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LECTURE OUTLINE

~

\_

Optimal stopping time problem
Risk-averse decision makers

Analytical solutions with two sources of uncertainty
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TRADITIONAL NPV APPROACH

Example from McDonald (2002): oil extraction under

certainty at a rate of one barrel per year forever
» Current price of oil is Py = 15, discount rate is p = 0.05, growth

rate of oil is a = 0.01, operating cost is ¢ = 8, and investment cost
is I = 180

Is it optimal to extract the oil now?
» Assuming that the price of oil grows exponentially, the NPV from
immediate extraction is V(Py) = fooo e Pt {Poeo‘t — c} dt — I =
S — £ — [=215-180 =35
» Since V(Py) > 0, it is optimal to extract

But, would it not be better to wait longer?

\ Investment cost is being discounted, and the value of the/

O-L A4 A .L.L.Lo
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OPTIMAL INVESTMENT TIMING

\ How does this work when the price is stochastic? /

Think instead about value of perpetual investment op-

portunity
> F(PO) — maxr f;o e Pt {P()eat —C — p[}dt = maxr pli_oae(a—p)T _
c —plT IG_pT

—€
P

v

= T* = Lin (<4e0) = 12,5163

» Or, invest when Pr- = 17
» Indeed, the initial value of the investment opportunity is F(FPo) =

45.46 > 35 = V(P)

By delaying investment to the optimal time period, it is
possible to maximise NPV
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OPTIMAL INVESTMENT UNDER \
UNCERTAINTY

\_

Price process evolves according to a GBM, 1.e.,
dP;, = aPdt + o P,dz; with initial price Py = p

» Note that (dP;)* = o*(P;)?dt

Qil Price ($)

—— (il Price

== [nvestment Trigger
=== Restart Trigger
=== Shutdown Trigger
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/ OPTIMAL INVESTMENT UNDER \
UNCERTAINTY

If the prOJect were started now, then its expected NPV
is V(p) =&, |, e " {P — (c—l—p[)}dt} L _<£_7]

p—a  p

Canonical real options problem:

F(p) = sup &, [ / T e P — (e pI)} dt]

TES

TES Pr>p

B
= F(p) =sup&, e "V (P;)| = max { (%) V(PI)}

» (1 (B2) is the positive (negative) root of %02C(C —1)+al—p=0
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4 A

STOCHASTIC DISCOUNT FACTOR

Proposition: The conditional expectation of the stochas-
tic discount factor, &,|e *7], is the power function,

B1
(P%) , where 7 = min {t : P, > Pr}

Proof: Let g(p) =&, [e "]
> g(p) = o(dt)e " + (1 — o(dt))e™*"&E, [g(p + dP)]
> = 9(p) = o(dt)e_pdt + (1 —
o(dt))e" &, |g(p) + dPg (p) + 5(dP)*g" (p) + oldt)]
= g(p) = o(dt) + e_pdtg(p) + e_pdtong/ (p)dt + e_pdt%02p2g” (p)dt
> = g(p) = o(dt) + (1 — pdt)g(p) + (1 - pdt)apg (p)dt + (1 —
pdt)2a’p’g (p)dt
= —pg(p) + apg (p) + Lop?g (p) = 2

= g(p) = ar1p™ + azp™
» lim, ,09(p) =0=a2=0and g(Pr)=1= a1 ?1,31
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f THRESHOLD UNDER

~

UNCERTAINTY

\_

Solve for optimal investment threshold, P;:

)Bl v<PI>}

— B
B1—1

» Note that in the case without uncertainty, (1

(2

I

F(p) = max

(p— ) (%—I—I)
2= Pr=c+pl

» First-order necessary condition yields P

For a level of volatility of o = 0.15, P; = 25.28, and the
value of the investment opportunity is F(p) = 94.35

Compared to the case with certainty, the investment op-
portunity is worth more but is also less likely to be exj
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/ INVESTMENT THRESHOLDS AND \
VALUES
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f UNCERTAINTY WITH \

ABANDONMENT

It the project 1s abandoned alter investment, then the
expected incremental payoff is:

VA®p) = &, [/OOO e " {(c— pK,) — P} dt] = E_Ks_p f Q

Solve for optimal abandonment threshold, P.:

FA(p) = max { (%f vA(p*)} LV (p)

P, <p

» First-order necessary condition yields P, = %(p — ) (— — K

» Solve numerically for Pr: F(p) —

B1 B2
\ maxp; >p {(%) {V(PI) + (%) VA(P*)}} /
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/INVESTMENT THRESHOLDS AND \
VALUES WITH ABANDONMENT
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INVESTMENT UNDER \
UNCERTAINTY WITH SUSPENSION
AND RESUMPTION

\_

If the project is resumed from a suspended state, then
the expected incremental payoff is:

Vi) =& | [ (R (et pk | = P Co,

Solve for optimal resumption threshold, P*:

Pr() = (5)" VEen }

P*>p

» First-order necessary condition yields P* = %(p — ) (% + K,,a)

» Substitute P* back into F'° (p) to solve numerically for P, and then

repeat for F'(p) to obtain P; /
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/INVESTMENT THRESHOLDS AND \
VALUES WITH RESUMPTION
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INVESTMENT WITH INFINITE \
SUSPENSION AND RESUMPTION
OPTIONS

B
\ maxp,>, (£)  {Vo(Pr,00,00; P., P*) = I}

Start with the expected value of a sus-

pended project: V.(p, 00, 00; P,, P*) —

(£) (Va(P*, 00,00, P, P*) — K;)

Also note the expected value of an active

project: Vo(p,00,00; P., P*) = o — £ 4
B2

() (&— K= 2 + VP, 00,00, Py, P7))

» Solve the two equations numerically, i.e., start with initial thresh-
olds and successively iterate until convergence

Finally, solve for P; numerically: F(p, oo, o0; P,, P*) =

1-8 September 2011 Siddiqui 15 of 49 m



/INVESTMENT THRESHOLDS AND
VALUES WITH COMPLETE
FLEXIBILITY
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/INVESTMENT THRESHOLDS WITH \

\_

COMPLETE FLEXIBILITY
McDonald p. 579 Suspension and Resumption Thresholds
14 T T T T T T T
i3l | _63.1_52
121 11607 .
1+ .
@ ol E]O.-HO
S 19250
s gl c=8
o)
7 -
b 400
5L | _—__—_—_ﬁ§———_______________ é __7_77 i
[ 51.393
4U 0.|02 0.04 0.06 0.|08 OI1 0.12 0.|14

0.16 /
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/ NUMERICAL RESULTS: Data from

~

McDonald (2002)
Py = 15.¢c = 8,p = 0050 = 0.01,] = 180, K, =
25 K, = 25

s N. N, | I P, fak F (D)

005 0 0 | 18.5846 - - h6.0527

0.10 0 0 | 21.5927 - - 74.6799

015 0 0 | 25.2791 - - 94.3469

0.05 1 0 | 18.5846 4.9396 - H6.0527

010 1 0 | 21.5821 4.2514 - 74.7062

015 1 0 | 25.1537 3.6315 - 94.6154

005 1 1 | 18.5846 5.2246 10.1122 | 56.05627

0.10 1 1 | 21.5784 47702 11.7489 | 74.7153

015 1 1 | 25,1233  4.3625 13.7548 | 94.6946

005 oo oo | 185846 5.2246 10.1104 | 56.0527

010 oo oo | 215784 4.7766 11.6070 | 74.7154

\ 0.15 oo oo | 25,1219 43926 13.1619 | 94.6977 /
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/INCORPORATION OF RISK \
AVERSION

Hugonnier and Morellec (2007) take the perspective of a
risk-averse decision maker with the perpetual option to

invest in a project without operational flexibility
Chronopoulos, De Reyck, and Siddiqui (2011) consider a

case with operational flexibility
» Includes embedded options to shut down and re-start the project
(infinitely) many times after initial investment
» Solve for optimal investment and operational thresholds along with
option value of investment opportunity
Take the approach of McDonald and Siegel (1986) to
solve nested optimal stopping time problems
» Specify a CRRA utility-of-wealth function
» Apply result from Karatzas and Shreve (1999) concerning the dis-
counted expected value of a function of a GBM process

\ » Solve embedded sub-problems backwards /
1-8 September 2011 Siddiqui 19 of 49 m




/ RISK-AVERSE PROBLEM \
FORMULATION: Assumptions

Decision maker has the perpetual right to start the
project at any time for deterministic investment cost, [

Price process evolves according to a GBM, i.e., dP; =
aP.dt + o P;dz; with initial price Fy = p

» An active project incurs a deterministic operating cost of ¢

Utility-of-wealth function is U(w) = “1)1__,; for 0 <y <1

The project may also entail (infinitely) many embedded
options to shut down and re-start costlessly

Risk-free and subjective interest rates are r and p, re-

\ spectively (both greater than «)

1-8 September 2011 Siddiqui 20 of 49 m




/‘RTS’MVE'F{S’E_PR'DB'EEM: Timeline of\
Cash Flows without Operational

Flexibility

\_

Fo=p

P =Py

>
71
0

e P (r] + c)dt U(P;)dt -

[

&
.
5 |

Figure 1: Perpetual Investment under Risk Aversion

Initially hold a CD of size I + = that earns the risk-free

rate of return and, at time 77, is exchanged for a stream

of risky instantaneous cash flows, P,
» The discounted conditional lifetime expected utility of cash

flows is le e P'U(rl + c)dt + & [foo _th(Pt)dt}
71
[SePtU(rl + co)dt + & [e_pTl}

Ep [ Jo e "{UR) —

U(rI + c)} dt]

Vo(Py;), where Vo(p) =/

1-8 September 2011

Siddiqui



/ RISK-AVERSE PROBLEM: No

Operational Flexibility

~

\_

From Karatzas and Shreve (1999),

pected NPV of active project is Vo(P,)

Ep,, |J, e (U (R)—U(rl +c))dt]
B1B2pt 7 _ (erpto
p(1—y)(1—B2—7)(1—B1—7) p(1—7)

Value of investment opportunity:

B1
SUp s & [ Vo (Pry) = maxe,», (£) Vo(P)

Optimal  investment  threshold is  Pj(7) —

1

Bo—1+4~ | 17
(c+7rl) [—62 }

the ex-

Fo(p) —

/
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RISK-AVERSE PROBLEM: Effect of

Risk Aversion on Investment Threshold

n
n

——MB of Delaying Investment
===MC of Delaying Investment
o Optimal Investment Threshold

n
[}

— (] 2 d 4 E= E=N
n o h ] N = tn
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[

Marginal Benefit, Marginal Cost (utils)

——MB of Delaying Investment
= ==MC of Delaying Investment
o Optimal Investment Threshold

15 20 25 30 35 015 20 25 30 35
Output price, Pt Output price, Pt
Figure 5: Marginal benefit versus marginal cost under risk neutrality (left) and risk aversion, v = 0.25, (right) for an

irreversible investment opportunity
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/‘RTS’MVE'F{S’E_PR'DB'EEM: Timeline o
Cash Flows with Single Abandonment

Option

p[] =9 PT:T = P; PT; = PZ

[T e U (] + o)t %f:{z SR —

0

- f;,fo e PtU(c)dt —

> 1

1 @

*

1

*

2

T

-]

Figure 2: Investment under Risk Aversion with a Single Abandonment Option

Now, allow for abandonment at time 75
» The discounted conditional lifetime expected utility of cash flows

is [[Te PU(rl 4+ c)dt + &, [e_mf} Vo(Prx) + &p [e_p@*} Vi(Pry),
where Vi(p) =& [ [ e **{U(c) — U(P;)} dt]
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/ RISK-AVERSE PROBLEM: Single \
Abandonment Option

Expected discounted utility of cash flows at time 7 is
Vo(Pr) +8ups,sr, Ep,, e/ VI(R,)]

Value of investment opportunity: Fi(p) —
Sup7'1 eS g [6 o {Vb 1 _l_ Sup7'2>7'1 gPTl [6—0(7'2—7'1)‘/1(P7_2)} }}
» = Fi(p) = maxp,>, (P%)B [(Vo(Pr) + Fa(Pr)], where Fa(Pr) =

B2
Maxp, <p; (ﬁ—i) Vi(Pa)
1

» Optimal abandonment threshold is P4 (vy) = [M} 1=

B1
» FONC for investment: 1_%_7 (PH)Y™ + (¢ + v —
P* B2 . y
(F5) " 222 (1 - Va(PR) = 0

\ A /
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Abandonment Option on Investment

Threshold

— MB of Delaying Investment

- ==MC of Delaying Investiment

== MB of Delaying Investment with Abandonment

= MC of Delaying Tnvestment with Abandonment
o Optimal Investment Threshold

]
A~

[R]
[55]
T

2
=

Yt
=]

o
=2

-
=

Marginal Benefit, Marginal Cost ($)

24 25 26 27
Output price, Pt

(9]
L8]

Figure 10: Marginal benefit versus marginal cost under risk neutrality (left) and risk aversion, v = 0.25 (right) for an

Marginal Benefit, Marginal Cost (utils)

imvestment opportunity with an embedded abandonment option

—
L3

—
5%}

=
[

=]

= N\B of Delaying Investment

-==MC of Delaying Investment

----- MB of Delaying Investment with Abandonment

------- MC of Delaying Investment with Abandonment
o Optimal Investment Threshold
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Output price, P‘t
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/‘RTS’MVE'F{S’E_PR'DB'EEM: Timeline o
Cash Flows with Single Suspension and

Resumption Option

Py =

P’rf = P;

0

° > 1

- @

ey

%
i 2 ’3

Figure 3: Investment under Risk Aversion with One Suspension and One Resumption Option

With subsequent resumption option at 73
» The discounted conditional lifetime expected utility of cash flows

is [T e PU(rI+c)dt+&p [e_mf} Vo(Prs) +Ep [e_m?*} Vi(Pry)+
&, [e—pfﬂ Vo(Prs), where Va(p) = &, [[>° e #' {U(P;) — U(c)} dt]

0
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/ RISK-AVERSE PROBLEM: Single

Suspension and Resumption Option

~

Time-7 expected discounted util-
ity of cash flows: Vo(Pr)  +

Value of investment opportunity: Fy(p) —
B1
maxp,sp (4)  Vo(Pr) + Fs(Pp)

> Fs(P;) = maxpg<p, (%)52 {(Vi(Ps) + Fi(Ps)}

B1
» Fg(Ps)=maxp,>pq (5—2) V2(Pr)

1
ﬁ2—1+7} e

Optimal resumption threshold is P;(v) = ¢ [ %

\_

SUDP 7, >r) gPrl [e_p(TQ_Tl) [‘/1 (PT2) + SUP 7> 7, gPTQ [6—,0(7'3—7'2)‘/2(P7_3)] H

/
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Suspension and Resumption Options on
Investment Threshold

L]
(=]
T

- =-=MB of Delaying Investment with Abandonment
= MC of Delaying Investment with Abandonment
MB of Delaying Investment with Suspension
and Resumption

MC of Delaying Investment with Suspension
and Resumption

o Optimal Investment Threshold

[
o0
T

2
(=)
T

(]
i
o
L

— 2
=] o

Marginal Benefit, Marginal Cost ($)

._.
s

2I2 2I3 24 25 26

Output price, Pt

Figure 12: Marginal benefit versus marginal cost under risk neutrality (left) and risk aversion, v = 0.25, (right) for an

[u—
(=)

o
hn

Marginal Benefit, Marginal Cost (utils)
w 0 o = o

|

investment opportunity with a suspension and resumption option

[a—
.

- - =MB of Delaying Investment with Abandonment
= MC of Delaying Investment with Abandonment
... MB of Delaying Investment with Suspension

and Resumption

MC of Delaying Investment with Suspension
and Resumption

o Optimal Investment Threshold

22 2I3 24 25 26

Output price, Pt
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/RISK—AVERSE PROBLEM: Complete \

Operational Flexibility

At the resumption threshold, g, the expected utility ot
cash flows of an active firm is V,(Pg, 00, 00; Ps, Pg) =

Vo(Pr) + (1;—;3)52 Vi(Ps) + (%)52 (5—2)51 V2(PE) 4.

B B1)"
> = Vo(Proo00; P Pe) = S5, { (52) " (52) ™} vaee) +

B2 0o B2 81 (
()" 2 { ()" ()"} vee -
1 p B2
() () Ve + (5) v |
B
> ‘/C(P,S')OO)OO;PS,PE): (5—;) 1VO(PE',OO,OO;PS,PE’)
>

Foo (p) = max (ﬁ)ﬁl lspI UOOO e P {U(P,) — Ulc+ 'rI)}dt] +

P;>p \ Pr

B2 -| /
\ (P Vo PoroorooiBerPr)
1-8 September 2011 \PS / Siddiqui J 30 of 49 m




/ RISK-AVERSE PROBLEM: Value
Curves without Operational Flexibility

- T T 5 - T T
— Option Value s 00 = Option Value
, T
| == =Project Value o = = = Project Value ,
250| ¢ Option Value at B ot 1 400!_° Optimal Investment Threshold L )
”
©  Optimal Investment Threshold 3

[ — o]
] n (=]
= == =

Project Value, Option Value (utils)

Project Value, Option Value (utils)

—50f T ]
JI- - | 1 1 1 _300 I- 1 1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Output price, F’t Output price, P‘t

Figure 6: Option value and project value versus P; for v = 0.25 and ¢ = 0,0.15,0.2 (left), and option value and project

value versus P, for ¢ = 0.2 and v = 0,0.25, 0.5 (right)
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Thresholds without Operational
Flexibility

. Investment

(78]
2
)
3

T

T
[*}]
o

1 *
Optimal Investment Threshold, pY
Optimal Investment Threshold, p0*

Figure 4: Optimal investment threshold versus + for ¢ = 0.1,0.15,0.2 (left), and optimal investment threshold versus o

for v = 0,0.25,0.5 (right).
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/ RISK-AVERSE PROBLEM: Results

Summary with Abandonment

= Option Value w/o Abandonment
16017~ =Project Value w/o Abandonment
+='=:Option Value with Abandonment
------- Project Value with Abandonment

o Optimal Investment Threshold

140

120

100

ject Value, Option Value (utils)

[#s]
<

Pro

60F L L L L L

21 22 23 24 25

Output price, E

Relative Increase in Option Value

10

——c=01
-4-0=015
EeG=02

Figure 7: Effect of the abandonment option on optimal investment threshold and option value
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RISK-AVERSE PROBLEM:
Abandonment Thresholds

) 7.5 . . ’ 10
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Figure 8: Optimal abandonment threshold versus v for o0 = 0.1,0.15,0.2 (left), optimal abandonment threshold versus o

for v = 0,0.25,0.5 (right)
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Summary with Single Su
Resumption

: Results
spension and

e
—
2

— Option Value with Abandonment

= = =Project Value with Abandonment
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Figure 11: Effect of the resumption option on optimal

—e—Investment with Abandonment
-e-Investment with Suspension and Resumption

investment threshold and option value
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on Optimal Decision Thresholds

: Impact of
Operational Flexibility and Risk Aversion
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Figure 14: Impact of operational flexibility and risk aversion on optimal decision thresholds

1-8 September 2011 Siddiqui



/ RISK-AVERSE PROBLEM: Results
Summary with Complete Flexibility
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Figure 15: Impact of complete flexibility on the optimal investment threshold and option value
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/TWO SOURCES OF UNCERTAINTY: \

Analytical Solutions

For a perpetual 1mvestment problem with payofi of
the form V(P,C0) = -£5 — &, where both P; and C;

follow correlated GBMs, use homogeneity to convert the
resulting PDE to an ODE and solve analytically for the
free boundary, P*(C') (Dixit and Pindyck (1994))

But, what if the payoff is of the form V(P,C) = -2 —

p—Q
¢ _ 17
P
» Homogeneity no longer holds because of the I term

» Pindyck (2002) examines an environmental control problem and
proposes an analytical solution of the form F(P,C) = aP°C"

» Adkins and Paxson (2008) formalise the proof with geometric in-
terpretation

» Heydari, Ovenden, and Siddiqui (2011) apply this technique to a
problem with CCS retrofits
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/~ PROBLEM FORMULATION: I

Assumptions

Long-term electricity (F; in $/MWh,), coal (F; in
$/MWh), and CO, (C} in $/t) prices are exogenous and

evolve according to correlated GBMs, i.e.,
> dEt = OéEEtdt + O'EEtdZE, dFt = OAFFtdt + O'FFtdZF, dCt =
acCidt + ocCidze, and E[dz;dz;| = pijdt Vi, j

In response to CO5 emissions restrictions, the plant
owner may retrofit with CCS for an investment cost of
[°* (in §) to obtain a reduction in the emissions rate, ¢
(in t/MWHh,), along with an increase in the heat rate, eg

(in MWh/MWHh,)
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Assumptions (continued)

/~ PROBLEM FORMULATION: I

\_

Annual electricity production of plant, @ (in MWh,), is

unaftected by retrofit decision

Retrofit occurs instantaneously upon decision

Infinite lifetime for the plant regardless of retrofit option

The exogenous discount rate is u

/
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/~ PROBLEM FORMULATION: I
CCS Retrofit Decision

’A‘ oS
State 0: Existing Investment )
Coal-Fired \ Cost: 5 cSt7tele: _1. 4
Power Plant o oal-Fire
without - Power Plant

CCS Technology with CCS Retrofit

VP(E, F, C) + W°S(F, C) VPE(E, F, C) + V°S(F, C)

First, determine the PV of benefits from the CCS retrofit:

> VPYE,F,C)=QE | [ (Ee™ —epFie " —ecCie™#)dt |E, F,C]|
ivpc(EaFac):Q[ = — BT €CC:|

p—ag p—ap p—oc

> V(B F,C) + Ve (F,0) = Q |2 — 58 — ¢

p—ap p—ap  p—ac

:>VCCS(F’ C) — Q |:(€F—€%1CS)F _|_ (ec—eCCCS)Ci|

p—op p—ac
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/~ PROBLEM FORMULATION: I
CCS Retrofit Option Value

Use the Bellman Equation to solve for the option value
to retrofit to CCS:
> s dt = E[dW ]
= —JFFQWECI? —|— ceC*WES + porocFCWES + arpFWES +
OZCCWCCS . ,LLWCCS — O

Guess WCCS(F C) = aFPC"

> H(B,n) = 30206(8—1)+50en(n—1)+porocBn+arf+acn—p =
0
» The roots of H fall on an ellipse that passes through all four axes

(Adkins and Paxson (2008))

1
1
1

sl . i
- 1
1

_10} 1 1
1
1
1

_1sl . ]
1

_20 i i i 1 i i
-8 -6 -4 2 4 6

n
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/~ PROBLEM FORMULATION: I

CCS Retrofit Option Value

\_

Value-matching and smooth-pasting conditions

> WCCS (F, C* (F)) — VCCS(F, C* (F)) _ ICCS
> Wg™(F,C"(F)) = V&= (F, C™(F))

> We=(F,C°(F)) = V&= (F, C*(F))
>

This system gives us a linear relationship between 8 and n: 8 =

Qep—ex’)(n—1F
(,U,—OéF)ICCS—Q(ep—e%CS)F

Impose this line on the ellipse H(8,n) =0

» T'wo sets of solutions:
B1 <0andn >0

B2 >0and n2 <0
» Hence, W*(F,C) = a1 FP1C™ 4 ax FP2C"™2

» For low values of C, the option value is worthless, i.e., az = 0,

which implies W (F,C) = a, FP1C™

/
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/" PROBLEM FORMULATION: I
CCS Retrofit Option Value

T A i e 491)=$501C02 |
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4 A

NUMERICAL EXAMPLE: Data

L ap Qo Op Oc P €p  €C Q
0.09 0.05 0.05 0.20 0.40 0.20 2.20 0.735 4380 GWh,

CCS CCS ICCS

€c
0.112 $1.3 billion

Fy Co
§15.50/MWh $31.81/1
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-

NUMERICAL EXAMPLE: CCS \

Qption value, Net present value (5)

\_

Retrofit Option Values

i Bl weesF )
x10 Bl oo (F ) iocs
205 _WCCS(F,C*(F))=\FCS(F,C*(F))_I(CC?,)
15| | o
10-1.
00 e
50

7T 40

o e 30

0 0
C(SHCO2) F($/MWh) /

-
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/NUMERICAL EXAMPLE: CCS \
Retrofit Thresholds

_____________

Investing area ' |_ Free boundary
Contours of the option vaiue function (waiting area) £

and the NPV function (investing area)

250

ccs ccs
V' I

4$15 Ll

200 VCCS;'l'CCS ..... $13bi”|on ................ ............. ................ ................. ................ ............... -
Q : 2 _ _
g 150 ................ ............................................................................................................................... _
& ; ; wCCS $50b||||on
© | i ¥

100—-/ X .

R : , | WS 2 $4.0 billion
BO oo ................ ................ ................ ................ ................ ................ .............. -
] | | | I ] | ] |
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/ NUMERICAL EXAMPLE: \
Sensitivity Analysis

350

B0

N . I*®=g195bilion = _ — S __— S

\

0 i i i i i i i i i
0 5 10 15 20 25 30 35 40 45 50 /
F($/MWh)
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