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Appendices

A- Proof of Theorem 1

To prove Theorem 1, I first solve the problem recursively.

max U(q1) — C(y1)
{Q17y1}

subject to Egs. (1a), ¢1 > 0 and y; > 0. The first-order necessary condition for a maximum yieldsﬂ
U'lyr + 21+ s) = C'(y1) <0,

with equality for y; > 0. Let y; = y1(21 + s). Given y1, the maximum value function for period 1 is

(1 Wi(z1,8) = Uy + 21 + 5) — C(y1).

The problem in period O is

max U(qo) — C(yo) + E[W1(Z1, s)]
{q0,y0,5}

subject to (1a), and gg > 0, yo > 0, 5 > s, and s > 0. The first-order necessary condition for dispatchable
generation at a maximum i
U'(yo + 20 — as) — C'(yo) <0,

with equality for yp > 0. Let yo = yo(z0 — @s).

Using the maximum value function in Eq. and the Envelope Theorem, the first-order condition with
respect to s is

E [U'(41 + 21)] — U’ (yo + 20) <0 ifs =0,
E[U'(f1 + 21+ 5)] —aU'(yo + 20 — as) =0 if s € (0,min(s, k),
E [U’(gjl + Z1 + min(s, k:))] —aU'(yo + z0 — amin(s, k)) > 0 otherwise, (i.e., s = min(5, k)),

"The second-order condition for a maximum is satisfied by U (¢1) — C” (y1) < 0.
2Similar to the problem in the final period, the second-order condition for a maximum is satisfied: U” (go) — C"' (o) < 0.



where k = (y0+zo)/aEI Since U’(0) > C'(0), yo > 0if zo = s = 0. Thus, g = yo > 0. s €
(0, min(s, k)] ensures that go is non-negative.

Let

+

sT =argmax U(yo(zo — as) + 20 — as) — C(yo(z0 — as)) + Wi, s)

and

§ = argmax U(yo(z0 — as) + 20 — aes) — Cyo(20 — as)) + E[W1 (21, s)]

Proof. Assume s and s™ are interior. sT satisfies
~U' (20 — as*) + 20— ast) + U e+ 57) + 5] = 0,
while s satisfies
U (yolz0 — as) + 20— as) + ~E[U(y1 (51 +5) + 21 4 5)] =0,
where Z; = p + € with E[£] = 0.

Given the concavity of the problem (i.e., U is a concave function and C' is a convex function), s > sV if
and only if

~U'(yo(z0 — as™) + 20 — as™t) + éE[U’(yl(u +E+sT) +p+éE+sT)>0.
This condition comes down to
) EU (yi(p+é+sT)+p+e+sN)]>U' (ni(p+sT)+u+sT).
From Jensen’s inequality, Eq. (2)) holds if and only if

2= U'(yi(z+s)+2+s)

is a convex function:

5 U'(q1) _ oY1 2 " 82yl
® o = U a@)(G) +1) + V)G 20
Observe that

o U"(q1)

4 —
@ 9z = Oy~ U'(qr) =
and
) Oy (C"w) U (@) — (U"(@))*C" (1)

922 (C”(y1) _ U//(ql))?’

*The second-order condition for a maximum gives o*U" (qo) + E[U" (q1)] < 0.




Substituting @) and () in (@) gives

(C//(yl))g 3U///(Q1> + <_UH(QI))3

ol >0
(C”(yl) - U//(QI)) (C’”(yl) _ U”(q1)) (1) =

(6)

3

Consider the corner solutions. Suppose s™ = min(s, k) (k = (yo + 20)/). Following the same steps
as before, it can be shown that

E[U' (y1(1n + € + min(5, k) + p + € + min(s, k))] > U’ (y1 (1 + min(s, k)) + p + min(s, k))
if and only if (6) holds. But st = min(5, k). Therefore, s* = s™ = min(s, k).
Suppose now st = 0. Given s = 0,
E[U' (y1 (1 + &) + p+ )] > U'(y1 () + p)
if and only if @ holds. Therefore, s* > sT = 0.

This completes the proof of the Theorem 1. 0

B- Comparative statics

Theorem 1 indicates that s > s™ if and only if (6)) is satisfied. Given that

9y _ __—aU(q)

= >0
ds  C"(yo) —U"(qo)
and qo = yo + 20 — as, I can calculate
990 . —aC%(yo) _
ds  C"(yo) —U"(q)
Furthermore, since
a 1
oy _ U"(q1) <o
Os C"(y1) = U"(q1)
and g1 =y1 + 21 + s, [ get
a C//
oq1 _ (y1) > 0.

0s — C"(y) —U"(q1)



