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Presentation outline

1. Economic viability of energy investments

2. Definition of portfolio selection criterion for power 

generation assets

3. Mean-variance portfolio selection model for power 

generation assets

4. Calculation procedure

5. Example: Python code for simulation of present values 

6. Example: Python code for portfolio optimization
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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

1. Economic viability of energy investments
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The most important cost components are:

➢Costs for fuel and emission rights, 

depending on output-related fuel efficiency

➢Accelerated degradation of the installation 

due to thermal stress resulting from 

temperature change in boilers and pipes

➢Fuel losses during start-up and 

shut-off periods

➢ Investment outlay, personnel and administration costs are relevant for the 

evaluation of long-term investment decisions 

1. Economic viability of energy investments

Marginal unit cost = the sum 

of these costs divided by the 

additional production 

Marginal cost describes the 

economic impact on the plant 

operation
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The revenues 𝑹𝒕,𝒊 per period 𝑡 generated by the investment 𝑖 depend on:

➢ Installed capacity 𝑪𝒂𝒑𝒊 of power plant (technology) 𝑖 [in MW of electricity]

➢The capacity factor 𝑭𝒄𝒂𝒑,𝒊 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 𝑷𝒆𝒍,𝒕 [in €/MWh]

𝑅𝑡,𝑖 = 𝑃𝑒𝑙,𝑡 ∙ 𝑄𝑡,𝑖

𝑄𝑡,𝑖 = 𝐶𝑎𝑝𝑖 ∙ 𝐹𝑐𝑎𝑝,𝑖 ∙ 8760

1. Economic viability of energy investments



Selection of optimal power plant generation mixes | Dr. Barbara Glensk | Chair of Energy Economics and 

Management, Institute for Future Energy Consumer Needs and Behavior (FCN)

6

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

➢Variable cost 𝒄𝒗𝒂𝒓 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 𝒄𝒇𝒊𝒙𝒆 amounts to the annualized investment expenditures (𝐼𝑛𝑣)

Net Present Value (NPV) is given by:

𝑁𝑃𝑉 = −𝐼𝑛𝑣 + 

𝑡=1

𝑇
(𝑃𝑒𝑙,𝑡 − 𝑐𝑣𝑎𝑟,𝑡) ∙ 𝑄𝑡

(1 + 𝑟)𝑡

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 

1. Economic viability of energy investments
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(Net) Present Value of the 𝑖 technology per installed capacity (€/MW):

𝑷𝑽𝒊 = σ𝒕=𝟏
𝑻 𝑪𝑭𝒕,𝒊

(𝟏+𝑾𝑨𝑪𝑪)𝒕 /𝐶𝑎𝑝𝑖 (1)

where

▪ 𝐶𝑎𝑝𝑖 … installed capacity of power plant (technology) 𝑖 [MW]

▪ WACC … Weighted Average Cost of Capital (discount rate) [%]

▪ 𝑡 … lifetime [a]

▪ 𝐶𝐹𝑡,𝑖 … annual cash flow of technology 𝑖 [€] at time 𝑡 given as:

𝑪𝑭𝒕,𝒊 = 𝑹𝒕,𝒊 − 𝑪_𝒇𝒖𝒆𝒍𝒕,𝒊 − 𝑪_𝑪𝑶𝟐𝒕,𝒊 − 𝑪_𝑶𝑴𝒕,𝒊 − 𝜹𝒕,𝒊 (2)

Definition of present value as portfolio selection criterion 

for power generation assets

2. Definition of portfolio selection criterion for power 
generation assets
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𝑪𝑭𝒕,𝒊 = 𝑹𝒕,𝒊 − 𝑪_𝒇𝒖𝒆𝒍𝒕,𝒊 − 𝑪_𝑪𝑶𝟐𝒕,𝒊 − 𝑪_𝑶𝑴𝒕,𝒊 − 𝜹𝒕,𝒊

where 

▪ 𝑅𝑡,𝑖 … revenues from energy production at time 𝑡 [€] given as:

       𝑅𝑡,𝑖 = 𝑃𝑒𝑙,𝑡 ∙ 𝑄𝑡,𝑖 (3)

where 

▪ 𝑃𝑒𝑙,𝑡 … electricity price at time 𝑡 [€/MWh]

▪ 𝑄𝑡,𝑖 … electricity generation of technology 𝑖 at time 𝑡 [MWh] given as:

  𝑄𝑡,𝑖 = 𝐶𝑎𝑝𝑖 ∙ 𝐹𝑐𝑎𝑝,𝑖 ∙ 8760 (4)

where 

▪ 𝐹𝑐𝑎𝑝,𝑖 … capacity factor for power plant (technology) 𝑖 [%]

2. Definition of portfolio selection criterion for power 
generation assets
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𝑪𝑭𝒕,𝒊 = 𝑹𝒕,𝒊 − 𝑪_𝒇𝒖𝒆𝒍𝒕,𝒊 − 𝑪_𝑪𝑶𝟐𝒕,𝒊 − 𝑪_𝑶𝑴𝒕,𝒊 − 𝜹𝒕,𝒊

where 

▪ 𝐶_𝑓𝑒𝑢𝑙𝑡,𝑖 … fuel costs at time 𝑡 [€] given as:

        𝐶_𝑓𝑢𝑒𝑙𝑡,𝑖 = 𝑃𝑓𝑢𝑒𝑙,𝑡 ∙ 𝐹𝑐𝑜𝑛𝑠𝑢𝑚,𝑡             (5)

where 

▪ 𝑃𝑓𝑢𝑒𝑙,𝑡 … fuel price at time 𝑡 [€/MWh or €/tonne] (depends on the fuel)

▪ 𝐹𝑐𝑜𝑛𝑠𝑢𝑚,𝑡 … fuel consumption at time 𝑡 given as:

    𝐹𝑐𝑜𝑛𝑠𝑢𝑚,𝑡 = 𝑄𝑡,𝑖 ∙
1

𝐻𝑉𝑖∙𝜂𝑖
∙ 𝐶𝑜𝑛𝑓𝑎𝑐𝑡𝑜𝑟 (6)

where 

▪ 𝜂𝑖 … net thermal efficiency of technology 𝑖 [%]

▪ 𝐻𝑉𝑖 … heating value of technology 𝑖

▪ 𝐶𝑜𝑛𝑓𝑎𝑐𝑡𝑜𝑟 … conversion factor

2. Definition of portfolio selection criterion for power 
generation assets
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𝑪𝑭𝒕,𝒊 = 𝑹𝒕,𝒊 − 𝑪_𝒇𝒖𝒆𝒍𝒕,𝒊 − 𝑪_𝑪𝑶𝟐𝒕,𝒊 − 𝑪_𝑶𝑴𝒕,𝒊 − 𝜹𝒕,𝒊

where 

▪ 𝐶_𝐶𝑂2𝑡,𝑖 … carbon dioxide costs at time 𝑡 [€] given as:

       𝐶_𝐶𝑂2𝑡,𝑖 = (𝑄𝑡,𝑖 ∙ 𝑆𝐹𝐶𝑂2,𝑖) ∙ 𝑃𝐶𝑂2,𝑡            (7)

  
where 

▪ 𝑆𝐹𝐶𝑂2,𝑖 … specific CO2 emission factor for technology 𝑖 [t CO2/MWh]

▪ 𝑃𝐶𝑂2,𝑡 … CO2 price at time 𝑡 [€/t CO2]

2. Definition of portfolio selection criterion for power 
generation assets



Selection of optimal power plant generation mixes | Dr. Barbara Glensk | Chair of Energy Economics and 

Management, Institute for Future Energy Consumer Needs and Behavior (FCN)

11

𝑪𝑭𝒕,𝒊 = 𝑹𝒕,𝒊 − 𝑪_𝒇𝒖𝒆𝒍𝒕,𝒊 − 𝑪_𝑪𝑶𝟐𝒕,𝒊 − 𝑪_𝑶𝑴𝒕,𝒊 − 𝜹𝒕,𝒊

where 

▪ 𝐶_𝑂𝑀𝑡,𝑖 … operation and maintenance costs at time 𝑡 [€] given as:

       𝐶_𝑂𝑀𝑡,𝑖 = 𝐹𝑖𝑥𝑒𝑑_𝑂𝑀𝑡,𝑖 ∙ 𝐶𝑎𝑝𝑖 + 𝑉𝑎𝑟_𝑂𝑀𝑡,𝑖 ∙ 𝑄𝑡,𝑖     (8)

where 

▪ 𝐹𝑖𝑥𝑒𝑑_𝑂𝑀𝑡,𝑖 … fixed operation and maintenance costs at time 𝑡 for 

technology 𝑖 [€/MW]

▪ 𝑉𝑎𝑟_𝑂𝑀𝑡,𝑖 … variable operation and maintenance costs at time 𝑡 for 

technology 𝑖 (excl. fuel costs) [€/MWh]

2. Definition of portfolio selection criterion for power 
generation assets
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𝑪𝑭𝒕,𝒊 = 𝑹𝒕,𝒊 − 𝑪_𝒇𝒖𝒆𝒍𝒕,𝒊 − 𝑪_𝑪𝑶𝟐𝒕,𝒊 − 𝑪_𝑶𝑴𝒕,𝒊 − 𝜹𝒕,𝒊

where 

▪ 𝛿𝑡,𝑖 … depreciation (depreciation time = lifetime) at time 𝑡 for technology 

𝑖 [€] given as:

         𝛿𝑡,𝑖 =
𝐼𝑛𝑣𝑒𝑠𝑡.𝑐𝑜𝑠𝑡𝑠𝑖∙𝐶𝑎𝑝𝑖

𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒𝑖
                (9)

where 

▪ 𝐼𝑛𝑣𝑒𝑠𝑡. 𝑐𝑜𝑠𝑡𝑠𝑖 … investment costs for technology 𝑖 for one unit of 

installed capacity [€/MW]

2. Definition of portfolio selection criterion for power 
generation assets
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3. Mean-variance portfolio selection model for power 
generation assets

Mean-Variance (MV) portfolio selection model (Markowitz, 1952)

σ𝑖=1
𝑛 𝐸(𝑃𝑉𝑖)𝑥𝑖 → 𝑚𝑎𝑥 (10)

σ𝑖=1
𝑛 σ𝑗=1

𝑛 𝑥𝑖𝑥𝑗𝑐𝑜𝑣𝑖𝑗 → 𝑚𝑖𝑛 (11)

subject to: 

𝑖=1

𝑛

𝑥𝑖 = 1 and 0 ≤ 𝑥𝑖 ≤ 𝑥𝑖,𝑚𝑎𝑥

where: 𝑥𝑖    … share of technology 𝑖,

𝐸(𝑃𝑉𝑖) … expected return of (net) present value of technology 𝑖,

𝑐𝑜𝑣𝑖,𝑗 … 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(𝑃𝑉𝑖) per installed unit 

of capacity for each technology considered into portfolio analysis

Input Output

▪ Technical and economic data 

for power plants considered 

▪ Electricity, fuel and CO2

prices given as stochastic 

distribution

▪ EEG prices (if necessary)

▪ Present values 𝑃𝑉𝑖/installed 

unit of capacity for each 

technology

▪ Mean value and standard 

deviation of 𝑃𝑉𝑖/install capacity 

for each technology

▪ Correlation matrix of 

𝑃𝑉𝑖/installed unit of capacity for 

all technologies

▪ Variance-covariance matrix for 

all technologies

Monte Carlo 

Simulation of 

𝑷𝑽𝒊 values in 

Python
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4. Calculation procedure

Step 2

Mean-variance portfolio optimization

▪ Selection of the optimal portfolio structure

Input Output

▪ Present values 

𝑃𝑉𝑖/installed unit of

capacity for each 

technology

▪ Graphical presentation of all 

portfolios and efficient 

frontier

▪ Portfolio structure in table 

form with the share of each 

technology from efficient 

frontier

Portfolio 

optimization 

in Python
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5. Example: Python code for simulation of present values 

Initialization of libraries and functions needed 

for the calculation procedure Step 1

Definition of all parameters needed for calculations 

and Monte Carlo Simulation 

▪ Prices:

▪ Other parameters: 
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𝑪𝑭𝒕,𝒊 = 𝑹𝒕,𝒊 − 𝑪_𝒇𝒖𝒆𝒍𝒕,𝒊 − 𝑪_𝑪𝑶𝟐𝒕,𝒊 − 𝑪_𝑶𝑴𝒕,𝒊 − 𝜹𝒕,𝒊

𝑅𝑡,𝑖 = 𝑃𝑒𝑙,𝑡 ∙ 𝑄𝑡,𝑖

𝑄𝑡,𝑖 = 𝐶𝑎𝑝𝑖 ∙ 𝐹𝑐𝑎𝑝,𝑖 ∙ 8760

Define the capacity factor and installed capacity to calculate electricity 

generation of technology 𝑖:

Define the function for the calculation of revenues from electricity 

generation – Eq. (3):

5. Example: Python code for simulation of present values 
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𝑪𝑭𝒕,𝒊 = 𝑹𝒕,𝒊 − 𝑪_𝒇𝒖𝒆𝒍𝒕,𝒊 − 𝑪_𝑪𝑶𝟐𝒕,𝒊 − 𝑪_𝑶𝑴𝒕,𝒊 − 𝜹𝒕,𝒊

𝐶_𝑓𝑢𝑒𝑙𝑡,𝑖 = 𝑃𝑓𝑢𝑒𝑙,𝑡 ∙ 𝐹𝑐𝑜𝑛𝑠𝑢𝑚,𝑡

𝐹𝑐𝑜𝑛𝑠𝑢𝑚,𝑡 = 𝑄𝑡,𝑖 ∙
1

𝐻𝑉𝑖 ∙ 𝜂𝑖
∙ 𝐶𝑜𝑛𝑓𝑎𝑐𝑡𝑜𝑟

Define all parameters needed for fuel consumption:

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

5. Example: Python code for simulation of present values 
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𝑪𝑭𝒕,𝒊 = 𝑹𝒕,𝒊 − 𝑪_𝒇𝒖𝒆𝒍𝒕,𝒊 − 𝑪_𝑪𝑶𝟐𝒕,𝒊 − 𝑪_𝑶𝑴𝒕,𝒊 − 𝜹𝒕,𝒊

𝐶_𝐶𝑂2𝑡,𝑖 = (𝑄𝑡,𝑖 ∙ 𝑆𝐹𝐶𝑂2,𝑖) ∙ 𝑃𝐶𝑂2,𝑡

Define all parameters needed for CO2 costs calculation:

Define the function for the calculation of the CO2 costs – Eq. (7):

5. Example: Python code for simulation of present values 
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𝑪𝑭𝒕,𝒊 = 𝑹𝒕,𝒊 − 𝑪_𝒇𝒖𝒆𝒍𝒕,𝒊 − 𝑪_𝑪𝑶𝟐𝒕,𝒊 − 𝑪_𝑶𝑴𝒕,𝒊 − 𝜹𝒕,𝒊

𝐶_𝑂𝑀𝑡,𝑖 = 𝐹𝑖𝑥𝑒𝑑_𝑂𝑀𝑡,𝑖 ∙ 𝐶𝑎𝑝𝑖 + 𝑉𝑎𝑟_𝑂𝑀𝑡,𝑖 ∙ 𝑄𝑡,𝑖

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

5. Example: Python code for simulation of present values 
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𝑪𝑭𝒕,𝒊 = 𝑹𝒕,𝒊 − 𝑪_𝒇𝒖𝒆𝒍𝒕,𝒊 − 𝑪_𝑪𝑶𝟐𝒕,𝒊 − 𝑪_𝑶𝑴𝒕,𝒊 − 𝜹𝒕,𝒊

𝛿𝑡,𝑖 =
𝐼𝑛𝑣𝑒𝑠𝑡. 𝑐𝑜𝑠𝑡𝑠𝑖 ∙ 𝐶𝑎𝑝𝑖

𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒𝑖
 

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

5. Example: Python code for simulation of present values 
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(Net) Present Value of the 𝑖 technology per unit of installed capacity (€/kW):

𝑷𝑽𝒊 = σ𝒕=𝟏
𝑻 𝑪𝑭𝒕,𝒊

(𝟏+𝑾𝑨𝑪𝑪)𝒕 /𝐶𝑎𝑝𝑖

Define the function for the calculation of present value – Eq. (1): 

5. Example: Python code for simulation of present values 

Over 1,000 € for the 

simplicity by the results 

presentation

Present value is given as 

cash flow per installed 

capacity [in kW]
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Simulation of discounted cash flow

5. Example: Python code for simulation of present values 

Functions define before 

and used by the 

simulation 

Prices as stochastic 

parameter used in calculation 

and defined before  

Cash flow defined 

with Eq. (2)
Simulated present values for each 

technology needed for step 2
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Simulation of discounted cash flow

Calculation of the outputs for Step 1:

How to save the outputs:

5. Example: Python code for simulation of present values 
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Simulation of discounted cash flow

How to plot the outputs: 

5. Example: Python code for simulation of present values 
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Initialization of libraries and functions needed 

for the calculation procedure Step 2

Initialization of the generator for the simulation of the rate of return 

Definition of random weights for portfolio assets

6. Example: Python code for portfolio optimization
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6. Example: Python code for portfolio optimization

Random portfolios for simulated returns of assets
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6. Example: Python code for portfolio optimization

Plotting of randomly generated portfolios (mean and 

standard deviation of returns)
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6. Example: Python code for portfolio optimization

Optimal portfolios for simulated returns of assets
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6. Example: Python code for portfolio optimization

Plotting of optimal portfolios (mean and standard deviation of 

returns) and efficient frontier

Efficient frontier
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How to save the outputs:

How to save the plotted graphs:

6. Example: Python code for portfolio optimization
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Licensing



Contact

E.ON Energy Research Center, 

Institute for Future Energy Consumer Needs and Behavior (FCN)

Mathieustraße 10

52074 Aachen

Germany

Dr. Barbara Glensk

T +49 241 80 49833

F +49 241 80 49829

bglensk@eonerc.rwth-aachen.de

Further Information:

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


	Folie 1: Selection of optimal power plant generation mixes 
	Folie 2: Presentation outline
	Folie 3:  1. Economic viability of energy investments
	Folie 4:  1. Economic viability of energy investments
	Folie 5:  1. Economic viability of energy investments
	Folie 6:  1. Economic viability of energy investments
	Folie 7:  2. Definition of portfolio selection criterion for power generation assets
	Folie 8:  2. Definition of portfolio selection criterion for power generation assets
	Folie 9:  2. Definition of portfolio selection criterion for power generation assets
	Folie 10:  2. Definition of portfolio selection criterion for power generation assets
	Folie 11:  2. Definition of portfolio selection criterion for power generation assets
	Folie 12:  2. Definition of portfolio selection criterion for power generation assets
	Folie 13:  3. Mean-variance portfolio selection model for power generation assets
	Folie 14:  4. Calculation procedure
	Folie 15:  4. Calculation procedure
	Folie 16:  5. Example: Python code for simulation of present values 
	Folie 17:  5. Example: Python code for simulation of present values 
	Folie 18:  5. Example: Python code for simulation of present values 
	Folie 19:  5. Example: Python code for simulation of present values 
	Folie 20:  5. Example: Python code for simulation of present values 
	Folie 21:  5. Example: Python code for simulation of present values 
	Folie 22:  5. Example: Python code for simulation of present values 
	Folie 23:  5. Example: Python code for simulation of present values 
	Folie 24:  5. Example: Python code for simulation of present values 
	Folie 25:  5. Example: Python code for simulation of present values 
	Folie 26:  6. Example: Python code for portfolio optimization
	Folie 27:  6. Example: Python code for portfolio optimization
	Folie 28:  6. Example: Python code for portfolio optimization
	Folie 29:  6. Example: Python code for portfolio optimization
	Folie 30:  6. Example: Python code for portfolio optimization
	Folie 31:  6. Example: Python code for portfolio optimization
	Folie 32:  Licensing
	Folie 33

