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1 Introduction

Recently policymakers have implemented various
policies for reducing greenhouse gas emissions,
due to concerns about global warming and cli-
mate change. Foremost policies for supporting
and promoting renewable energy are feed-in tariff
(FIT), and renewable portfolio standards (RPS).
RPS scheme encourages power producers to sup-
ply a certain minimum share of their electricity
from renewable energy sources. They create mar-
ket for renewable energy certificates/credits.

Relationship between RPS scheme and mar-
ket equilibrium is studied by Sidiqui, Tanaka and
Chen [2]. Boomsma, Meade and Fleten [1] in-
vestigate investment timing and capacity sizing
under different support schemes for renewable en-
ergy.

In this paper, we examine a market equilib-
rium under uncertainty in RPS by means of real
options analysis. More concretely, we analyze an
investment timing for renewable producer. After
that, we derive optimal RPS target.

2 Problem Formulation

We consider two types of power producers in the
electricity industry. One is a non-renewable pro-
ducer: NRE, and the other is a renewable pro-
ducer: RE. We assume there is only NRE in the
market at initial time, and RE enters into the
market by incurring investment cost I. Market
states are represented by 0 and 1 before/after the
entry.

In state i, qni denotes generation by a NRE,
and qr denotes generation by a RE. Then, elec-
tricity price in state i, pi, is given by

p0 = Xt − ηqn0, (1)

p1 = Xt − η(qn1 + qr), (2)

where Xt is the following GBM:

dXt = µXtdt+ σXtdWt, X0 = x. (3)

We set linear operating cost functions of NRE in
state i and RE as

cni(qni) = Cnqni, cr(qr) = Crqr, (4)

respectively. Moreover, we set the quadratic func-
tion of output only for NRE as

d(qn,i) =
1

2
Kq2n,i. (5)

We assume the parameter α ∈ (0, 1) defines the
RPS requirement, and the risk adjusted discount
rate is given by ρ.

3 The Model

Profit functions in state 1 are given by

πn1 = p1(x, q)qn1 − Cnqn1 − αprqn1, (6)

πr = p1(x, q)qr − Crqr + (1− α)prqr, (7)

and maximized under Cournot equilibrium:

max
qn1

πn1, max
qr

πr, (8)

s.t. 0 ≤ pr ⊥ qr − α(qn1 + qr). (9)

As a result, we have

q∗n1 =
(1− α)(x− C(α))

B(α)
, (10)

q∗r =
α(x− C(α))

B(α)
, (11)

where

B(α) = 2η(α2 − α+ 1), (12)

C(α) = (1− α)Cn + αCr. (13)

Then, we have the market equilibrium in state 1:

q∗1(x) = q∗n1 + q∗r =
x− C(α)

B(α)
, (14)

p∗1(x) = p(x, q∗1) =
η{(2α2 − 2α+ 1)x+ C(α)}

B(α)
.

(15)



Next, we derive value functions. Expected
value of RE after investment is given by

Gr(x) = E
[∫ ∞

0
e−ρtπ∗

rdt

]
=

ηα2

B2(α)

(
x2

δ
− 2C(α)x

ρ− µ
+

C2(α)

ρ

)
,

(16)

where δ = ρ − 2µ − σ2 > 0. Then we have value
function of RE

Vr(x) =

{
Ar(α)x

β1 , for x < X∗
r ,

Gr(x)− I, for x ≥ X∗
r ,

(17)

and investment threshold X∗
r has a complicated

analytical form. On the other hand, value func-
tion of NRE is given by

Vn(x) =

{
Gn0(x) +An(α)x

β1 , for x < X∗
r ,

Gn1(x), for x ≥ X∗
r .

(18)

Finally, we define social welfare in state i

Gsi(x) = E
[∫ ∞

0
e−ρt

(
Xtq

∗
i −

1

2
ηq∗i

2

− Ciq
∗
ni − Crq

∗
ri

)
dt

]
, (19)

and the global social welfare function

SW (x) =

{
Gs0(x) +As(α)x

β1 , for x < X∗
r ,

Gs1(x)− I, for x ≥ X∗
r .

(20)

Optimal RPS target is solved by

α∗(x) = argmax
α

Gs1(x;α). (21)

4 Numerical Analyses

We use base case parameters: µ = 0, ρ =
0.1, Cn = 0.2, Cr = 0.8, η = 0.01, I =
10. Additionally, we compute comparative statis-
tics with respect to σ ∈ [0.16, 0.24] and K ∈
[0.0075, 0.01, 0.0125].

Figure 1 shows optimal RPS target, and Fig-
ure 2 shows investment threshold with optimal
α.
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Figure 1: Optimal RPS target.
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Figure 2: Investment threshold with optimal α.

5 Conclusion

We have found results about the effect of uncer-
tainty on market equilibrium and optimal RPS
target. For fixed RPS target, investment op-
portunity increases (decreases) with RPS target
(uncertainty). For the optimal RPS target, in-
vestment opportunity increases with uncertainty.
This is a new finding in this area.
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