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Abstract

In this paper, we assess the impact on the timing of investment and
option value for green energy company after election. For this fact,
many parameters were taken into consideration such as the discount
rate, the investment cost,the mean reversion speed, the mean reversion
level, the uncertainty parameter, etc. The distribution of ω (advant-
ages on the biological fuel due to the taxes system that can tolerate
the use of it) after election is not known and is assumed to be uni-
formly distributed(Laplace′s insufficient reason criterion). The simula-
tion study was conducted and the optimal investment time together with
the option value for the company were found considering the subsidies
and lower taxes that can be made depending on regime switching.
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1 Introduction

Elections are very important in every country, this represents a democracy

by linking the interests of voters to those in government and allowing citizens

to select representatives who reflect their opinions. The politicians or political

parties try to conquer voting with the use of laws.

With a government elected by its citizens and that effects every aspect of their

lives from schools to health care including investment to homeland security,

voting is an important right in every society. By voting, you are making your

voice heard and registering your opinion on how you think the government

should operate. Political discussions on whether, when, and how to support

technology projects can be a powerful deterrent to immediate investments

because it creates an incentive to wait until a policy decision is made.

Elected government can fix a price advantage of biologic fuel used in green

energy investment to promote those who are investing in the later given the

importance of it for the country.

The price advantage of biologic fuel is mainly driven by political decisions,

it can be expected that changing political majorities may have an impact on

its size. Some political parties might claim to reduce the price advantage of

biologic fuel and other political parties might claim to increase this advantage

or not having this advantage at all. Then, the exact amount of this advantage

will depend on public opinion, future election results and the results of coalition

negotiations[4].

As Knight saw it, an ever-changing world brings new opportunities for

businesses to make profits, but also means we have imperfect knowledge of

future events. Therefore, according to Knight, risk applies to situations where

we do not know the outcome of a given situation, but can accurately measure

the odds. Uncertainty, on the other hand, applies to situations where we

cannot know all the information we need in order to set accurate odds in the

first place. ”There is a fundamental distinction between the reward for taking

a known risk and that for assuming a risk whose value itself is not known,”

said Knight. A known risk is easily converted into an effective certainty, while

true uncertainty, as Knight called it, is not susceptible to measurement. An

airline might forecast that the risk of an accident involving one of its planes is

exactly one per 20 million takeoffs. But the economic outlook for airlines 30
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years from now involves so many unknown factors as to be incalculable.

Therefore, in contrast to the economic price uncertainty the political uncer-

tainty is an example of Knightian uncertainty or ambiguity, i.e. its probability

distribution is unknown[3],[5],[6].

The remainder of the paper is structured as follows: in Section 2, we present

the price model; in Sections 3, we include in the model the political ambiguity,

then in section 4, we present the distribution of the advantage that can be

done to the price of the fuels. Section 5 deals with the simulation approach

used to estimate the investment timing and option value. We offer concluding

remarks in Section 6.

2 Model

We consider a risk-neutral company that discount with a risk-free interest

rate r > 0. The company own an asset that at time t0 = 0 have the finite

life-time of τ > 0 and that consume x units of fuel per time unit. The price

p(t) of fuel evolves stochastically over time and follows the Ornstein-Uhlenbeck

process

dp(t) = k (m− p(t)) dt + σdWt, p(0) = p0 ≥ 0 (1)

where k > 0 is the mean reversion speed which is the assumption that a price of

stock will tend to move to the average price over time, m is the mean reversion

level, σ > 0 is the uncertainty parameter and dWt is the increment of Weiner

process with a normal distribution [1],[7].

During the life-time of the asset the company has at any time the opportunity

(option) to adjust its asset in a way that it can also tolerate biologic fuel.

Mainly driven by subsidies and lower taxes the price pB(t) of biologic fuel is

cheaper than the price of standard fuel and depends on the time for which the

option is bought. In particular, we assume that

pB(t) = (1− ξ) p(t)

where 0 ≤ ξ < 1.

From (1) we can derive

p(t) = e−ktp0 +
(
1− e−kt

)
m + σ

∫ t

0

eksdW (s)
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and

E (p(t2)|p(t1) = pt1) = e−k(t2−t1)pt1 +
(
1− e−k(t2−t1)

)
m +

σ2
(
1− e−k(t2−t1)

)
k

for every t2 ≥ t1 ≥ 0.

If the company invests at a time t > 0, therefore, it expects discounted savings

of

V (p(t), t) = E
∫ τ

t

x (p(s)− pB(s)) e−r(s−t)ds = xξ

∫ τ

t

E (p(s)|p(t)) e−r(s−t)ds

Thus, investing at time t generates an expected profit of

π (p(t), t) = V (p(t), t)− I(t)

where I(t) is the investment costs.

The cashflow process Y evolves as follows:

dY (t) = Y (t)
(
αdt + ζ

(
ρdW (t) +

√
1− ρ2dW 0(t)

))
(2)

where W 0(t) is a Wiener process, ρ2 < 1 is the correlation coefficient between

market uncertainty and the cashflow process uncertainty, and α, ζ are all

constants.

Following [2], the possibility to invest can be regarded as a real option.

Hence, the company should not invest immediately but wait with the in-

vestment until the price of standard fuel reaches the time-depending optimal

threshold p∗(t) [1].

3 Political ambiguity in the model

Let us now, for the next, integrate this political uncertainty into the model

and assume that this price advantage may switch at a known point of time

T > 0 (election day: Te) and that the price of biologic fuel equals

pB(t) =

{
(1− ξ) p(t); t0 ≤ t < T

ω (1− ξ) p(t); T ≤ t ≤ τ
(3)

Where ξ indicates the result of the price advantage of biologic fuel for the

elected government. The higher is this result the lower is the price advantage

of biologic fuel after the election date and the lower is this result the higher
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is the price advantage of biologic fuel after the election date. If ω = 0, the

biologic fuel will be free. If ω = 1, the price of biologic fuel before and after

election will not change and if ω =
1

1− ξ
, there will be no advantage at all for

the price of biologic fuel [8].

Then the savings can be given by

x (p(t)− pB(t)) =

{
xξp(t); t0 ≤ t < T

x (1− ω + ωξ) p(t); T ≤ t ≤ τ

If the company invests at time t > 0 it will expect a discounted savings of

Vω (p(t), t) = E
∫ τ

t

x (p(s)− pB(s)) e−r(s−t)ds

= E
∫ T

t

xξp(s)e−r(s−t)ds + E
∫ τ

T

x (1− ω + ωξ) p(s)e−r(s−t)ds

= xξ

∫ T

t

E (p(s)|p(t)) e−r(s−t)ds + x (1− ω + ωξ)

∫ ∞

0

Ψp (y, p(t), τ, T )∫ τ

T

E (p(s)|y) e−r(s−t)dsdy

where Ψp (y, pT , τ, T ) :=
∂P (p(τ) ≤ y|p(T ) = pT )

∂y
denotes the transition dens-

ity function of the price process p which can be obtained via a Monte-Carlo

simulation.

For τ −→ ∞, the Ornstein-Uhlenbeck process approaches a stationary

Gaussian process with zero mean, called the stationary Ornstein-Uhlenbeck

process. Unlike Brownian paths, whose fluctatations grow with time, the sta-

tionary Ornstein-Uhlenbeck paths consist of fluctuations that are typically of

the order σ, although larger fluctuations occur over long enough times.

Thus, investing at time t > 0 generates an expected profit of

πω (p(t), t) = Vω (p(t), t)− I(t)

where I(t) is the investment costs.

Not investing until T will generate an option value at time T of

F (p(T ), T ) =

∫ b

a

1

b− a
Fz(p(T ), T )dz

where Fz(x) :=
∂P(z ≤ x)

∂z
Or equivalently

F (p(T ), T ) = max{St − I, e−rdtEP [dVt|Ft]}
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The value Fω(p(t), t) of the option to invest is the solution of the differential

equation

1

2
σ2p2∂2Fω(p, t)

∂2p
+ k(m− p)

∂Fω(p, t)

∂p
+

∂Fω(p, t)

∂t
= rFω(p, t)

and also meets the following conditions:

1. Zero is an absorbing barrier of the price process, i.e

limp(t)→0 Fω(p(t), t) = 0, ∀t ≥ 0

2. The investment opportunity has no value if the asset is no longer in use,

Fω(p(t), t) = 0, ∀t ≥ τ

3. Continuity-condition, i.e.

Fω(p∗ω(t), t) = Πω(p∗ω(t), t)

4. Smooth-pasting condition, i.e
∂Fω(p∗ω(t), t)

∂p
=

∂Πω(p∗ω(t), t)

∂p

The optimal investment time for the company is determined by

t∗ω = inf{t ≥ t0 : p(t) ≥ p∗ω(t)}

where p∗ω(t) is the point representing the optimal threshold [1].

4 Distribution of ω

The company does not know the exact value of ω before the election. We

can consider its distribution like uniform distribution on [ωmin, ωmax] =: [a, b]

from the election date T to the stoping time τ (the Laplace′s insufficient reason

criterion postulates that if no information is available about the probabilities of

the various outcomes, it is reasonable to assume that they are likely equally)[9].

Its probability density function is

fω(z) =

{
1

b−a
; a ≤ z ≤ b

0; elsewhere
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Its expected value and variance are respectively given by a+b
2

and 1
12

(b − a)2

and its cumulative distribution function is

Fω(z) =


0, z < a
z−a
b−a

; a ≤ z ≤ b

1; z > b

Here a represents the highest demanded promotion of biologic fuel and b the

lowest demanded promotion of biologic fuel.

Therefore, if there are n outcomes, the probability of each outcome will be
1

n
since the outcomes are likely equal. When we calculate the payoff for each

alternative, we consider the alternative with the largest value of the payoff.

For each state of nature (Sj, j = 1, · · · , n in S), the decision maker should

assign the probability of pj =
1

n
that Sj will occur.

For each decision alternative (controllable variable in the system) Ai, i =

1, · · · , m, we will compute E(Ai) =
∑n

j=1 pjRij, where Rij are the payoffs

(rewards) obtained by choosing alternative Ai if state Sj (uncertain event or

state of nature) occurs. The action alternative with the best E(Ai) is the one

corresponding to the optimal decision [10].

Assuming the uniform distribution; the company expects,if it invests at

time T , discounted savings of (by calculating the expected payoff for each

alternative and select the alternative with the largest value) [12]

V (p(t), t) = xξ

∫ τ

t

E (p(s)|p(t))

er(s−t)
ds + x (ξ − 1)

∫ b

a

z − 1

b− a

∫ ∞

0

Ψp (y, p(t), τ, T )∫ τ

T

E (p(s)|y)

er(s−t)
dsdydz

= xξ

∫ τ

t

E (p(s)|p(t))

er(s−t)
ds + x (ξ − 1)

(
b + a

2
− 1

) ∫ ∞

0

Ψp (y, p(t), τ, T )∫ τ

T

E (p(s)|y)

er(s−t)
dsdy

Apart from the equal distribution, we can also be interested in evaluation

of the investment using the optimism.

For this we consider a as the highest demanded promotion of biologic fuel and

b the lowest demanded promotion of biologic fuel. If the the actual value of

the promotion after the election date is ω, it is clear that a 6 ω 6 b and

0 6 a 6 b 6 1
1−ξ

.
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The pessimistic decision-maker thinks that after election b will be applied

and the optimistic decision-maker thinks that after election a will be applied.

For both of them, the expected profit will be πb(p(t), t) and πa(p(t), t) respect-

ively; the option to invest has a value of Fb(p(t), t) and Fa(p(t), t) respectively;

and finally they invest respectively at time

t∗b = inf{t ≥ t0 : p(t) ≥ p∗b(t)}

and

t∗a = inf{t ≥ t0 : p(t) ≥ p∗a(t)}

The pessimistic decision-maker decides according to the Maximin decision rule

as described by [11] and the optimistic decision maker decides according to the

Maximax decision rule. These two rules were combined by Hurwicz (1951) by

using the optimism parameter 0 6 λ 6 1.

For this, the decision-maker thinks that investing at time t0 6 t 6 T would

generate an expected profit of

πλ(p(t), t) = λπb(p(t), t) + (1− λ)πa(p(t), t)

And he assumes that not investing until T will generate an option value at

time T of

Fλ(p(T ), T ) = λFb(p(T ), T ) + (1− λ)Fa(p(T ), T )

The value Fλ(p(t), t) of the option to invest as well as the optimal investment

threshold p∗λ(t) are obtained by solving the following differential equation

1

2
σ2p2∂2Fλ(p, t)

∂2p
+ k(m− p)

∂Fλ(p, t)

∂p
+

∂Fλ(p, t)

∂t
= rFλ(p, t)

and also meets the following conditions:

1. limp(t)→0 Fλ(p(t), t) = 0, ∀t ≥ 0

2. Fλ(p(T ), T ) = λFb(p(T ), T ) + (1− λ)Fa(p(T ), T )

3. Fλ(p
∗
λ(t), t) = Πλ(p

∗
λ(t), t)

4.
∂Fλ(p

∗
λ(t), t)

∂p
=

∂Πλ(p
∗
λ(t), t)

∂p



J-M.V. Hakizimana, Ph. Ngare and J.A. Akinyi 45

The optimal investment time for the company is determined by[13]

t∗λ = inf{T ≥ t ≥ t0 : p(t) ≥ p∗λ(t)}

where p∗λ(t) is the point representing the optimal threshold.

5 Simulation Study

The following parameters were used: a = 0.75; b = 1.25; k = 0.5; p0 = 1.5;

m = ln(1.5); σ = 0.2; τ = 10;λ = 0.5; η = 0.5; ξ = 0.3; If = 175; Iv =

100;T = 3 and x = 100.

Table 1 indicates the similated values of the advantages that can be applied

after election (ω). The last has the uniform distribution on [0.75, 1.25] from

the election date T = 3 to the stoping time τ = 10.

Considering the advantages and taking the mean of ω, using (3),one can find

the prices of biological fuel which indicate the different advantages (promotion)

the new government can implent after elections (see Table 2). The different

advantages before election are also shown in tTable 2, and it is clear that there

is a good promotion before election than after election.

Table 1: Structure of BP network
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t

01

Advantages

0.52

13

1.54

25

2.56

37

3.58

49

4.510

511

5.512

613

6.514

715

7.516

817

8.518

919

9.520

1021

1.7665

1.7634

1.7204

1.8382

1.9694

2.0816

2.38

2.5182

2.9385

3.2717

3.4229

4.3761

5.6304

6.8202

6.9031

8.0307

14.0161

15.3609

15.5841

18.5026

25.8249

Table 2: Advantages on fuel
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Using those parameters, we have got that the optimal investment time for

the company which is determined by

t∗ω = inf{t ≥ t0 : p(t) ≥ p∗ω(t)}

is obtained after 0.5 year before election as it can be seen on Figure 1 and at

that time the coresponding option value is 214.178 (see Figure 2).

The same procedure was applied after 3 years (election time) and we found

that the optimal investment time for the company is obtained after 4 years,

or 1 year after election as it can be seen on Figure 1 and at that time the

coresponding option value is 35.513 (see Figure 2).

0 2 4 6 8 10

5
10

15
20

25

Prices

t

p(
t)

Figure 1: Plot of the similated prices
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Figure 2: Plot of the similated option values
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6 Conclusion

Green energy is very important everywhere. For this study, the price of fuel

p(t) evolves stochastically and follows the Ornstein-Uhlenbeck process. The

regime switching, after 3 years may cause some changes on the advantages

given to the biological fuel that the company can also use in the production of

the green energy. The advantage is decreasing with the time and the political

ambiguity is greater the shorter the remaining time to the election. Table

2 gives different values which represent the results on the advantages on the

biological fuel, from this table as from (3) the higher is this result the lower

is the price advantage of biologic fuel after the election date and the lower is

this result the higher is the price advantage of biologic fuel after the election

date, and this will affect the savings of the company given that the price p(t)

is increasing.
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