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We begin by identifying the outcomes the regulator might conceivably implement in
order to minimize the expected payment required to induce the utility to undertake one of
the projects.

Case 1. For one i € {1,2}, the regulator always induces the utility to undertake project i

and implement cost structure H.

Conclusion 1. In Case 1, the regulator’s minimum expected procurement cost is c5y and

the utility’s corresponding profit is 0.

Proof. When the utility undertakes project ¢« and implements cost structure H, its expected
cost is ¢f. This is the lowest possible expected procurement cost the regulator can secure
in Case 1. It is readily verified that the regulator can secure this cost by setting r, = c,
Ti=Candr; =7; <c; (j#i) A

Case 2. For one i € {1,2}, the regulator induces the utility to always undertake project i

and implement cost structure L.

Conclusion 2.  Suppose ¢y — ¢, > ki. Then in Case 2: (i) the regulator’s minimum
expected procurement cost is c§; +k; ; and (i) the utility’s corresponding expected profit is 0
if ki = ki and ky — k, if k; = k.

1
Proof. When the utility always undertakes project ¢ and implements cost structure L, its
expected cost is ¢, +k; when k; = k, and ¢§, +k; when k; = k;. Therefore, the regulator must
cede a rent of at least k; —k; to the utility when k; = k; to ensure it always undertakes project
7 and implements cost structure L. Consequently, the minimum expected procurement cost
the regulator can secure in Case 2 is ¢, + k;. It is readily verified that the regulator can
ensure this minimum expected cost when c§; — 5, < k; by setting r, = 7; = ¢, + k; and
T, =T<¢ (j#i). A

Case 3. For one i € {1,2}, the regulator induces the utility to always undertake project i

and to implement cost structure H when k; = k; and cost structure L when k; = k;.



Conclusion 3. In Case 3, the regulator’s minimum expected procurement cost is ¢; [ ¢S, + k; |

+[1—¢;] ¢y and the utility’s corresponding expected profit is 0.

Proof. Under the identified behavior, the utility’s expected cost is: (i) cf, +k; when k; = k;;
and (ii) ¢f; when k; = k;. Therefore, the lowest possible expected procurement cost the
regulator can achieve in Case 3 is ¢; [cj, + k; | +[1 — ¢y ] ¢jy. The regulator can ensure this

cost by setting r; = ¢; + [ﬁ]ﬁw Ty = G — [Mpiﬁ kiyand r; =75 < ¢; (j#1).
Under this payment structure, the utility’s expected profit when it undertakes project i and
implements cost structure H is:

_ L—pi Pi
pim[r; — ¢+ [1—pir][Ti =] = pim [—”{}Ei—[l—pm} {—H]EZ
biL — Pin PiL — DiH

= ———pir (1 —pin) = (L = pirr) pinr] = 0.
Dir — DiH [pur )~ ) pu |
The utility’s expected profit when it undertakes project ¢ and implements cost structure
L when k; =k, is:

1—p; i
pilri— a4+ [1-pullFi—al—k = pu [ﬁ}@i—[l—pw] [p—H}@i—@,-
Pir — PiH biL — DiH

= ————[pi(L—pin) = VL —=pir) pinr ] — k; = k;—k; = 0.
Pir — DiH
Observe that pir, [r; — ¢; | +[1 = pic ] [Ti =G| —ki < pir[ri — ¢+ [1—pir] [T — ] —k; =
0. Therefore, the identified payment structure will eliminate the utility’s rent while inducing
the utility to implement cost structure A when k; = k; and cost structure L when k; = ;.
|

Observation. Under the (r;, 7;) compensation structure identified in the proof of Conclusion

3, ZZ—QZ—(F1—62)<EZ—QZ SO Fi>£¢~

Proof.
1 - p ; k; -
L-—Qi—(ﬂ—@) = {ﬁ}kz‘f‘[p—}]]@@ = — < Con ~ %L
PiL — DiH pir. — PiH biL — DiH biL — DiH
1 _ _
= —{piH[Zi—Qi]‘i'[l—pz'HHTi—Ci]—piL[L’—Qi]—[1—piLH7“z‘—Cz‘]}
biL — DPiH
_ [piL_piHHCi_Qi] ——c. N

pir. — PiH

Explanation. The identified policy provides an incremental reward for realizing ¢, that is
just sufficient to compensate the utility for its personal cost (k;) of increasing the likelihood
of ¢;. This personal cost is less than the expected reduction in production cost that cost
management provides. Thus, the utility is optimally awarded less than the full cost saving

from realizing ¢, rather than ¢;.
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Case 4. The regulator induces the utility to: (i) undertake project 1 and implement cost
structure L when k; = k; and ky = ky; (ii) undertake project 1 and implement cost structure
H when k; = ky and ks = ks; and (iii) undertake project 2 and implement cost structure L

when ky = k.

Conclusion 4. In Case 4, the regulator’s minimum expected procurement cost is ¢y [ 5, + ky |
+o1 [1— | [ + k] H[1— 1] [1— by Sy, and the utility’s corresponding expected profit
15 0.

Proof. When ky = £k, the utility’s expected cost under the identified behavior is c§; + k,.
When the utility undertakes project 1 in Case 4, its expected cost is c{; when k; = kq and
¢ +k, when k; = k,. Therefore, the lowest possible expected procurement cost the regulator
can achieve in Case 4 is ¢, [c5; + ko] + O [1 — Oy ][5 + R ]+ [1— 01 ][1— by Sy

. . 1— _ _
The regulator can secure this cost by setting r; = ¢; + [ﬁ] ki, 11 = ¢ —

[plef‘; IH} ki, and ry, = 7y = ¢§; + ky,. This compensation structure ensures that the

utility secures 0 expected profit when it undertakes the specified behavior and negative
expected profit when it undertakes different behavior. Specifically:

pulr—cl+[1—p][T1—¢]
1
= le{ﬁ}&—[l—le] {M—H}& = 0;
PiL —P1H PiL —P1H
pirlry —ol+H[1—pu][m—al -k
1_p1H:| [ P1H }
= — |k — |1 - — |k, —k, = k,—k, = 0;
pm{pm_le by~ Pz PiL — P1H - -
por [Ty — G+ [1—par][To—C] —ky = Gy +hy—(c5, + k) = 0
por [To — G| +[1—pam | [Ta =G| = ¢ +hy — 5y < 0;

por[To—Co) +[1—pop][Ta—C] —ky = C§L+E2—(C§L+E2) = ky— ko < 0;

e —al+[1=—pi] [T -] -k

1 — _ _
= pm[ﬁ}kl—[l—pu] {pl—H]El—]ﬁ: El—lﬁ < 0.
PiL — P1H PiL — PiH

Therefore, the utility’s expected profit is 0 and the utility has no incentive to deviate from
the behavior specified in Case 4.

When ky = k, (Whi_ch is the case with probability ®,), expected procurement cost is
¢S, + koo When ky = ki and ks = ko (which occurs with probability [1 — ¢, ][1 — ¢5)),
expected procurement cost is:
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1 —pim

_ P1H
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pPiL — P1H

When k; = k, and ky = ky (which occurs with probability &, [1 — ¢,]), expected procure-
ment cost is:

1_
P1H :|E1+[1_p1[/]|:51_pl—H:|El — C§L+E1'

PiL {Ql +
PiL — P1H

P1iL — P1H

Therefore, the regulator’s expected procurement cost is ¢y [ 5y + ko |+0; [1 — @5 ][5 + Ky |+
[1=01][1—y]ciy. W

Case 5. The regulator induces the utility to: (i) undertake project 1 and implement cost
structure L when k; = ky; (ii) undertake project 2 and implement cost structure L when
ki = ki and ky = k,; and (iii) undertake project 2 and implement cost structure H when
ki = ky and ky = k».

Conclusion 5. In Case 5, the requlator’s minimum expected procurement cost is ¢y [ 5, + k; |
+ 1= ] g[S + ko | H[1 — 1] [1 — by 5y, and the utility’s corresponding expected profit
15 0.

Proof. When k; = k; and the utility undertakes project 1 and implements cost structure L,
its expected cost is ¢§; + k;. When the utility undertakes project 2, its expected cost is: (i)
¢y when it implements cost structure H; and (ii) ¢§; + k, when ke = k, and it implements
cost structure L. Therefore, the lowest possible expected procurement cost the regulator can
achieve in Case 5 is ¢y [¢fp + Ky |+ [1— 1] oy [y +Ep ]+ [1— ¢y ][1— ] 5y

The regulator can secure this cost by setting r, = 71 = cf;, + ki, ry = ¢ +

1— _ _ . .
[ b2l } ko, and Ty = €y — [ e } k,. This compensation structure ensures that the
P2L —P2H _ P2L —P2H _

utility secures 0 expected profit when it undertakes the specified behavior and non-positive
expected profit when it undertakes different behavior. Specifically:

piLlry —al+[l—pu][m—al—k = cip+k — (i, +k) = 0;

Por [Ty — G| +[1 = pom | [T2 — 2]

I—p p
= D2H {—M}EQ—[l—sz] {2—H} ky = 0;
P2L — P2H DP2L — P2H

por [Ty — ] +[1—por][T2 —C] — Ky

1_
= pQL{ﬂ}EQ_[l_ZEL] |:p2—H:|E2_E2 = EZ_EQ = 0;

P2r — D2H DP2rL — P2H

palry—cal+[1-pml[f1—al= +k —ciyp < 0;



plry—al+[l-pulm—a]l—k = ¢ +k —c,—k =k —k < 0;

Por [T9 — o]+ [1 —pop | [T2 — G2 — ko

1— _ _
= P2L{ﬂ]kg—[1—pu]{p2—}[}k2—k2 = Ez—ké < 0.
P2r — P2H DP2r — P2H

Therefore, the utility’s expected profit is 0 and the utility has no incentive to deviate from
the behavior specified in Case 5. It is readily verified that expected procurement cost is
G5 FEJ+ [1=01] dplc5p + ko] +[1 =01 ][1—¢y] 55 under the identified compen-
sation structure.! W

Case 6. The regulator induces the utility to: (i) undertake project 1 and implement cost
structure L when k; = ky; and (ii) undertake project 2 and implement cost structure L when
kz - E2.

Conclusion 6. Suppose c§,;—c5; > ki and ko—ky, > k1 —k,. Then in Case 6, the requla-
tor’s minimum expected procurement cost is ¢, [CSL + ko + Ky — EJ +[1— ¢y [c“jL + ki } ,
and the utility’s corresponding expected profit is [ ¢y + (1 — ¢y ) ¢4 | [El -k }

Proof. When the utility undertakes project 1 and implements cost structure L, its expected
cost is c{; + k; when ky = k; and ¢, + %y when k; = k;. Therefore, the regulator must cede
a rent of at least k; — k, to the utility when k, = k; to ensure it always undertakes project
1 and implements cost structure L when k, = k,. When the utility undertakes project 2
and implements cost structure L, its expected cost is ¢5; + ko, when ks = ky. To ensure the
utility does not undertake project 1 when ky = k, and k; = k,, the utility must receive
profit of at least k; — k,. Consequently, the lowest possible expected procurement cost the
regulator can achieve in Case 6 is [1 — ¢y ] [, + k1] + &y [ 5, +ky+ k1 — Ky .

The regulator can secure this cost by setting r;, = 7 = cf; + k1 and Ty = Cy +
[ﬂ} [Ez—FEl—EJ: and Ty = G — [ P2 } [52—1—%1—@1}. This compensation

b2r —P2H b2r —P2H
policy ensures that the utility secures nonnegative expected profit when it undertakes the
specified behavior and non-positive expected profit when it undertakes different behavior.

Specifically:

pL(ry—cal+[l—pu][f—a)—k = CTL+E1—C§L—E1 = E1—E1 > 0;

Par (1o — o)+ [1—por|[T2 —C2] — ky

por [1 —pom | — [1 — par | pom [

ky+ki—Fk | —ky, = ki—k, > 0;
D21 — D2H -2 ! 1] =2 L

IThe proof parallels the proof of Conclusion 4.



pulry—al+[l-pulm—al—k = ¢ +k —cf,—k = 0;
pry—cl+[1—p][Fi—c] = & +k— &y < 0;

Por [To — G|+ [1 = pom ] [T2 — 2]

1 — porr] — [1 - T
porr [1—pon ] — [1 — por [ pon [ky+ki—k, ] = 0;
P2r — P2H

par [To — o]+ [1 —par | [To —C2| — ko

1— —[1-— _ - = -
- pZL[ p2H] [ p2L]p2H [E2—|-]{71—E1]—k’2 _ kl_kl_<k2_k2) S 0.

P2 — P2l

Therefore, the utility’s expected profit is ¢, + ¢, (1 — ¢5) ] [k1 — k; | and it has no incentive
to deviate from the behavior specified in Case 6. It is readily verified that the regulator’s
expected procurement cost is [1 — ¢y ][5, + k1] + ¢y [, + ko + ki —k]. W

Case 7. The regulator induces the utility to: (i) undertake project 2 and implement cost
structure L when k; = ky; and (ii) undertake project 1 and implement cost structure L when
k]_ - El.

Conclusion 7. Suppose c§;; —c5; > ko and ky—k, > ky—k,. Then in Case 7, the regula-
tor’s minimum expected procurement cost is ¢y [, + ki + ks —ky | +[1— ¢y ][5 + k2],
and the utility’s corresponding expected profit is [ ¢y + ¢do (1 — ¢7) ] [EQ — EQ} )

Proof. When the utility undertakes project 2 and implements cost structure L, its expected

cost is ¢§; + ky, when ky = k, and ¢§; + ky when ky = k. Therefore, the regulator must
cede a rent of at least ko — k, to the utility when ks = £, to ensure it always implements

cost structure L when k; = k;. When the utility undertakes project 1 and implements
cost structure L, its expected cost is ¢{; + k; when ky = E;. To ensure the utility does
not undertake project 2 when k; = k; and ky = k,, the utility must receive profit of at

least ky — k,. Consequently, the lowest possible expected procurement cost the regulator
can achieve in Case 7is [1— ¢, ][5, + ko] + ¢y [, +ky +ka—ky].

The regulator can secure this cost by setting r, = ¢ + [ﬂ] [ky+ ko — Ky |,

PiL —P1H

TT = C1 — [pleif;IH ] [El + ky — EQ], and 7, = Ty = ¢§; + ko. This compensation policy

ensures that the utility secures nonnegative expected profit when it undertakes the specified
behavior and non-positive expected profit when it undertakes different behavior. Specifically:

Par [y —Co ]+ [1—por][Ta —C) —ky = C§L+E2—CSL—E2 = E2—E2 > 0;

pelr—al+[l—pi] 71 —a]—k



_pu[l—pu] = [1—pilpim [ky+ ke —ky] —ky = ko —ky > 0

biL — P1H
por [y — o)+ [1—por][TFo—Co]l —ky = & +ho— ¢, — ks = 0;
par [To — o]+ [1—pom | [To — @] = chp + ko — 5y < 0

palr —al+[1—pu][Ti—a] =

1-— — 11— -
pim | i) — | P ] pin [El‘f‘kz—kg] = 0;
PiL — PiH

pplri—cl+[1—pul [ —a]—k

1— — 11— — — — —
p1L[ le] [ plL]le [E1+k32—E2]—k’1 _ /fz—Eg—(lﬁ—El) < 0.
PiL — PiH

Therefore, the utility’s expected profit is [¢; + ¢y (1 — ¢;) | [EQ — EQ} and it has no incentive
to deviate from the behavior specified in Case 7. It is readily verified that the regulator’s
expected procurement cost is [1— ¢y | [¢§, + ko] + ¢y [cf, +ky +ha—ky|. W

Case 8. The regulator induces the utility to: (i) undertake project 2 and implement cost

structure L when ks = ky; and (ii) undertake project 1 and implement cost structure H
otherwise.

Conclusion 8. In Case 8, the requlator’s minimum expected procurement cost is ¢q [ c5; + ko |

+[1— ¢y Sy, and the utility’s corresponding expected profit is 0.

Proof. When ky; = k, and the utility undertakes project 2 and implements cost structure
L, its expected cost is ¢§; + k,. When the utility undertakes project 1 and implements cost
structure H, its expected cost is cj;. Therefore, the minimum possible expected procure-

ment cost in Case 8 is ¢y [ 5, + ko] + [1 — 9] ¢fy. The regulator can secure this cost by
. 1— _ _ _ e .
setting r; = ¢ + plL_p;,IfH ky, 71 = ¢ — [pleih;lH}Ep and ry = T2 = ¢, + ky. This
compensation policy ensures that the utility secures 0 expected profit when it undertakes
the specified behavior and negative expected profit when it undertakes different behavior.

Specifically:

p2L[£2_22]+[1_p2L][F2_62]_EQ = C§L+E2_C§L_E2 = 0;

e —al+[1—pi] (71— -k

1 —
= plL{ﬁ}&_[l_plL} {M—H}&—& = E1_E1 = 05
PiL — P1H biL — PiH

piu|ry—c |+ [1—pig][T1 — ]



L —p p
= Dim [—H{]El—[l—pm] {I—H}E = 0;
PiL — P1H PiL — PiH

por [To — G+ [1—=por | [T2 —C2] = ¢4y +ky — oy < 0;

prlr—al+[1—pi] 71— -k

1 — _ _
p1L|:—p1H }51—[1—29@] [—le :|E1_k71 = E1—]f1 < 0;
PiL —P1H bPiL — P

sz[Zz—Qz]‘l'[1—]921;][?2—52]—Ez = C§L+E2—C§L—E2 = EQ—E2 < 0.

Therefore, the utility’s expected profit is 0 and it has no incentive to deviate from the
behavior specified in Case 8. It is readily verified that the regulator’s expected procurement
cost is ¢y [c5; + ko] +[1—Py] 5y, M

Case 9. The regulator induces the utility to: (i) undertake project 1 and implement cost

structure L when k; = k;; and (ii) undertake project 2 and implement cost structure H
otherwise.

Conclusion 9. In Case 9, the regulator’s minimum expected procurement cost is ¢, [, + k|

+[1— ¢y 5y, and the utility’s corresponding expected profit is 0.

Proof. When k; = k; and the utility undertakes project 1 and implements cost structure
L, its expected cost is c{; + k;. When the utility undertakes project 2 and implements cost
structure H, its expected cost is c§;. Therefore, the minimum possible expected procure-
ment cost in Case 91is ¢, [, + k| +[1— ¢, ]c5y. The regulator can secure this cost by

setting 1, = 71 = ¢, +kyy 1y = 6+ | 2L | kyy and Ty = & — | ;220 |y This
compensation policy ensures that the utility secures 0 expected profit when it undertakes
the specified behavior and negative expected profit when it undertakes different behavior.

Specifically:

pic[ry—cl+[1—pul[fi—al]l—k = +k —ci,—k = 0;

Par [T — o]+ [1 —par ] [To —Ca| — ky

1 — pay ] [ Poir ]
- | k—1- — |k, —k, = k,—k, = 0;
i [p 2 = Parr ] L =P Por — Pom | - =2 =2

Pom [To — Co |+ [1 — pon | [T2 — G2

1 _
= pZH{ﬁlgz—[l—pM] [M—H}EQ = 0;
P2L — P2H P2r — D2H

le[f1_Q1]+[1_le][Fl_él] = C§L+E1_CTH < 0;



Therefore, the utility’s expected profit is 0 and it has no incentive to deviate from the
behavior specified in Case 9. It is readily verified that the regulator’s expected procurement
cost is ¢y [, + ki ]+ [1—¢]c5,. N

Case 10. The regulator induces the utility to: (i) undertake project 2 and implement cost
structure L when ke = k,; (ii) undertake project 1 and implement cost structure L when

ky = k, and ky = ky; and (iii) undertake project 2 and implement cost structure H when

]{31 = El and ]{72 = EQ.

Conclusion 10. In Case 10, the requlator’s minimum expected procurement cost is
Gy [ 5y T hy ]+ [1 =@y [ + ki ]+ (1= 1] [1 = &y ] 5y, and the utility’s corresponding
expected profit is 0.

Proof. When ky = £k, the utility’s expected cost under the identified behavior is c§; + k,.
When ky = ky in Case 10, the utility’s expected cost is ¢5;; when k; = &y, and ¢§; + k; when
k1 = k. Therefore, the lowest possible expected procurement cost the regulator can achieve
in Case 10 is ¢y [c5; + ko] + &1 [1— o] [cip + ki ]+ [1— 1] [1— by ] 5y

The regulator can secure this cost by setting r, = ¢, + [ﬁ] ky, To = G —
[pup if; QH} ky, and vy = 71 = cf;, + k;. This compensation structure ensures that the

utility secures 0 expected profit when it undertakes the specified behavior and negative
expected profit when it undertakes different behavior. Specifically:

Do [To — Co ]+ [1 —pam ] [T2 — G2

1—
= Dom {ﬁ]&—[l—pm] {W—H}b = 0;
P2r — P2H P2r — P2H

Por [T — o]+ [1 —par | [Ta —Ca] — ky

1 — po ] [ Porr }
a |k (1 — |k, —ky, = k,—k, = 0;
i [p o= por ] L= P Por —Pomr | - -2 =2

plL[fl_Ql]—i_[l_pllz][?l_él]_El = C§L+E1_(C§L+E1) = 03
pia [ty —c |+ [1—pg][T1 -] = ¢y +k —cig < 0;

prlry—al+[l-pul[fi—al—Fk = ¢ +k — (i +Fk) =



por (1o — o]+ [1—par] [T — G ] — ko

1 — _ _
= ParL [—pm ]EQ—[l—sz] [—ng :|E2_k2 = ky—Fky < 0.
P2r — P2H P2r — DP2H

Therefore, the utility’s expected profit is 0 and the utility has no incentive to deviate from the
behavior specified in Case 10. It is readily verified that the regulator’s expected procurement

cost is @y (5, + ko] + Oy [1— ] [cfp + k| +[1— ¢ ][1—dy]chy. A

Case 11. The regulator induces the utility to: (i) undertake project 1 and implement cost
structure L when k; = ky; (ii) undertake project 2 and implement cost structure L when

ky = k, and k; = kp; and (iii) undertake project 1 and implement cost structure H when

k‘l = El and ]{?2 = EQ.

Conclusion 11. In Case 11, the regulator’s minimum expected procurement cost is
O[S+ E ] +Po [1— @y [ S + ko] +[1— 1] [1— ¢y ] Sy, and the utility’s corresponding
expected profit is 0.

Proof. When k; = E; the utility’s expected cost under the identified behavior is cf; + k;.
When k; = k; in Case 11, the utility’s expected cost is c§;; when ky = ko, and ¢, + k, when
ko = k,. Therefore, the lowest possible expected procurement cost the regulator can achieve
in Case 11is ¢y [cfp + k] + &y [1— oy ][5 + K]+ [1 =0y ] [1— @] iy

The regulator can secure this cost by setting r;, = ¢; + |:p11L__le711{H:| ky, T, = ¢ —
[ pleif;m} ky, and r, = 79 = c§; + k,. This compensation structure ensures that the

utility secures 0 expected profit when it undertakes the specified behavior and negative
expected profit when it undertakes different behavior. Specifically:

palry —c]+[1—pir][T1 — ¢

1—
= le{ﬁ}&_[l_le] [M—H}El = 0;
PiL — P1H PiL — P1H

polr—al+[1—pi] 71—l -k

1—
- pu[ﬂ]@l—[l—pu] {“—H}@l—ﬁl =k —k = 0;
PiL — P1iH PiL — P1H

perrg — o+ 1 —por][T2 —C] —ky = ¢ +hy—(c5 +ky) = 0;

pZH[fz_Q2]+[1_p2HH72_EQ] = CSL+E2_C§H < 03

por [Ty — o)+ [1=par][Ta —Co] — ko = C§L+E2—(C§L+E2) = ky— k2 < 0

polr—al+[l—pi] 71—l -k
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1— _ _
-~ m{—p” ]E1—[1—p1L] [—le }@1—1:1 =k —k < 0.
PiL — P1H PirL — P1H

Therefore, the utility’s expected profit is 0 and the utility has no incentive to deviate from the
behavior specified in Case 11. It is readily verified that the regulator’s expected procurement

cost is &y [cfy + ]+ o [1— @1 ][chy +ha| +[1 =] [1—@y]ciy. W

We now state and prove the additional conclusions that were not proved fully in the
paper.

Lemma 2. Suppose Assumption 1 holds, cy < c§; + ki, ¢ + ki > ¢ + ko, and

~B e (c€ T . . .
Py > Py = % Then in the absence of self-sabotage, the regqulator will induce

the utility to undertake project 2 and implement selective cost management by setting ry, =

L—pon To — o — DP2H o
Sl [mL—mH}E?’ 2 €2 [pQL_pQH ko, and 1, =T < ¢.

Proof. The proof proceeds by demonstrating that expected procurement cost is lower under
the identified outcome (i.e., the outcome in Case 3 with ¢ = 2) than under the outcome in
any of the other relevant cases when Assumption 1 holds.

Because ¢, [c5; + kol +[1— o] Sy < 5y < ¢ +k < ¢, Conclusions 1 and 3
imply that expected procurement cost is lower under the identified outcome than under the
outcome in Case 1 with ¢ = 1 and under the outcome in Case 1 with ¢ = 2.

Conclusions 2 and 3 imply the expected procurement cost is lower under the identified
outcome than under the outcome in Case 2 with ¢ = 1 because:

Gy (5 +Ey ]+ [1—p]chy — (cfp +F1) < 0
& Gy — (it k) < ¢ylchy — (5, + k)],
This inequality holds because ¢§; +ky < 5y < ¢ +ky < ¢§; + ki

Conclusions 2 and 3 imply the expected procurement cost is lower under the identified
outcome than under the outcome in Case 2 with ¢ = 2 because:

Gyl c5p +hy ]+ [1—dy] 5y — (5 +k2) < 0

& [1—¢y) [y — 5] < ka—doky = [1—yky+ ka — ky

& cop—c5p < k — & 1- < —
Copr — Cor, Ko + 1— ¢, o o — (CEL +E2)
PN ¢ > CgH B (CgL +E2) - (E2 - Eg) _ CSH - (CgL + EQ) _ 53 (1)
2 sy — (5 + k) sy — (5 + k) 2



Conclusion 3 implies that expected procurement cost is lower under the identified outcome
than under the outcome in Case 3 with ¢ = 1 if:

Go o +Eo ]| +[1 =g ]chy — (b1 [cip +E | +[1 = ]cig) < 0
& g —cy > ¢y —(cip + k)] — gg[coy — (5 +ky)] (2)

Conclusions 3 and 4 imply that expected procurement cost is lower under the identified
outcome than under the outcome in Case 4 because:

G (5 + Ep ]+ [1— by ] oy
— ([ +hy ]+ & [1 =] [cip +Ey ]+ [1 =0 ][1—golciy) < O
& =Gy > O [1 =] lciy — (i + k)] + &y [ ety — c5p ] (3)
& o leptEh ]+ [1-0]cy — gy > 0.
The last inequality here holds because c5; < cf; +k; < cfy.
Observe that:
G [1= @] [y — (cip + k) ]+ o [cly — i
> ¢y [cig — (i + k)] — ¢ol oy — (o + k)]
& = Oy [ciy — (LT E) ]+ @iy — (5 +Ey)] > 0
& Q[+ E)+ (1 —¢y) iy — (5, + k)] > 0. (4)
The inequality in (4) holds because ¢, > ¢, +k; > ¢y > ¢ + k.

(2) holds because (3) and (4) hold.

Conclusions 3 and 5 imply that expected procurement cost is lower under the identified
outcome than under the outcome in Case 5 because:

G (o +ka ] +[1— 0y 5y
— (Sl +h ]+ [1=01] a5 +Ey ]+ [1 =01 ][1—y]c5y) < O
& =l Th ]+ o0 [t + o[l -]y <0
& o {d Ltk |+ (1= 5y — (cip+ k) < 0.
This inequality holds because c§; +k; > 5y > 5, + k.

Conclusions 3 and 6 imply that expected procurement cost is lower under the identified
outcome than under the outcome in Case 6 because:

GoCop +ho ] +[1—g]coy < ¢y [CSL + ky "‘El_kl] +[1—y] [CiL +E1}
12



S [1=¢ylcsy < oy [k — k] +[1 =] [ +F1]
S [1=¢y] [y —(cip+ k)] < &y [k —ky].
This inequality holds because c5; < 5, +k, < ¢ + k.

Conclusions 3 and 7 imply that expected procurement cost is lower under the identified
outcome than under the outcome in Case 7 if:

Gy [+ ko] +[1— a5y < &y [ +hy+ho—ky | +[1—0y ][5+ k2] (5)
Because ¢§; + k, < ¢§; + k; and ¢y < ¢§;, + kq, the inequality in (5) holds, since:
Sptky < o[tk +ha—ky|+[1—0y] 5+ k2]
& [1-¢] [CiL+E1_(C;L+E2)] < ¢ [E2—Ez}

1 — ¢

1

o Tk > { }[C§L+E1—(CEL+E2)}.

Conclusions 3 and 8 imply that expected procurement cost is lower under the identified
outcome than under the outcome in Case 8 because:

Gyl o +Ey ]+ [1 =)o —{ Do [chp +hy [+ [1 =By ]ciy} = [1—@y][chy —cig] < 0.
This inequality holds because c5; < ¢, +k; < c{g.

Conclusions 3 and 9 imply that expected procurement cost is lower under the identified
outcome than under the outcome in Case 9 because:

Golcop +Eo | +[1 =y ]chy — (b1 [cip +E ]+ [1—¢]c5y) < 0
& Gyl Hhy — o]+ oy [y — (i +Ey)] < 0.
This inequality holds because c§; + £k, < 5y < ¢ + k;.

Conclusions 3 and 10 imply that expected procurement cost is lower under the identified
outcome than under the outcome in Case 10 because:

Gl cor + Eo ]+ [1 = 2]y

— (Dl + ke ]+ 01 [T =G ][cip +Ei ]+ [1 =] [1— ¢y ]cy)
= 1= {Gu - lcip+E]-[1-¢1]cy}
= ¢ [1 =[5y — (cip + k)] < 0.

Conclusions 3 and 11 imply that expected procurement cost is lower under the identified
outcome than under the outcome in Case 11 because:

13



Go[c5r + kol +[1 = da]c5h
— (il +hi ]+ 0 [1 =01 ][5 +E ]+ [1 =1 ][1 =] ciy)
= [1=0y]con — O [l +E ]+ 10y [cop + R ] = [1 =01 ] [1 =y )iy
< [T=dolchy — o1 [1 =@y ][cop + o] = [1 =01 [[1 = o] [y + ki ]
= [1=¢ {5y — 1l + ] —[1 =0y ][], + K]}
< [1=¢p]lchy = (cap + ko)) < 0. (6)
The first inequality in (6) holds because ¢§; + ky < ¢y < ¢, +ky and ¢, + k; < §g-

The last inequality in (6) holds because c¢§; + ky < ¢§; + ko < ¢§, +k,. B

Lemma 3. Suppose Assumption 1 holds, c5; +ky < ¢§; +ky < 5 < g, Sp+ k>
_ ~C

csp + ko, and ¢y > ¢,. Then in the absence of self-sabotage, expected procurement cost

is minimized when the regulator implements: (i) a fixed payment (r, = 71 = ¢§; + k;)

that induces the utility to undertake project 1 and exercise cost management when ki = ky;

and (ii) a cost-sharing policy (ry = ¢y + [ﬂ] ky and Ty = Ty — [ fail ]Ez)

P2L —P2H | — pb2L —P2H

that induces the utility to undertake project 2 and exercise selective cost management when
]{Zl - El'

Proof. The proof proceeds by demonstrating that expected procurement cost is lower under
the identified outcome (i.e., the outcome in Case 10) than under the outcome in any of the
other relevant cases when Assumption 1 holds.

Because c§;; < cfp, Conclusions 1 and 10 imply that expected procurement cost is lower
under the outcome In Case 10 than under the outcome in Case 1 both with ¢ = 1 and with
7 = 2 because:

GoCop +Ey ]+ [1 =iy +Eh |+ [1 =0 ] [1=y]chyg—chy < O
& ol chy — (5p + ko) |+ 1[1 = o] [ — (¢ +K4)] > 0.

This inequality holds because ¢5; > ¢, +k; > ¢§; + k.

Conclusions 2 and 10 imply that expected procurement cost is lower under the identified
outcome than under the outcome in Case 2 with ¢ = 2 if:

Gyl + kol +[1 =g { [+ E |+ [1—1 )¢5y}t — (5 +k2) <O
& Stk —{o L +E]+[1-0, ]y}
> ¢o{co, +hy— i+ h ] —[1—9¢1 ]y}

S Gl HE ]+ [1 =)oy — (5 + k) } ”



> ¢y [Tk |+ [1— ¢y ] 5y — (5, + k)

O[S+ k] +[1— ] 5y — (5 + k2) ~C
= . 7
e 0> Gy lcip +E ] +[1— )5y — (c5p + k) %2 @

Conclusions 2 and 10 imply that expected procurement cost is lower under the outcome
in Case 10 than under the outcome in Case 2 with ¢ = 1 because:

¢2[03L+E2]+¢1[1_¢2][C€13L+E1]+[1_¢1][1_¢2]C§H_(C§L+El) <0

A CgH_(CTL“‘El) < Py sy — (5 F ko) |+ 01 [1 — @[ cop — (i + K1) ]

(8)

The inequality in (8) holds because the inequality in (7) holds and c$; 4+ k; > ¢5; + ko.

Conclusions 3 and 10 imply that expected procurement cost is lower under the outcome
in Case 10 than under the outcome in Case 3 both with ¢ = 1 and with ¢ = 2 because:

Gl o+ Ea ]+ 01 [1 =]l + ]+ [1 =] [1 =] chy
— (@[ chp + o] +[1 =] chy)

= [1=0[{o[ciy + k] +[1 =]y — hy b

= 01 [1=gy][ci, +k —cy] < 0; and

G2l Cor + ho |+ 01 [1 =]y + R ]+ [1 =] [1 =)oy

— ([ +h ]+ [1—¢1]cfy) <O

& [1=¢] [y — Gl + dol oy — (c5p + ko) — by co + ¢4 (cip +E)] > 0

& [1—=0][ciy — o]+ Qo[ (L — @) oy + ¢y (cip +Ey) — (o +ky)] > 0.

(10)

The inequality in (9) holds because ¢§;; > ¢§; + k;. The inequality in (10) holds because
iy 2 o and oy > ¢y + Ky > 5+ Ky

Conclusions 5 and 10 imply that expected procurement cost is lower under the outcome
in Case 10 than under the outcome in Case 5 because:

Golcor +Eol + &1 [1— by [cip +E ]+ [1 =01 ][1—¢y] 5y

— (¢l th ]+ [T=1]dglcop + R +[1 =01 ][1—py]chy) < O

& by [y +Ey— (i +Ey)] < 0.

Conclusions 6 and 10 imply that expected procurement cost is lower under the outcome
in Case 10 than under the outcome in Case 6 because:

Go[Cor tha] + &1 [1—@o][cip +Ei]+[1 =0 ][1—p]coy

15



< Gyt kgt ki —ky |+ [1— ¢y [l + k1]
& O [L=dp] [ +E |+ [1 =0 ][1— ] chy
< by [k =k ]+ [1 =] [y + 1]
& [T=g{d [ +h]+[1—d sy — (S +k)} < oo [k —k ]

This inequality holds because ¢, + ki > c5; > ¢§; + k.

Conclusions 7 and 10 imply that expected procurement cost is lower under the outcome
in Case 10 than under the outcome in Case 7 because:

Go [+ ks ]+ 01 [1— o) [+ hy ]+ [1— ] [1- 6] 5y
< Gy [t ky ki —ky |4+ [1— ¢y [l + k1]
& [I=g{o [ +h]+ 1= ]y — (L +F)} < &y [F1— k]
& [1=o {1l +h]+[1=01 ]y — (i + ki) — (k1 = ki) } < by [k — k]
& [1=g][1-d ][y — (L +k)] < bk

Conclusions 8 and 10 imply that expected procurement cost is lower under the outcome
in Case 10 than under the outcome in Case 8 because:

O[5+ ha ]+ 01 [1 =]l + Ry ]+ [1 =] [1 =)oy
— (Gacop + o]+ [1 =] ciy)
= (1= [{ o [l +E]+[1—¢ ] by —cip}
< [1=¢]lcsy —cig] < 0.

The strict inequality holds here because c5; > cf; + k;.

Conclusions 9 and 10 imply that expected procurement cost is lower under the outcome
in Case 10 than under the outcome in Case 9 because:

Golc5p +h ]+ 0 [1= o] [y +hy ]+ [1 =0 ][1— o]y
— (O [+ E ]+ [1=01]5H) <0
& oo — (B +ky) > o[y — (el +Ey)]
< [1-01]cg+ oy [ciy +E ] — (5 + k) > 0.
This inequality holds because c§;; > ¢, +k; > c5; + k.

Conclusions 10 and 11 imply that expected procurement cost is lower under the identified
16



outcome than under the outcome in Case 11 because:
O[5+ ha |+ 01 [1 =] [clp + Ry ]+ [1 =] [1 =] oy
— (Ol +E ]+ oo [1 =01 ] [ +Ea ] +[1 =01 ][1— ¢y ]ciy)
= =0t R+ 1= ] [1-dy]cop
+ ooyl ] = [1= ¢ ][1—¢p]ciy
< (1= ] [1=y][csy —cig] < 0.

The strict inequality holds here because c{; + k; > ¢5; +k,. R
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