODsvifr-BeaaeNudearPower Stadon] 
ViuceduieNQ»BN-00324» *Bccto Add Ccnodcn Cnnttd Program.'* Thia 
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statement waa fidae. AnhupecdootodetermteinMberboricaddwaBcaadng 
conoaionwaa one of tes lepaof te Bate Add ConodoaCMitKdProgtam. An 
en^naer who hupeetedtereacter^Maareveaadbaadht 1996 noted diat "atqia 
outlined tai NG>-1 -̂0Q324 Rev. 1 (^orio Add Conodon Conttol FtogcaaO cannot 
be M y xmptemeBted.** The same engsaearreviewad and approved Setid tetter 
m i i n t e F a n o f 2 0 0 U 

9.2. ABtatenicntinS«ridLetter2735diat*%il996,dnrix«[tel0di4eteUng 
outage], te a n t e [reactor preeeme vessel] head waa inapected.** Thiaatetemeat 
waafthm. fii 1996^ Ada same entfneer conducted a vidcouqiedbiapeedon of te 
teadorveaadhMdiriddideaiomArHteddutxestrtedoasin^osedl^telocatioa 
and aJzaofthefaupecdoBportepreveptBdaaint^pecfefli of die entixB reactor 
preaauxeveeadhead. &x 2001, anodierengfaiaar reviewed diet 1996 videotape. 
Both cBsgbieem revtewed and Improved Scsid tetter 2735. 

93 . AatatamenthiSeridLetter2741duahiteipringof2000;Dsvia-Be88e 
peraonnd bad'^erteaied a head deanfaig to aQow te a quality [Reaotor Preaaure 
VesadOBadl bare mddvieiudhMiMedon In ̂ pril 2002.** Tbia statement waa 
ftlaoinduateeateheadbadnotbeeadaaned. Theenghieerwhopcrfinmed 
te head inq^eedon hi 2000 Imew diat sdMtendd depodU of boric add had been 
leftonteheadatteeBdofte2000ontagei Odier Dsvia-Beaseea^iloyBea 
received a Gonaultanf a lattar hi Sqrtember 2001 dud described adieamdd 
dqpositeofborie add on te center top area o f t e head of te reactor. Smneof 
dieae ec^loyeea reviewed Bd approved SeiSd Letter 2741. 

9.4 Ast8tenienthiSeridLetter2745that,'UalnglORFO;hispringofl996,te 
cadre head waa vidble ao 100% of te [cootpd rod drive meduniam] noadea 
wereinapectedwiditeexc^tlonofternocdeateteoentaroftehead.'^ Thia 
statement waa ftlaetetereaaonaatated above, d 9.2. Seridtetter2745 
coQtafaied a prObabilistle risk assessnunt puxpozdng to tew diat Davia-Beaae^a 
coze daxnage tegnaney waa accqrtab^ Imr, anch diat an inunetete hiipe^bn 
waaunneceeaary. ThexiBlcaaae8araBntwuba8ed,hipart,oateassiunpdonthat 
te 1996 inapedioawaaas described. Ibeaoghieer^tepedbmieddia 
Inooo^leie tepeodcii hi 1996 (described diove; d 9J) lesssored te audior of 
die probahlnBdeririraaaBBnuent dud due aaaun^dott waa correct. 
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