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Introduction

=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.



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.




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



Hypothesis

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



Characteristics of Energy projects

Irrevesibility
Uncertainty
Flexibility of time



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.




Electricity Supply Mix

Nuclear
1,5%

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%)




Brazilian Electricity Market

Regulated Market (ACR)

Free Market (ACL)
v Long-run contracts and shor-run market
v Investments in expansion through auctions



Cases
Wind PV
Investimento (USS) 32.666.932.59 39.856.230.00
Poténcia Instalada (MW) 30 30
US$ Invest/Pot. (MW) 1.088.897.75 1.328.541.00
Total de Horas 175.200 175.200
Preco de Venda (US$/MWh) 53.26 85.06

Arrendamento (% x Receita): 1.5%*

Custos Operacionais ¢

. - - Seguro (% x Investimento): 0.6% a.a™
Administrativos guro (% ) 0aa

Desp. ADM (% x Receita): 0.5%*

70% do mvestimento via BNDES*. 4% a.a. real

30% do mmvestimento via capital** proprio. 10%

Despesas Financeiras
a.a. real

WACC: 6% a.a. real

*Pantoja (2013).
**Dalbem, Gomes ¢ Branddo (2014a).



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.



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



Case 3 — Projects with switch OR

“Wind”: 50% of the electricity
the ACL, and the rest can be
market;

“PV”: 50% of the electricity so
ACL, and the rest can be sold at t

sold at a fixed price at
sold at the short run

d at a fixed price at the
ne short run market;

“Wind+PV”: 60MW, 50% of t]
fixed price at the ACL, and the
short-run market;

he electricity sold at a
rest can be sold at the
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Case 4 — Projects 'ﬂwith 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.






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

Hourly Wind from Jan/2006 to Dec/2015, at 120 m high.
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Method and discussion

Short-run price (NE submarket): weekly and deflationated.
Mar/2002 — Dec/2016.

Electricity Spot Price
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Statistical analysis

Parametro Valor
a 0.1217453
(b—-1) -0.0333098
b 0.9666902
Estatistica # para (b — 1) -3.6983
Valor - p 0.0009337
Erro padrido | 0.3076
‘Ja}ar criticp dn_:- teste t 343
(Nivel de Significancia 1%)

=
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rocedimentos Metodolégicos e .
Estatistica
Parametro Valor
a 0.1219189
(b—1) -0.0335411
b 0.9664589
Estatistica rpara (b - 1) -3.7068
Valor - p 0.0008296
Erro padrao 0.3003
Va}-:::r criticp dp teste t EWE
(Nivel de Significancia 1%)
1% 142.9292
k 0.7689384
@ 0.0653009
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Simulation RM-Jumps (10 K)

Price Paths - MRM:JUMP
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Statistical analysis

Wind frequency distribution

Wind Speed Frequency Mean G.21163
o sdd 2.589364
o xi 0.7245223
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Statistical analysis

non-linear model of solar irradiation - Cases 2 and 3.
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Wind frequency — Case 3
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Methods and results

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

Wind 0.2548280

PV 0.2542702
Wind + PV 0.2542637




Results

Case 1 — Projects without uncertainties

Projeto NPV (milhdes — US$) | NPV/Investimento
Wind -2.10177 -6.43%
PV -1.376318 -3.45%
Wmd + PV -3.478088 -4.80%




Results

Case 2 — Project without OR

Estratégia 1 Estratégia 2 Incremento de: 1 para 2
NPV | NPV/Investimento | NPV | NPV/Investimento| NPV NPV/Investimento
Wind 3267 |-2102 -§.43% -0.307 -0.94% 1.793 5.45%
PV 198 (-1.376 3 45% -0.00% 0.02% 1.367 143%
Wind+PV| 7252 |-3478 4 80% 0316 -0 44% 3.162 436%

Projeto | Investimento




Results

Case 3 — Projects with switch OR (MRM-0OU)

Projeto

Investimento

Estratégia 2

Estratégia 3 - MRM-0OU

Incremento de: 2 para 3 MRM-OU

NPY

NPV/Investimento

NPY

NPV/Investimento

NPY

NPV Investimento

Wind

3267

0.307

0.94%

10.08%

3.398

11.02%

PV

39.86

.00

0.02%

0.3%

0.101

0.25%

Wind + PV

1251

0316

4%

467%

3.699

3.10%




Results

Case 3 — Projects with switch OR (MRM-Jumps)

Estratégia ] Estrateoia 3 - MRM-baltos [ncremento de: 2 para 3 MRM-Saltos
NPV | NPVTuvestimento | NPV | NPV/Tuvestimento| NPV | NPV/Iavestimento
Wind 3267|0307 0.34% 1329 468% .836 3.02%
BV 1986 (-0.009 0.02% 0.260 0.65% 0.270 0.68%
Wmd+PV| 7232 |-0316 . 44% 1785 24T% 2105 150%

Projeto | Investimento




Results

Case 4 — Projects with defer OR (MGB)

Estrategia 1 Estratégia 4 Incremento de: 1 para 4

NPV | NPV/Investimento | NPV | NPV/Investimento| NPV NPV/Tnvestimento
Wind 367 |-2102 -§.43% 1853 5.67% 3953 12.11%
PV 986 |-1376 -3.43% 4.008 10.06% 534 13.51%
Wind+PV| 7252|3478 4 80% 5.547 8.20% 9423 13.00%

Projeto | Investimento
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Concluding remarks

e

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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Concludi nguﬁr'ema rks

We confirm the hypothesis Ho.

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



