Technical Appendix to Accompany
“Employing Gain-Sharing Regulation to Promote

Forward Contracting in the Electricity Sector”

by David P. Brown and David E. M. Sappington

This Technical Appendix provides detailed proofs of Lemma 1, Lemma 2, and Corollary
1 from the text.

Equations From the Text
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Lemma 1. In equilibrium under forward contracting, given € and Fi, ..., F,:
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Proof. (3) implies that when ¢ is realized, Gi’s problem is:
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(2) and (6) imply that the necessary conditions for an interior maximum include:
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Define Q_; = > ¢;. Then (2) and (7) imply that G¢’s profit-maximizing choice of ¢; > 0
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(8) implies that in equilibrium:
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(9) implies:
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(8) and (10) imply that in equilibrium:
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Observe that:
[2b+c][bn+c]—b?[n—1] = 2b*n+2bc+ben+ 2 —b*n+b?
= n+2bct+ben+b*+c = b[n+1]+c[b(n+2)+c].

(11) and (12) imply:
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(13) and (14) imply that in equilibrium:
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(2) and (15) imply:
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(16) and (17) imply:
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Lemma 2. At a symmetric equilibrium under forward contracting, for i = 1,...,n:
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Lemma 1 implies:
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(21) implies that when E{e} = 0:
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(25) implies that Gi’s profit-maximizing choice of F; is determined by:
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where X = B*[bn+c][2b(b+c)+c(bn+c)] and
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The coefficient on F_; in (26) reflects the fact that:
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(2), (26), (27), and (29) imply that at a symmetric equilibrium:
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Because b = 7, (30) implies:

%J;} s {[bn—i—C][2b(b+c)—|—c(bn_|_c)]_|_b3[n_1]2}




.{26[b+c][n—1] [a"+ Q—b'co] +b0°[n—1][a"+ Q- o]

+ [%] bz[bJrc][n—l]}

- {bg[b+c][n—1] [a1+@—bfco}}
{n [2b(b+c)+c(bn+c)]+[bn+c][db+2c+cen]+302[n—1] }
= {2b[b+c][bn+c]+c[bn—|—c]2+b3[n—1]2}
-{2b[b+c][n—1] [a"+ Q—b'co] +b0°[n—1][a'+ Q- b ]
+eo[b+e][n—1] }
- {b2[b+c][n—1] [af+@—bfc0]}

'{2bn[b+0]+[bn+c][4b+2c+2cn]+3b2[n_1]2}

= 40 [bn+c][b+cf[n—1][a'+ Q—b'c]
+20 [bn+c][b+ec][n—1][a"+ Qb co]
+ 2bcy [bn+c][b+c]’ [n—1]
+2be[bn+cP[b+c][n—1][a"+ Q—beo]
+bcbn+c)?[n—1][a"+ Q—b'c]
+cco [bn+cP[b+ec][n—1]
+2b[b+c][n—1][a' + Q@ — b ]
+ 0P n—1P[a"+ Q—-bley] +WPco[b+ec][n—17
—20%n [b+c’n—1][a' + Q- c]
— b [4b+2c+2cn] [bn+c][b+c][n—1][d"+ Q —b'c]

— 3 [b+c][n—17[a"+ Q—b'eo]

= [a'+ Q—b"co] [n—1]
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The inequality in (31) implies that 25 < 0 because b! = 1. The inequality holds because
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—2cn2b3—202nb2—b4n2+2nb4—b4}
+[b+c]2[263n+4b20]+bQC[bn+c]2+b5[n—1]2
= [b+c][2b°Pn+2b® =20 c—2cb’n— 26707 — b'n? — b ]
+ [P+ 2be+ ] [200n+4b%c] + Velbn+c ] +0° [n—1]°
= 203N+ 20 =20 c—2cb*n — 2203 — VP n? - 1°
+ 202 n+2bct =203 — 2203 n — 2202 — b*nfc—bic
+20°n+4btc+4b ne+ 8P+ 263 n + 402
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=288 n+200E -2 c—2cb*n—220° -V n? -V
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+ 20 n+4b c+4b' nec+80 A+ 20 nc? + 462
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=0 2n—2-2-2n+8+2n+2n]+ b [2+ 2n —2+4]
—|—b4c[—2—2n—n2—1+4+4n+ n2]
+ 0 [0 —1+2n+n"—2n+1] +2bc* +0° ¢

= VA [4An+4]+ 0 E[2n+4])+ b c[2n+ 1] +2bct 0P E > 0. A

Corollary 1. Suppose ¢ = 0. Then at a symmetric equilibrium under forward contracting,

fori=1,...n, F;, = :2111 [al—i-@—b[co} = F; :%[al—i-@—bfco} when n = 2 and

%lzi <0 forall n> 3, and a%(znleJ) >0 for alln > 2.

J

when n = 3. Furthermore,

Proof. (30) implies:

lim F b [n—1][al + Q —bleo] [n—1][a"+ Q —blco ]
c—0 bn[202]+ b3 [n—1]° 2n+[n—1)
[n—1][a"+ Q —blco] n—1:,; —=
2n+n?—-2n+1 n2+1[a+Q beo] (32)
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Observe that:

2—-1 1 3—1 2 1
5 — and 5 = =
(2)"+1 5 (3)"+1 10 5
Therefore, (32) implies that if ¢ = 0, then F; = % [aI + Q- co} when n = 2 and when
n=3.

(32) also implies that when ¢ = 0:

OF;

ZnP+l1-2n[n—1] = —n*+2n+1
on

OF;
= 5 ;O & g(n)EnQ—Zn—lg(). (33)
The roots of the equation g(n) = 0 are:
1
n 5[21\/4+4] 1+ V2. (34)

(33) and (34) imply:

(n) <Oforn€(1,1—|—\/§) (35)
g(n

>0 forn > 14++vV2.
(33) and (35) imply that when ¢ = 0:

> 0 for n € (1,1+ﬁ)
oF;

OF;
14++v2 = 5 < 0 forall n > 3.
n
< 0forn > 1++v2.

o =0 forn =

(32) further implies that when ¢ = 0:

=2n*4+2n—n*—1-2n*4+2n? = n+2n—-1 > 0 forall n > 2. (36)
The strict inequality in (36) holds because n? + 2n — 1 is a strictly increasing function of n
for all n > 0 that is strictly positive at n =2. B
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