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entra na matemática?

É o principal indicador que mostra a rentabilidade financeira de um projeto. Ela é usada por
investidores para comparar as opções de investimento e priorizar onde colocar o dinheiro. Projetos
com uma TIR maior são mais rentáveis.

As empresas utilizam modelos econômico-financeiros, que projetam os fluxos de caixa dos projetos
e calculam a TIR. Aqui, foram usados os mesmos modelos adotados pelo mercado e os impactos
ambientais foram incluídos como custos dentro dos fluxos de caixa.
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Why include the environment into
financial profitability analyses?
Investments in the electricity sector -- as well as other sectors -- are decided and prioritized by

are no longer attractive to investors, who find higher profitability in wind and solar plants. It is in these

companies using the analysis of economic-financial models, which project the cash flows of plant

projects that the money invested can multiply, since the profitability of wind and solar power plants is

projects and calculate their profitability, as indicated by the Internal Rate of Return (IRR)1. The money

not affected by environmental costs, which are very low.

is invested in plants with higher IRR, which are more profitable. However, the environmental impacts
of these projects have never been part of this account – they are treated as externalities despite being

Therefore, this study presents a proposal for a practical method allowing investors and environmental

known and causing costs to society, which has to live with the effects of climate change and limits on

protection to go hand in hand, with the inclusion of environmental costs in business analyses of

natural resources.

financial profitability for new investments in the electricity sector.

In order for this to change and the environment to become part of the equation, in this unprecedented

It is also essential that banks, which make available the resources for the construction of new plants,

study, Instituto Escolhas shows how to include environmental costs in the business math of the

adopt mechanisms such as an environmental risk matrix2, so that environmental assessments

electricity sector, providing the real dimension of plant profitability so that investments can be

lead to the establishment of criteria changing the allocation of resources so as to align it with the

prioritized without burdening the present and future generations. To demonstrate how this is

commitments these institutions have adopted with respect to climate and the environment.

possible, the same economic-financial models adopted by the market were used, and the costs of the
environmental impacts of hydroelectric plants in the Amazon -- natural gas and fuel oil thermoelectric

This set of instruments for companies and banks is the key for the environment to finally be part of

plants, and wind and photovoltaic solar plants -- were included in their cash flows. The new financial

the mathematics of electricity sector businesses, and for them to contribute in concrete ways to

profitability of these projects was then calculated.

environmental preservation and to the fight against climate change.

The results show that, when operating at full load in the electrical system, plants powered by natural

1
There are other indicators and methods commonly used for financial valuation, such as payback, net present value, business value, etc. In this study, the IRR -- one of the main
indicators for assessing the profitability of projects -- was used. It allows for a clear comparison between projects. The IRR is the rate that makes a cash flow, in present values,
equal to zero.
2
The environmental risk matrix proposed by Instituto Escolhas for financial institutions is described in the study “Risk Matrix: a way for banks to incorporate the environment
in their financing,” which can be accessed at: <https://www .escolhas.org/biblioteca/estudos-instituto-escolhas/>. The study was accompanied by a proposal for a Central
Bank resolution requiring that the environmental risk matrix be adopted by regulation and applied in practice, by the sector, in a standardized and transparent manner. It can be
accessed at: <https://www.escolhas.org/policy-brief/>.

gas and fuel oil lack financial profitability, and therefore investors will incur losses when betting on
these plants. On the other hand, hydroelectric plants in the Amazon show very low profitability and
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How to include the environment
in business mathematics?
The environment can be included in financial analyzes that assess the profitability of power plants
in the electricity sector, initially identifying their environmental impacts and then assigning them a
price, so that they are added as cost lines within the cash flows of the economic-financial models that
are adopted by the market in order to support the investment decision.

1

Plants analyzed
Initially, it is necessary to define the projects to be analyzed. In this study, reference
plants were adopted based on real projects, including: a wind farm (341 MW), a

solar photovoltaic plant (11 MW), a hydroelectric plant (406 MW), a natural gas thermoelectric
plant (319 MW), and a fuel oil thermoelectric power plant (319 MW). Reference biomes were also

2

Calculation and pricing of environmental impacts
Next, it is necessary to diagnose and calculate the environmental impacts associated
with the projects. The impacts of greenhouse gas emissions (CO2eq), water use (m3),

adopted for each plant, since the environmental impacts vary depending on the location. For

and affected areas (hectares) were calculated in order to define ecosystem services and economic

the wind farm, the photovoltaic solar plant, and the thermoelectric plants, the reference biome

losses due to the alternative land use. Once the environmental impacts are known, it is necessary

is the Caatinga savannah area in the interior of northeastern Brazil, given the expansion plans

to price them. The parameters and reference values used are detailed below, always taking into

for these projects in the region. For hydroelectric plants, the reference biome is the Amazon. For

account the specialized scientific literature.

thermoelectric plants, full load operation in the system was considered (85% of dispatch time3), as
this affects fuel consumption and environmental impacts.
3
4

This means that the plants would be operating at the base level of the electrical system, that is, providing energy for most of the year (85% of the time).
This reference rate can be adopted for analyzing projects in the electricity sector.
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Financial analysis models and the internal rate of
return Assessments of the feasibility and financial profitability of investment
options are carried out by companies using economic-financial models, which

are spreadsheets that forescast the projects’ cash flows, with their expected expenses and
income over the years. Analysis methods such as the calculation of the Internal Rate of Return
(IRR), which shows the profitability of the project, are then used. In this study, the same
models adopted by the market and projected cash flows for the plants examined were used.

4

Baseline scenarios without environmental impacts
In order to allow for a later comparison of results, baseline scenarios were first
simulated for the plants, without the costs of environmental impacts and considering

only the income and expenses expected in a real project. In these scenarios, an IRR of 8% per year
was adopted, which is a reference rate.

5

Incorporation of environmental
impacts in financial analyses
Once the environmental impacts of the projects and their pricing are known, they

must be included in the cash flows of the economic-financial models as new expenses. This will
result in new rates of return (IRR), including environmental costs, which reflect the real feasibility
and attractiveness of these projects.

Instituto Escolhas
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Greenhouse gas emissions
Project life cycle
Direct fuel burning
Decomposition of organic matter in reservoirs
Ecosystem services
Economic losses from alternative land use
Water use

Thermoelectric

Hydroelectric

Eolic

Environmental impacts
taken into account

Photovoltaic
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Calculation and pricing of environmental impacts
Greenhouse
gas emissions

Ecosystem
services

Economic
losses

Water use

To calculate the volume of greenhouse gas

The valuation of ecosystem services, which

For economic losses due to alternative land

Water use was included in the simulations

emissions, we considered emissions within

are lost with the implementation of the plants,

use, which refer to losses in the production

for the thermoelectric plants, since they

the project lifecycle5. For thermoelectric

was carried out based on the area, in hectares,

of food and raw materials, we considered the

consume a large volume of water for cooling.

plants, direct emissions from the burning of

required for the projects. For their pricing,

area, measured in hectares, that is necessary

The water consumption in m3 was estimated

fossil fuels in their operation were also taken

the values of US$ 969 per hectare/year were

for the implementation of the plants. Their

for the reference plants, and the value of R$

into account. In the case of hydroelectric

used for the Amazon biome (reference value

pricing considered the values of US$ 788 per

1.556/m3, which is the estimated price for an

plants, emissions from the decomposition of

for tropical forests) and US$ 232 hectare/

hectare/year for the Amazon biome and US$

alarmingly critical level in the São Francisco

organic matter submerged in the reservoirs,

year for the Caatinga biome (reference value

165 per hectare/year for the Caatinga biome9.

River basin10 .

which vary depending on the quantity and

for savannas)8 . Ecosystem services were not

Economic losses were not considered for the

characteristics of organic matter and other

included for the thermoelectric plants, given

thermoelectric plants, given the usual location

factors, were also included. For the pricing of

the usual location of the plants and the fact

of the plants and the fact that they are not

greenhouse gas emissions, the carbon price

that they are not very intensive in area.

very intensive in area.

in the voluntary market (US$ 27.60/tCO2eq 7)
was considered.

Emissions in the life cycle of a project take into account emissions associated with the extraction, processing, and transport of fuels and raw materials, plant manufacturing and construction, operation, transmission, and
distribution. See “Portugal-Pereira J, et al., Overlooked impacts of electricity expansion optimization modelling: The life cycle side of the story, Energy (2016), http://dx.doi. org/10.1016/j.energy.2016.03.062”.
6
On emissions from organic matter decomposition in reservoirs, see “Fearnside, PM, Greenhouse gas emissions from a hydroelectric reservoir (Brazil’s Tucuruí dam) and energy policy implications, Water, Air, and Soil
Pollution (2002)”.
7
Reference value for October 2020.
8
Values obtained from Costanza (1997) and converted into R$, considering the average dollar at the time (1997) and updated by the Extended National Consumer Price Index (IPCA).
9
Values obtained from Costanza (1997) and converted into R$, considering the average dollar at the time (1997) and updated by the IPCA.
10
Value obtained in the study by Instituto Escolhas “Electric sector: how to price water in a scenario of scarcity”, available at: <https://www.escolhas.org/biblioteca/estudos-instituto-escolhas/>.
5
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The stages of a project: where do environmental
costs need to be factored into the calculation?
1. Planning

2. Structuring

3. Resources

4. Operation

This is the initial step of a project. At this
point, society’s needs are analyzed, and
the various projects are prioritized. The
government plans to expand the supply
of energy in the market and companies
plan projects to meet this expansion. It
is essential that planning is aligned with
a low carbon economy to prioritize plant
projects in this direction.

The phase in which technical studies
are carried out for power plant projects,
such as engineering, economic-financial
feasibility and environmental impacts.

Obtaining financial resources for a
project occurs along with its structuring.
At this point, the investments and
financing for its execution are obtained.

The phase in which the works are carried
out and, later, the operation of the plants
begins.

The major problem of
project structuring is that
environmental costs are
not included in the economic-financial
analyses. Without this, it is not
possible to know the real feasibility
and attractiveness of these projects,
which would alter the energy market,
favoring renewable projects and making
them more attractive. This study shows
how to identify, calculate,and price
environmental impacts.

The financial structuring of
a new plant also depends on
the expected contracts for
energy sales. They can be
structured to sell energy at auctions in
the regulated market, with long-term
contracts, or for sale on the free market,
to large consumers.
In this phase, the process for the
project’s preliminary environmental
license (PEL), which is necessary for it
to participate in the energy auctions,
begins.

Before the start of the
project, it is necessary to
obtain the environmental
installation license and, before
operations start, the environmental
operating license should be obtained.
The major problem with
financing is that it has not
yet adopted criteria for
considering environmental risks in
resource allocation. Instituto Escolhas’
environmental risk matrix is a proposal
for financial institutions to incorporate
such criteria. Learn about the matrix and
the proposal for Central Bank regulation,
so that it can be applied in practice
by the sector, here: <https://www.
escolhas.org/library/estudos-institutoescolhas/>.
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Structuring: when projects are conceived and where
the real environmental costs should be included
Problem
In the structuring phase of projects, the fundamental problem
is that there is a big gap between the real environmental costs
and those that are included in the financial analyses. Since the
environmental resources are finite, their non-incorporation

 Greater diligence in identifying environmental

by companies means that the risks are transferred to the

impacts and risks in project design, since, if identification

government, which must take care of environmental problems,

is flawed, the future distribution of these risks among

and to society, which ends up paying for them. Nor is an

Recommendations

different market agents will also fail and end up

analysis carried out comparing the environmental impacts

burdening society.

of different technologies, forms, or locations for a project

 -> It is essential to incorporate environmental costs

performed and for other options being evaluated11.

into the economic-financial models of projects, so that

 Ensure the participation of professionals from the

investors and society can grasp the real dimension of the

insurance market in the project structuring phase, since

costs of an initiative and so that they are considered by

they can anticipate mitigable risks in the early stages.

the market.
 Greater participation of those who are impacted

This study shows how the impacts
environmental impacts can be calculated and
priced to be included in financial analyses.
of the projects.

 Improve the Technical, Economic and Environmental

by the projects in the studies carried out during their

Feasibility Studies, establishing the minimum content

structuring, since the affected communities face most of

to be analyzed on environmental impacts and the

the environmental costs associated with the project.

comparison between alternatives.
Nos In Public-Private Partnership (PPP) contracts, for example, an analysis of the
various forms of contracting infrastructure is mandatory to measure the advantages
of each contractual form This analysis is known as Value for Money (VfM).

11
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Obtaining resources: when financial institutions
should exercise their commitments to climate
and the environment
Problem

Recommendations

The environmental analyses carried out by financial institutions
are still subjective and only assess the impact of environmental

 Adopt an environmental risk matrix so that risks

risks to the ability of companies to honor their debts, possible

are objectively incorporated into financing analyses,

co-responsibility, or reputational risks.12 They do not affect

resulting in an allocation of resources that is in line with a

the allocation of resources, because there is no regulatory

low-carbon and socially fair economy.

obligation in this regard. Financial institutions and central banks
do not know if capital reserves can cover the environmental

 Ensure that the environmental risk matrix is

risks incurred. Environmental analysis is a compliance

adopted by financial institutions through regulation,

analysis, that is, for complying with legal standards, rather

so that it is applied by the sector in a standardized and

than a strategic analysis to establish conditions for financing

transparent manner.

in order to opt for more sustainable investments or consider
sustainability as a factor of profitability.

 Create a Facility, that is, an internal department or an
external company specialized in environmental analysis,
to define the minimum analyzes and parameters to be
followed, allowing for the comparison and consistency of

Infrastructure projects typically receive financing through project finance operations. For these operations,
financial institutions use as a reference the Equator Principles, which provide a basis, or checklist, for the analysis
of environmental impacts, but which do not establish criteria for resource allocation.
13
The environmental risk matrix developed by Instituto Escolhas can be found in the study “Risk Matrix: a way
for banks to incorporate the environment in their financing,” which can be accessed at: <https://www.escolhas.
org/biblioteca/estudos-instituto-escolhas/>. The proposed resolution for the Central Bank can be accessed at: <
https://www.escolhas.org/policy-brief/>.
12

data and the environmental impacts of the projects.

Instituto Escolhas built an environmental risk
matrix that serves as a guide for financial
institutions to incorporate these risks in the
assessment of financing and also prepared a
proposal for a resolution for the Central Bank, so
that it can be applied in practice by the sector 13.
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Environmental analysis by financial institutions

The environmental
analysis is usually
carried out by the
credit department.

A risk premium is
established for
projects, with
environmental factors
perceived as risky.

In other words, environmental
analysis doesn’t really count
towards defining which projects
with environmental impacts will
not receive a credit or will have a
large risk premium.

Usually, the environmental
analysis is part of
the credit rating of
the project, with low
weight given to it in
relation to other criteria
used to define the
risk of final credit.

Typically, only projectinherent risks are
analyzed. There is no
vision of the systemic risk
or of the territory in which
the project is located.

There is no environmental
due diligence establishing
the conditions
for financing.

12
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Main actions required to make
the environment a part of
business math
Identification, pricing, and incorporation of
environmental impacts in feasibility and financial
profitability analyses of projects.
Adoption of an environmental risk matrix by banks
and financial institutions, so that such risks can be
objectively incorporated into funding analyzes for
resource allocation, in line with a low-carbon and
socially just economy.
Adoption of regulation in the financial sector so that the
environmental risk matrix is applied in practice by the
sector in a standardized and transparent manner.

Instituto Escolhas
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Taxa Interna de Retorno (TIR)
É o principal indicador que mostra a rentabilidade financeira de um projeto. Ela é usada por
investidores para comparar as opções de investimento e priorizar onde colocar o dinheiro. Projetos
com uma TIR maior são mais rentáveis.

Como o meio ambiente entra na matemática?
As empresas utilizam modelos econômico-financeiros, que projetam os fluxos de caixa dos projetos
e calculam a TIR. Aqui, foram usados os mesmos modelos adotados pelo mercado e os impactos
ambientais foram incluídos como custos dentro dos fluxos de caixa.
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