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≈85% of the electricity mix in Brazil is based on hydro and
thermal plants .

This concentration lead to the supply crisis in 2001, 2014
and 2015.

PDEE 2024 forecasts an increase in the share o renewables
from 16,1% to 27,4% until 2024;

More than ⍷40 billion in investments for the next 10 years.
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Introduction



Since 2002, the Brazilian government is responsible to
promote reneable energy, through auctions.

The Net Present Value (NPV) methodology is the used to
value these projects .

The NPV is static and determinist. So, it doesn’t value
uncertainty.
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Introduction



Goal

Value switch and defer options for renewable energy
projects in Brazil.
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Hypothesis

H0 – A project without option and with no uncertainties
(classic NPV) shows less value than the same project with
real options and uncertainty.
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Characteristics of Energy projects

Irrevesibility
Uncertainty
Flexibility of time
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Real Options Theory (ROT)

The Real Options Theory (ROT) captures the
uncertainties and flexibilities of the projects by adding
value.

So, a project can be considered an investment with lots of
options/strategies (expand, abandon, sell, etc.);

This flexibilities increase value to the project and leads
the traditional NPV must be expanded.
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Electricity Supply Mix

80% of the electricity 
supply mix is renewable

3,631 plants in operation 
with a total 139 GW of 

installed capacity

818 new projects granted, 
increasing capacity by 

2021 in 36 GW (26%)

Biomass
9,2%

Wind
4,2%

Hydro 
66,3%

Fossil Fuel
18,9%

Nuclear
1,5%



Regulated Market (ACR)

Free Market (ACL)

 Long-run contracts and shor-run market

 Investments in expansion through auctions
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Brazilian Electricity Market



Cases
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Case 1 – Projects without uncertainties

“Wind”: 100% of the electricity sold at a fixed price at the
ACL, with a constant TMY;

“PV”: 100% of the electricity sold at a fixed price at the
ACL, with a constant irradiation;

“Wind+PV”: total of 60MW, 100% of the electricity sold
at a fixed price at the ACL, with a constant TMY.
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Case 2 – Projects without Real Options

“Wind”: 100% of the electricity sold at a fixed price at
the ACL, with an uncertain wind regime;

“PV”: 100% of the electricity sold at a fixed price at the
ACL, with an uncertain solar irradiation.

“Wind+PV”: 60MW, 100% of the electricity sold at a
fixed price at the ACL, with technical uncertainties
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Case 3 – Projects with switch OR

“Wind”: 50% of the electricity sold at a fixed price at
the ACL, and the rest can be sold at the short run
market;

“PV”: 50% of the electricity sold at a fixed price at the
ACL, and the rest can be sold at the short run market;

“Wind+PV”: 60MW, 50% of the electricity sold at a
fixed price at the ACL, and the rest can be sold at the
short-run market;
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Case 4 – Projects with defer OR

Wind”: 100% of the electricity sold at a fixed price at
the ACL, with uncertainties due to wind regime,
technology and public policy;

“PV”: 100% of the electricity sold at a fixed price at
the ACL, with uncertainties due to wind regime,
technology and public policy;

“Wind+PV”: 60MW, 100% of the electricity sold at a
fixed price at the ACL, with uncertainties due to wind
regime, technology and public policy.
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Method and discussion
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Method and discussion

Solar radiation in the Northeast Brazil.

 Hourly data from e january/2001 to december/2014.
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Method and discussion
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Hourly Wind from Jan/2006 to Dec/2015, at 120 m high.



Method and discussion
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Short-run price (NE submarket): weekly and deflationated.
Mar/2002 – Dec/2016. 



Statistical analysis

19



Simulation O-U (10 K)
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Procedimentos Metodológicos e Análise 
Estatística
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Simulation RM-Jumps (10 K)
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Statistical analysis
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Wind frequency distribution



Statistical analysis
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non-linear model of solar irradiation - Cases 2 and 3.



Methods and results
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Wind frequency – Case 3



Methods and results
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Case 4: project follows MGB due to the number od unknown
variables;
Estimated volatility of (10 K simulations) of each project.



Results
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Case 1 – Projects without uncertainties



Results
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Case 2 – Project without OR



Results
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Case 3 – Projects with switch OR (MRM-OU)



Results
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Case 3 – Projects with switch OR (MRM-Jumps)



Results
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Case 4 – Projects with defer OR (MGB)



Concluding remarks



From case 1 to case 2, there was na increase in NPV, but
insufficient for new investments.

From case 2 to case 3, the possibility of selling 50% of the
electricity brings significant valur to the project, regardless
the stochastic process.

In Case 4, taking into consideration the defer OR of 3
years it is clear that there’s an increase in the project value.
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We confirm the hypothesis Ho.

H0 – A project without option and with no uncertainties (classic NPV)
shows less value than the same project with real options and
uncertainty.


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