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» Capital budgeting and profitability accounting are necessary for assessing
the economic viability of energy investments

» The methodology for energy investments does not differ fundamentally from
other applications, but there exist some unique characteristics of investment
in energy technologies, e.g. long planning, construction, and operation
periods that make the result of an investment decision strongly dependent on
the discounting of future cash flows

» Financial appraisal techniques require a forecast of future flows of costs
and revenues over the lifetime of the investment

» In this context, only the costs and revenues directly associated with the
considered investments should be taken into account

NOTE: e.g. in the decision process of retrofitting a power plant, or analyzing the operation
of existing power plant the initial construction (investment) cost of the plant is irrelevant
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The most important cost components are:

» Costs for fuel and emission rights, Marginal unit cost = the sum
depending on output-related fuel efficiency of these costs divided by the
> Accelerated degradation of the installation additional production
due to thermal stress resulting from ~ _ _
temperature change in boilers and pipes Marginal cost describes the
> Fuel losses during start-up and economic Imp;':lct'_t onn the plant
shut-off periods ) EEEIE D

» Investment outlay, personnel and administration costs are relevant for the
evaluation of long-term investment decisions
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The revenues R, ; per period t generated by the investment i depend on:

» Installed capacity Cap; of power plant (technology) i [in MW of electricity]

» The capacity factor F,,; for power plant (technology) i specifying the average
expected percentage of annual full load operation [in %]

» The average expected price of energy sales at time t P, [in € MWh]

Rt,i — Felt * Qt,i

Qti = Cap; - Feqp,i - 8760

-] II
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Expected future annual costs, can be divided into variable and fixed cost

» Variable cost c,,, includes the cost of intermediate inputs such as annual
expenses for raw materials, fuels, emission rights, waste disposal, and to some
extent also wages

» Fixed cost cfix. amounts to the annualized investment expenditures (Inv)

4 N

Net Present Value (NPV) is given by:

T
NPV = —Inv + Z (Pel,t - Cvar,t) ' Qt
o t
K = (1 + 7") j

where r Is the discount rate

An investment with a positive NPV will be profitable and investment with a
negative NPV will be not profitable
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Definition of present value as portfolio selection criterion

for power generation assets

(Net) Present Value of the i technology per installed capacity (€/ MW):

where
= Cap;
= WACC
=t
CFy;

_vT CFyi

... installed capacity of power plant (technology) i [MW]
.. Weighted Average Cost of Capital (discount rate) [%]
.. lifetime [a]

.. annual cash flow of technology i [€] at time t given as:

CFt,i = Rt,i — C_fuelt,i — C_COzt’i — C_OMt,i — 6t,i (2)
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[ CFt,i - Rt,i — C_fuelt,i — C_COZti - C—OMt,i — 6“- ]

= R:; ... revenues from energy production at time t [€] given as:

Rt,i — Felt* Qt,i (3)

where

P, ¢ ... electricity price at time t [€/MWh]
" Q; ... electricity generation of technology i at time t [MWh] given as:

Qt,i = Cap; - Fcap,i -+ 8760 (4)
where

Feap,i .. capacity factor for power plant (technology) i [%]
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[ CFt,i - Rt,i - C_fuelt'l‘ - C_COZti - C—OMt,i — 6t,i ]

where
= C_feuly; ... fuel costs at time t [€] given as:

C_fuelt,i — Pfuel,t ) Fconsum,t (9)

where
Pryere ... fuel price at time t [€/MWh or €/tonne] (depends on the fuel)
Feonsumt --- fuel consumption at time t given as:

1
Fconsum,t = Qt,i ’ HV 1; . Confactor (6)

where
= 7n; ...netthermal efficiency of technology i [%]
= HV; ... heating value of technology i
= Conggeror ... CONversion factor
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2. Definition of portfolio selection criterion for power
generation assets

[ CFt,i - Rt,i - C_fuelt’i - C_COZti - C—OMt,i — 6t,i J

where
= (C_COy,, ... carbon dioxide costs at time ¢ [€] given as:

C_CO0z,; = Qi SFco,,i) * Pco,t (7)

where

= SFco,,; ... specific CO, emission factor for technology i [t CO,/MWh]

= Pco,t ... CO; price attime t [€/t CO,]
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[ CFt,i - Rt,i - C_fuelt’i - C_COZti - C—OMt,i — 6t,i ]

where
= C_OM,; ...operation and maintenance costs at time t [€] given as:

C—OMt,i = Fixed_OMt,l- . Capl- + VClT'_OMt,i . Qt,i (8)

where

= Fixed_OM,; ... fixed operation and maintenance costs at time ¢ for
technology i [€/MW]

= Var_OM,; ... variable operation and maintenance costs at time t for
technology i (excl. fuel costs) [€/MWh]
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[ CFt,i - Rt,i - C_fuelt’i - C_COZti - C—OMt,i — 6t,i ]

where
= §;; ... depreciation (depreciation time = lifetime) at time t for technology

[ [€] given as:
Invest.costs;-Cap;

Or; = (9)

lifetime;

where

= [nvest.costs; ... investment costs for technology i for one unit of
installed capacity [€/MW]
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Mean-Variance (MV) portfolio selection model (Markowitz, 1952)

i1 E(PV)x; - max (10)
) Z}Ll X;Xjcov;; = min (11)
n
subject to: zxi =1 and 0 < x; < X;max
i=1
where: x; ... Share of technology i,
E(PV;) ... expected return of (net) present value of technology i,
cov;; ... covariance between expected return of technology i and j
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4. Calculation procedure

Step 1
Simulation of inputs data for portfolio analysis

= Simulation of mean value and standard deviation of E(PV;) per installed unit
of capacity for each technology considered into portfolio analysis

. nput | | Oupu

» Technical and economic data = Present values PV;/installed
for power plants considered unit of capacity for each

= Electricity, fuel and CO, technology
prices given as stochastic Monte Carlo = Mean value and standard
distribution Simulation _Of deviation of PV;/install capacity
= EEG prices (if necessary) PV; values in for each technology

Python

= Correlation matrix of
PV;/installed unit of capacity for
all technologies

= Variance-covariance matrix for
all technologies
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4. Calculation procedure

Step 2
Mean-variance portfolio optimization

= Selection of the optimal portfolio structure

. hput | | Oupu______

= Present values » Graphical presentation of all
PV;/installed unit of portfolios and efficient

capacity for each frontier
technology Portfolio = Portfolio structure in table
optimization form with the share of each
in Python technology from efficient
frontier
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Initialization of libraries and functions needed
for the calculation procedure Step 1

port numpy as np
port matplotlib.pyplot as plt

1portT Csv

Definition of all parameters needed for calculations
and Monte Carlo Simulation

mean_C02, std CO02 = 12 B #
mean_coal, std_coal = 45.88, 8.5
mean_lignite, std lignite = 60.88, 4.808 # lignite €/t
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)

[ CFt,i - Rt,i — C_fuelt,i - C_COZt’i - C—OMt,i — 6ti ]

Ry = elt’ Qt,i

)

Qti = Cap; - Feqp,i - 8760

Define the capacity factor and mstalled capaC|ty to calculate electr|C|ty
generation of technology i: T e

Define the function for the calculation of revenues from electricity
generation — Eq. (3):
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)

[ CFt,i - Rt,i - C_fuelt’i - C_COZti - C—OMt,i — 6ti ]

C_fuelt,i - Pfuel,t ' Feonsumpt

Fconsum,t — Qt,i ) m ) Confactor
i i

Define all parameters needed for fuel consumption:

'I.lr =

, np.inf, 4.17, np.inf])}

H
=

eta = np.array([@.44, ©.88, 8.39, 1.88])

CDH_f;CtDP = np.array([@.97, 1, 1, 1])

F_consum = (Q el / (HV * Etaﬁj * Con_factor

Define the function for the calculation of the costs of fuel consumption — Eq. (5):

def fuel cost(P_coal, P_lignite, F_consum):
result = np.array([F_consum[@] * P_coal, F_consum[1]*1,
F_consum[2] * P_lignite, F_consum[3]*1])
~eturn result
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)

[ CFt,i - Rt,i - C_fuelt’i - C—COZti - C—OMt,i — 6ti ]

C_COy,; = (Qui - SFco,,i) * Pco,t

Define all parameters needed for CO, costs calculation:

e O Lol v LE = LN

C02 emission = Q el * SF CO2

Define the function for the calculation of the CO, costs — Eq. (7):

det carbon cost(P (02, (02 emission):

~eturn P_C02 * C02_emission

E.ON Energy Research Center




[ CFt,i - Rt,i - C_fuelt’i - C_COZti - C—OMt,i — 6t,i ]

C_OM;; = Fixed_OMy; - Cap; + Var_OM, ; - Q¢;

Define all parameters needed and function for O&M costs calculation — Eq. (8):

Fixed OM = np.array([1258@, 18568, 48000,

np.array([@, @

e T e T — = = F s

Fixed OM * Cap + Var_OM * Q_el
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[ CFt,i - Rt,i - C_fuelt’i - C_COZti - C—OMt,i — 6t,i ]

Invest. costs; - Cap;

Opi = ——
bt lifetime;

Define all parameters needed for depreciation calculation — Eq. (9):

ru»t[

ﬁa

tIn'-n:_t Cos t: * Cd[_'ll..
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(Net) Present Value of the i technology per unit of installed capacity (€/kW):

_ T CFyi _
PVl - t=1 (1+WACC)t /Ca'pl

Present value is given as
cash flow per installed
capacity [in kW]

# 5lide 3:

Define the function for the calculation of present value — Eq. (1):
de SUT_D[FEE;;-;;m%;;_;atiﬂ:w;;;

({CF * (1 - np.power(common_ratio, t)}) / (1 - common_ratio)) / (Cap * 1l@ee)) / loee

Over 1,000 € for the
simplicity by the results
presentation
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Simulation of discounted cash flow

Prices as stochastic
parameter used in calculation
and defined before

ales - C_fuel - C_CO2 - C_OM - delta
sum_DCF(CF, common_ratioc, t)
PV _matrix[i, :] = PV

Functions define before
and used by the

Simulated present values for each simulation
technology needed for step 2

Cash flow defined
with Eqg. (2)
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Simulation of discounted cash flow

Calculation of the outputs for Step 1:

E_F'-'ur = mean_va lues

PV_std dev = np.std(PV_matrix, axis=8)
correlation matrix = np.corrcoef(PV matrix, rowvar=False)
var_cov_matrix = np.cov(PV_matrix, rowvar=False)

How to save the outputs:

np.savetxt( t | 5 . PV_mat
np.sav b, . t Values . ! I,:I:

np.s wi | A [ 'y PV std dev, delimiter=", ")
np.s xt( tion , correlation_matrix, delimiter

np.sa
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5. Example: Python code for simulation of present values

Simulation of discounted cash flow

How to plot the outputs:

fig = plt.figure()
plt.plot(PV matrix, alpha=.4)};

plt.xlabel( )
plt.ylabel({ ‘Returns")
plt.show()
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Initialization of libraries and functions needed
for the calculation procedure Step 2

iport numpy as np
iport matplotlib.pyplot as plt
iport cwxopt as opt
m cvxopt import blas, solvers
import pandas as pd
import plotly
iport cufflinks
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Random portfolios for simulated returns of assets

P

W = np.azmatrix{rand_weights{returns.

C = np.asmatrix(np.cov(returns))

mi = W * p.T
= sgrifw * C * w.T)

f sigma > 2:
~eturn random portfolio(returns)
1 mu, sigma

n_portfolios

means, stds = np.column_stack(][
random_portfolio(return_vec)
for _ in range(n_portfolios)])

shape[@]))
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Plotting of randomly generated portfolios (mean and
standard deviation of returns)

fig = plt.figure()

"

plt.plot(stds, means, ‘o', markersize=5)
plt. (1thlE'_ td )

plt.ylabel("’ 1)

£
. PR - SRS | — C T
Al AlY = LLdry Al '_l. AL ) I'_ Li ! ] Al |. '_I'_ AL '_ _| - .
1t.title( an and standard deviation "' refurns of randoml) genera d LL'LLIL ]

plt.show()
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Optimal portfolios for simulated returns of assets

def optimal_portfolio(returns):
n = len{returns)
returns = np.asmatrix(returns)

188

opt.matrix(np.cov(returns})
= gpt.matrix(np.mean(returns, axis=1))

x in portfolios]
lios)

weights, returns, risks = optimal portfolioc(return_wvec)
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Plotting of optimal portfolios (mean and standard deviation of
returns) and efficient frontier

fig = plt.figure()
plt.plot(stds,
plt.ylabel
plt.xlabel

3 =i g By Ry Pw—— ot rFr M ot raeFarne At eeercdoeal s rarneratred martrLal fac 7Y
plt.title( i and standard deviagtion of refurns of randomly generated portfolios”)

plt.plot(risks, returns, ‘y-o') !
plt.show()
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How to save the outputs:

!

np.savetxt('P » retu v', returns, delimiter=",")
. 1 !
f

np.savetxt( 'Por , risks, delimiter=",
np.savetxt( 'Portfolio shares.csv', weights, delimiter=",")

1
f

How to save the plotted graphs:

plt.savefig( "Efficient frontier.png”, dpi=None, format="png")
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T +49 241 80 49833

F +49 241 80 49829
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Further Information:

http://www.eonerc.rwth-aachen.de/fcn
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