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“The price of success is hard work, dedication to the job at hand, and the determination that

whether we win or lose, we have applied the best of ourselves to the task at hand.”

Vince Lombardi



RESUMO

A atividade de mineragdo possui como importante custo operacional o consumo de energia
elétrica. A sua relevancia ¢ tal que, para algumas mineradoras, pode representar até 30% do
custo total. Tal relevancia traz a luz uma importante discussdo. Mineradoras devem lancar mao
de areas disponiveis de suas operacdes, cujo valor econdmico seja inexistente para a atividade
fim, para gerar sua propria energia? Essa decisdo pode ser favorecida pelos beneficios de
redugdo de emissdes de carbono, cuja pressdo € cada vez maior por consumidores a jusante da
cadeia de valor e reducao da exposicao a volatilidade de precos de mercado da energia elétrica.
O presente trabalho busca elucidar essa questao e trazer uma resposta através da analise de um
estudo de caso de implantagdo de um projeto hibrido de geragao de energia renovavel (edlica +
solar) por uma mineradora que pode escolher entre trés opgdes: fazer o leasing de suas terras
para uma desenvolvedora, empresa especializada na condu¢do de projetos dessa natureza;
participar como socia em uma planta com capacidade igual ao seu proprio consumo; ou uma
planta cuja capacidade seja equivalente a maxima ocupac¢do de suas terras. Diante das
caracteristicas do projeto, foi escolhido o método das Opgdes Reais (ROA), por ser aquele que
consegue melhor incluir tais variaveis estocasticas no processo de analise. Ao fim do projeto €
mostrado que a decisdo de investimento depende das variaveis que compoem o fluxo de caixa,
sendo o preco da energia aquele de maior representatividade. No limite, as mineradoras devem
optar no minimo pelo leasing das terras, decidindo por alguma das outras duas alternativas a
depender das condigdes de mercado, como sera mostrado ao longo do projeto. Com isso, esse
trabalho busca contribuir como base tedrica na tomada de decis@o de mineradores que estejam
frente a situacdes semelhantes ou que desejem considerar a integracao vertical da geracao de

energia elétrica as suas cadeias de valor.

Palavras-chave: Mineracao, Energia Renovavel, Opg¢des Reais



ABSTRACT

Mining activities have electrical energy as an important operational cost. Its relevance to some
mining firms might be as high as 30% of their total cash cost. Such relevance highlights an
important discussion. Should miners use available lands within their operations, with no
economic value to the mining business, to generate their own power? A few benefits could help
in the decision-making process: reduction in the carbon footprint, with a mounting pressure for
such from downstream of the mineral value chain and reduction of the exposure to the electricity
price volatility. The present work has the objective of helping to answer this question through
a case study on the analysis of a hybrid (wind + solar) power generation project conducted by
a mining company which has three options: lease its lands to a developer, that is, a company
specialized in conducting renewable energy ventures; participate as partner in the development
of a project that reaches the total company consumption; or one that occupies the total available
land the mining firm has. Considering the characteristics of the project, the Real Options
Analysis (ROA) was selected for valuation since it better includes the stochastic variables in
the analysis process. In the end, it will be shown that the investment decision depends on the
variables that compose the cash flow, with the electricity price featured as the most
representative. Mining firms should decide at least for leasing their lands and deciding for the
other two options depending on market conditions as it will be demonstrated throughout this
project. Therefore, this work looks forward to contributing as theoretical basis to the decision-
making process of mining firms facing similar situations and that may be considering to

vertically integrate power generation to their value chains.

Keywords: Mining, Renewable Energy, Real Options
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1 INTRODUCTION

Last year, Delevingne et al. (2020), from McKinsey, discussed ways the mining industry could
respond to mounting pressures on how to address climate change. Among three actions raised
by the consulting firm that companies may undertake, one of them involved reducing the carbon
footprint of their own operations. To do so, they pointed out, moving to renewable energy (RE)
is one that has become more feasible. That is the example for Codelco in Chile, with solar power
on-site, and Fortescue Metals in the Pilbara region in Australia, with that same source, to
mention a few. The list already involves around 30 operations worldwide, though only one in

Brazil (3.33%).

Zharan et al. (2017) mention that RE use in the mining industry is likely to evolve from its 0.1%
level back in 2014 to 8% in 2022. That trend, the authors highlight, has been pushed ahead by
decreasing prices of technologies, equipment and the possibility of using off-grid power
generation to replace diesel generators in remote locations. Considering that energy represents
30% of total mining cash operating costs according to Cormack et al. (2017), the potential cost

reduction of being self-dependent boosts even more initiatives on this matter.

Although the mining industry is starting to take its first steps towards renewable, such
movement is well ahead for other segments. According to a recent projection from January
2019 by the American Energy Information Agency - EIA (2019), the expectations for the RE
market are that it goes from its current 18% to 31% of the total share for the United States

energy matrix until 2050, with significant gains in wind and solar power sources.

When analyzing the Brazilian scenario, the numbers are also favorable to RE. The Energy
Research Enterprise, EPE in Portuguese, stated in its 2019 Annual Electrical Energy Statistics
Report that, among renewable power sources, wind power is the one that has had the greatest
growth, with 26.5% considering its total generated volume between 2016 and 2017. In 2018,
the Brazilian Chamber for Electrical Energy Commercialization - CCEE (2018) informed that
the wind power generation grew 15%, while information from the Brazilian Association of
Solar Photovoltaic Energy (ABSOLAR) estimates for 2019 a total growth of 21% for the solar

power.
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Cormack et al (2017) state that, given the increasing relevance of RE sources worldwide,
demonstrated in previous paragraphs, the mining industry needs to challenge their capital
projects team. As they say, firms are not alone though, as various renewable developers are
seeking industrial clients that can offer such opportunities to share the benefits and value from

these initiatives, promoting the creation of a whole new ecosystem.

The challenges they refer to are set up by a cash flow that involves commodity related prices,
energy price variations, uncertainties about the specific location where the project might take
place, such as wind or solar intensity, not to say the operational risks of the power generation
itself. Under these circumstances, as Brealey et al (2010) and Trigeorgis (1996) put it,
management don’t have to hold the project passively but make decisions to capitalize or
mitigate loss. Given these uncertainties as Nunes (2017) puts it, the net present value (NPV)

demonstrates itself to be inadequate and may cause an undervaluation of projects.

The objective of this study is therefore to first evaluate the make or buy decision, i.e., energy
vertical integration within mineral value chains, considering the relevance of energy costs to
the mining cash flows, the mounting pressures to reduce their carbon footprint and, as will be
discussed, the availability of idle lands with no further costs to mining firms. To do so, a real
case study has been selected, analyzing the installation of a RE plant to a mining complex in
the Brazilian countryside. The financial analysis will have its initial DCF approach, used in the
original case, replaced by the Real Options modeling as it has demonstrated itself to be more
powerful in covering hidden factors in financial modelling and adding value to the underlying
analysis. The project is intended to be carried out by a potential partnership between a
renewable developer and a mining firm. It would be the third of this kind in Brazil for mining
companies. These results would be analyzed in face of the scenarios and challenges Cormack

et al (2017) refer to.

Second, as these contracts focusing on mining operations have not yet been extensively studied
under the financial perspective, this study might also indicate a path firms might undertake in
future projects giving some directions on how mining firms in Brazil can expand their RE

initiatives and how developers can approach mining firms for the mutual benefit.

The result of this project demonstrates that investing in renewable energy projects create value

to mining firms and an additional benefit may be captured by entering and expanding
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optionality in the contract with the RE developer. Moreover, it shows that when assessing a RE
project the key uncertainty affecting the cashflows, apart from local wind speed or irradiation,
is the electricity price and its variation may affect how mining firms’ management will position

themselves regarding the investment decision.
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2 THEORETICAL BASIS

In order to better understand what is involved in this money application, this section clarifies

some of the concepts that will be further discussed during the analysis.

2.1 MINING OPERATIONS AND THE ROLE OF ENERGY

Mining is the process by which natural resources are identified, exploited, processed and sold
to its use in a following industry positioned downstream to the mineral value chain. The use of
minerals has been for a long-time part of our society and still plays a very relevant role.
According to the American Geosciences Institute (2018), for example, each person in the USA
consumes 38,000 Ib. of mineral resources per year. The list of essential mineral resources varies

from petroleum to talc, used in a wide variety of industries.

Carrying out all these activities, though, is extremely energy consuming and various authors
point out to the relevance that energy has, especially in the exploitation and processing phases.
According to Cormack et al (2017) as previously indicated, energy costs account for 30% of
total mining costs. Vyhmeister et al (2017) say it can be up to 50% of total operating costs if
you consider all sources of energy, such as fuel and gas, out of which 35% is electricity, which
would represent 18% of mining cash costs. Considering this range, the relevance of electrical
consumption to the mining operations’ profit margin is significant and so is the effort to reduce
it. This is not everything. According to Fitch Solutions (2018), an arm of the Fitch Group, with
ore reserves being depleted, that is, reducing their average grade or the amount of economic

valued mineral among a reserve, more energy will be necessary in mining methods.

Sometimes located in remote regions, mining operations occupy a large area, out of which a
significant part has no economic value, as what lies underneath poses no additional financial
benefit to the firm. One example is presented on Figure 1 demonstrating, out of the available

area, what is actually used to exploit resources. The remaining part offers no economic use.

Considering, therefore, the relevance of energy costs to the mining operations, one possibility
that has been discussed is how to benefit from such an extensive area to generate energy,
conducting a make or buy analysis. More specifically, RE where there is a potential for such.
Apart from cost reduction, the benefits are protecting the firm against an eventual increase in
the price of energy and market volatility and also from a continuous increasing distribution cost;

favorable conditions for wind and solar generation in Brazil and, finally, safeguard against
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energy rationing as it has happened in the past. This list provides a perspective from the demand
side, where the price is formed, according to Brazilian National Electrical Energy Agency —

ANEEL (2017) as presented before in Figure 2.

Figure 1 - Area occupied by the mine (in yellow) compared to the operation concession (red

boundary). Source: By the author.

Taxes (ICMS,
PIS/COFINS)
29,5%

Fraction A
(Energy
Purchasing,
Transmission &
Segment
Burdens)

53,5%
Fraction B (Energy

Distribution)
17,0%

Figure 2 - Electrical energy price breakdown in Brazil — Source: ANEEL (2017).

Brazil has an abundant potential for renewable power generation sources such as wind and solar
as Pereira et al (2012) point out. The authors highlight the high number of opportunities that
some specific regions in Brazil, like the Northeastern of the country and upper portions of the

state of Minas Gerais, enjoy considering solar exposure and total wind flow during the year.
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As various mining operations are positioned in the locations referred to by those authors, it can
be inferred that benefitting from the location, mining firms can use such potential to generate

energies on their own or by partnering with developers as we shall discuss in this study.

Analyzing specific data from Brazil, the EPE releases every year an energy balance of all local
consumption and self-generation segmented by industry. With such information, based on its
last report form 2019, one can is afforded a clear picture of how much local mining firms are
producing for their own use from different sources. As Figure 3 indicates, most of their own
consumption is from natural gas or coal from primary sources and electricity, for secondary

sources.

Consumption by Source - Mining in Brazil

8,265 24,109
GWh GWh

19,8%
38,8%
54,8%
61,2% 2,2%
) s~ /0
4,2% 1,7%
15,8%
1,6%

Total Natural Coal Total  Biodiesel Diesel Oil Fuel Oil LPG Coke Electricity Seconday
Primary Gas Secondary Oils

Figure 3 - Mining energy consumption by source in Brazil — Source: EPE (2019)

The potential, however, lies yet to be explored. As Fitch Solutions (2018) puts it, solar
photovoltaic (PV) and wind capacity will dominate the share of renewables in their mining
applications. Apart from the cost-benefit itself, previously discussed, various mining firms
operate in value chains such as that of electric vehicles (EV) and consumer electronics. As Fitch
Solutions (2018) mentions, as these industries become more important customers of the mineral
industry, it is likely that a mounting pressure will arise from them to reduce the environmental
impact from suppliers, which mining firms hope to be an important part of. This may cause an
increasing pressure towards “green mining” in order to reduce the total carbon footprint

upstream the value chain of those industries.
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Although Brazil has not yet, like other mining-dependent countries such as Chile and Australia,
implemented carbon tax or carbon trading schemes, this may well lie in the future and local
firms have to be ready to act in case this starts to impact their P&L negatively. In a scenario
like that, the “McKinsey curve” — McKinsey (2009) presented on Figure 4 provides us with a
good picture of the benefit firms might get by investing in initiatives to reduce their carbon
footprint. As it can be seen, both solar and wind power plants are on the right-hand side of the
curve, indicating a positive abatement cost in case of carbon taxation, providing benefits to the

companies willing to do so.

Global GHG abatement cost curve beyond business-as-usual — 2030
Gas plant CCS retrofit

Abatement cost Coal CCS retrofit
€ per tCOqe Iron and steel CCS new build 1
60 Low penetration wind —— Coal CCS new build
B s ckiantal dliaboniie Cars plug-in hybrid Power plant t;i;rz::s B e
: ; ) Degraded forest reforestation Reduced inlensiveg
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S0:f Tillage and residue mgmt Degraded land restoration Solar PV ]
20 + Insulation retrofit (residential) 2m ge?eralion bi?fuels ] Solar CSP
il Cars full hybrid Pilicing efRciency
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0 T o
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-40 Small hydro
50 1% generation biofuels
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J = Electricity from landfill gas
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80 Cropland nutrient management
- Motor systems efficiency
-90 - Insulation retrofit (commercial)
100 T Lighting — switch incandescent to LED (residential)

Figure 4 - Abatement cost curve (2030) - Source: McKinsey & Co (2009).

Therefore, considering various economic, social, political and technological scenarios, there is
a growing relevance of energy to the mining business, given depletion of various mining
operations, the cost impact in mining firms’ bottom line, the exposure to price and market
volatilities and, which is more, a growing importance of renewable energy as well, whereas in
a scenario with carbon taxation or a mounting pressure from different value chains the RE plays

an essential role in reducing its footprint.
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2.2 THE RENEWABLE ENERGY GENERATION

With global warming, energy shortage and climate change, governments have started
incentivizing the development of RE sources as Boomsma et al, (2012) say. According to Lee
and Shih (2010), the methods to generate electricity from renewable power sources differ from
those with the usage of fossil fuels as they involve various uncertainties such as natural
conditions (e.g. wind and solar intensity), national policy planning and electricity prices, to

name a few .

Nunes (2017) mentions that power generation can be done from different sources. As he says,
it involves the conversion of one source of energy (radiation, potential or kinetic) into electricity.
When it gets to wind power, for example, solar radiation heats up the Earth’s crust in a non-
uniform way, creating winds. Their kinetic energy related to their velocity can be therefore
converted into electric energy. The same applies to solar power, where radiation from the Sun
hits the photovoltaic (PV) cell stimulating the PV effect that causes the displacement of
electrons, converting thermal energy into electricity (CRESESB, 2006).

For RE, these sources are available at a rate that is higher than that of consumption, different
from, for example, fossil fuels, the author says. Therefore, not only, as previously described,
RE is beneficial in avoiding phenomena such as global warming, but it also provides a long-

lasting power source.

Share of Renewable in Power Generation (Expected Growth to 2030)
60%

50%

0%
2000 2005 2010 2015 2020 2025 2030

Figure 5 - Growth perspective in RE generation — Source: IEA (2019).
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RE sources have significantly increased their participation in the global energy matrix and this
trend is likely to increase as the International Energy Agency (IEA) (2019) points out. As they
put it, RE accounts for 26% of global electricity generation, considering solar, wind, hydro,

biofuels and others with a potential for 50% growth in the next 5 years as Figure 5 indicates.

According to Boomsma et al (2012), most renewable energy projects are more capital intensive
in percentage terms to the total investment than other technologies. As they mention, whereas
for wind power projects 75% of total costs are capital ones, for gas turbines this percentage lies
between 30% and 60%. The authors highlight that capital costs are an important source of
uncertainty for a renewable energy investor. This uncertainty, according to Boomsma et al
(2012), is mostly related to the raw materials used in building the structures for electricity
generation and the variability of their prices in international markets as it is the case for steel,

for example.

Another relevant aspect highlighted by Boomsma et al (2012) is the fact that an investment in
renewable energy should be undertaken when capital costs are low and electricity prices high.
However, they say, capital costs are a one-time spend while profits are made within a time span,

in which electricity prices remain uncertain, rising another uncertainty in such projects.

Oil Products
. Nuclear
Coal&Derivates 1,9% 2,5%

3,7%
Solar Natural Gas
0,5% 8,6%

Biomass
8,5%

Figure 6 - Breakdown of Brazilian electricity supply by source in 2018. Source: EPE (2019).

In Brazil, renewable energy sources are also becoming relevant. As Nunes (2017) mentions,
Brazil has a relatively clean energy matrix, broken down on Figure 6 based on EPE (2019),

where it is seen that hydro accounts for 66.7% of the total electricity generated in the country.
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The way electricity is generated in Brazil influences directly in the energy spot prices (PLD) of
energy, based, according to Nunes (2017), in a mathematical model that takes into account

different variables from the hydro-thermal Brazilian system.

Adding up to hydro, renewable sources, as EPE (2019) points out, account for 83.3% of the
total offer in Brazil including imports. When looking ahead in time, according to the
International Energy Agency - IEA (2018), Brazil has set up a target, for example, to reach 3,5
GW of solar power generation by 2023, which in comparison to the 1,1 GW reached by 2017
shows the potential for new projects. IEA points out on its report that Brazil might develop very
quickly on solar energy installations as the government has lowered down taxes on solar panels

and gave some exemptions in certain states for new investments.

2.3 RISKS IN THE IMPLEMENTATION OF RE PROJECTS IN MINING

Considering the risk related investment that we are discussing in this study, it is relevant to

dedicate one specific section to discuss the risks related to the implementation of a RE project

and, which is more, the implementation of such a project in a mining context. The main risks

are:

e Significant upfront investment needed in order to implement the project as previously
discussed, especially when compared to other power generation investments;

¢ Financing of the upfront investment needed from the mining firm and the developer (this
risk will not be evaluated/considered in this study);

e FElectricity price variation and volatility in the free purchasing market (ACL in Portuguese)
presented in

e Figure 7. According to Nunes (2017), this risk is extremely relevant as it will provide the
total revenue, or cost reduction in the case of mining firms, provided by the project. As he
says, the ACL market has a volatility that is intermediate in between the PLD and that of
the regulated market (ACR). It is important to remember that considering the option to wait,
that is, not to invest and continue to acquire energy on the ACL, the price still remains
important as it will vary accordingly;

e Machinery breakdowns or failures in key systems needed to generate energy out of the wind
or solar farm,;

e Wind intensity variation in the location where the project is implemented, although

compared to other countries this is an item where Brazil benefits from its geographical
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position, having a wind regime twice as high as the World average and a volatility of only
5% (CCEE (2018));

e Total costs incurred in the project and its comparison to the initial budget;

e Solar irradiation in that specific location where the project is implemented and its variation

during the days and the months, the caveat being the topic raised before;
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Figure 7 - PLD price variation in the last 2 years — Source: CCEE (2020)

2.4 REAL OPTIONS

Myers (1977), the forger of the concept of Real Options, stated that many corporate assets can
be viewed as call options with their value varying according to future investment by the firm.
According to Dixit and Pindyck (1994), an investment opportunity might be analogous to a call
option on a common stock, giving the right to make an investment and receive a project, whose

value varies stochastically.

Trigeorgis (1993) mentions that the ROA has the potential to quantify the value of active
management and that its appearance happened as a response to dissatisfaction from practitioners
of capital budgeting with traditional methods such as DCF. Copeland and Antikarov (2005)
highlight this domination of ROA over DCF techniques in two elements: it captures the value
of flexibility and provides a solution whereas NPV or scenario analysis offers management with

mutually exclusive alternatives.
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Trigeorgis (1993) puts that in a market characterized by change, uncertainty and competitive
interactions, cash flows will very likely differ from what management initially expected. On

this specific study these uncertainties and changes were listed on 2.3 .

This continuous change has remained and perhaps increased since Trigeorgis’ publication
referred here. As McGrath (2013) points out: “executives need to learn how to exploit short-
lived opportunities with speed and decisiveness [...] to compete and win when competitive
advantages are transient.” This has certainly made cash flows change even more than before,
and not only this, but also management has to actively manage investments in order to capture
most of the value that lies on the market. Finally, Damodaran (2000) also insists on the
limitations of the DCF method in analyzing options available under the managerial team.
According to Trigeorgis (1993), there are two types of numerical solutions for real options. The
first using stochastic processes, such as Monte Carlo simulation, and the second using partial
differential equations. For simplification and to allow for the possibility of market application

and usage on a corporate perspective, the first one will be adopted in this study.

An area with various applications of such methodology is that of natural resources, the one we
discuss in the study. The reason for that, Trigeorgis (1993) says, is the availability of a traded
resource, such as the case for commodities or energy, high volatilities, which also applies to the
market discussed here and finally the long-lasting investments, another characteristic of the

market studied.

Trigeorgis (1993) also highlights that another relevant option is that to default during
construction, which is the case for energy-generating plants, for example, with long-
development capital intensive projects. Apart from the mentioned before, Trigeorgis (1996)

defines the most common categories of real options as:

1. Option to defer: Management has the right to buy or lease a specific resource which

expires within a number of years. It can wait to see if prices justify the decision;

i1. Option to alter operating scale: related to the possibility of increasing capacity of

the investment in case market conditions are favorable to do so;

1il. Option to abandon: the opposite of ii. If market conditions change abruptly, the

decision might be to abandon definitely and permanently the operations;

1v. Option to switch: related to the change of the output mix of a specific operation;
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To analyze a project using real options, according to Copeland and Antikarov (2005), one
should determine the NPV of the project without flexibility plus the option to respond to change.
Trigeorgis (1993) defines this according to equation 1 below:

Expanded NPV = Static NPV + Value of Active Management Options (1)

Copeland and Antikarov (2005) describe some limitations of the use of Black-Scholes model
to real options. As cash outflows are modeled as dividends and options can be exercised at any
time, characterizing them as American, this poses limitations to the Black-Scholes model, as it
assumes no dividends paid by the underlying asset and was designed for European options.
Therefore, based on this and the higher simplicity, reinforced by Nunes (2017), of the Binomial
Lattice model, the latter will be used in this study.

Therefore, the methodology presented by those two authors will be used in a similar fashion as
the one from Russo (2012). The flowchart presented in Figure 8 represents the five steps to
value a Real Option using the Binomial Lattice model. That not only employs only simple
algebra, but also allows all readers to follow, making it easily transferrable to a real mining firm

applying such methodology to a real case as the one presented here.

Calculate Analyze Build Event Create
NPV Uncertainty Tree Decision Tree
eExpected *Risks that evolve eUse GBM or ABM eDefine the type of eEnsure no
Cashflows; contiuously - eEvent tree should option arbitrage with

«Cost of Capital Monte Carlo reduce to NPV eMultiple decisions underlying asset

eCalculate NPV *Risks that evolve eUnderlying asset ~ @ one node? and risk-free bond
discretely - Keep  pays dividens? eSolutions provide
them separate decisions and

value

Figure 8 - Five steps to value a Real Option — Source: Adapted from Copeland and Antikarov
(2005)

The first step is calculating the net present value without managerial flexibility using equation
1. After estimating it, Brandao et al (2005) indicate that the volatility of the project is to be
assessed by means of determining the standard deviation of the returns from a Monte Carlo

simulation. Copeland and Antikarov (2001) justify the calculation of such standard deviation
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on the fact that the volatility of the entry variables is different from that of the project return.

Figure 9 demonstrates the process:

Inputs Simulation Output

Year1l Year2 ..

i —_—
Uncertainty 1 Present Value

Mode

Uncertainty 2
PV Probability
Monte Carlo

. Simulation
Uncertainty N ———

Figure 9 - Monte Carlo methodology applied to the composition of the event tree. Source:

Adapted from Copeland and Antikarov (2001)

This last aspect highlighted by Copeland and Antikarov (2001) is extremely relevant as the
volatility of factors such as the wind speed and solar intensity is not what we shall look for on
this specific step, but rather the impact of such variations on the return of the project. Nunes
(2017) mentions that lattice models have limits in terms of quantity of uncertainties it can model

whereas Monte Carlo simulation offers a better approach under these circumstances.

Moreover, according to Brandao et al (2005), the value of the project V' in a decision node can

be calculated based on equation 2 below:

_ [pW+ (A —p)V4l
V= 1+7rf @

Where V, and V4 are the values of the project on period ¢+ when it moves up or down from

node ¢, r 1s the risk-free interest rate and p can be determined from equation 3:

_ (A +rfT-4d)
 (w-ad)

3)

Where T is the minimum time unit of analysis in a project. For example, if analyzing a 3-year

project on a year-by-year basis then T=1. After determining p, the risk neutral probability of
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the upward movement from the node, one may estimate the probability of the downwards

movement from that very same node by the (7/-p) correlation.

According to Brandao et al (2005) and Copeland and Antikarov (2001), u and d are respectively
the up and down proportional changes in project value per period. Copeland and Antikarov

(2001) indicate that a good approximation that can be used is:

d=1/u ()

Brandao et al (2005) mention that combining equations 6 and 7 shifts the problem from finding
the appropriate risk-adjusted discount rate to finding the appropriate risk-neutral probabilities
p, which, according to them, is an easier problem to solve. According to those authors, a good
approximation, though not valid for all situations, is modeling changes in the value of the
project with a Geometric Brownian Motion (GBM). With those parameters and the method
previously described, a continuous-time stochastic process can be approximated with a discrete

binomial lattice.
More than this, Cox et al (1979), Copeland and Antikarov (2001) and Brandao et al (2005)

indicate that the upward and downward movement of a binomial tree can be calculated with

information about the standard deviation of the returns of the underlying asset subject to risk:

u= el ®))

Copeland and Antikarov (2001) highlight that in order to determine the value of the underlying

asset at any point in time within the binomial tree, one may use equation 6 presented below:

Vo = Vou™"d" (6)

Where u and d are, respectively, the up and down movements per step, Vyis the current value

of the underlying asset and m and » are the line and row of the binomial tree.

Brandao et al (2005) discuss two approaches to real options, the first being that of Copeland

and Antikarov (2001) and the second the one developed by themselves. Their final comparison
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indicates that the first is more appropriate if there are several market risks and several time
periods in the model, while theirs seems easier to apply in shorter duration projects and

subjected to less risks.

Finally, after applying equations 6, 7 and 11 to value the different nodes of the binomial tree,
one has to compare that with the value of the option if exerted on that specific node. Table 1
below summarizes key findings from the authors used as reference in this study and discussed

in session 2 :

Table 1 - Summary of findings in the references used in this work. Source: By the author.

Authors Title Summary
Delevigne et al Climate risk and Highlights the relevance of reducing
(2020) decarbonization: What every | the carbon footprint by miners and

mining CEO needs to know suggests doing so by expanding

investments in renewable energy.

Cormack et al (2017) | Renewables in mining: Both authors and the report from
/ Vyhmeister et al rethink, reconsider, replay. / | EPE assess the importance of energy
(2017) / Energy A combined photovoltaic and | costs to the mining industry
Research Enterprise | novel renewable energy indicating it can be up to 50% of the
(2019) system: An optimized techno- | total operational costs, out of which,

economic analysis for mining | 35% is electricity.
industry applications /
Balancgo energético nacional:

relatorio sintese 2019.

Nunes (2017) Valoragdo de projetos de | Presents the electricity price
energia alternativa renovavel | modeling, the analysis of wind
(EAR) sob a otica de opgoes | speed and solar intensity variation,
reais indicating the most appropriate
stochastic model for each. Presents
the valuation of a hybrid RE venture
using real options, through a

binomial model.
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Trigeorgis (1993) /
Trigeorgis (1996)

The nature of option
interactions and the valuation
of investments with multiple
real options. / Real options:
managerial flexibility and

strategy in resource allocation

In these two references the author
defines the main concepts used in
the real options valuation. He also
indicates the different options the
bearer may be exposed to,
presenting ways to value each of
them. He highlights the different
ways of valuing the options by both

the Black-Scholes and binomial

models.
Copeland and Opgoes Reais: um novo These three references define the
Antikarov (2001) / paradigma para reinventar a | real options analysis by using
Brandao et al (2005) | avaliagdo de investimento / binomial lattices and decision trees.
/ Copeland and Using Binomial Decision They indicate that this approach is
Antikarov (2005) Trees to Solve Real-Option preferable to that of the Black-
Valuation Problems / Real Scholes model for the ROA as it
Options: Meeting the allows for a simpler approach and
Georgetown Challenge the latter does not cover situations
where, for example, there are
dividends. The  methodology
presented in these documents is the
same chosen for this specific
application.
Russo (2012) / Are Real Options for real- These two authors, though covering
Gardolinski (2017) World finance professionals? | different topics, have analyzed the

Case Study: The application
of real options to evaluate
investment projects in the
Latin American oil and gas
field services industry /
Avaliagdo de um projeto de
geragdo de energia por meio

da reciclagem de residuos

contracting of an oil rig on the first
and a waste burning electricity
installation through the lenses of the
ROA. They both defined a similar
framework to that presented on
Figure 8 for these applications.

Therefore, providing support for

this application as well.
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solidos urbanos: aplicagdo
dos métodos de Real Option

Valuation

Myers (1977) / Cox
and Rubinstein

(1979)

Determinants of corporate
borrowing / Option pricing: a

simplified approach.

These are two classic papers that
define what the ROA is. The first
one presents the concept as its roots
whereas the second one presents the
binomial method to value financial
options. The understanding of them
both is key in the comprehension of

the method and the wvaluation of

these options.
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3 METHODOLOGY

3.1 CASE STUDY METHOD

According to Eisenhardt and Graebner (2007), building theory from case studies is a research
strategy that uses one or more cases to define theories or propositions. The central notion, the
authors say, is to do so inductively using cases to discuss and propose new theories. Eisenhardt
(1989) also points out that this methodology focuses on understanding the dynamics present
within single settings. One remark then is that cases stand as an individual experiment of
emerging theory, although, unlike those carried out in a laboratory, with a high connection to

the “real world”.

Considering the previous exposure of the author to the mining industry, which helps in
understanding the specificities of such and the ease of access to data related to the case here
analyzed, this methodology was preferred. On the other hand, the previous interest raised by
the topic allows for a combination of the previous experience with potential industry needs in

the upcoming years.

As indicated in the introduction, this study will analyze a real project in Brazil, applied to a
mining company that due to non-disclosure aspects will be referred to as ABC Mining. The
location of the project will not be disclosed either, but the study will use the same location of
the project to model it and allow for comparison in terms of cash flow and environmental

conditions.

In this case study, it will be assumed that ABC Mining can decide to invest or not in 5 years. If
they decide not to undergo the right to invest, they can still lease the land where construction
will take place, by receiving a fixed rate, or not to allow the investment to take place in their

lands and continue acquiring electricity from the local supplier.

The research question is thus: What mining firms should do if facing the decision to invest in
renewable energy using its available lands to increase its own value generation and vertically
integrate power generation into their value chain? Where would this reduce operational costs,
given the relevance of electrical energy, its carbon footprint, usage of idle lands that would

play no additional financial benefit to the firm or reduce its exposure to market volatility?
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Mining companies should be in the position with this study of positioning themselves better
when asking if they should have an energy matrix with their own generation or not. It should

help them clarify whether or not entering an energy project makes sense.

Although it is understood that the project will last longer, over 25 years, it will be assumed here
a total duration of 25 years. That takes into account what is informed by Copeland and
Antikarov (2001) that one should not take into consideration options that last more than 15
years unless the cash flow after that period has a significant relevance. This is not the case for
the case study, that is, cash flows are relevant. Thus, the total length will be assumed to be 25

years.

The scenario will be analyzed as an option to defer the investment for a maximum period of 5
years before they forego the investment, but also as a switch option as ABC Mining can decide
on the leasing option as well. According to Trigeorgis (1993), the analysis of the first kind of
option considers that if the investment is not spent immediately but in future installments, then

the amount is placed in an escrow account that pays the risk-free interest rate.

Conditions for the project may change as the period of time to invest passes by. The price of
energy may decrease reducing the value of the project. On the other hand, the opposite may
happen turning the investment into an attractive opportunity. However, none of these decisions
represent an obligation, but rather an option that the firm may undertake or not. Therefore, this
characterizes a real option on investing in the asset or waiting to see how the market behaves
and the best time to invest in this project, remain on the ACL market or just lease the unused

lands.

The technology also poses another risk for the investment and public policies as well. However,
as indicated by Nunes (2017), considering the impossibility of forecasting the impact of those,
a conservative approach is to assume the volatility of the project related to other sources of
uncertainties (e.g., local irradiation and wind speed). To do so, the author indicates, the latter

may be used as proxy for the remaining uncertainties.

To carry out the simulations the software R Studio will be used alongside Microsoft Excel and
a specific add-in for the later, named @Risk from Palisade, which will help on the execution of
the Monte Carlo simulation and electricity price variation analysis. Russo (2012) indicates that
explaining complex terms and expressions to financial executives may be challenging and a

criterion he used was how comfortable he felt with the algebra involved in the calculations. As
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this study approaches that on the fact that it is market-targeted, considering both using a case
study base, this same idea will apply in order to make the concepts discussed here easier to

apply in the market, as long as it does not hinder the academic rigor.

3.2 MODELING UNCERTAINTIES

For the specific location where the project is to be developed the solar irradiation follows the
boxplot presented in Figure 10 below during an average day. Following a similar methodology
as that of Nunes (2017), what that author indicates applies here as well, which is, outliers are
mostly present at the early and later hours of the day. Between 9 am and 4 pm (16), the solar

irradiation maintains itself within the range of 400-600 Wh/m?
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Figure 10 - Yearly average solar irradiation during the year. Source: By the author from

Global Solar Atlas (2020)

Table 2 - Average temperature during the year for Brazil and Nigeria — Source: By the author

Temperature Comparison Nigeria - Brazil Temperature Comparison Nigeria - Brazil
Country Brazil Nigeria

Jan 27 27,3 29

Feb 27 28,45 28,5 ° o

Mar 26,5 285 % 28 v=0,742x +7,6977 .

Apr 26,5 28 %" 27,5 R2= 0,6.32'53_“-"'.

May 25 27,1 g 2 )

Jun 24 25,6 E 265 =

Jul 23,5 25,3 g %

Aug 24 25,1 R . =

Sep 25,5 25,5 5 % e

Oct 26,5 26,4

Nov 27 e/ e 23 24 25 26 27 28
2::”13“0" 26':0" 27,2 Temperature Brazil
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It is also interesting to notice the higher deviation, distance between the top of the upper whisker

and the end of the bottom one in earlier and later hours of the day.

The solar distribution has been analyzed by Abdulkarim et al (2015) in Nigeria where they have
compared different probability functions and their fit to that location. They have concluded that
for solar radiation the Beta distribution is the one that has performed the best. They also extend
that such findings can be applied to locations with similar meteorological conditions to analyze
to what extent such conclusions can be expanded to Brazil. Table 2 presents the temperatures
during the year for both locations and we notice a correlation of 0.80 between both. Although
Abdulkarim et al (2015) do not define what would characterize similar meteorological
conditions we take 0.80 as a high correlation to indicate that both countries have sufficiently
similar meteorological conditions and the solar irradiation in Brazil can be assumed to follow

a Beta distribution as well.

To calculate the power generated from the PV system, the PVWatts® Calculator Software, from
the National Renewable Energy Laboratory, which is part of the US Department of Energy and
has an extensive database from all over the World including the location where the project is

being evaluated, will be used.

After assessing the local wind distribution and the power generated from them, the distribution
will also be assessed to figure out the parameters of the Normal distribution that will later enter
into the Monte Carlo simulation alongside the variation of solar power generation, thus

producing the variation of the cash flows from the project as it was explained in section 2.4 .
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Figure 11 - Wind distribution between December and February and March and May. Source:
CRESESB (2020)
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After determining the total PV generation during the year, the Beta distribution will be fit to the
information gathered and the parameters from the distribution collected for its later use in the

Monte Carlo simulation.
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Figure 12 - Wind distribution between June and August and September and November.

Source: CRESESB (2020)

According to Nunes (2017), the Weibull distribution is the one that best describes the wind
speed variations, and this will be the one used in this study. Information about the wind in a
specific location may be obtained by measurements that are not only expensive, but also time
consuming. In order to determine that for the financial analysis, data from the Sergio S. de Brito
Reference Center for Solar and Wind Power (CRESESB) will be used. On that database, the
shape (f) and scale (1) factors for Weibull distributions are provided throughout the year for
the project location. Creating a set of 1,000 random values based on those factors and the

Weibull distribution one may get the following curves for the wind variation.

As it can be seen from the figures (Figure 11 and Figure 12) above, the wind intensity varies
along the year and therefore, based on such variation, the power output from the windfarm is
calculated and also its variation. After assessing its distribution, one can also estimate its
parameters, including that to the Monte Carlo simulation as indicated by Copeland and

Antikarov (2001).

The wind speed sees its highest figures between the months of June and November, reaching
its maximum between June and August, when it is also expected that the total power generated

from the plant reaches its peak. This represents a key difference from the usual DCF analysis
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used in this case, where a fixed power output is considered without its variations during the

year.

3.3 CALCULATING THE REAL OPTIONS

When assessing the vertical integration decision, the technique used will be the ROA. The
decision for selecting it is that it assesses better hidden factors involved in the financial model.
Its benefits in comparison to other methods have been extensively discussed in the literature,
some of which are referred to in section 2.4 . In order to determine the value of the real options,

the methodology described in Figure 8 from Copeland and Antikarov (2005) will be used.

First, the NPV of the risk-free project will be assessed taking into consideration data provided
by ABC Mining. In this project, a quantitative approach will be followed especially taking into

consideration its natural origin as a financial analysis grounded on a real case study.

Copeland and Antikarov (2001) define two essential foundations that lie underneath the theory
presented in section 2.4 and that is assumed to remain true throughout this study. The first is
the market asset disclaimer (MAD), which uses the present value of the underlying asset as if
it was a traded asset. According to Copeland and Antikarov (2005), this is the same assumption
executives routinely make when using the NPV of projects as estimates of projects’ market
value. The second is what Brandao et al (2005) highlight: project returns follow a random walk,
which allows for any number of uncertainties to be combined into a single representative

uncertainty using techniques such as Monte Carlo’s.
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4 RESULTS
4.1 CASE STUDY

The case study, as previously indicated, is an investment opportunity analyzed by ABC Mining,
which leads the segments it operates in and has worldwide facilities, although the specific
project took place in Brazil. Considering the confidentialities involved, all names have been
changed for fictitious ones and the figures have been multiplied by a fixed random number. The

conclusions drawn from the analysis remain valid, though.

4.1.1 CONTRACT CHARACTERISTICS

The decision was to build a hybrid power plant, that is, a combination of solar and wind in order
to offset variations. Whereas the majority of the solar power generation takes place during the
day, as it can be inferred from Figure 10, the wind power generation is maximized during the
early hours of the day for that location. Figure 13 overlaps the distribution of wind speed and
irradiation in the project location during the day, highlighting some level of complementarity

between both sources, especially during the morning, which is also mentioned by Nunes (2017).
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Figure 13 - Wind and irradiation in the project location during the day. Source: By the author

Besides having both systems, though, it is important to mention, as Nunes (2017) highlights,
that given the stochastic nature of these two variables (wind speed and solar irradiation) it is

still important to have storage systems, e.g., batteries, fuel cells, etc.

The contract between ABC Mining and the Developer is rather specific. If they both decide to

invest in this new venture, a special purpose company (SPC), taxed by presumed profit is having
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created having the two as partners with 50% stakes in this new company. The reason for this is
that the company can only work on that specific business, which is power generation. The total
power generated by this SPC is sold, and each of the two partners will get its own dividends
from the business. Essentially, this can be outlined as if each of them got 50% of the energy

produced at the facility.

The benefits for ABC Mining are then twofold: First, as they would acquire electricity from a
wind power source, and this would apply for any company acquiring for this specific source, it
has a 50% deduction on “wire” tariffs which are related to the transmission of electricity. This
could be especially beneficial to companies with high transmission costs, which is the case for
medium firms with lower transmission voltage (13.8-kV to 69-kV). ABC Mining has an input
voltage in its facility at the 69-kV level.

ABC Mining - 69 kV

“Wire” Tariff -58%

"Wire” Tariff
-50%

Figure 14 - Financial benefits of self-production for ABC mining. Source: ABC Mining

Second, they also get discounts on sectorial burdens for being a self-producer, such as the CDE
(energy development account), PROINFA (Alternative energy incentive program), ESS
(System service’s burden) and EER (Energy reserve burden) and this is where the costs to the
mining firm, and this specific investment opportunity, get more attractive as these would
represent a reduction of roughly 67% in the usual costs of these burdens. Overall, considering
the two upsides of this investment, the total cost reduction for ABC Mining would be of 58%

as indicated above in Figure 14.

If ABC Mining is considered to be also a qualified generator in Brazil, this would represent

even greater reductions in the burdens paid and the figures presented before could be even more
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favorable to ABC Mining. However, considering the scenario for the project analyzed that is
not the case and the benefits of being a self-producer and acquiring electricity from a wind
power source were assumed. Any amount generated in excess of the local consumption would

be sold in the ACL market, creating a potential revenue stream for the company.

On the other hand, the developer has as its core business the EPC (engineering, procurement
and construction) or EPCM (engineering, procurement and construction management) of this
kind of facility and charges the mining company for this in the fees that will be discussed in the
next section, while at the same time bringing its capabilities on the development of this type of
endeavor. The possibility to do the O&M (operations and maintenance) is also part of their
scope and has been included in this contract. By being a partner in the investment they have
access to the other 50% of the total power generated, which can be sold creating another revenue

stream apart from the project development itself.

4.1.2 OPTIONS FOR ABC MINING & DEVELOPER

In addition to the option discussed above in 4.1.1 , for this specific scenario, the mining

company had the following options when they analyzed the project:

1) Full participation in the development and operation of the project, with the total available
plant consumption sharing risks with the energy company, but with the flexibility to decide

when to join the project, which can be:

a. Join since the beginning of the project as shareholder with a 50/50 societal agreement
sharing all risks and costs related to it;

b. Join on a 50/50 basis after the first 24 months or Phase 1 of the project at an entry cost
of R$ 21,000,000.00 plus investment costs;

c. Join on a 50/50 basis after the first 48 months or Phase 2 of the project at an entry cost
of R$ 42,000,000.00 plus investment costs;

d. Join on a 50/50 basis after the first 60 months or Phase 3 of the project at the total cost
of R$ 367,500,000.00 (including entry cost);

It is important to highlight that the highest fee for a late entry, that is, for deferring the
investment is a prize ABC Mining has to pay to the developer due to the higher risks the latter
has incurred in the initial phases of the project and that, naturally, the miner would not incur by

skipping one or more of the initial phases.
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2) The same as option 1 but reaching the maximum land capacity in the location
(geographic restrictions), selling additional energy produced. For this scenario there is
also the possibility for later entry, deciding to defer the investment for the three initial

phases;

3) Cancel or abandon the contract if the decision is to invest in the project (options 1 or 2).
The leasing options does not allow for cancellation because, in this case, the costs incurred
by the developer may not be retrieved and the potential cancelation does not make it worth

investing for the developer;

4) Lease idle lands it has within its properties to an energy company, receiving fixed
installments on a monthly basis at the value of R§ 9,450/MW/year plus 1.60% of the
monthly revenues generated by the project. Under this scenario, there are no shares-related
agreements and the risks involved in the project and in the operations are fully borne by the
energy company. Under this scenario, the company would remain purchasing electricity in

the ACL market subjected to the variations in the price;

5) Do not lease the idle lands nor participate in the project (alternatives presented in item 2)

and continue acquiring energy in the free market at the ACL price;

However, it 1s important to criticize the approach that was selected by the company, evaluating
whether other options would also be available, covering therefore all scenarios. Defining the
options is key to the ROA and this stage should be stressed in the beginning of any similar

initiative.

Therefore, the majority of the options presented above are included in this study. First, as an
option to defer within the contract indicated by scenario 2 and 4 options, by which the
investment values increase when the option to invest is not undertaken and this was added to
the nodes of the decision tree. Second, it can also be analyzed as an option to switch, in which
ABC Mining may decide to lease the lands instead of becoming a shareholder of the project, or
vice versa, not deciding to lease and instead become a partner in the project. Third, it can be
analyzed as an option to alter the operating scale, by going from the maximum land capacity to
the mining plant consumption only or vice versa. Finally, after the contract starts generating
power, it includes an option to abandon by cancelling the contract. This last one won’t be

analyzed in the following study.
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In this project, as the mining company owns the lands, it has a very important asset that offers
them the majority of the bargaining power in this case. Therefore, the options available for the
energy developer are not as many as those of the mining company but are in its majority
positioned in the beginning of the project, where they can choose among this or other

investments that may be available in their portfolio.

After deciding to invest, though, as they hold the technical expertise in power generation and
RE, but also in EPC and EPCm as their core business, there is not much they can or are willing
to do. Apart from that, the mining firm also binds them to the contract during the development,

construction and start-up to make sure the expertise remains within the endeavor.

4.1.3 FINANCIAL MODELING USING DISCOUNTED CASH FLOW

In order to model the cash flow of this project, it is important to discuss and understand the role
of the mining company. Borrowing the term from physics and setting the frame of reference on
it, investing in this project may bring up to two additional lines to their cash flow: the first are

the discounts the mining firm gets by being a self-producer as indicated in Figure 14.

The second reflects the extra revenues generated by the mining firm if they choose to invest in
a project with an extra capacity in comparison to the operations’ consumption. Considering that
ABC Mining was part of the SPC with the developer, as described in 4.1.1 , it received the
benefits of the additional energy generated in the form of dividends. Therefore, to summarize

the boundary conditions mentioned above, Table 3 has been built:

Table 3 — Cash flow benefits of power generation to ABC Mining. Source: By the author

Item Description Tariffs Benefit
Energy Generated | PLD Price — | Real profit — benefit would | Cost reduction
(up to maximum (Sectorial burdens | be generated within mining
consumption of + “wire” tariffs — | company’s cash  flow,
ABC Mining) O&M costs) therefore being subject to its

tariffing rules
Additional PLD Price x| Presumed profit — benefit | Dividends
revenues (in excess | (Production in | would be generated in the
of maximum excess of | SPC and distributed to the
consumption of maximum shareholders as dividends
ABC Mining) consumption)
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Therefore, in order to conduct the analysis using the DCF methodology, one may assume that
the price of energy on the ACL will follow a flat distribution with the value remaining always
at the R$ 150.00 level - a quite risky assumption in terms of decision making if one considers
a 25-year project horizon and the volatility of the energy market in Brazil highlighted in Figure
7.

The impact of the energy price variation is such that when carrying out a sensitivity analysis on
the DCF (Table 4) used to calculate the NPV for the project on option 2a for instance, a variation
of 16% on the ACL price has made the NPV go from positive to negative territory. A variation
such as the one mentioned before can be pointed out in different moments in

Figure 7 influencing the managerial decision of whether or not to invest in this project. The
price of energy is the most important uncertainty related to this project and the decision to invest

or not. Appendix A presents the cash flows used on the analysis below.

Table 4 — NPV sensitivity analysis for different energy prices. Source: By the author.

Scenario 2a Scenario 2b Scenario 2¢ Scenario 2d Scenario 1

100
125 R$ 3,230.32 -R$ 4,858.84 -R$ 18,682. 12,194.12 15,443.83

150 R$ 53,747.60 R$ 45,658.44 R$ 31,834.63 38,323.17 15,443.83
175 R$ 104,264.89 R$ 96,175.73 R$ 82,351.92 88,840.45 15,443.83
200 R$ 154,782.18 R$ 146,693.02 R$ 132,869.20 139,357.74 15,443.83
225 R$ 205,299.46 R$ 197,210.30 R$ 183,386.49 189,875.03 15,443.83
250 R$ 255,816.75 R$ 247,727.59 R$ 233,903.77 240,392.31 15,443.83

Energy Price

Another relevant assumption in the original DCF used by ABC Mining is that the energy output
of both wind and solar sources will remain the same during all the operational years and the
energy price remains fixed. That is another element that undermines that analysis and at the
same time creates room for improvements. Considering my knowledge of the mining industry,
this assumption is likely to be taken from other investment analysis where the stability is higher
than the one seen in the energy market and, although a specific company with knowledge on
this segment was hired, the initial business case, made internally by ABC Mining, did not see
such variation assumptions. Figure 15 indicates how the cash flows, which are directly
dependent on wind and solar intensity and energy price influencing the total power generated

and revenues, were assumed to vary within time in the original business case.
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Project Cashflow in MR$ - Project Lifetime
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Figure 15 - Project cash flows in MR$ for Scenario 1 and 2a. Source: By the author

One can easily grasp out of Figure 15 the fact that the cash flows are assumed to be constant
after operations start, which is not the case considering the high potential for variations and

uncertainties presented before.

When conducting the sensitivity analysis based on the NPV, presented on Table 4, one can
identify that there is an optimum value for choosing between the self-generation or leasing.
This is when the energy price reaches around R$ 125.00 for this specific project, offering some

reference for choosing between one or another.

Also, considering that very same figure, not investing or not even leasing the lands does not
seem to be a reasonable decision for the mining firm to make, since, though an option, this does
not add any value to the firms’ cash, whereas by deciding upon any of the scenarios previously
described, ABC Mining benefits from a positive NPV in at least one of them for every energy

price.

The cash flows for the initial project were yearly-based and considering that most of the
decisions take place in steps that are in direct multiples of a one-year period, no adjustments
were carried out to allow for comparison between cash flows. Specifically, for Scenario 2a the
cash flow analysis is presented below on Table 4. It is important to mention that, since the
mining company would only receive half of the project total energy produced, it is assumed

that only 50% of the total production generates revenue for ABC Mining.

To determine the total cash outflow for the first stage of the project that takes place in two years,

the total investment for that step was split equally between the two years. This simplification
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does not compromise the final results and allows for a yearly analysis instead of computing it

on a monthly basis.

The energy price as previously indicated was assumed to remain constant during the 20 years
of project analysis as well as the level of power generation by both sources (wind and solar),
which also undermines the initial analysis, given its relevance for the approval or not of the
project. The year was assumed to have a total of 365 days and operations taking place 24 hours

per day and 7 days per week.

The capacity factor of the power turbines was considered at 48% and that was an information
given by ABC Mining considering the maximum power generated during a specific period of
time, the installed power on that specific project and the total time of power generation. This
last one was also assumed to take place for 8,760 hours per year, and therefore the assumption

on the previous paragraph was made to match both scenarios.

For the solar installation, the theoretical efficiency, also considered based on information
provided by ABC Mining, is 28% and this takes into consideration energy that is lost due to

thermodynamic limitations, reflection, heat, among others.

Table 5 below indicates that they are approximately 1.13% of the total investment for the solar
plant and R$ 11,900/MW for the wind farm. There are no additional indirect costs relevant to
the cash flow. The depreciation method is assumed to follow a straight line and the SPC taxed
by presumed profit, whereas the mining firm is taxed by its real profit. In Brazil, the SPE that

would be created for this endeavor would pay a 16.33% tax rate under this regimen.

Table 5 - Estimation of direct costs for the solar farm - Source: ABC Mining

Item RS/Wp %

Safety 0.0072 21%
Operational Insurance 0.0044 13%
Monitoring 0.0025 7%
Preventive Maintenance 0.0052 15%
Corrective Maintenance 0.0053 15%
Site Maintenance 0.0104 30%
TOTAL 0.035 100%

The cost of capital has been informed by ABC Mining and will be assumed to be the same
throughout this study at 10.7%. Considering these parameters, the NPV was calculated at R$
56.7 M using the traditional DCF method.
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If the same analysis is carried out for the various scenarios indicated earlier in 4.1.2 and the

NPV and IRR calculated for each, these values can be summarized as indicated on Table 6.

Table 6 - Investment decision parameters for each project scenario. Source: By the author

Option (a) Investment ('000) NPV ('000) IRR
........ RS o RS 1544383 NA
- N R$ ..342,30000 RS 93,74760 .. 14% ...
_______ 2b R$ 35175000 R$ 4565844 13%
e ] R$ 37275000 RS 3183463 - 12% ..
2d R$ 367,500.00 RS 38,323.17 13%

The value generated to ABC Mining out of this project, translated on the NPV, is higher for the
earlier entry in the project, described in option 2a. The other parameter is presented to be

partially considered in the decision-making process of ABC Mining.

It can be noticed from Table 6 that the option to defer the investment is beneficial only when
comparing scenarios 2d to 2b and 2c. Investing early as indicated by scenario 2a adds the
highest value to ABC Mining and, according to the initial business case, the company collects
no benefits by waiting to invest and analyzing in which direction electricity price and other

variables will move.

For some of the scenarios considered, the NPV is presented below (Table 7) as a breakdown of
investment and cash flow, this last one taking into account the revenues and costs whereas the
first, the capital expenditures related to the project. According to Russo (2012), this approach
facilitates the application of the Binomial Lattice methodology and hence the decision of using

it here as well.

Table 7 - Present value for investment scenarios - Source: By the author

_ Option PV Cashflow (000) PV Investment('000) NPV (000) _
1 R$ 15,443.83 R$ 0.00 R$ 15,443.83
_2a R$28304170  "R§22929410  R$53,747.60
_2b R$283,04170  -R§23738326 _ R$ 4565844
2c R$ 283,041.70 -R$ 251,207.07 R$ 31,834.63

2d R$ 283,041.70 -R$ 244,718.53 R$ 38,323.17

Therefore, considering the decision based only on the NPV, assuming that a positive NPV
would indicate the acceptance of a project, all options create value to the firm and the option 2a
is the preferred one due to its higher NPV. Appendix B brings a sensitivity analysis considering

the previous scenarios.
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With the case defined we now move ahead to proceed with the application of the methodology

discussed in session 3 .

4.2 APPLYING REAL OPTIONS TO THE CASE STUDY

In order to conduct the ROA, the 5 step-process indicated in Figure 8 from Copeland and
Antikarov (2005) will be used alongside Brandao et al (2005) to adjust the first to the binomial
lattice model. According to Russo (2012), this approach simplifies the analysis and also the

modeling of variables.

4.2.1 CALCULATING THE NPV

The first step was to calculate the NPV for the project from the estimated cash flows. Such
calculation was presented in Table 7 for some of the scenarios. The same methodology is
therefore applied to different scenarios assuming specifically the initial situation where the

capacity of the plant is limited to the maximum consumption of the production facility.

The cost of capital for the project was estimated at 10.7% considering internal company
information. That was the same WACC used for the initial investment analysis and ensuring

the usage of the same values gives room for a more adequate comparison.

4.2.2 ANALYZING UNCERTAINTIES

The second step in assessing the value of the options involved in the project is determining its
uncertainties. This is the most critical aspect as it indicates what uncertainties play a key role
in determining the final value of the project. The objective here as Copeland and Antikarov
(2005) highlight is to correctly model the inputs by properly analyzing the pattern of the

uncertainties.

In order to assess the risks involved in this project it is first necessary to identify which elements

bring uncertainties to cash flows. The three most relevant are:

= FElectricity price: this is very likely to be the most relevant item in the cash flow of this
project. Although the two items below also have a stochastic behavior, Table 4 demonstrates,
by using DCF, how sensitive the value generation of this project is to the energy price. If
the price of electricity increases, the obvious decision for them will be to internalize power

generation, as it is done by implementing the initiative herein discussed; whereas if the price
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goes down, the decision may be the other way around. Therefore, the company may decide
to wait to invest in their own power generation installation depending on the electricity price,
or, if this is to remain at lower levels, select the leasing option switching from building the

new installation;

= Solar irradiation in the project location: will lead to modifications in the total power
generation by the PV panels. ABC Mining can therefore decide to postpone the investment
upon this information in order to wait to have a deeper understanding before making the

investment decision;

= Wind intensity in the project location: similarly, to what was described above, the wind
speed in the location of the project varies within the year as indicated in session 3.2 , thus
influencing the project cash generation. As it happens with the solar irradiation, the
company may as well wait to have more information before deciding whether or not to
invest. These two uncertainties would be similar, in a mining project, to that of a total grade
of an ore body and this metaphor provides a good comparison basis for mining executives

in explaining environment related uncertainties;

The two latest uncertainties above are also a proxy of technological uncertainties. When a site
is considered for a project such as the one discussed in this study, there are various questions
about how much potential it will have for generating enough energy to make it financially

feasible. This point is made clear by Nunes (2017).

As indicated, for the wind speed this is similar to drilling campaigns to identify oilfields or ore
bodies, except that instruments are installed for a period of time to have their total variation
determined and also with a specific distance one from another. This leads to Psp and Py levels
of certainty for a project in terms of wind speed. The longer the duration and the higher the
density of data collected, in other words, the closer the distance between data collection, the

more reliable the data utilized for a project is.

This serves to show that the wind intensity poses a major uncertainty on a project like the one
herein discussed and that is subject to extensive research and validation by worldwide entities.
For the solar irradiation, although there are also uncertainties, the reliability of data is much

higher.
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The solar distribution is covered in maps from satellites and the difference from those data to
those measured on the ground is not so great, especially closer to the Ecuador, which is the case

for Brazil.

4.2.2.1 Electricity Price Variation

Considering the PLD price over the last 10 (ten) years, for the northeastern region of Brazil
where the project will be implemented, the variation can be described as on Figure 16. This
represents a quite random movement, but that has been extensively discussed in the literature.
Nunes (2017) mentions that the best stochastic processes to describe electricity prices is the
geometric Brownian motion with mean reversion (MMR) and geometric Brownian motion with
mean reversion and jump (MMRJ). According to him, these two are superior to the simple

geometric Brownian motion (GBM).

However, this analysis was carried out to ensure the use of the best available method, that
reinforced those two as the most appropriate ones This analysis was done using the Akaike
information criteria that offered the best fit for the data distribution presented on the NE PLD
Price, the MMR and MMRI followed by auto regressive models

NE ACL Price (R$/MWh)
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Figure 16 - PLD Price in the Northeastern (NE) region. Source: By the author.

However, as energy prices do not become negative, a square root transformation was conducted
(as a logarithmic one would lead to non-stationary data), in order to assure this essential

boundary condition. By adjusting to the square root, we have the following distribution:
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Figure 17 - PLD Price transformed by its square root avoiding negative prices. Source: By the

author

After having the price distribution presented in Figure 17, an adjustment was carried out and
evaluated according to Akaike information criteria. By using the MRMJ technique, the future

energy price distribution will be as follows:

NE PLD Price (R$/MWh)
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Figure 18 - MMRJ for ACL electricity prices in the NE region. Source: By the author.
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Based on Figure 18 for the confidence interval 25%-75%, prices would remain between
R$ 300.00/MWh and R$ 80.00/MWh. However, if we want data with a higher confidence level,
say 5%-95%, then prices would fall in between R$ 550.00/MWh and R$ 39.68/MWh, which is

the minimum PLD price in Brazil for 2020 according to the Brazilian National Electrical Energy
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Agency (ANEEL). This furnishes the behavior of this important uncertainty element on ABC
Mining’s cash flow for the next 20 weeks. Next, it will be discussed how to model uncertainties

related to the wind speed and solar irradiation.
4.2.2.2 Wind Speed and Solar Irradiation

According to Figure 8, risks that evolve continuously should be combined, being this the next
step according to Copeland and Antikarov (2005). Specifically, for this project, two risks are
considered in a combined fashion: the wind speed variation in the location of the project and
the solar intensity. The variation of these two will follow, respectively, a Weibull distribution
and a Beta one for the reasons presented earlier in this study. The curve distribution fit, that is,
the analysis of the best probability distribution fitting data on those two variables, was
conducted and its quality analyzed by the Kolmogorov-Smirnov test, following what is

indicated by Nunes (2017).

In order to analyze how the wind speed will impact the power generation, there are two feasible
approaches. The first is by using a generic equation that is provided, for example, by local
electricity providers that takes in account a different set of characteristics of the turbine. As this
model has some parameters that change depending on the wind speed, for example, the power
coefficient (Cp) a second method has been selected. Under this one, the power curve for the
turbine is used as reference. Assuming the turbine as a Vestas V122 — 3MW, for which data is

provided online, (Vestas, 2010), the power generated for each wind speed is known.

Figure 19 presents the power curve for the wind turbine assumed to be used in this project. As
one can see, there are four different sections in this graph that are worth noticing. Before a wind

speed of 3 m/s the inertia of the system is not surpassed, and no power is generated.

Between 3 m/s and 13 m/s for this specific turbine, the power increases continuously until its
maximum power generation of 3,074 MW. After this wind speed, there is a plateau where the
higher the wind speed the same the power generated. The limit of this plateau is at 25 m/s,
where, for safety reasons, the system stops the turbine in the case of heavy winds or storms,

interrupting the power generation.
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Vestas V122 - 3MW Power Curve
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Figure 19 - Vestas V122 3MW power curve. Source: Vestas, 2011.

For the interval between 3 m/s and 13 m/s, as the data provided by Vestas (2011) only provided
discrete data in 0.5 m/s intervals, a curve was adjusted to the shape achieving a R-square of

0.9956 by using a polynomial equation of third level. Figure 20 shows the final result.
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Figure 20 - Curve adjustment between 3 m/s and 13 m/s. Source: By the author

At this point, the information about the power generation based on the wind speed is available
and it is necessary to define its distribution. Using data available for the location, a histogram
has been drawn and the best probability distribution assigned to these data. The quality of the
fit was analyzed using the Kolmogorov-Smirnov test. Figure 21 shows data from the location

with the best probability distribution for the given scenario, which was the Weibull distribution.
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Figure 21 - Wind speed (m/s) data fit using Weibull distribution. Source: By the author.

With the wind speed distribution and the power curve for the wind turbine, all information
needed to understand the variation impacts on the cash flow have been collected. The next step

is to do a similar process to the PV plant.
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Figure 22 - PV power generated in MW per day. Source: By the author
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To do so, data have been collected for that specific location using the PVWatts™ Calculator
from the National Renewable Energy Laboratory (NREL 2020). The yearly distribution was
resampled 10,000 times following a Beta distribution, for the reasons previously described in
3.2 . The distribution of PV power generated locally is presented in Figure 22. A standard
deviation of roughly 24.8% was calculated as this will later on be used for comparative reasons
and a deeper understanding of the total cash flow variation and the accountability of each of the

variables discussed in this sub-section.

To summarize all inputs used in the model, Table 8 presents a summary of the inputs, the
distribution used in the simulation and whether or not they are stochastic variables. Details

about the values of each are presented on Appendices A and C:

Table 8 - Summary of variables' characteristics in the simulation. Source: By the author.

Variables Distribution Stochastic (Yes/No)

Electricity Price (PPA) Generalized autoregressive conditional | Yes
heteroskedasticity (GARCH)

Electricity Price (PLD) Geometric Brownian motion with mean | Yes
reversion and jump (MMRJ)

Wind Speed Weibull Yes

Solar Irradiation Beta Yes

Initial Upfront Investments | Non-stochastic variable No

(Capex)

Operational & Non-stochastic variable No

Maintenance Costs

4.2.3 VALUING THE OPTIONS

In order to calculate the value of the options and build the event tree, the first step is, aware of
all uncertainties related to the project and calculated on the previous section, to assess what
would be the variation of the project return as indicated by Copeland and Antikarov (2005). To

do so, the equation below is used:

PV, + FCF,
= (P FCR)

PV, )
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Z is the percentage variation of project returns. The equation above essentially compares the
present value for year 1, without investments and salvage value and the cash flow for that same
year also without any investment, and both with all the uncertainties in the Monte Carlo

simulation with a constant present value for year zero assuming no variations (Russo, 2012).

The simulation was conducted using the software @Risk (Figure 23) running 50,000 iterations,
in which, at each one, a new set of wind speed, irradiation and electricity price was one,
following the distributions aforementioned. As previously described, the following results were
obtained in terms of return variation. Appendix C presents the cash flow used for the simulation

under different scenarios.

From Figure 23, one can infer that the effect of the potential variations to the project cash flow
caused the items described in 4.2.2 in its majority to decrease the total value of the project,
when the comparison outlined by equation 7 is conducted. The results for the project volatility

presented in Figure 23 are summarized on Table 9.

Project Return Variation
0.00 2.75

| 18.7%

0.7

0.6 4

0.5 1

o @RISK Student Version

. For Academic Use Only

0.2 1

0.1

0.0 v T >

Figure 23 - Project return distribution. Source: By the author.

It is worth noticing that the volatility imposed by the wind distribution is approximately 18.6%,
and 24.8% for the local irradiation. Simulating with only these two leads to a standard deviation
of roughly 20%. Therefore, the majority of the volatility imposed to the project return is related
to the electricity price. As the PLD price changes every day following the already mentioned
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MRMJ, its impact in the cash flow will be significantly higher. Jumps are allowed and the price

does not follow a continuous distribution as the other two uncertainties involved.

This same process has been repeated for the Scenario 1 configuration, that is, with the cash
flows of only leasing the idle lands and also with a lower investment, with only the investment
in the local consumption by ABC Mining. As Copeland and Antikarov (2005) highlight, the
relevant volatility for a real option is that on the value of the project and the sources of

uncertainty have, then, to be added to the cash flows as previously outlined.

Table 9 - Project annual variation for each scenario. Source: By the author.

Scenario Standard Deviation (o)
Max land capacity 0.7166
Plant consumption 0.6979
Leasing 0.2164

As Table 9 indicates, the volatility is much higher for projects where ABC Mining joins as a
partner. When looking at the leasing option, the majority of the revenues come from fixed
installments related to the leasing of idle land and a smaller amount from the total revenues that

are generated from this specific project.

The next step is to value the options involved in the project. To do so, as Copeland and
Antikarov (2005) outline, the value of the underlying asset has to be assessed and, following
what was discussed in 2.4.3, this will be the NPV of the project without flexibility, assuming
that the company commits to all phases of the project (Copeland and Antikarov, 2005). As these
authors put it, this is the most reliable substitute for the value of the twin security and follows

the MAD premise previously described in 2.4.

Another important step is to calculate the present value for the investment assuming the risk-
free rate (ry). This last one is assumed to be 4.5% when the project was considered and is

grounded on the Brazilian Central Bank basic interest rate (SELIC). The reason why, according
to Copeland and Antikarov (2001), is that the technological uncertainties are not dependent on

the market situation.
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In order to assess the value of the premium of each option, which are, essentially, deferring the
investment, changing its output or deciding upon the leasing, equation 8 from Trigeorgis (1996)

will be used:

Option Premium = Expanded NPV — Passive NPV (8)

In order to expose the mining company to a lower project return volatility, one alternative that
many of them resort to is to sign PPAs (power purchase agreements) in order to avoid such a
high fluctuation in prices. Different from the PLD prices, that are corrected frequently, PPAs
are usually indexed on local inflation rates and adjusted on a yearly basis. Considering the
project horizon, this remains an important source of variation, though, as it will be discussed,

with a much lower variance than that of the PLD.

Working on a database that has been made available to this research, the first approach was to
try to configure a time series similar to that for the PLD price. However, the GBM, MMR and
MMRIJ do not fit well as their mean and variance end up not being stationary. Therefore, the
best fit for such has been the ARCH (autoregressive conditional heteroskedasticity) models.

Appendix D provides a view on the fit, and ARCH model to the PPA price is used as reference.

It is very interesting to notice that when using an ARCH model with the PPA price, which is
likely to be the case for ABC Mining to protect itself from market fluctuations, the variability
of project returns also fall significantly for the maximum land capacity and total mining
operations’ consumption, indicating a better strategy for mining companies that is already
followed by some of those that generate their own electricity, exposing its project cashflow to
lower volatility levels. Comparing those on Table 9 to the ones for a PPA contract following an
ARCH time series yields the results on Table 10. The binomial lattice for the project of the full
land with no flexibility is presented on Figure 24.
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Table 10 - Project return volatility comparison. Source: By the author

Scenario Standard Deviation (o) | Standard Deviation (o)
PLD Price PPA Price

Max land capacity 0.7166 0.1889

Plant Consumption 0.6979 0.2670

Leasing 0.2164 0.2140

As expected, for the leasing options, there are no such differences as the total revenues
generated by this option are only a function of the total power generated. Because of this, the
project cash flows on these options will be influenced only by the wind and solar irradiation

regimens in the location where the project will be installed.

Finally, based on Table 10 and according to Myers et al (2010), by the modern portfolio theory
investors are risk averse and therefore like high expected returns and low standard deviation.
Assuming this holds true for the investment analyzed here as the theory lies behind traditional
capital budgeting methods according to Trigeorgis (1996), if presented to the same investment
opportunity, that is, the venture discussed on the work herein, investors would choose the PPA

Price rather than the PLD Price as it provides lower variance.

Therefore, the following calculations assume ABC Mining would choose to sign a PPA
reducing the total volatility and standard deviation to which they are exposed. As the price
volatility is the main source of variation, the PPA price will be used in that analysis instead of
the PLD price as the former better mirrors reality than the latter, considering the company’s

decision.
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2020 2021 2022 2023 2024 2025 2026

0 1 2 3 4 5 [3
35438.82 46284.5323 60449.4712 78949.45436 103111.181 134667.372 175881.035
27134.5502 35438.82 46284.53229 60449.4712 78949.4544 103111.181
20776.1944 27134.55016 35438.82 46284.5323 60449.4712

15907.77255 20776.1944 27134.5502 35438.82

12180.1531 15907.7726 20776.1944

9326.01521 12180.1531

7140.67871

2027

229707.746
134667.372
78949.4544
46284.5323
27134.5502
15907.7726
9326.01521

5467.4254

2028

300007.6065
175881.0351
103111.1806
60449.47121
35438.82
20776.19436
12180.15307
7140.678712
4186.2604

2029

391822.068
229707.746
134667.372
78949.4544
46284.5323
27134.5502
15907.7726
9326.01521

5467.4254
3205.30686

2030

10
511735.469
300007.607
175881.035
103111.181
60449.4712
35438.82
20776.1944
12180.1531
7140.67871
4186.2604
2454.21715

2031

11
668347.22
391822.068
229707.746
134667.372
78949.4544
46284.5323
27134.5502
15907.7726
9326.01521
5467.4254
3205.30686
1879.12798

872888.502
511735.469
300007.607
175881.035
103111.181
60449.4712
35438.82
20776.1944
12180.1531
7140.67871
4186.2604
2454.21715
1438.79769

1140027.69

668347.22
391822.068
229707.746
134667.372
78949.4544
46284.5323
27134.5502
15907.7726
9326.01521

5467.4254
3205.30686
1879.12798
1101.64865

1488922.27
872888.502
511735.469
300007.607
175881.035
103111.181
60449.4712
35438.82
20776.1944
12180.1531
7140.67871
4186.2604
2454.21715
1438.79769
843.502705

1944592.71
1140027.69

668347.22
391822.068
229707.746
134667.372
78949.4544
46284.5323
27134.5502
15907.7726
9326.01521

5467.4254
3205.30686
1879.12798
1101.64865
645.847307

2539716.73
1488922.27
872888.502
511735.469
300007.607
175881.035
103111.181
60449.4712
35438.82
20776.1944
12180.1531
7140.67871
4186.2604
2454.21715
1438.79769
843.502705
494.507891

3316972.77
1944592.71
1140027.69

668347.22
391822.068
229707.746
134667.372
78949.4544
46284.5323
27134.5502
15907.7726
9326.01521

5467.4254
3205.30686
1879.12798
1101.64865
645.847307
378.631376

4332100.6
2539716.73
1488922.27
872888.502
511735.469
300007.607
175881.035
103111.181
60449.4712

35438.82
20776.1944
12180.1531
7140.67871

4186.2604
2454.21715
1438.79769
843.502705
494.507891
289.907848

5657898.6 7389444.41

3316972.77

4332100.6

1944592.71 2539716.73
1140027.69 1488922.27

668347.22 872888.502
391822.068 511735.469
229707.746 300007.607
134667.372 175881.035
78949.4544 103111.181
46284.5323 60449.4712

27134.5502

35438.82

15907.7726 20776.1944
9326.01521 12180.1531
5467.4254 7140.67871

3205.30686

4186.2604

1879.12798 2454.21715
1101.64865 1438.79769
645.847307 843.502705
378.631376 494.507891
221.974633 289.907848

169.959999

9650913.27 12604483.1
5657898.6 7389444.41

3316972.77 4332100.6

1944592.71 2539716.73
1140027.69 1488922.27
668347.22 872888.502

391822.068 511735.469

229707.746 300007.607
134667.372 175881.035
78949.4544 103111.181
46284.5323 60449.4712
35438.82
15907.7726 20776.1944
9326.01521 12180.1531

5467.4254 7140.67871

27134.5502

3205.30686 4186.2604

1879.12798 2454.21715
1101.64865 1438.79769
645.847307 843.502705
378.631376 494.507891
221.974633 289.907848
130.133794 169.959999

99.639942

16461964.7
9650913.27

5657898.6
3316972.77
1944592.71
1140027.69

668347.22
391822.068
229707.746
134667.372
78949.4544
46284.5323
27134.5502
15907.7726
9326.01521

5467.4254
3205.30686
1879.12798
1101.64865
645.847307
378.631376
221.974633
130.133794

76.2916204

21499991.7
12604483.1
7389444.41
4332100.6
2539716.73
1488922.27
872888.502
511735.469
300007.607
175881.035
103111.181
60449.4712
35438.82
20776.1944
12180.1531
7140.67871
4186.2604
2454.21715
1438.79769
843.502705
494.507891
289.907848
169.959999
99.639942
58.4144394

28079858.8
16461964.7
9650913.27

5657898.6
3316972.77
1944592.71
1140027.69

668347.22
391822.068
229707.746
134667.372
78949.4544
46284.5323
27134.5502
15907.7726
9326.01521

5467.4254
3205.30686
1879.12798
1101.64865
645.847307
378.631376
221.974633
130.133794
76.2916204
44.7263632

By the

Figure 24 - Binomial lattice of plant capacity w/ no flexibility at PPA prices. Source

author

4.2.3.1 Option to Expand (Alter operating scale)

As previously discussed, ABC Mining has the option to expand from a maximum plant

consumption to an additional capacity to fully use its available lands. This decision can be made

every year after the initial phase of the project and during the whole lifetime of the project,

considering the mechanism of contract established with the developer. In order to assess that,
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investment opportunity can be thought of as the
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scale project (maximum plant consumption) plus a call option on a future opportunity, which

is the cash flow generated by the additional power generation capacity.

Following Gardolinski (2017), in order to model this option, the investment that is necessary
for the expansion in capacity, that is, going from maximum plant consumption to full capacity

is discounted from the analyzed year considering the company’s cost of capital.

Finally, in order to assess the benefits of scaling it up, the additional project value, which is the
difference between the project value with its initial scale and the value with the additional scale
or the percentage increase, is compared to the additional investment needed, defining the

incremental value of this decision, as indicated in equation 9. Trigeorgis (1996).

E = max (Vyq, Vg — I7) )

Where Vu,d is the value of the project on an up or down state, V" stands for the new project
value assuming the expansion and, finally, / is the additional investment required to expand the
project capacity on year T. As it can be inferred from 13, if the increment generated by the

additional value is higher than the initial value then the option of expanding should be exerted.

The effect of expanding exceeds the value of the project cash flows from a level RS 183.7 M to
R$ 392.4 M, which means an increase of 2.14 times. For this increase, there is a need of
additional investment of R$ 220.5 M. As previously discussed, it will be assumed that the
additional investment increases according to the local inflation, although this level is assumed

to remain stable at 4.5%.

Considering the aforementioned conditions, the value added by the option to expand is provided

by equation 8 and summarized on Table 11.

Table 11 - Value of the option to expand. Source: By the author

Without option to With option to expand | Value of the Option
expand (a) (b) to expand (b-a)
227,010.64 237,226.12 10,215.48

Project Value

('000 RS)




60

Stepping back and following the steps described in Figure 8 the decision tree may be built as

dmap

1S10n roa

’s management with a dec

ining

ABCM

, providing

indicated below in Figure 25

depending on market conditions.

2020 2021 2022 2023 2024
0 1 2 3 4
[} NOTEXPAND  NOTEXPAND EXPAND EXPAND EXPAND EXPAND
NOTEXPAND EXPAND EXPAND EXPAND EXPAND
NOTEXPAND  EXPAND EXPAND EXPAND
NOTEXPAND  EXPAND EXPAND

EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
NOT EXPAND
NOTEXPAND
NOT EXPAND
NOT EXPAND
NOT EXPAND

2035

15

EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
NOT EXPAND
NOTEXPAND
NOT EXPAND
NOT EXPAND
NOT EXPAND

2036
16
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
NOT EXPAND
NOTEXPAND
NOT EXPAND
NOTEXPAND
NOTEXPAND

NOT EXPAND

2037
17
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
NOT EXPAND
NOT EXPAND
NOTEXPAND
NOTEXPAND
NOT EXPAND
NOT EXPAND

EXPAND
EXPAND
EXPAND
EXPAND

NOTEXPAND EXPAND

NOTEXPAND NOTEXPAND

2038
18
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
NOTEXPAND
NOTEXPAND
NOTEXPAND
NOTEXPAND
NOT EXPAND
NOT EXPAND

NOT EXPAND

2039
19
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
NOTEXPAND
NOTEXPAND
NOTEXPAND
NOT EXPAND
NOT EXPAND
NOTEXPAND

EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
NOT EXPAND
NOT EXPAND

2040
20
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
NOTEXPAND
NOTEXPAND
NOTEXPAND
NOTEXPAND
NOTEXPAND
NOTEXPAND
NOTEXPAND

EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
NOT EXPAND
NOT EXPAND
NOT EXPAND

2041
21
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
NOTEXPAND
NOTEXPAND
NOTEXPAND
NOTEXPAND
NOTEXPAND
NOTEXPAND
NOTEXPAND

EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
NOT EXPAND
NOT EXPAND
NOT EXPAND

EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
NOT EXPAND
NOT EXPAND
NOT EXPAND

2042 2043
22 23
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
NOTEXPAND NOTEXPAND
NOTEXPAND NOTEXPAND
NOTEXPAND NOTEXPAND
NOTEXPAND NOTEXPAND
NOTEXPAND NOTEXPAND
NOTEXPAND NOTEXPAND
NOTEXPAND NOTEXPAND
NOT EXPAND

EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
EXPAND EXPAND
NOTEXPAND EXPAND
NOT EXPAND
NOT EXPAND
NOT EXPAND

EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND

NOTEXPAND EXPAND
NOTEXPAND NOT EXPAND
NOTEXPAND NOT EXPAND

NOTEXPAND NOT EXPAND

2044
24
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
NOT EXPAND
NOT EXPAND
NOT EXPAND
NOT EXPAND
NOT EXPAND
NOT EXPAND
NOT EXPAND
NOT EXPAND

NOT EXPAND

EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
NOTEXPAND
NOTEXPAND
NOTEXPAND
NOTEXPAND
NOT EXPAND
NOT EXPAND
NOTEXPAND
NOT EXPAND

By the author

Figure 25 - Decision tree for decision to expand. Source
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and this low level of risk-bearing is therefore translated into a higher initial investment asked

to ABC Mining to join the venture as a risk premium it pays to the developer.

When recalling what has been previously discussed in 4.1 , the option to invest in the beginning
of the project has proved to bring the highest value to the equity holders translated in a higher
NPV. However, benefitting from favorable movements in project value may increase the NPV

of deferring options, making this option worth more than that of initial investment.

Trigeorgis (1996) mentions that with the flexibility to defer, management cannot hurt the
returns of the project through unfavorable market circumstances, because it gives them the right,
but not the obligation, to make the investment. In order to assess it, as he puts it, the gross
project value has to be itself compared to the required investment and the maximum value
between such a difference and zero (value of the worthless option in case the project value does

not cover the necessary costs). Equation 10 summarizes the aforementioned:

E=max (V,q — I,,0) (10)

For this case, the cash flows will remain the same and the option to defer will imply a higher
investment for the mining company. Therefore, although the cash flows remain, the present

value of the investments in each year has to be assessed.

Interesting enough, however, if one looks at Table 4, if the option to invest during this 5-year
period is not exerted by ABC Mining, they can still decide to lease the idle lands to the
developer, that may extract value from the project. Table 4 shows that under no circumstances
the NPV from this option will be negative, as no initial investment is required from the mining

firm, although it generates a positive cash flow throughout the lifetime of the project.

Therefore, the decision to defer the investment or not will be made based on whether the value
obtained by investing in the project is higher than that provided by leasing the idle lands. If that
is the case, ABC Mining should invest in the project right away; if not, they can choose to lease
the lands and wait for better market conditions to join the venture. The situation previously
mentioned can be clearly noticed by the diagram presented page 37 where the options available
for ABC Mining are outlined. This would modify equation 10, that could be customized for this

specific case as indicated below:

E = max((Vu,d -L)-V, 0) (11)
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Where V7 is the present value of the leasing option cash flows and 7, the investment incurred
by ABC Mining in year n to undertake the investment. It translates what was discussed in
previous paragraphs. Every year, when the decision can be made, the mining company may
assess whether the value of the project is higher than that of the leasing and decide whether
remaining on the leasing lands’ option creates more value than investing in the project as a

shareholder.

The investment will vary according to what was described in 4.1.2 due to the risk premium that
has to be paid to the developer if ABC Mining does not enter the project since its beginning.
By not undertaking the investment early on, ABC Mining has to pay a higher value per MW.
On the other hand, the cash flows from leasing will be received starting in the beginning of the

project and therefore the present value between years 1 and 5 will be used in equation 11.

On Figure 24 the underlying asset value has been calculated, that is, the V, s parameter on
equation 11. The next step is to determine the value of the leasing option at every node of the
4-year decision tree. The investment for each node is also available and with such information,
one has the capacity to value the option, but also to draw the decision tree. The binomial lattice

for the leasing option is presented below:

23049.1026 28549.1406 35361.6124 43799.6942 54251.2935
18608.6558 23049.1026 28549.14064 35361.6124
15023.6682 18608.65575 23049.1026

12129.33423 15023.6682

9792.5984

A W NP, O

Figure 26 - Binomial lattice for the leasing option during the 5 initial years (‘000 R$). Source:

By the author.
2021
1
0} 6882.30159 16556.9179 66453.0259 118222.5875 203544.592
1 0 0 29573.66327 97456.6732
p 0 0 13791.0262
3 0 0
4 0

Figure 27 - Binomial lattice for deferral option (‘000 RS). Source: By the author.

As seen on Figure 27, the value of the deferral option is R$ 6.88 million. Considering these

results, one can draw the decision tree indicating to management when they should undertake
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the investment or when the leasing option has higher value and would add more value to the

mining company.

Considering the probability associated with each node, the highest probability under this
scenario is that the mining firm chooses to become part of the SPC with the developer. If,
however, market conditions worsen, the company can keep its decision to lease, or, in other

words, defer the investment, waiting for market conditions to improve again.

2021
0} INVEST INVEST INVEST INVEST INVEST
1 LEASE LEASE INVEST INVEST
2 LEASE LEASE INVEST
3 LEASE LEASE
4 LEASE

Figure 28 - Decision tree for deferral option. Source: By the author.

After the project has been valuated under both scenarios, which are deferral and expand, one

can return to equation 1 and reevaluate the project assuming both options as indicated below:

NPV = NPVpassive + NPVpeser + NPVirpana (12)

NPV = 35,438+ 6,882 + 10,215 = R$ 52,535 Million (13)

4.2.4 ANALYSIS OF RESULTS

The total NPV considering the options in the study is R$ 52,535 million as it has been presented
on equation 13. This represents a 50% increase comparing to the total value of the investment

without the options, or passive NPV.

The previous analysis provides a guideline for mining companies to decide when to best invest
in power generation considering overall market conditions. Of course, this takes into account
only the possibility of the company joining as a shareholder on the SPC created or leasing
available lands. What the results demonstrate is that by both valuation methods, the traditional
DCF or ROA, the value generated to ABC Mining has been positive, indicating an initial
decision to invest or lease. The options, however, provide additional value to the project. Not

only this. The ROA also provides management with a decision tree on when to better invest in
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the project depending on overall market conditions as it was presented in 4.2.3 . Table 12

summarizes the options’ figures:

Table 12 - Summary of options available to ABC Mining. Source: By the author.

Management Options NPV (R$ ‘000)
Option to Expand 10,215
Option to Defer 6,882

S CONCLUSION

Returning to the research question on page 31, the answer is that mining firms that have
available lands should invest in renewable power generation. This decision should be initially
to expand the size of the venture, considering its higher value generation, as presented in Table
12. By doing so, they not only create value, but also reduce their carbon footprint. It has not
been evaluated in this study whether or not a company that does not have such available area

should invest in acquiring lands to generate its own power.

Regardless of the macro scenario, in order to do so, mining firms may choose to lease its idle
lands as the base case scenario, regardless of how electricity prices vary or participate in the
society that develops the investment. All that can be made depending on how electricity prices
vary and also taking into account technicalities of the project such as wind speed and solar

irradiation at the project location.

This is one of the areas that could be further explored in future studies, considering also the
possibility that mining firms could reduce their initial upfront investment by partnering with
developers in other types of contracts, such as acquiring energy through a PPA and leaving the
operation, settling and selling to the developer. This latter possibility is reinforced by the fact
that, as this study showed, by reducing the upfront investment, such as it was done in the leasing

scenario, the NPV remains positive no matter the electricity price.

The study also showed that when entering a RE investment, mining firms should leverage on
the possibility of expanding the investment during the first few years, while at the same time

having the chance to expand the scale of the investment during the development phase. The
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reason for such, as it was indicated, is that, though charged a risk premium for the late entry,
the option to late entry adds value to ABC Mining. The same holds true for the possibility of

entering late.

Considering the very nature of RE projects, that is, its initial uncertainty due to measurements
that have to be carried out at the location of the implementation, the value added by these
options are a valuable tool for miners, as they can wait for the confirmation of such data before

jumping in with major capital investments.

The study has of course its limitations. Although all assumptions are rooted on previous
presented theory, it assumes that the PPA price follows a GARCH distribution which could be
further explored. To reach that conclusion, the database used has been the price paid by a
specific miner and therefore may vary from one company to another, which makes it harder to
expand conclusions presented here. It also uses data from one specific company which may
cause other investment analysis to vary. Notwithstanding the above, the framework used and

the majority of the conclusions can be expanded to other companies facing a similar scenario.

Finally, as more and more companies bear in mind the importance of turning greener by
reducing emissions, this work contributes to mining industries willing to use their idle lands in
order to diversify their energy matrix while at the same time benefiting from the reduced
exposure to contracts or market prices. It evaluates a contract type under the perspective of a
mining company that supports its investment providing a path they can follow when facing such
decision. It also provides clues for other energy intensive industries, such as cement, aluminum

and steel on how to reduce their carbon footprint.



66

REFERENCES

ABDULKARIM, A., ABDELKADER, S. M., MORROW, D. J. Statistical Analyses of Wind
and Solar Energy Resources for the Development of Hybrid Microgrid, 2nd International
Congress on Energy Efficiency and Energy Related Materials (ENEFM). Springer, 2015.

AMERICAN GEOSCIENCES INSTITUTE (AGI). How many pounds of minerals are
needed for each person in the U.S. per year? 2018. Available:
<https://www.americangeosciences.org/critical-issues/fag/how-many-pounds-minerals-are-
required-average-person-year> Access on: May 29", 2020.

AGENCIA NACIONAL DE ENERGIA ELETRICA (ANEEL). Como é composta a tarifa?
2017. Available on: < https://www.aneel.gov.br/conteudo-educativo/-
/asset_publisher/vE6ahPFxs WHt/content/composicao-da-tarifa/654800?inheritRedirect=false>
Access on: May 15%, 2020.

BOOMSA, T. K., MEADE, N., FLETEN, S. Renewable energy investments under different
support schemes: A real options approach. European Journal of Operational Research. Vol.
220, pp. 225-237. 2012.

BRANDAO, L.E. DYER, J.S., HAHN, W. J. Using Binomial Decision Trees to Solve Real-
Option Valuation Problems, Decision Analysis, Vol. 2, pp. 69-88. 2005.

BRAZILIAN ASSOCIATION OF SOLAR PHOTOVOLTAIC ENERGY (ABSOLAR),
ABSOLAR projeta fonte solar liderando matriz em 2040. 2018. Available on: <
http://absolar.org.br/noticia/noticias-externas/absolar-projeta-fonte-solar-liderando-matriz-
em-2040.html>. Access on: May 15%, 2020.

BREALEY, R.A., MYERS, S.C., ALLEN, F. Principles of Corporate Finance. 10" Edition.
New York: McGraw-Hill, 2010.

CAMARA DE COMERCIALIZACAO DE ENERGIA ELETRICA (CCEE). Infomercado
Mensal. Rio de Janeiro. 2018.

CAMARA DE COMERCIALIZACAO DE ENERGIA ELETRICA (CCEE). Precos. 2020.
Available on:
<https://www.ccee.org.br/portal/faces/oquetazemos _menu_lateral/precos? afrLoop=9830142
0456825& adf.ctrl-

state=11hbnogjqt 27#!%40%40%3F afrLoop%3D98301420456825%26 adf.ctrl-
state%3D11hbnogjqt 31> Access on: May 151, 2020.

COPELAND, T.E., ANTIKAROV, V. Opc¢coes Reais: um novo paradigma para reinventar
a avaliacdo de investimentos. 1% Edition. Rio de Janeiro: Campus, 2001.

COPELAND, T.E., ANTIKAROV, V. Real Options: Meeting the Georgetown Challenge.
Journal of Applied Corporate Finance, Vol. 17, pp. 32-51. 2005.



67

COPELAND, T.E., KEENAN, P.T. How much flexibility is worth? The McKinsey Quarterly.
Vol. 2, pp. 38-49, 1998.

CORMACK, D., WOOD, M., SWART, A., DAVIDSE, A. Renewables in mining: rethink,
reconsider, replay. Deloitte Touche Tohmatsu, Australia, 2017.

COX, J.C., ROSS S.A., RUBINSTEIN, M. Option pricing: a simplified approach. Journal of
Financial Economics, Vol. 7, pp. 229-263. 1979.

DAMODARAN, A. The promise of real options. Journal of applied corporate finance, Vol.
13, pp. 29-43. 2000.

DELEVIGNE, L., GLAZENER, W., GREGOIR, L., HENDERSON, K. Climate risk and
decarbonization: What every mining CEO needs to know. McKinsey&Company, p. 11. 2020.

DIXIT, AK., PINDYCK, R.S. Investment under uncertainty. 1% Edition. Princeton:
Princeton University Press, 1994.

EISENHARDT, K.M. Building theories from case study research, The Academy of
Management Review, Vol. 14, pp. 532-550. 1989.

EISENHARDT, K.M., GRAEBNER, M.E. Theory building from cases: Opportunities and
challenges. Academy of Management Journal, Vol. 50, pp. 25-32. 2007.

ENERGY INFORMATION ADMINISTRATION (EIA). Annual Energy Outlook 2019:
with projections to 2050. Washington D.C.: EIA, 2019.

EMPRESA DE PESQUISA ENERGETICA (EPE). Balanco energético nacional: relatério
sintese. Rio de Janeiro, 2019.

FITCH SOLUTIONS, Shift To Renewables To Become A Growing Trend In Mining.
Available on: <https://www.fitchsolutions.com/corporates/metals-mining/shift-renewables-
become-growing-trend-mining-31-08-

2018?fSWebArticleValidation=true&mkt tok=eyJpljoiWkdGalpEYzRZV1ZoTORVdylsInQi
O1JJaENkNjIWbk54dTdY cXI1rZ3ZBQXBDalZESG9Rbm12dzBlaXZ2RUNkMnJxYjR4MVE
5MUF> Access on: May 15, 2020.

GARDOLINSKI, E.P. Avaliacdo de um projeto de geracio de energia por meio da
reciclagem de residuos sélidos urbanos: aplicacio dos métodos de Real Option Valuation.
Dissertagao de Mestrado. Fundagao Gettlio Vargas - EAESP, Sao Paulo, 2017.

INTERNATIONAL ENERGY AGENCY (IEA), World Energy Outlook 2019. Paris: IEA,
2019.

INTERNATIONAL ENERGY AGENCY (IEA), Trends 2018 in photovoltaic industry:
Survey Report of Selected IEA Countries between 1992 and 2017. Paris: IEA, 2018.



68

LEE, S., SHIH, L., Renewable energy policy evaluation using real option model — The case
of Taiwan. Energy Economics, Vol. 32, pp. S67-S78. 2010.

MCGRATH, R.G. The end of competitive advantage. Boston: Harvard Business Review
Press, 2013.

MCKINSEY & COMPANY. Pathways to a low-carbon economy. New York : McKinsey &
Company, p. 7. 2009.

MYERS, S. C. Determinants of corporate borrowing. Journal of Financial Economics, Vol.
5, pp. 147-175.1977.

NREL. PVWatts Calculator. Available on: <https://pvwatts.nrel.gov/pvwatts.php> Access on:
August 14™, 2020.

NUNES, L.E. Valoracao de projetos de energia alternativa renovavel (EAR) sob a dtica de
opcdes reais. Tese de Doutorado. Universidade Federal de Santa Catarina - UFSC,
Florianopolis, 2017.

PEREIRA, M.G., CAMACHO C. F., FREITAS, M.A.V. The renewable energy market in
Brazil: Current status and potential. Renewable and Sustainable Energy Reviews. Vol. 16,
pp. 3786-3802. 2012.

RUSSO, M. Are Real Options for real-World finance professionals? Case Study: The
application of real options to evaluate investment projects in the Latin American oil and
gas field services industry. Dissertagao de Mestrado, Fundagao Getulio Vargas - EAESP, Sao
Paulo, 2012.

TRIGEORGIS, L. The nature of option interactions and the valuation of investments with
multiple real options. Journal of financial and quantitative analysis, Vol. 28, pp. 1-20. 1993.

TRIGEORGIS, L. Real options: managerial flexibility and strategy in resource allocation.
Cambridge: MIT Press, 1996.

VESTAS, General Specification - Vestas V112 Techical Specs. 2010. Available on: <
https://stopthesethings.files.wordpress.com/2015/12/vestas-v112-specs.pdf.>  Access on:
August 13, 2020.

VYHMEISTER, E. A combined photovoltaic and novel renewable energy system: An
optimized techno-economic analysis for mining industry applications. Journal of Cleaner
Production. Vol. 149, pp. 999-1010. 2017.

ZHARAN, K., BONGAERTS, J. C. Decision-making on the integration of renewable energy
in the mining industry: A case studies analysis, a cost analysis and a SWOT analysis. Journal
of Sustainable Mining. pp. 162-170. 2017.



APPENDICES

APPENDIX A — Cash flows for selected scenarios

69

2020 2021 2022 2023 2024 2025 2030 2040 2045
Scenario 2a ('000) Full Year Full Year Full Year Full Year Full Year Full Year Full Year Full Year Full Year
Investment (CAPEX) -R$ 1,050.00 -R$ 1,050.00 -R$ 1,050.00 -R$ 8,400.00 -R$ 330,750.00
SAVINGS FROM BEING SELF-PRODUCER
ACL Price (R$/MWh) R$ 150.00 R$ 150.00 R$ 150.00 R$  150.00

"Wire Tariff" Cost (50% - Discount) -R$ 17.25 -R$ 17.25 -R$ 17.25 -R$ 17.25

Sectorial Burdens -R$ 10.01 -R$ 10.01 -R$ 10.01 -R$ 10.01

TUSD - Tariff on using distribution system -R$ 27.26 -R$ 27.26 -R$ 27.26 -R$ 27.26

0&M (R$/MWh) -R$ 11.89 -R$ 11.89 -R$ 11.89 -R$ 11.89

Total Energy Cost (Self-Generation) 1% -R$ 39.54 -R$ 39.54 -R$ 39.54 -R$ 39.54
Savings from self-prod (Energy d)/MWh before tax R$ 11046 R$ 11046 R$ 11046 R$ 110.46

Tax Rate (Real Profit) 34.00%

Tax Costs -R$ 37.56 -R$ 37.56 -R$ 37.56 -R$ 37.56
Savings from self-p| (Energy [ R$ 7291 R$ 7291 R$ 7291 R$ 72.91
Savings from self-p (Energy [R$] R$ 8941.18 R$ 8941.18 R$ 8,941.18 R$ 8,941.18
REVENUES FROM DIVIDEND PAYMENT FROM THE SPC

ACL Price (R$/MWh) R$ 150.00 R$ 150.00 R$ 150.00 R$  150.00

ABC Mining Share [%] 50% 50% 50% 50%

Total Power

Installed wind power [MW] 120 120 120 120

Capacity factor [%] 48% 48% 48% 48%

Effective wind power capacity [MW] 57.6 57.6 57.6 57.6
Total revenue from Wind power [R$] - Discounting ABC Mining Consumption R$ 37,843.20 R$ 37,843.20 R$ 37,843.20 RS$ 37,843.20

O&M Costs Wind [R$/MWh] R$ 11.90

Total O&M Costs Wind [R$] -R$ 1,428.00 -R$ 1,428.00 -R$ 1,428.00 -R$ 1,428.00
Net Profit Wind [R$] R$ 36,415.20 R$ 36,415.20 RS 36,415.20 RS 36,415.20

Installed solar power [MW] 50 50 50 50

Theoretical efficiency [%] 28% 28% 28% 28%
Total revenue from Solar power [R$] R$ 9,198.00 R$ 9,198.00 R$ 9,198.00 R$ 9,198.00

Total hours/year 8760

Operational Costs 1.30% -R$ 1,14153 -R$ 1,141.53 -R$ 1,141.53 -R$ 1,141.53

Net Profit Solar [R$] R$ 8,056.47 R$ 8,056.47 R$ 8,056.47 RS$ 8,056.47
Total Net Profit [R$] R$ 44,471.67 R$ 4447167 RS 44,471.67 RS 44,471.67
Total Presumed Profit [%] 25.00% R$ 144887 R$ 144887 R$ 1,448.87 RS 1,448.87
Total Tax Payed [R$] 34.00% -R$ 1,623.22 -R$ 1,623.22 -R$ 1,623.22 -R$ 1,623.22
Net Profit [R$] R$ 42,848.45 R$ 42,848.45 R$ 42,848.45 RS 42,848.45
Sustaining CAPEX [R$] R$ - -R$ 2,000.00 -R$ 2,000.00 -R$ 2,000.00
Free Cash Flow [R$] - Dividend paid to ABC Mining R$ 42,848.45 RS 40,848.45 R$ 40,848.45 RS 40,848.45
NET RESULT ABC MINING RS 1,050.00 -R$  1,050.00 -R$  1,050.00 -RS 8,400.00 -R$ 330,750.00 R$ 51,789.64 RS 49,789.64 R$ 49,789.64 R$ 49,789.64
Total Installed Capacity 170
Total Power Consumption (MWm) 14
MWh 122,640.00
NPV R$ 53,747.60 -R$207,131.07
WACC 10.7%

Payback (Years) 6.87
IRR 14%
Year 2020 2021 2022 2023 2024 2025 2030 2040 2045
Scenario 4 ('000) Full Year Full Year Full Year Full Year Full Year Full Year Full Year Full Year Full Year
Leasing R$ 160650 R$ 160650 R$ 160650 R$ 1,606.50 R$ 1,606.50 RS$ 1,606.50 R$ 1,606.50 R$ 1,606.50 R$ 1,606.50
Revenue (Energy cost savings) R$ - R$ - R$ - R$ - R$ 140496 R$ 140496 R$ 140496 R$ 1,404.96
Wind power revenues [R$] 1.6% R$9.450/MW Year R$ 70,640.64 R$ 70,640.64 RS 70,640.64 R$ 70,640.64
Energy price [R$] R$ 150.00 R$ 150.00 R$ 150.00 R$  150.00
Installed wind power [MW] 120 120 120 120 120
Capacity factor [%] 48% 48% 48% 48% 48%
Solar power revenues[R$] R$ - R$ - R$ = R$ - R$ 17,169.60 RS$ 17,169.60 R$ 17,169.60 R$ 17,169.60
Energy price [R$] R$ 150.00 R$ 150.00 R$ 150.00 R$  150.00
Installed solar power [MW] 50 50 50 50 50
Theoretical efficiency [%] 28% 28% 28% 28% 28%

Total hours/year 8760

Operational Costs 1.3% -R$ 1,141.53 -R$ 1,141.53 -R$ 1,141.53 -R$ 1,141.53

Indirect Costs R$ - R$ - R$ - R$ - R$ - R$ - R$ - R$ -
EBITDA R$ 1,606.50 R$ 1,606.50 R$ 1,606.50 R$ 1,606.50 R$ 1,606.50 R$ 1,869.93 R$ 1,869.93 R$ 1,869.93 R$ 1,869.93

Depreciation and Amortization R$ - R$ - R$ - R$ -
EBIT R$ 1,606.50 R$ 1,606.50 R$ 1,606.50 R$ 1,606.50 R$ 1,606.50 R$ 1,869.93 R$ 1,869.93 R$ 1,869.93 R$ 1,869.93

Tax rate [%] 16% 16% 16% 16% 16% 16% 16% 16% 16%

Income tax R$ 262.34 R$ 262.34 R$ 262.34 R$ 26234 R$ 26234 R$ 30536 R$ 30536 R$ 30536 R$  305.36
Net Income [R$] R$ 1,34416 R$ 134416 R$ 134416 R$ 1,344.16 R$ 1,344.16 R$ 1,564.57 R$ 1,564.57 R$ 1,564.57 R$ 1,564.57
Net Margin [%] 0% 0% 0% 0% 0% 1% 1% 111% 111%
Free Cash Flow R$ 134416 R$ 134416 R$ 134416 R$ 1,344.16 R$ 1,344.16 R$ 1,564.57 R$ 1,564.57 R$ 1,564.57 R$ 1,564.57
NPV R$ 15,443.83
WACC 10.7%

Payback (Years) 0.00
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| 2020 2021 2023 2024 2025 2030 2040 2045
Scenario 2b ('000) Full Year Full Year Full Year Full Year Full Year Full Year Full Year Full Year Full Year
Investment (CAPEX) RS - RS - RS 21,000.00 RS - -R$ 330,750.00
R$ 15000 RS 15000 RS 15000 RS 150.00
“Wire Tariff" Cost (50% - Discount) -R$ 17.25 -R$ 17.25 -R$ 17.25 -R$ 17.25
Sectorial Burdens -R$ 10.01 -R$ 10.01 -R$ 10.01 -RS 10.01
TUSD - Tariff on using distribution system -R$ 27.26 -R$ 27.26 -R$ 27.26 -R$ 27.26
O&M (RS$/MWh) -R$ 11.89 -R$ 11.89 -R$ 11.89 -R$S 11.89
Total Energy Cost (Self-Generation) 1% -R$ 39.54 -RS$ 39.54 -RS$ 39.54 -RS 39.54
Savings from self- (Energy /MWh before tax RS 11046 RS 11046 RS 11046 RS 11046
Tax Rate (Real Profit) 34.00%
Tax Costs -R$ 37.56 -R$ 37.56 -R$ 37.56 -R$ 37.56
gs from self- (Energy [R$/MWh] RS 7291 RS 7291 RS 7291 RS 7291
gs from self. (Energy [RS] RS 894118 RS 8,941.18 RS 8,941.18 RS 8,941.18
ACL Price (R$/MWh) N RS 15000 RS 15000 RS 15000 RS  150.00
ABC Mining Share [%] 50% 50% 50% 50%
Total Power
Installed wind power [MW] 120 120 120 120
Capacity factor [%] 48% 48% 48% 48%
Effective wind power capacity [MW] 576 576 57.6 57.6
Total revenue from Wind power [R$] - Di ing ABC Mining C i RS 37,843.20 RS 37,84320 RS 37,843.20 RS 37,843.20
O&M Costs Wind [RS/MWh] RS 11.90
Total O&M Costs Wind [RS] -R$ 142800 -R$ 142800 -RS 1428.00 -RS 1,428.00
Net Profit Wind [RS] RS 36,415.20 RS 3641520 RS 3641520 RS 36,415.20
Installed solar power [MW] 50 50 50 50
Theoretical efficiency [%] 28% 28% 28% 28%
Total revenue from Solar power [RS] RS 919800 RS 9,198.00 RS 9,198.00 RS 9,198.00
Total hours/year 8760
Operational Costs 1.30% -R$ 114153 -R$ 1,141.53 -R$ 1,141.53 -RS 1,141.53
Net Profit Solar [RS] RS 805647 RS 805647 RS 805647 RS 8,056.47
Total Net Profit [RS] RS 4447167 RS 4447167 RS 4447167 RS 44471.67
Total Presumed Profit [%] 25.00% RS 144887 RS 144887 RS 144887 RS 144887
Total Tax Payed [RS] 34.00% -R$ 52.88 -R$ 52.88 -R$ 52.88 -R$ 52.88
Net Profit [RS] RS 4441878 RS 4441878 RS 4441878 RS 4441878
Sustaining CAPEX [RS] RS - -R$ 2,000.00 -R$ 2,000.00 -RS 2,000.00
Free Cash Flow [R$] - Dividend paid to ABC Mining RS 4441878 RS 4241878 RS 4241878 RS 42,418.78
NET RESULT ABC MINING - RS 330,750.00 RS 53,359.97 RS 51,359.97 R$ 51,359.97 RS 51,359.97

| 2020 2021 2022 2025 2030 2040 2045
Scenario 2c ("000) Full Year Full Year Full Year Full Year Full Year Full Year Full Year Full Year Full Year
(CAPEX) RS - RS - RS - -R$42,000.00 -RS 330,750.00
ACL Price (R$/MWh) R$ 15000 RS 15000 RS 15000 RS 150.00
“Wire Tariff” Cost (50% - Discount) -R$ 17.25 -R$ 17.25 -R$ 17.25 -R$ 17.25
Sectorial Burdens -R$ 10.01 -R$ 10.01 -R$ 10.01 -R$ 10.01
TUSD - Tariff on using distribution system -R$ 27.26 -R$ 27.26 -R$ 27.26 -R$ 27.26
O&M (RS$/MWh) -R$ 11.89 -R$ 11.89 -R$ 11.89 -R$S 11.89
Total Energy Cost (Self-Generation) 1% -R$ 39.54 -RS$ 39.54 -RS$ 39.54 -RS$ 39.54
gs from self: (Energy /MWh before tax RS 11046 RS 11046 RS 11046 RS 11046
Tax Rate (Real Profit) 34.00%
Tax Costs -R$ 37.56 -RS 37.56 -R$ 37.56 -RS 37.56
gs from self. (Energy [R$/MWh] RS 7291 RS 7291 RS 7291 RS 7291
gs from self. (Energy [RS] R$ 894118 RS 8941.18 RS 8941.18 RS 8941.18
RE FROM THE SPC
ACL Price (RS$/MWh) R$ 15000 RS 15000 RS 15000 RS  150.00
ABC Mining Share [%] 50% 50% 50% 50%
Total Power
Installed wind power [MW] 120 120 120 120
Capacity factor [%] 48% 48% 48% 48%
Effective wind power capacity [MW] 57.6 576 576 576
Total revenue from Wind power [R$] - Di ing ABC Mining C i RS 37,843.20 RS 37,84320 RS 37,843.20 RS 37,843.20
O&M Costs Wind [R$/MWh] RS 11.90
Total O&M Costs Wind [RS] -R$ 142800 -R$ 142800 -RS 1428.00 -RS 1,428.00
Net Profit Wind [RS] RS 36,415.20 RS 3641520 RS 3641520 RS 36,415.20
Installed solar power [MW] 50 50 50 50
Theoretical efficiency [%] 28% 28% 28% 28%
Total revenue from Solar power [RS] R$ 919800 RS 9,198.00 RS 9,198.00 RS 9,198.00
Total hours/year 8760
Operational Costs 1.30% -R$ 114153 -R$ 1,141.53 -R$ 1,141.53 -RS 1,141.53
Net Profit Solar [RS] RS 805647 RS 805647 RS 805647 RS 8,056.47
Total Net Profit [RS] RS 4447167 RS 4447167 RS 4447167 RS 44471.67
Total Presumed Profit [%] 25.00% RS 144887 RS 144887 RS 1448.87 RS 144887
Total Tax Payed [RS] 34.00% -R$ 52.88 -RS 52.88 -R$ 52.88 -RS 52.88
Net Profit [RS] RS 4441878 RS 4441878 RS 44,41878 RS 4441878
Sustaining CAPEX [R$] RS - -R$ 2,000.00 -R$ 2,000.00 -RS 2,000.00
Free Cash Flow [R$] - Dividend paid to ABC Mining RS 4441878 RS 4241878 RS 4241878 RS 42,418.78

NET RESULT ABC MINING - -R$ 42,000.00 -R$ 330,750.00 RS 53,359.97 R$ 51,359.97 RS 51,359.97 RS 51,359.97
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020 2021 2023 2024 2025 2030 2040 2045
Scenario 2d (*000) Full Year Full Year Full Year Full Year Full Year Full Year Full Year Full Year Full Year
Investment (CAPEX) RS - RS - RS - RS - __-R$ 367,500.00
ACL Price (R$/MWh) R$ 15000 R$ 15000 RS 15000 RS  150.00

“Wire Tariff” Cost (50% - Discount) -R$ 17.25 -R$ 17.25 -R$ 17.25 -R$ 17.25

Sectorial Burdens -R$ 10.01 -R$ 10.01 -R$ 1001 -R$ 10.01

TUSD - Tariff on using distribution system -R$ 27.26 -R$ 27.26 -R$ 27.26 -R$ 27.26

O&M (RS$/MWh) -R$ 11.89 -R$ 11.89 -R$ 11.89 -R$ 11.89

Total Energy Cost (Self-Generation) 1% -R$ 39.54 -RS 39.54 -RS 39.54 -RS 39.54
Savings from self-p (Energy /MWh before tax RS 11046 RS 11046 RS 11046 RS 11046

Tax Rate (Real Profit) 34.00%

Tax Costs -R$ 37.56 -R$ 37.56 -R$ 37.56 -R$ 37.56
Savings from self- (Energy [R$/MWh] RS 7291 RS 7291 RS 7291 RS 7291
Savings from self- (Energy [RS] RS 894118 RS 8,941.18 RS 8941.18 RS 8,941.18
REVENUES FROM FROM THE SPC

ACL Price (R$/MWh) R$ 150.00 RS 15000 RS 15000 RS  150.00

ABC Mining Share [%] 50% 50% 50% 50%

tal Power Generated

nstalled wind power [MW] 120 120 120 120

Capacity factor [%] 48% 48% 48% 48%

Effective wind power capacity [MW] 576 576 576 576
Total revenue from Wind power [R$] - Di ABC Mining C: RS 37,843.20 RS 37,84320 RS 37,843.20 RS 37,843.20

O&M Costs Wind [R$/MWh] RS 11.90

Total O&M Costs Wind [RS] -R$ 142800 -R$ 1428.00 -RS 1428.00 -RS 1,428.00
Net Profit Wind [RS] RS 36,415.20 RS 36415.20 RS 3641520 RS 36,415.20

Installed solar power [MW] 50 50 50 50

Theoretical efficiency [%] 28% 28% 28% 28%
Total revenue from Solar power [RS] RS 9,198.00 RS 9,198.00 RS 9,198.00 RS 9,198.00

Total hours/year 8760

Operational Costs 1.30% -R$ 1,141.53 -R$ 1,141.53 -R$ 1,141.53 -RS 1,141.53

Net Profit Solar [RS] RS 805647 RS 805647 RS 805647 RS 8,056.47
Total Net Profit [RS] RS 4447167 RS 4447167 RS 4447167 RS 44471.67
Total Presumed Profit [%] 25.00% RS 144887 RS 144887 RS 144887 RS 1448.87
Total Tax Payed [RS] 34.00% -R$ 52.88 -R$ 52.88 -R$ 52.88 -R$ 52.88
Net Profit [RS] RS 4441878 RS 4441878 RS 4441878 RS 4441878
Sustaining CAPEX [RS] RS - -R$ 2,000.00 -R$ 2000.00 -RS 2,000.00
Free Cash Flow [R$] - Dividend paid to ABC Mining RS 44,418.78 RS 4241878 RS 4241878 RS 42,418.78
NET RESULT ABC MINING RS - -R$ 367,500.00 RS 53,359.97 RS 51,359.97 R$ 51,359.97 RS 51,359.97

APPENDIX B - Simulation inputs for scenarios analyzed using @Risk

Important Remark: Cells in blue are inputs for the simulation and vary according to the

simulation distribution. Cells in red are outputs for the simulation.

Self Production 2020 2021 2022 2023 2024 2025 2030 2045
Full Year Full Year Full Year Full Year Full Year Full Year Full Year Full Year Full Year
Investment (CAPEX) -R$ 1,050.00 -R$. 1,050.00 -R$ 1,050.00 -R$ 8,400.00 -R$ 110,250.00
SAVINGS FROM BEING SELF-PRODUCER
PPA Price (R$/MWh) R$ 150.00 R$ 150.00 R$ 150.00 R$ 150.00
O&M (R$/MWh) -R$ 11.89 -R$ 11.89 -R$ 11.89 -R$ 11.89

Savings from being self-producer RS 138.11 R$ 138.11 R$ 138.11 R$ 138.11
TOTAL POWER PRODUCED (WIND ONLY)

Wind Speed [m/s] 6 6 6 6
Effective wind power capacity [MW] 20.693216 20.693216 20.693216 20.693216
Total number of hours per year 8760

Energy Savings (Revenues) [R$] 25,035.55 25,035.55 25,035.55 25,035.55
Tax Rate (Real Profit) 34%

Tax Costs -R$ 8512.09 -R$ 8,512.09 -R$ 8,512.09 -R$ 8,512.09
Net Profit [R$] -R$ 1,050.00 -R$ 1,050.00 -R$ 1,050.00 -R$ 8,400.00 -R$ 110,250.00 R$ 16,523.47 RS 1652347 R$ 16,52347 R$ 16,523.47
NPV
WACC
Payback (Years)

IRR
:
PV1
PVO

FCF1 RS 16,523.47
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Scenario Leas Full Year Full Year Full Year Full Year
REVENUES FROM DIVIDEND PAYMENT FROM THE SPC
PLD Price (RS/MWh) TRSTAS006 RS TS0 RS TTTTTTB000 RSB0 00 ]
Developer Share %] 100% 100% 100% 100%
Total Power Generated
Installed wind power [MW] 120 120 120 120
Capacity factor [%] 48% 48% 48% 48%
Wind Speed m's] [ e e e00 o e00]
Effective wind power capacity [MW] 20.69 20.69 20,69 20,69
Total revenue from Wind power [R$] - Discounting ABC Mining Consumption RS 2719089 R$ 27,19089 RS 27,19089 RS 27,190.89
O&M Costs Wind [R$/MWh] R$ 11.90
Total O&M Costs Wind [RS] RS 142800 -R$ 142800 -R$ 142800 -R$ 1,428.00
Net Profit Wind [RS] RS 25762.89 RS 2576289 RS 2576289 RS 25,762.89
installed sola power V] -
Theoretical efficiency [%] 28% 28% 28% 28%
Total revenue from Solar power [R$] 365 RS 273750 R$ 273750 R$ 2737.50 R$ 2,737.50
Total hours/year 8760
Operational Costs 1.30% -R$ 114153 -R$ 114153 -R$ 114153 -R$ 1,141.53
Net Profit Solar [RS] RS 159597 RS 1,595.97 RS 159597 RS 1,595.97
Total Net Profit [R$] R$ 2735885 R$ 27,358.85 R$ 27,358.85 R$ 27,358.85
Total Presumed Profit [%] 3.08% RS - RS - R§ - RS -
PISICOFINS [R$] 3.65% R$ - R$ - RS - R$ -
Net Profit [R$] RS 2735885 R$ 27,358.85 R$ 27,358.85 R$ 27,358.85
Sustaining CAPEX [R$] R$ - -R$ 2,000.00 -R$ 2,000.00 -R$ 2,000.00
Free Cash Flow [R$] - Dividend paid to ABC Mining RS 27,358.85 R$ 2535885 RS 2535885 RS 25,358.85
Leasing Fixed Rate RS 1,606.50 R$ 1,606.50 R$ 1,606.50 RS 1,606.50 R$ 1,606.50 RS 1,606.50 RS 1,606.50 R$ 1,606.50 R$ 1,606.50
Leasing 1.60% R$ 478.85 RS 478.85 R$ 478.85 RS 478.85
NET RESULT ABC MINING RS 1,606.50 RS 1,606.50 R$ 1,606.50 R$ 1,606.50 RS 1,606.50 R$ 2,085.35 R$ 2,085.35 R$ 2,085.35 RS 2,085.35

PPA Price - Full Land Full Year Full Year Full Year Full Year Full Year Full Year Full Year Full Year Full Year

Investment (CAPEX) -R$ 1,050.00 -R$  1,050.00 -R$ _ 1,050.00 -R$ _8,400.00 -R$  330,750.00
SAVINGS FROM BEING SELF-PRODUCER
ACL Price (R$/MWh) 140.00 R$ 140.00

"Wire Tariff" Cost (50% - Discount) -R$ 16.10 -R$ 16.10 -R$ 16.10 -R$ 16.10

Sectorial Burdens -R$ 9.34 -R$ 9.34 -R$ 9.34 -R$ 9.34

TUSD - Tariff on using distribution system -R$ 2544 -R$ 2544 -R$ 2544 -R$ 25.44

O&M (R$/MWh) -R$ 11.89 -R$ 11.89 -R$ 11.89 -R$ 11.89

Total Energy Cost (Self-Generation) 1% -R$ 37.70 -R$ 37.70 -R$ 37.70 -R$ 37.70
Savings from self: (Energy before tax R$ 102.30 R$ 102.30 R$ 102.30 R$ 102.30

Tax Rate (Real Profit) 34.00%

Tax Costs -R$ 34.78 -R$ 34.78 -R$ 34.78 -R$ 34.78
Savings from self: (Energy R$ 67.52 R$ 67.52 R$ 67.52 R$ 67.52
Savings from self-production (Energy Generated) [R$] R$ 8,280.30 R$  8,280.30 R$ 8,280.30 RS 8,280.30
REVENUES FROM DIVIDEND PAYMENT FROM THE SPC

PPA Price (R$/MWh) R$ 140.00 R$ 140.00 RS 140.00 RS 140.00

ABC Mining Share [%] 50% 50% 50% 50%

Total Power Generated

Installed wind power [MW] 120 120 120 120

Capacity factor [%] 48% 48% 48% 48%

Wind Speed [m/s] 5.00 5.00 5.00 5.00

Effective wind power capacity [MW] 8.10 8.10 8.10 8.10
Total revenue from Wind power [R$] - Discounting ABC Mining Consumption RS 4,964.77 R$ 496477 R$ 4,964.77 R$ 4,964.77

(0&M Costs Wind [R$/MWh] R$ 11.90

Total O&M Costs Wind [R$] -R$ 1,428.00 -R$ 1,428.00 -R$ 1,428.00 -R$ 1,428.00
Net Profit Wind [R$] R$ 3,536.77  R$ 3,536.77 RS 3,536.77 RS 3,536.77

Installed solar power [MW] 50 50 50 )

Theoretical efficiency %] 28% 28% 28% 28%
Total revenue from Solar power [R$] 365 RS 127750 R$ 127750 RS 127750 RS 1,277.50

Total hours/year 8760

Operational Costs 1.30% -R$ 1,141.53 -R$ 1,141.53 -R$ 1,141.53 -R$ 1,141.53

Net Profit Solar [R$] RS 135.97 _R$ 13597 RS 13597 _R$ 135.97
Total Net Profit [R$] RS 367274 R$ 367274 RS 367274 RS 3,672.74
Total Presumed Profit [%] 3.08% RS 19226 R$ 19226 R$ 19226 R$ 192.26
PISICOFINS [R$] 3.65% -R$ 134.06 -R$ 134.06 -R$ 134.06 -R$ 134.06
Net Profit [R$] RS 353869 R$ 353869 RS 353869 RS 3,538.69
Sustaining CAPEX [RS] RS - -R$ 200000 -RS$ 2,000.00 -R$ 2,000.00
Free Cash Flow [R$] - Dividend paid to ABC Mining RS 1,050.00 353869 R$ 153869 R$ 153869 R$ 1,538.69
NET RESULT ABC MINING 1,050.00 -R$ 1,050.00 -R$ 1,050.00 -R$ 8,400.00 -R$ 330,750.00 R$ 11,818.99 R$ 9,818.99 9,818.99 R$ 9,818.99

165,582.94
(1.43)
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APPENDIX C - Simulation results for PPA prices

The figure below presents the results obtained by using the ARCH simulation to model the PPA
price, it being the best fit in comparison to similar methodologies used, for example, to model

the ACL price such as the GBM, the MMR and the MMRJ.

PPA Price (R$/MWh)

RiskARCH1(0.076189,24.23,0.30637,0)
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