EAAM: EVALUATING SOLAR INVESTMENTS!

The first assignment Sonja Petterson is given at EAMM is to evaluate the purchase of 31 solar
power plants in the Puglia area of Southern Italy with a combined installed capacity of 30 MWp
and an annual electricity production of 44 Gwh. With an MBA from Bergen Business School,
having excelled in their Real Options course, Sonja believes that modern financial analysis
should be used for this assignment. In addition, there would be several trips to Bari and Brindisi,
so Sonja could warm up especially during the winter months. EAMM has received “initial
pitches during the year to start negotiations on more than 1000 MWp of possible acquisition

targets in Italy”, so Sonja considers this assignment a nearly perpetual opportunity to invest in

1 ©2015 Dean A. Paxson (Manchester Business School). This case is for the purpose of class discussion only and is
not intended as an illustration of either good or bad business practices or politics. The character of Sonja Petterson
is fictitious, but some of the solar PV material is from the EAM Prospectus January 2014 and Annual Report
December 2014.



facilities with an expected physical life of up to 20 years. Currently the solar PV technology is
such that a government subsidy is required to compete with coal or natural gas. Both the size of
the possible government subsidy and the characteristic of the subsidy arrangements matter, along
with the physical aspects of the facility and the level and volatility of market prices for electricity
in Italy. Sonja is given a huge database of electricity prices and production, for every hour every
day 2014-2015 for the whole of Italy and for four separate areas in the south. From all this data,
she hopes to calculate reasonable estimates for price and quantity average levels, volatility and
escalation/or deterioration over time to enter into the template for a real option capital budgeting

spreadsheet, designed recently by Adkins and Paxson (2016).

An Easy Stochastic P, Q and S Model

Consider a perpetual opportunity to acquire a solar PV facility at a fixed investment cost K. The
value of this investment opportunity, denoted by ROV,, depends on the amount of output sold per
unit of time, denoted by Q, the market price per unit of output, denoted by P, and the subsidy per

output unit, S. All of these variables are assumed to be stochastic and are assumed to follow

geometric Brownian motion processes:

dX =, Xdt+ o, XdZ (1)
for X e{P,S,Q}, where « denotes the instantaneous drift parameter, o the instantaneous
volatility, and dZ the standard Wiener process. Potential correlation between the variables is

represented by p, ris the risk-free rate, and 6, is the risk-neutral drift rate (6=r-a). When

P,Q, or S are below P,Q,$S that justify immediate investment, the real option investment value

is:



ROV, = APAQ"S™. )
where B , yand 1, are the power parameters for this option value function. After the

investment, the plant generates revenue equaling PQ +SQ, with the present value factor of this

net revenue denoted Kpg, and Ksq (deducting operating costs).
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The value matching relationship, when the real option value upon exercise is equal to the net
present value of the investment less the investment cost K (NPV), is:

APAQ"S™ =Ko PQ +ks, S0 - K (5)
P.Q,S,. B, 7,,m, Als obtained by assuming P = P,Q =Qas in Adkins and Paxson (2015, 2016),

and then finding S,, 4,77, A . An analytical solution for the five unknowns is:

Ai = kPQ FSQ / :Bll:A)ﬁlQAy1 S‘Alﬂ1 (6)
and
SA1 = nlkPQIS/ﬂlkSQ (7)
This implies that 7= P+ (8)
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B31 is the solution to a quadratic equation:

Q(4)=p{ar+ p{b}—{c}=0 (10)
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It is easy to put these formulae into Excel as shown below.
A B [ [¢ D

1 SUBSIDIES MODEL |
Z INPUT Stochastic P& Q&S TEMPLATE per kwh

3 [P 0.40
4 |0 1.00
5 s 0.10
6T 20
[ 7 |k 7.00
| 8 |oe 0.06
| 9 |oq 0.04

10 |os 0.08
(11 |peo 0.00
1712 | pes 0.00
[13]pso 0.00
|14 |r 0.04

15 |6p 0.00
16 |6q 0.00
117 ]os 0.00
| 18 |OUTPUT EQS
l_ga 0.0033 0.5*(B8"2)+0.5*(B1072)-B12*B8*B10+((B7/2)/(2*B33))*((B9"2)+2*B13*B9*B10+(B1072))+(B7/B32)*(B11*B8*B9+B12*B8*BI-B13*BI*B10-(B10"2)) 10
ﬂ b 0.0001 B15-B17-0.5%(B8"2)-0.5*(B10"2)+B11*B8*B9+B12*B8*B10-B13*B9*B10+(B7/B33)*(B16+B17+0.5*(BI"2)+2*(B13*B9*B10)+0.5*(B10"2)) 10
121 |B1 3.4542 (-B20+SQRT((B2072)-4*B19*(-B14+B16+B17+B13*B9*B10)))/(2*B19) 11
122|nl 1.9367 1+B21*((B7/(B28*B30*B29))-1) 9
123 |yl 5.3908 B21+B22 8
| 24 |AlL 683.0290 B32/(B21*(B28"B21)*(B29"B23)*(B25"B22)) 6
25|51 0.2243 (B22*B28*B30)/(B21*B31) 7
26 |ROV 1 0.3336 IF(B5<B25, B24*(B3"B21)*(B4"B23)*(B5"B22),B27) 2
ZNPV EX 1.5942 (B30*B28*B29)+(B31*B25*B29)-B7 RHS 5
28 |P? 0.4000
[29]Q~ 1.0000
EPV kPQ 13.7668 (1-EXP(-(B14-B15-B16)*B6))/(B14-B15-B16) 3
[ 31|PV kSQ 13.7668 (1-EXP(-(B14-B17-B16)*B6))/(B14-B17-B16) 4
| 32 [PQkPQ 5.5067 B28*B29*B30 10
33]|Pr2Q 1kPQA2 30.3239 (B28"2)*(B29°2)*(B30"2) 10




Solar Facility®

The solar facility acquisition price K is € 114 million, or about €2590 per MWhr (1000 kWh) for
expected production of 44.2 GWh (1000MWHh) per annum. The plants in the acquisition have a
two-tiered structure, a fixed FIT of around €309 per MWh and a variable RIP of about €60, for

total gross revenue of around €16.3 million. Operating costs ( and taxes) are around €2 million.

A B [ c | D | E
32 |ALL Total GWh Total FIT Per KWh
33 44.2 € 13,657.70
34 |Weighted FIT 0.3090
35 |RIP 0.0600
36 [REVENUE €2,652.00 €16,309.70
37 |R Distribution 16.26% 83.74%
38| OP COST €2,000.00 0.0452
39 [kPV 7.9810 (1-EXP(-(B41-B42-B43)*B40))/(B41-B42-B43)
40 [T 16
41 [IRR 10.00%
42 6P 0
43 16Q 0
44 |GPV €114,206.21 (D36-C38)*B39 0.3237
45 |K €114,000.00 2.5792
46 NPV €206.21 B44-B45 0.0047
47 |Net Market Revenue 0.0148

As illustrated above the approximate IRR is around 10% on these projected revenues and
expected operating costs, for a facility that has 16 years left (constructed in 2011). However,
EAMM aims to extend the life of these assets beyond 20 years, and also to replace modules of

the facilities with more efficient ones over the next 5-10 years.

Italian Solar Energy?

Although EAMM intends to sell most output to GSE (the Italian renewable energy executive
authority, also providing the FIT), the RIP are based on the Italian Power Energy (IPEX) prices.
There are at least five price series that might be representative of actual prices in the Puglia area,

the National Price, and Prices in Central-South, South, Foggia and Brindisi, see

2 Source: EAM Prospectus January 2014,



www.mercatoelecttrico.org. The FIT arrangements are complicated and change over time, as

described in the EAM prospectus.

Empirics

From the Italian electricity daily price series per annum volatility is calculated as STDEV of
LN(Price t/Price t-1)*SQRT (365). The annualized price drift might be 365*AVERAGE of
LN(Price t/Price t-1). There are five price series running hourly from 2015 01 01 (January 1) to
end November 11 30, over 40,000 prices. Sonja starts with a sample of daylight hours 8 am to
4pm for the first week in January 2015. She notices that these seven days include New Years
Day, when most Italians are resting, and a weekend, so much of the apparent daily price

volatility (for sunlight hours) is due to a type of “seasonality”.

For the production output units, EAM reports that “about 19% of annual power output will be
generated in the first quarter of the year, increasing to 33% in the second and 34% in the third
before declining to 14% in the fourth.” The actual power production by quarter for 2013 and
2014 is given in the Appendix “EAM Q 2013-2014” by facility. There is no evidence that solar
output is constant, as modeled by some Nordic authors. Sometimes (July 2013) wind and solar

provides all of the electricity supply in Italy during the daytime.
Investment Criteria

Although Norway has a distinguished history of real options, starting with Mossin (1968), and
Lund and @ksendal (1991), and popularized by Bjerksund and Ekern (1995), not all Norwegian
financial experts have completely adopted the real options methodology. EAMM reports using
an investment criteria of a project internal rate of return of 7-12%. “The high degree of
predictability in revenue and operating cost make the variations in cash flow from these power
plants from year to year over their 20 year life-cycle low. The single most important variable in
terms of IRR sensitivity is the electricity volume...but changes in the interest rate will also have
a significant impact...Policy regimes where the power consumers (like in Italy) fund the FIT
subsidies ...have proven to be more robust against policy risk, particularly against retroactive

subsidy cuts and tax changes for power plants in operation.”


http://www.mercatoelecttrico.org/
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EVALUATING SOLAR INVESTMENTS: CASE QUESTIONS
1. Substituting your calculations of the electricity price and quantity of production drifts,

correlation and volatility, what is the FIT (S) threshold that would justify making this
investment now for K?

2. What should Sonja suggest paying if the FIT=€308 per MWh?

3. What is this acquisition worth if the FIT disappear?

4. Given P,Q, Sand T, which of the ten inputs should be Sonja’s primary focus?
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0.52

-0.18.
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