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GVces and the Business Initiatives
The Center for Sustainability Studies (GVces) of the Busi-

ue for the business and its stakeholders. This purpose has

ness Administration School at Getulio Vargas Foundation

been achieved through the co-creation of strategies, tools

(FGV-EAESP) is an open arena for study, learning, insights,

and proposals for public and business policies; support for

innovation, and knowledge production, formed by peo-

implementation through pilot projects; knowledge sys-

ple with a multidisciplinary background, engaged and

tematization and dissemination through publications and

committed, with an authentic desire to transform society.

events; and articulation with various government and civil

GVces activities are based on the development of public

society actors. There are five Business Initiatives: Business

and private management strategies, policies and tools to

for the Climate Platform (EPC), Innovation and Sustainabil-

promote sustainability for local, national and international

ity in the Value Chain (ISCV), Local Development and Large

scenarios, driven by four major pillars: (i) training activities;

Projects (Local ID), Trends in Ecosystem Services (TeSE) and

(ii) research and knowledge production; (iii) debates and

Applied Life Cycle (CiViA). In addition to working on the

exchange of information; and (iv) mobilization and com-

agendas of local development, ecosystem services, climate,

munication. Under this context, GVces Business Initiatives

value chain and product life cycle, the Business Initiatives

make up a network with the purpose of transforming the

also work together, bringing knowledge and content, on

sustainability challenges into an opportunity to create val-

the integrated agenda of water resources.

The Business for the Climate Platform aims to contribute to the advancement in the corporate management of greenhouse gas emissions (GHG) and the risks and impacts derived from climate change.
Since 2009, the initiative has been working on the co-creation of guidelines and tools for business
management – such as the tool for the elaboration of climate change adaptation plans and the Business Guidelines for Internal Carbon Pricing –, public policies proposals and support of pilot projects
implementation of the tools and guidelines.
The Innovation and Sustainability in the Value Chain initiative develops methods and tools, such as
protocols for the supply chain management, for integrating sustainability into the processes and policies of companies’ purchases. In 2015 and 2016, the initiative developed Risk Matrix and Materiality
Analysis Protocols in the Supplier Chain, in order to assist companies in mapping risks and opportunities in their chains.
The Local Development and Large Projects initiative aims to articulate the business sector for reflection, experiences exchange and construction of proposals and business guidelines for local development, through dialogue, study and co-creation of methodologies and tools. Since 2013, the themes
already covered are: Comprehensive Protection of Children and Adolescents, Innovation in Local Development, Impact Monitoring and Evaluation, and Local Institutional Capabilities..
The Trends in Ecosystem Services initiative develops strategies and tools for corporate management
of impacts, dependencies, risks and opportunities related to ecosystem services. In the previous cycles,
guidelines and tools were developed for valuing vulnerabilities and impacts of the business activity on
natural capital. The initiative has been applying training in valuation and management of ecosystem
services and developing business cases with its member companies.
The Applied Life Cycle initiative seeks to incorporate life cycle thinking into the strategic management
of companies based on Life Cycle Assessment (LCA) of products - goods and services. In addition, it is
discussed, in workshops and working groups, subjects such as product communication and labeling,
as well as competitiveness issues. Since 2015, companies have been trained in the methods and tools
of two categories of environmental impact: climate change and water use. From this, they have been
developing pilot projects of carbon footprint and water footprint of their products.
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Glossary
TERMS LINKED TO ECOSYSTEM SERVICES

Ecosystem: A dynamic complex of plants, animals, microor-

Externality: Consequence of an action taken by an agent

ganisms and their non-living environment interacting as a

that affects the well-being (or the production function) of

functional unit (MA, 2005a). Examples of non-living environ-

another agent without any compensation paid or received.

ments are: the mineral part of the soil, relief, rains, tempera-

Therefore, consequences produced by the action are not

ture, rivers and lakes – regardless of the species living there.

reflected on market prices. It can be positive or negative
(MA, 2005a; TEEB, 2012a). Although they are part of a sub-

Ecosystem Service: Direct or indirect ecosystem contribu-

set of impacts, externalities in this document, are consid-

tions for human well-being. (TEEB, 2012a). Ecosystem ser-

ered separately.

vices covered:
Impact: The consequence of an action. It can be either pos•

•

Global Climate Regulation: Role played by ecosystems

itive or negative, compared to the current situation. For the

in carbon and nitrogen biogeochemical cycles, thus

purpose of this document, we consider as impacts only the

influencing emissions of important greenhouse gases,

consequences that affect the agent responsible for the ac-

such as CO2, CH4 e N2O (MA, 2005a; TEEB, 2012a).

tion. Consequences that affect other players, or external-

Raw Materials Provision: it is part of the ecosystem ser-

ities, as defined previously, are considered separately for

vices of provision, which is the result of ecological pro-

practical reasons.

cesses that produce tangible goods that are useful for
human well-being. They include the ecosystem goods

Inventory: Quantified list of metrics (adapted from GVces

resulting from anthropic productive activity, that is,

& WRI, 2011).

farming and aquaculture systems, and those that re-

•

sult from directly colleting from natural areas, such as

Quantify: Measure, estimate, or calculate a certain quanti-

extractivism. (GVces, 2016)

tative metric, using data from other variables.

Water Provision: Role of ecosystems in the hydrological
cycle and their contribution in terms of water quantity,
defined as total production of freshwater. (TEEB, 2012a).
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FINANCIAL TERMS

Discounted cash flow (DCF): it estimates a firm or project’s

Return on Investment (ROI): it measures the return on each

economic value by projecting cash flows in different peri-

unit of money invested, i.e., it measures the relationship be-

ods of time. These cash flows will be brought to present val-

tween the amount earned or lost and the investment made

ue using a discount rate that reflects the investor’s expected

(cost-benefit analysis of the investment).

risk and return when investing in a company and/or project.
Discount rate: it is the rate used to discount the projected
cash flows of a company and/or project that represents the
investor’s expected return. To estimate the discount rate,
in general, the Weighted Average Cost of Capital (WACC)
is adopted. The WACC is the weighted sum of the costs of
capital according to the company’s sources of capital: equity capital and third-party capital.
Net Present Value (NPV): it is the sum of the projected cash
flows brought to present value by a discount rate.
Payback: it is the number of years required to recover the
initial investment. Once the initial investment is recovered,
the project is profitable. Simple payback occurs the moment
when the accumulated cash flows become positive. However, simple payback does not take into account the time value of money. Discounted payback considers the time value
of money, bringing the cash flows to present value and, then
calculating the moment the cash flow becomes positive.
Internal Rate of Return (IRR): it is the discount rate at which
the NPV is zero. It is used to compare two or more investment projects, when these are mutually exclusive. In this
case, the project with the highest IRR value will be the most
economically attractive project.

BIBLIOGRAPHY
Center for Sustainability Studies (GVces) & World Resource Institute (WRI). GHG Protocol Program Specifications. Sao Paulo Business Administration School, Getulio Vargas Foundation. EPB, 2011.
Damodaran, A. Corporate Finance: Theory and Practice. 2nd Edition.
Bookman, 2004.
Milenium Ecosystem Assessment (MA). Current State & Trends Assessment - Full Report. UNEP, 2005. Available at: http://www.unep.
org/maweb/en/Condition.aspx
The Economics of Ecosystems and Biodiversity (TEEB). The Economics of Ecosystems and Biodiversity: Ecological and Economic
Foundation. [ed.] Pushpam Kumar. UNEP Routledge, 2012.
GVces. Corporate Guidelines for the Economic Valuation of Provisioning Ecosystem Services. Center of Sustainabilty Studies of the
Sao Paulo Business Administration School of the Getulio Vargas
Foundation. Sao Paulo, 2016. 13 p.
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Presentation

This study was developed by the Center for Sustainability

1. Centroflora case: to evaluate the impact on the com-

Studies (GVces), with the support of the Regional and Local

pany of variations in the ecosystem service of provision

TEEB Project. This project is an initiative of the Brazilian

of raw material (fava d’anta) used to produce rutin, one

Ministry of Environment (MMA), along with the Brazilian

of the active ingredients produced by the company.

National Confederation of Industries (CNI) and GIZ (the

2. Duratex case: to evaluate the impact on the company of

Deutsche Gesellschaft für Internationale Zusammenarbeit

the positive externalities resulting from the implemen-

GmbH), and seeks to integrate ecosystem services in public

tation of a waste recycling project for sanitary ware.

policies and business operations, by developing approach-

3. Copel case: to evaluate the impact on the company

es, building methods and tools for action, among others.

of variations in the ecosystem service of water provi-

The TEEB R-L Project contributes to the Economics of Eco-

sion for power generation. The analysis was focused

systems and Biodiversity (TEEB) international initiative by

on Bento Munhoz da Rocha Netto hydroelectric plant.

highlighting the benefits that biodiversity and ecosystem
services promote for society, as well as the rising costs from

The cases were selected taking into account the strategic

loss or degradation of these. That way, the project aims to

importance and relevance of the use of natural capital. In

contribute to the inclusion of ecosystem services in the

Centroflora and Copel’s cases, the direct impacts of the

public and business sector agendas; to promote economic

variation of ecosystem services on the companies were

instruments for conservation and financing mechanisms;

evaluated, while in Duratex’s case the evaluation was

and to spread key messages on the value of ecosystem ser-

based on the use of natural resources, with no direct rela-

vices to the economy and human well-being to different

tion with the variation of ecosystem services.

sectors of society.
For the development of the analysis, secondary and primaThus, GVces along with MMA, CNI and GIZ, within the TEEB

ry data were collected by the representatives of the three

R-L, prepared this study, whose objective is to present ele-

organizations. However, for the presentation of the results

ments for decision-makers from the productive and finan-

in this report, the data was converted to a base 100, in or-

cial sectors to be able to formally and explicitly consider

der to maintain the confidentiality of the figures provided

the risks associated with natural resources and ecosystem

by the companies.

services in processes of risk identification, analysis and
1

evaluation.

For each case, a valuation process was performed to estimate the economic value of the company based on a quan-

To meet the general objective of the project, three case

titative model. The discounted cash flow method (DCF)2 was

studies of companies from different segments - develop-

adopted, which calculates the economic value through net

ment of natural extracts (Centroflora); manufacturing of

present value (NPV). The corresponding discount rate was

sanitary ware (Duratex); and power generation (Copel) –

set in order to add the effects that natural resources and

were carried out. The case studies were the following:

ecosystem services can bring to the company’s operation,
or to a particular project or business unit.

1

Ecosystem services: direct and indirect contributions of ecosystems to
human well-being (TEEB, 2010). For further discussion of the topic see
Report TeSE version 2.0 developed by GVces.

2

The process of analysis using the discounted cash flow consists of estimating the value of a company or project and is based on a mathematical method used to estimate financial values in different periods of time.
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After developing the financial model, shocks related to
the variation in the supply of natural resources or to limitations in the use of ecosystem services were applied, and
the economic result of this effect were identified. Finally, a
quantitative and qualitative comparative analysis between
the baseline scenario and scenarios with restrictions of natural capital and ecosystem services was conducted.
We would like to express our gratitude to (i) Centroflora,
Copel and Duratex for their willingness to participate in
this study; (ii) the academic partners who contributed with
valuable suggestions for the improvement of the analysis:
Professor Dr. Alexandre Igari (USP), Professor Dr. Danilo Igliori (USP), Professor Dr. Ricardo Rochman (FGV); and (iii)
Dr. Carlos Alberto de Mattos Scaramuzza (former Director
of the Department of Ecosystems from the Ministry of Environment), for his support to the project and contributions
to improve the analyzes.
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Executive Summary
Seeking to overcome the “tragedy of the horizon”

The essential concept of sustainability is that there is an
explicit connection between present and future. Because
of its ability to use discount rates and make projections therefore, with a focus on the long term -, the finance departments seem particularly suited to analyze current and
future developments for two main reasons. First, finance is
concerned with the financial needs of the future because it
manages and makes decisions regarding the future stock of
money and capital. Pension funds are an example. Second,
financial processes seek to reflect real economic processes
and, for this reason, financial decisions and policies aim to
ensure the integrity of the stock of money and capital in the
long run, in accordance with the real economy.
However, there is a paradox: if this is the case, then why does
finance seem so distant from the concept of sustainability?
In 2015, Mark Carney, the governor of the Bank of England,
coined the term “tragedy of the horizon” to explain why the
financial and political worlds struggle to incorporate climate
change into their decision-making processes. According to
Carney, the catastrophic impacts of climate change will be
felt over a longer time horizon than the decision-making of
many actors, including those of companies and of the political world. This tragedy of the horizon will impose costs for
future generations, but the current generation does not have
the incentives to avoid them3. Ecosystem services suffer from
the same tragedy of the horizon. But, apart from different
temporal perspectives, are there other elements that could
help to bring these two worlds together?
The need to engage financial analysts in sustainability issues has been discussed because the (possible) lack of understanding of the long-term implications of sustainability
issues could be contributing to the non-incorporation of

3

http://www.bankofengland.co.uk/publications/Pages/speeches/2015/
844.aspx

EXPLORING CONNECTIONS BETWEEN CORPORATE FINANCE AND ECOSYSTEM SERVICES: PILOT STUDIES | GVCES

13

these elements into their traditional financial analysis. The

searchers involved in the study, experts in finance and sus-

present study addresses this issue. Through three voluntary

tainability, had difficulty in estimating values associated

case studies - that is, the participating companies agreed

with ecosystem services to be incorporated into traditional

to join us in this exploratory process - we sought to explore

financial analysis. This explains, in our view, much of the

whether traditional financial analyzes carried out by finan-

distance between these two subjects. While finance works

cial analysts who knew the concepts of ecosystem services

with an objective, well-known and comparable database,

would have different results.

the valuation of ecosystem services considers customized
processes and individual analyses that have little compara-

Our analyzes and results presented in this report do not

bilitly between companies, sectors and territories.

allow us to make generalizations, as there are only three
cases, which, methodologically, represents a limitation for

There is still a long way to overcome the tragedy of the

generalization, and also because they bring quite different

horizon as defined by the governor of the Bank of England.

results. On the one hand, Centroflora’s case showed low

The good news is that throughout this research project

sensitivity to shortage scenarios of fava d’anta, its main raw

there were several discussions with the financial managers

material. Only one simulated scenario resulted in a materi-

of the participating companies and other financial special-

al economic loss of around 30% due to the impacts caused

ists. For all, although it remains difficult to express ecosys-

by shortages of the raw material supply, but that is con-

tem services in monetary terms, it is clear that ecosystem

sidered an extreme scenario, with little probability of oc-

services are important for the company’s ability to gener-

currence. Duratex’s case, on the other hand, showed gains

ate economic value in the long term. The challenges lie

of around 10% as a result of the investment made, which

mainly in the incorporation of this into systems of evalua-

reduces the company’s impact on natural systems. Finally,

tion and valuation. TeSE and TEEB (presented in this report)

Copel’s case showed the difficulty in estimating economic

seek to contribute in this direction, as well as several other

gains and losses resulting from the company’s relationship

actors involved in the connection between finance and sus-

with ecosystem services due to the insurance provided by

tainability. Although it does not seem like a challenge that

the Brazilian National Integrated System, precisely devel-

will be resolved in the short term, there are certainly good

oped to minimize the impacts of variations in ecosystem

signs on the horizon.

services on water availability and the financial health of
companies in the sector.
Although the study was interesting to show the economic-financial contribution of ecosystem services to the analyzed cases, it also reinforced the aspects already known
about the difficulty of approaching finance and sustainability: access to data and the complexity in assessing the behavior of ecosystems and to value these behaviors. These
aspects are detailed throughout the report, but even the re-

14
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TeSE – Trends in
Ecosystem Services
The methods developed by the Trends in Ecosystem Ser-

The activities performed in the TeSE initiative, which are

vices Initiative (TeSE), which is also part of the TEEB R-L

based on the development and application of the Corpo-

Project, were used to support the valuation of ecosystem

rate Guidelines for the Economic Valuation of Ecosystem

services and natural resources. TeSE is one of the business

Services (document called DEVESE); differ from the objec-

initiatives coordinated by GVces that seeks to develop

tive of this report because they have a static view about the

strategies and tools for business management of impacts,

company’s ecosystem services, while this analysis adopts a

dependencies, risks and opportunities related to ecosystem

dynamic view. That is, the pilot studies developed in this

services and natural resources. Two of the three companies,

report aim to take a step forward in the valuation of eco-

for which the pilot studies were developed in this report,

system services, incorporating this valuation into future fi-

Copel and Centroflora have participated in TeSE’s cycles

nancial evaluations. This practice contributes to better cor-

in 2015 and 2016. Duratex participated in the 2014 cycle.

porate risk management, serving as an additional tool for
decision makers, as well as seeking connections between
ecosystem services and corporate finance.

Figure 1: TeSE Logic and Report “Exploring
Connections between Finance and ES”

BIOPHYSICAL SPHERE

FINANCIAL SPHERE

Incorporation of
the aspects from the
biophysical sphere

Financial evaluation
models of projects/
business

Valuation of Ecosystem
Services – TeSE
Understanding of
the impacts of the
ES shortage on the
company’s activities
Static Projection

Source: the authors.

Scenario analysis –
Risk management

Dynamic Projection
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Centroflora developed, through the TeSE initiative, a valua-

•

15

Global Climate Regulation4 (avoided carbon emis-

tion case of the ecosystem service of supply of raw material,

sions), as well as various environmental gains in Du-

the fava d’anta. The dependence of this resource totalled R$ 6

ratex’s case, such as reduction in the use of non-re-

million/year, under the assumption of 8 months of production.

newable raw material, the increase in the useful life

This amount represents the total that the company would not

of waste disposal areas, among others. The Avoided

earn if the service of supply of raw material was ceased.

Costs Method (Annex 2) was used, based on the Social
Cost of Carbon (Annex 4).

Copel’s case was developed in the TeSE initiative, aiming

•

Water Provision, in Copel’s case (Bento Munhoz HP).

to evaluate the ecosystem services associated with the Ri-

The valuation method adopted was the Replacement

parian Forests Program in the surroundings of the Governor

Cost Method (Annex 1). As in this case the replacement

Bento Munhoz da Rocha Netto Hydroelectric Plant. This

of the TEG (target ecosystem good), water, is not rea-

program promotes the recovery of the natural environment

sonable, the replacement of the final product, energy,

surrounding the plant’s reservoirs, in order to improve the

was considered. Another method applied was the Mar-

quality of their ecological functions. After the calculations

ginal Productivity Method (Annex 3), which foresees

made during the initiative, Copel was able to quantify some

the loss of revenue due to the unavailability of the

of the positive results of the program in 10 years, which is R$

ecosystem service of water provision.

50 million in erosion prevention and R$ 9 million in positive
externality due to global climate regulation.
The concepts used for valuing ecosystem services and the
subsequent application to the financial analysis of this report also had as reference TeSE’s Corporate Guidelines for
the Economic Valuation of Ecosystem Services (DEVESE),
which is based on TEEB. The analysis was based on the ecosystem services of:
•

Raw Material Provision, in Centroflora’s case. The valuation method adopted was the Replacement Cost Method (Annex 1), used to estimate the necessary costs to
restore the fava d’anta raw material. Another method
applied was the Marginal Productivity Method (Annex
3), which foresees the loss of revenue due to the unavailability of the raw material.

4

It is understood that in this case the contribution for global climate
regulation is the result of avoided carbon emissions through the use of
non-renewable raw material.
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Introduction
Motivations for the study
Although most businesses are based on natural capital, vari-

choose the project or the investment that obtains the high-

ables associated with it are rarely incorporated into capital

est expected economic value, adjusted to its risk. The ex-

budget models. Often, financial managers adopt capital

pected economic value will be a function of the expected

budget techniques to assist in decision-making processes

cash flows generated by the projects or investments under

of resources allocation, such as simple and discounted pay-

analysis, brought to present value using a discount rate,

back, analysis of the internal rates of return and net present

which represents the opportunity cost of the company’s fi-

value. These techniques consider that the manager should

nancial resources. The figure below summarizes the concept.

Figure 2: Synthesis of the Net Present Value logic – Expected
Cash Flows Generated by the Project brought to Present
Value using a Discount Rate

Evaluation of Costs and Benefits
generated by the project, in R$

Periods of projection of cash flow. Usually in years or months.

YEAR 1

YEAR 2

YEAR 3

YEAR N

(1) Additional income
obtained by the project,
in R$

(1) Additional income
obtained by the project,
in R$

(1) Additional income
obtained by the project,
in R$

(1) Additional income
obtained by the project,
in R$

(2) Additional costs and
expenses generated by
the project, in R$

(2) Additional costs and
expenses generated by
the project, in R$

(2) Additional costs and
expenses generated by
the project, in R$

(2) Additional costs and
expenses generated by
the project, in R$

( 1 – 2) Net cash flow
obtained by the project,
in R$

( 1 – 2) Net cash flow
obtained by the project,
in R$

( 1 – 2) Net cash flow
obtained by the project,
in R$

( 1 – 2) Net cash flow
obtained by the project,
in R$

P R E S E N T VA L U E

Source: the authors.

It is necessary to bring all cash flows to present value using a discount rate.
Usually, the weighted average cost of capital (expressed in %).

18
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The objective of this study is to contribute to clarify the
connections between ecosystem services and corporate
financial performance. More specifically, this study has the
following objectives:

Natural Capital, Ecosystem
Services and Biodiversity5
The degradation of the ecosystems is one of the most important negative externalities of the modern world. Eco-

•

To present models that enable analysis of the sensitiv-

system services are the direct and indirect contributions of

ity of the financial results of business projects to the

ecosystems to human well-being (TEEB, 2010). The ecosys-

availability of ecosystem services;

tem services include, among others, air and water purifica-

•

To structure and evaluate the parameters and assump-

tion, the mitigation of droughts and floods, detoxification

tions of the analysis models;

and decomposition of waste, soil generation and renewal

•

To comparatively evaluate the results and the sensi-

and soil fertility, pollination of crops and natural vegeta-

tivity of the financial indicators in relation to different

tion, control of most agricultural pests, seed dispersal and

scenarios of ecosystem services availability.

nutrient shift, biodiversity conservation, UVb-protection,
partial climate stabilization, moderation of extreme events

This is an exploratory study that seeks to examine the mech-

of wind and wave forces, support to the diverse human cul-

anisms that include variables associated with natural cap-

tures, provision of aesthetic beauty and intellectual stimu-

ital in financial analyzes, as well as to study the potential

lus that elevates the human spirit. For each of the services

benefits to financial managers associated with this inclusion.

listed, there are numerous species and conditions necessary for these services to be performed6.

It should be noted that the financial analyzes presented
in the study represent the company’s point of view. In this

In the past 50 years, changes in ecosystems caused by

sense, socioenvironmental issues are incorporated into the

humans due the growing demands for food, water, wood,

analysis only as they cause changes in the models param-

fibers and fuels have been greater than in any period of hu-

eters (risk, discount rate), in the variables (costs, expenses,

man history7. The exploitation of the ecosystems occurred

revenues) or in variable restrictions (minimum wage, labor

with the purpose of generating well-being and economic

costs, environment standards). The values used as parame-

development (although unequally distributed), without

ters, variables and restrictions depend on the pressure that

taking into account the long-term impacts of these deci-

society (consumers, shareholders, sponsors, employees,

sions on maintaining the capacity of the ecosystems and

suppliers, lawmakers, and other stakeholders) imposes on

its implications for human well-being of the current and

the company’s activities. The perspective adopted in the

future generations. In particular, two points of concern

analysis of the cases studies represents a portion of the

emerged: prosperity and poverty reduction depend on

wider context of the ecosystem services and economic ex-

maintaining the flow of ecosystem benefits; and, for envi-

ternalities influencing corporate financial performance.

ronmental protection to occur, a sound economy that recognizes the value of ecosystems and biodiversity, seeking
efficient allocation and fair distribution of the costs and
benefits of conservation and sustainable use of natural
resources, is needed8. It is essential that ecosystems are
considered in political and economic decision-making to
reverse the trend of degradation.

5

For additional reflections, please see the Corporate Guidelines for the
Economic Valuation of Ecosystem Services (DEVESE), available at GVces’
website.
6 (Daily, 1997)
7 (Millennium Ecosystem Assessment - MEA., 2005)
8 (TEEB - The Economics of Ecosystems and Biodiversity., 2010)
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Natural capital, ecosystem services and biodiversity are

The economic allocation of natural capital cannot be effi-

related concepts. Natural Capital can be defined as “stock

cient using only market mechanisms, since most valuable

or reserve provided by (biotic or abiotic) nature, which

natural capital components have no price. Additionally,

produces a valuable future flow of natural resources or

market prices are directly influenced by the purchasing

services”9. Thus, the ecosystems are an example of “stock”,

power of the demand - comprised only by part of the so-

while ecosystem services are the flow of benefits from eco-

ciety who can actually access this market – and, therefore,

systems to society10. Biodiversity, along with the physical

are likely to distort natural capital economic value in the

environment (soil, water, climate, relief, etc.) is the funda-

context of society as a whole, since they do not incorpo-

mental component of ecosystems. Biodiversity loss, there-

rate the perception of value of those who cannot access

fore, damages the ecosystem functions and resilience, thus

this market15. Thus, business decisions direct or indirectly

threatening the flow of ecosystem services that benefit cur-

involving natural capital cannot be solely made on market

rent society, upon which future generations depend. Those

information16.

threats are likely to increase due to climate change and
growing human consumption of natural resources11.

Natural capital is ultimately a society heritage and it is
critical for people’s quality of life. Because of it, society

The importance or value of ecosystem services for society

has demonstrated increasingly less tolerance with adverse

has different dimensions: ecological, which is linked to the

externalities, and purchasing decisions started to privilege

resilience and integrity needed for ecosystems to keep

more sustainable business and products.

supplying their services; sociocultural, which is related to
beliefs and cultural values; and economic, based on utility

Therefore, businesses must advance in the incorporation

as a measure of social welfare12. However, its incorporation

of natural capital and ecosystem services into their de-

into business decision-making processes or public policies

cision-making processes, otherwise their image will be

is not trivial and demands innovation in practices, process-

compromised towards society and its consumers, they may

es and strategies. One of the major challenges has been

lose competitiveness in the markets they operate and lead,

sizing and, more specifically, quantifying and economically

and they may deal with operational risks due to variations

valuating dependencies, impacts and externalities related

in natural capital and ecosystem services. Also, they may

to ecosystem services. Quantification is considered the es-

have their social license to operate questioned. Business

timation or measurement of ecosystem service using phys-

that start taking actions in that sense will certainly find

ical metrics, such as cubic meter (m3), tons, etc. The eco-

competitive edge to grow, thrive and take the lead in the

nomic valuation is the integral or partial economic value

markets they operate. In this sense, traditional financial

of an ecosystem service, in monetary units (Brazilian Real

models of project evaluation must include socio-environ-

or other currency) .

mental dimensions such as natural, human and social cap-

13

ital, interacting and creating an information flow throughQuantification and economic valuation provide quantita-

out the project valuation process.

tive data that is useful both for business decision-making
and for monitoring the results and impacts caused by the

It is important, however, to never lose sight that economic

decisions made. They enable comparison of impacts, risks,

value is only one component of the total value of natural

dependencies and externalities related to natural capital

capital and ecosystem services and their ecological and so-

directly with their corresponding equivalents related to

cio-cultural values should also be evaluated where possible.

other types of capital (built or physical - machines and
equipment, etc. -, technological and human)14.

9
10
11
12
13
14

(Daily & Farley, 2010)
(Farley, 2012)
(DE GROOT, 2012)
(TEEB, 2012)
DEVESE, 2015
DEVESE, 2015

15 (Farley, 2012)
16 (TEEB, 2012)
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Connection between
Natural Capital and Finance

However, aspects that potentially affect the value of a
company or project in the long run – such as market positioning, the availability and access to natural resources,

Although fundamental to sustainable development, includ-

organizational problems, aspects related to social issues –,

ing socio-environmental aspects into evaluation models of

do not appear in the accounting statements and, often, are

business projects is still a major challenge.

not reflected in cash flow forecasts. Therefore, traditional
financial analyzes are unable to reflect the economic value

Sustainability issues deal predominantly with externali-

of a corporate investment considering sustainability issues.

ties of goods for which there is no market, and therefore,
of difficult valuation. Externalities can be defined as the

The discounted cash flow valuation methodology is often

consequence of action taken by an agent that affects the

used. In this model, an expected cash flow is discounted in

well-being (or the production function) of another agent

the future, to bring it to present value, using a discount rate.

without compensation being paid or received. Therefore,

The higher the discount rate used, the lower the present

the consequences produced by the action are not reflect-

value of the flow.

ed in market prices. They can be either positive or negative. An example of a positive externality is when a person

The following equation expresses, mathematically, the

decides to “consume” education. Although this is a private

concept:

decision (of the person who has made the decision), there
are gains for the rest of society. A classic example of a negative externality is the impact on third parties of pollution

Equation 1: The calculation of the Net Present Value

caused by an economic agent. Often, sustainability issues
deal with common goods, for which property rights or rules
for access and use are not clearly defined.
Traditional financial decisions are based on the analysis
of economic value generation, based on calculations that
consider, as assumptions, current and projected market
prices. Thus, the inclusion of socio-environmental aspects

N

∑ (1+k) - I

NPV =

FCFt

t =1

t

0

in traditional financial decisions is not trivial, because they
are externalities – that is, aspects for which there is no

Source: Copeland, Weston, Shastri (2005).

market price.
There are several decision-making criteria in finance for

NPV is the net present value and FCFt is the free cash flow

capital allocation, established by the academic literature

for period t, I0 is the initial cash disbursement with the proj-

and in the practices of financial managers. Those criteria

ect, k is the firm’s weighted average cost of capital, and N

comprise the financial manager’s “toolbox”, such as simple

is the number of years of the project. The eligible projects

and discounted payback, analysis of rates of return, and

have a positive NPV (for definitions of concepts, see Box 1).

net present value. In essence, these rules consider that the
common denominator between different courses of action

An important development in the connection between sus-

is the expected economic value of each of the alternatives

tainability and corporate finance is the quantification of

under analysis (except simple payback, which is the least

how aspects associated with sustainability can impact both

recommended method). The expected economic value will

projected cash flows and discount rates. By addressing ex-

depend on the expectation of cash flows generated by the

ternalities - aspects for which there is no market - the con-

projects under analysis and the opportunity cost of the

sideration of externalities in traditional capital budgeting

company’s financial resources, the so-called discount rate17.

techniques is not trivial and remains a challenge for corporate finance. And, that is the contribution of the proposed
study: to contribute to advance the theory and practice of

17 (Copeland, Weston, & Shastri, 2015)

financial managers in the formal and explicit incorporation

EXPLORING CONNECTIONS BETWEEN CORPORATE FINANCE AND ECOSYSTEM SERVICES: PILOT STUDIES | GVCES

of natural resources and ecosystem services in projects’ fi-

21

compromising the supply of natural resources for fu-

nancial valuation.

ture generations.
•

The environment has other important non-economic

In the relation between discounted cash flow and socio-en-

values (the sociocultural and ecological values) that

vironmental themes, the use of discount rates is one of

can also be compromised if the discount rate stimu-

the main conceptual dilemmas. The need to discount, at

lates its immediate consumption and, consequently, its

present value, future estimates, remains one of the great-

degradation.

est challenges and controversies of the environmental
economic valuation: the definition of the intergeneration

The process for incorporating socio-environmental aspects

discount rate. This rate is used to discount to present value

into feasibility analysis is based on a better understanding

the future flows of ecosystem services, expressed in mon-

of the physical, biological and social impacts, enabling fi-

etary value, in order to consolidate the estimate for the

nancial managers to estimate the economic value of dam-

entire time horizon of the analysis. The qualification as “in-

ages caused to the environment, allowing socially respon-

tergenerations” refers to the impact that the chosen rate

sible investment decisions and also to map, in more depth,

can have on the equity between present and future gener-

the risks involved.

ations regarding the allocation and availability of ecosystem services. Thus, a purely financial logic determining the

This is an important limitation of this study: no special con-

rate may depreciate future natural capital, so this decision

siderations were made regarding the inclusion of ecosys-

must take into account other factors, as follows:

tem services in the discount rates used in the cases presented. As the analyzes refer to the company’s point of view, to

•

The calculation of discount rates according to tradi-

simplify, only the cost of capital adopted by the company

tional financial methodologies (weighted average

in its investment analysis processes was considered.

cost of capital and cost of equity capital, for example)
is based on interest rates practiced in the economy.
Adopting them for socio-environmental (and ecosystem services, in particular) issues assumes that those
aspects can be perfectly replaced with financial capital, which does not correspond with reality.
•

The decision based on the present value of future flows
of ecosystem services may favor consumption and
degradation of natural capital by present generations,

Case Studies

This chapter presents three pilot case
studies that assess the sensitivity of
environmental variables in corporate
investment analysis. Valuations of baseline scenarios will be presented and
compared with scenarios in which ecosystem services are unavailable. The results are presented in base 100 to maintain confidentiality of the data provided
by the companies.
The cases have particular characteristics that allowed to explore different
business scenarios. It is also presented
a comparative case analysis to identify
the challenges and opportunities linked
to the investment evaluation process
that incorporates shortage scenarios of
ecosystem services and natural resources. The cases and assumptions adopted
for the analysis are detailed below.
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Centroflora
The impact on the Company of the
dependency of raw material for Rutin Production

PRESENTATION

to management and climate19. Thus, although the vegetable is abundant in the region, the production of faveiras

The Centroflora Group was founded in the city of Sao Pau-

can also be affected by climate change and by potential

lo/SP in 1957 and has production units in the cities of Botu-

difficulties in its management. The risk of deforestation in

catu/SP and Parnaiba/PI. The Group is specialized in the

the surroundings of the fava d’anta area could alter the

isolation, extraction, concentration and drying of botanical

local rainfall index and influence plant productivity. This

extracts, operating in the development and trading in the

possible microclimate alteration or the occurrence of a

segments of personal care, nutrition and health.

more drastic and adverse climatic event could reduce the
availability of fava necessary for Centroflora’s production.

Rutin is one of the substances processed by the company
and is used in the production of pharmaceutical products

Facing this situation, the analysis considers a shortage sce-

and cosmetics. This active principle can be synthesized

nario of fava d’anta within the limits of the Araripe-Apodi

from fava d’anta, which contains very high amounts of rutin.

National Forest and the APA of Chapada do Araripe, which
supply Centroflora’s production unit located in Parnaiba/

Fava d’anta is a plant of the legume family and has two

PI. The ecosystem service evaluated is the Provision of Raw

known species. One of them is the Dimorphandra gardneri-

Material, which refers to the amount of raw material pro-

ana, which presents a high content of rutin and is endemic in

vided by the ecosystem. With the decrease in the produc-

the Chapada do Araripe region. The extraction of fava d’an-

tion of faveiras, Centroflora is impacted by: (i) the increase

ta occurs in two areas in this region: (i) within the limits of

in the cost of raw material due to scarcity; and (ii) loss of

the Araripe-Apodi National Forest (Flona); and (ii) in the En-

income (decrease in revenue).

vironmental Protection Area (APA) of Chapada do Araripe.
Two methods of valuation of ecosystem services were used
The APA of Chapada do Araripe is predominantly caatinga

for the analysis: (i) the Replacement Cost Method for the

and includes an area of 972,590 hectares. The Araripe-Apo-

valuation of the ecosystem services of provision20, which

di National Forest covers an area of approximately 38,262

is the capacity of the ecosystem to provide the amount of

hectares and about 140 kilometers perimeter, between the

fava d’anta used in the company’s operation; and (ii) the

cities of Barbalha, Crato, Jardim and Santana do Cariri, all

Marginal Productivity Method to analyze the impact of the

in the state of Ceara18. Centroflora works with three suppli-

oscillation of fava supply on the company’s revenues.

ers in the region of Cariri/CE, of which two are associations
of rural settlers and one is an intermediary from the com-

ADOPTED ASSUMPTIONS

munity of Cacimbas.
In the construction of the company’s valuation model,
In 2014, local fava suppliers reported difficulties in provid-

some traditional assumptions were adopted, based on the

ing enough material to comply with the contracts signed in

information provided by the company, and they seek to

2013. Flona’s management attributed the low fava production due to a period of drought, correlating fava production

18 (SILVA et al., 2012)

19 Interview granted to Ecossistemas Assessoria Técnica in December 2014.
20 The method is based on the Corporate Guidelines for Economic Valuation of Ecosystem Services (DEVESE), based on The Economics of Ecosystems and Biodiversity (TEEB).
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highlight future expectations of Centroflora’s operations.

is caused by reduced resource availability due to climatic

As follows:

events. The reduction in sales may also be related to climate change and cost increases. Different percentages

•

•

the construction of the time horizon of the operation

of cost increase and loss of revenue were defined, repre-

to be analyzed was made based on the growth rates of

senting scenarios of shortage of fava d’anta. In the model,

price, production and cost;

those shocks were incorporated every two years, according

growth and perpetuity rates were defined using the

to fava d’anta’s natural flowering process. For a compara-

company’s information of historical series, as well as

tive analysis of the impact of those shocks, the following

analyzing future macroeconomic and sectoral per-

scenarios were defined:

spectives;
•

The ROIC (return on invested capital) and growth were

Baseline Scenario: it indicates the result of the finan-

considered the main vectors for the company’s value

cial analysis of Centroflora’s operation in a shortage

generation. ROIC is one of the main variables of an in-

scenario of raw material, fava d’anta.

vestment evaluation process;
•

•

•

Shortage Scenarios of Raw Material type A: they indi-

The discount rate21 was estimated at 8.58% per year,

cate the result of Centroflora’s financial analysis, in-

based on the cost of equity capital, the cost of equity

corporating the impacts generated by shortage of fava

capital of third-parties and the proportion of the dif-

d’anta and the increase in purchase costs. Those sce-

ferent sources of capital financing the operation. The
third-party cost of capital was provided by Centroflora,

narios had four impact variations.
•

Shortage Scenarios of Raw Material type B: they indi-

as well as the proportions of the different sources of

cate the result of Centroflora’s financial analysis, in-

capital. The cost of equity capital was estimated using

corporating the impacts generated by shortage of fava

the Capital Asset Pricing Model (CAPM).

d’anta and the increase in purchasing costs, and loss
of revenue. Those scenarios had four impact variations.

For the simulation of alternative scenarios incorporating
impacts of shortages of raw material supply, in the case of

Table 1 below shows the percentages of impacts on in-

fava d’anta, it was considered that the potential risk orig-

corporation of shortage scenarios of raw material cost

inates from increases in fava purchase costs and/or from

increase and loss of revenue in the different scenarios of

the reduction in sales of final products. The cost increase

shortage of fava d’anta.

21 WACC

Table 1: Shortage Scenarios of Raw Material
SCENARIOS

PERCENTAGE APPLIED

Scenario 1A – Extraordinary cost increase of

10%

Scenario 2A – Extraordinary cost increase of

20%

Scenario 3A – Extraordinary cost increase of

30%

Scenario 4A – Extraordinary cost increase of

50%

Scenario 1B – Cost increase and reduction in sales of

10%

Scenario 2B – Cost increase and reduction in sales of

20%

Scenario 3B – Cost increase and reduction in sales of

30%

Scenario 4B – Cost increase and reduction in sales of

50%

Source: the authors.
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RESULTS

Table 2 and Figure 3 present the results of the sensitivity analysis of shortage scenarios of fava d’anta in Centroflora’s operation, based on the adopted assumptions
and the model that was developed.

Table 2: Results of the Simulated Scenarios

Figure 3: Projection of the results for Baseline and
Shortage Scenarios of Raw Material (in base 100).

SIMULATED SCENARIOS

BASE 100

Baseline Scenario

100

Scenarios Type A
Increasing Costs

Scenarios Type B
Increasing Costs and
Loss of Revenue

1A

97.39

2A

94.77

3A

92.16

4A

86.93

1B

93.41

2B

86.81

3B

80.22

4B

67.04

Source: the authors based on Centroflora’s data.

Baseline
Scenario

100

1A

97.39

2A

94.77

3A

92.16

4A

86.93

1B

93.41

2B

86.81

3B
4B

80.22
67.04

Source: the authors based on Centroflora’s data.

The results show that the sensitivity of Centroflora’s value

In addition, it can be said that there is an intrinsic value

to the incorporation of shortage scenarios of raw material,

in conducting scenario simulation, since other factors may

in its value analysis, is gradual according to the assigned

also impact the availability of raw material, not only cli-

impact and its degree. By analyzing shortage scenarios of

mate change scenarios, but also the entry of other players

raw material, it is verified that the worst-case scenario (4B)

in the region and review by local associations of the con-

would reduce the company’s value by 32.96%, starting from

tracts of raw material supply.

base 100 to 67.04 points. The risk of shortage of the service
of provision of raw material does not guarantee its availability in 100%.
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CASE SUMMARY
Table 3: Summary of Centroflora case’s assumptions

• The sales price in Brazil and abroad,
the sales volume, the expected
growth, the tax rate (domestic and in
international trade operations), the
costs, expenses and investments, the
structure and the cost of capital were
provided by the company;

• A perpetual growth of 2% per year
was used;
• The WACC was calculated using the
weighted average interest rate of the
company’s debts;
• Perpetuity was assumed after 5 years,
with constant and perennial growth.

Source: the authors based on Centroflora’s data.

Figure 4: Summary of Centroflora case

Centroflora
Group

Shortage Scenarios
of raw material

Different percentages of impacts
were applied in cost increase
and loss of revenue

Extractivism of
fava d’anta
Reduction in the production of cosmetics
CONTEXT
SCENARIO TYPE A

Risk of deforestation
in the surroundings
Microclimate change –
severe weather event
Low production
of fava d´anta

Increasing Costs
(by pressure of the demand)

SCENARIO TYPE B

Increasing Costs
+ Loss of Revenue

TeSE
Replacement Cost Method
Marginal Productivity Method

Ecosystem services:
Provision of raw material

NVP Analysis in base 100
Sensitivity of Centroflora’s
value to the incorporation
of shortage scenarios of raw
material in its value analysis

Source: the authors based on Centroflora’s data.

Baseline scenario

Shortage scenario Type A

Shortage scenario Type B

100

97.39 – 86.93

93.41 – 67.04
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Duratex
The Impact of Positive Externalities Generated by the
Implementation of a Recycling Project for Sanitary Ware

PRESENTATION

use of virgin material and the amount of waste sent to landfills. The reduction of waste sent to landfills is important

Duratex S.A is a listed company controlled by Itaúsa. It is

mainly in large urban centers, as the availability of landfills

considered one of the largest producers of industrialized

has become rare and distant from the producing centers,

wood panels, floors, crockery and sanitary ware in the

making the disposal of those materials more expensive

southern hemisphere. It is a leader in the Brazilian mar-

both from an environmental and economic perspectives.

ket with Durafloor, Duratex, Deca and Hydra brands, with
headquarters in Sao Paulo and fifteen industrial units locat-

Deca’s Jundiai Crockery unit sends its waste to a landfill lo-

ed in the states of Sao Paulo, Sergipe, Minas Gerais, Paraiba,

cated near the company installations. However, when the

Pernambuco, Rio Grande do Sul, Rio de Janeiro and Santa

useful life of this landfill ends, it will be necessary to use

Catarina. This case study refers to Deca division and the

an alternative location for waste disposal, which is located

production unit in Jundiai/SP, in the state of Sao Paulo,

about 30 km away, in the city of Caieiras (at the Essencis

which is responsible for the manufacture of crockery.

Soluções Ambientais landfill). As a result, Duratex implemented in this unit a crushing system for pieces that failed

The Jundiai unit implemented an environmental manage-

quality control analysis (defective ware), reducing by 30%

ment project for waste recycling of sanitary ware. This

the amount of waste sent to the landfill. This crushed mate-

project is aligned with the National Policy on Solid Waste

rial (pitcher) returns to the plant’s production process as an

(PNRS). Since 2010, the PNRS has become part of the waste

input, and represents a reduction of 7% in the use of virgin

management agenda of cities and companies.

material in the unit’s production process. The process also
allows the reduction in the use of some non-renewable raw

The region of Jundiai, where the Deca unit is located, is in

materials, such as quartz and granite, whose extraction

need of new areas for waste disposal. Since 2006, when the

process emits 0.03 kg CO2 eq/kg. As one of the results, the

municipal waste landfill was closed, the city sends its waste

project represented a reduction of 150 tons of waste that

(urban solid waste) to the Sanitary Landfill of Santana do

would be sent to a landfill in 2014, representing a reduc-

Parnaiba, 25 km away. According to data from the Solid

tion of R$ 2.900.00 in disposal costs that year.

Waste Management Center (Geresol) of the city of Jundiai22,
only 5% of the 11.000.000 tons per month disposed in the

The analysis of this case study consists of evaluating the

landfill is sent for recycling. The waste generated by the

value invested in the project (installation of the crushing

civil construction sector in the city corresponds to 17.000

system) considering scenarios of avoided emissions of

ton/month23.

greenhouse gases and the reduction of waste disposed in

In this context, the recycling of waste features as an increas-

financial and environmental benefits for the company and

landfills. That is, the investment in the project generates
ingly efficient and viable alternative, which generates im-

the society, such as: (i) savings in transportation cost and

portant environmental gains, such as the reduction in the

disposal of waste in landfills (R$/ton); (ii) savings in the
acquisition of raw material (quartz and granite); and (iii)
additional revenue from the trading of carbon credits. It is

22 City Hall of Jundiai. Available at: http://www.jundiai.sp.gov.br/noticias/2015/05/05/
23 Presentation of the Sectorial Basic Sanitation Plan for Urban Cleaning
and Waste Management. Available at: www.jundiai.sp.gov.br.

important to highlight that this case study is related to the
reduction in the use of natural resources, of raw material
as an example, and not directly to ecosystem services. It is

EXPLORING CONNECTIONS BETWEEN CORPORATE FINANCE AND ECOSYSTEM SERVICES: PILOT STUDIES | GVCES

29

a case of eco-efficiency, when it is intended to produce the

landfill costs and in waste transportation. The cost of waste

same product using less input.

disposal in landfills is R$20 per ton and the cost of waste
transportation to the landfill is R$11 per ton. The cost of
waste disposal in the landfill was subsequently sensitized

ADOPTED ASSUMPTIONS

to simulate scenarios in which price changes due to low
The financial analysis was based on historical data provid-

availability of landfills in large urban centers. The follow-

ed by the company, such as balance sheets, Income State-

ing scenarios were used for this case study:

ment (DREs), cash flows and production details. The objective was to analyze the value of the company’s operation

•

Baseline Scenario with the Project: it indicates the

in the absence and presence of the project, and to simulate

company’s value after the implementation of the

scenarios with potential shocks in the prices of waste dis-

crushing project, in which the company benefits from

posal in landfills.

the reduction of raw material purchase, with an initial
investment of R$ 1.5 million;

In order to build the valuation model, some assumptions

•

were adopted, as follows:

Scenario without the Project: it indicates the company’s value without the crushing operation and, consequently, without the initial investment. The cost of

•

The projections of revenue, expenses, operating costs,
financial results, depreciation/amortization and cost of

waste disposal in landfills is R$20 per ton;
•

sold goods (CPV) were estimated based on the results
and quarterly financial variations presented by the

ly, without the initial investment. The cost of waste dis-

company. For revenue projection, linear regression was

posal in landfills is R$50 per ton;

applied to obtain a growth coefficient that incorpo-

•

rates the temporal effects of sales, GDP and inflation;
•

•

Scenario without Project 2: it indicates the company’s
value without the crushing operation and, consequent-

The growth and perpetuity rates were defined using the

ly, without the initial investment. The cost of waste dis-

company’s historical information series and the analy-

posal in landfills is R$100 per ton;

sis of future macroeconomic and sectoral perspectives;
•

Scenario without Project 1: it indicates the company’s
value without the crushing operation and, consequent-

The projection of cash flows for a five-year period. Af-

•

Scenario without Project 3: it indicates the company’s
value without the crushing operation and, consequent-

ter the fifth year, perpetuity was assumed, that is, there

ly, without the initial investment. The cost of waste dis-

is a constant perennial cash flow with a rate of 2%;

posal in landfills is R$150 per ton.

The participation of the Jundiai unit is 9.43% in relation
to the total produced. This percentage is calculated us-

However, it is known that there are environmental gains

ing the average amount of crockery produced in four

with avoided emissions, generating a positive externality

years, from 2011 to 2014, and serves as the baseline for

that can be calculated using the Replacement Cost Meth-

the projection of production in future years;

od, based on the Social Cost of Carbon of US$38 for 2015,

•

The assumed income tax rate was 34%;

which is different from the trading cost in carbon markets.

•

The required working capital assumed was 30%, based

The Social Cost of Carbon represents the amount that

on balance sheets and projections for 2016 to 2020;

would cover the expenses of negative externalities gener-

The discount rate adopted was 4.74% , obtained di-

ated by the emissions (see more in Annex 4).

•

24

rectly from the official financial information disclosed
by the company in the financial statement of 2014.

As a result, additional corporate revenue was calculated in
case the company valued avoided emissions from the im-

In order to quantify and incorporate the environmental ef-

plementation of the crushing system (for example, trading

fect in the project’s valuation, the chosen path was to con-

in an emissions trading system25). This revenue was estimat-

sider the absence of project implementation and to sensitize future projections regarding a potential increase in

24 WACC

25 The Social Cost of Carbon was used as a proxy for the long-term price of
carbon in the carbon market. Since there is a great variation in carbon
prices in different markets, the Social Cost of Carbon will be used as
proxy, to price emissions in the period in this report.
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ed at R$ 11,275 per year, considering the avoided emissions

•

500 tons per month was the amount of crockery pro-

in the scenarios (1) of exploration of a lower quantity of raw

duced, of which 30% were reused. According to projec-

material; (2) of transportation from the mine to the factory

tions of crockery production, it was possible to estimate

of a lower quantity of raw material; and (3) of transportation

the volume of units discarded, reused parts and the

of a lower quantity of waste to the landfill. This figure also

avoided cost with landfill disposal. Estimates consider

considers the energy consumption of the crusher. However,

the historical percentage of discarded units, the aver-

this additional revenue was not incorporated into valuation.

age weight of the part and the costs of sending and dis-

The assumptions used for this calculation were:

carding in the landfill.

•

7% is the reduction in the use of raw material provided

Table 5 below presents the calculation for estimating the ad-

by the crushing system; and

ditional revenue with avoided emissions from the implementation of the crushing system project.

Table 4: Social Cost of Carbon

Table 5: Calculation of additional revenue with avoided emissions
REVENUE OF CARBON AVOIDED EMISSIONS

According to a study from the World Bank pub-

Avoided emissions

lished in September 2015, the “State and trends in

(1) Raw Material

carbon pricing”, currently around 40 national jurisdictions and 20 cities, states and regions are in the
process of pricing carbon. In addition, the number
of carbon pricing instruments (whether via market
or taxation) has increased from 20 in 2012 to 38 in
2015. Yet, the trend for existing carbon prices has
varied from less than US$1 per tCO2 up to US$130
per tCO2. It is important to note that most emis-

R$ 11,275

54

CO2eq/ton

Raw material which is no longer used

150

ton/month

Recycled Raw Material

7%

(2) Transportation of Raw Material

16

CO2eq/ton

Raw material which is no longer used

150

ton/month

Distance from the mine

69.25

km

7

CO2eq/ton

(3) Waste Transportation

sions (85%) cost less than US$ 10 per tCO2, which is

Waste per month with the project

350

ton/month

considerably lower than the Social Cost of Carbon

Waste per month without the project

500

ton/month

of US$38 per tCO eq, as detailed in Annex 4.

Distance to the waste landfill

30

km

Reduction of raw material to the landfill

30%

2

Energy consumption of the crusher

3.4

CO2eq/ton

Energy consumption of the crusher

5.5

kWH/ton

0.03

tCO2eq/ton

• Truck transportation emission factor

0.132

CO2eq/ kg

•

Carbon price

38

Dollars

•

Exchange

4

•

Power factor

0.344

•

Quartz and granite emission factor

CO²eq/kg
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RESULTS

Table 6 and Figure 5 below present the results of the market value analysis for Duratex’s Deca division, in different
simulated scenarios. The analysis sought to quantify the
effect of project implementation and of the recycling
practice associated with the reduction in the cost of raw
material. The values are presented on base 100, that is,
the largest value is the baseline and variations are applied according to the result in this base.

Table 6: Valuation Results for different Scenarios

SIMULATED SCENARIOS

BASE 100

Scenario with the Project

100

Scenario without the Project (20 R$/ton)

89.57

Scenario without Project 1 (50 R$/ton)

89.15

Scenario without Project 2 (100 R$/ton)

88.45

Scenario without Project 3 (150 R$/ton)

87.74

Source: the authors based on Duratex’s data.

Figure 5: Results of Value Analysis
for different Scenarios

Scenario
with project

100

Scenario
without project
(20 R$/ton)

89.57

Scenario
without project
1 (50 R$/ton)

89.15

Scenario
without project
2 (100 R$/ton)

88.45

Scenario
without project
3 (150 R$/ton)

87.74

Source: the authors based on Duratex’s data.

The estimated value of Duratex’s Deca crockery unit, in

The analysis of scenarios shows that the implementation

Jundiai, is higher when the investment in the crushing sys-

of the project is desirable both from the environmental

tem occurs than when there is no investment. That is, the

point of view and in terms of financial profitability. By

investment in the crushing project, which allows the reuse

comparing the scenario with project implementation to

of part of the waste that would be discarded in the produc-

scenarios without the project, it is observed that the invest-

tion process, increases the value of the Deca unit in Jundiai.

ment makes the company more resilient to future shocks

This increase is estimated at more than 10%.

of price of waste disposal in landfills, which are likely in a
scenario of transition to a low carbon economy. As expected, the increase in the cost of waste disposal in landfills (in
scenarios 1, 2 and 3) raises the attractiveness of the investment in the crushing equipment.
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CASE SUMMARY

Table 7: Summary of Duratex case’s assumptions

•
•
•

•

•

Unit participation in total production
is 9.43%;
The historical Income Statement (DRE)
figures were updated using the IPCA;
Revenue projection: linear regression
model for net revenue, using as
covariates the net revenue lagged by a
quarter, by four quarters and GDP growth;
Expenditure projection: the average
percentage of expenses over actual net
revenue (adjusted using the IPCA);
Projection of operating costs, financial
result, depreciation and amortization:
average percentage of the indicator
over actual net revenue (adjusted using
the IPCA);

Source: the authors based on Duratex’s data.

• Average Ticket (to assist with volume
projections): average net revenue
(adjusted using the IPCA) divided by the
quantity produced;
• Volume Projection: net revenue
projection (econometric model) divided
by the average ticket (previous indicator);
• Volume Projection of Jundiai: average
production in relation to Deca’s total
production between 2011 and 2014. This
figure was used to approximate the entire
valuation;
• Avoided Costs with Landfill: percentage
sent to the landfill multiplied by the
amount spent (cost + transportation);
• Cost of Sold Goods of the Project:
traditional projection minus the savings
from the reuse of parts minus the avoided
cost of transportation of the landfill.
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Figure 6: Summary of Duratex’s case

Crushing System

Duratex
Deca – Jundiai Unit

Reduction in the use
of virgin material

Reduction in the
amount of waste
disposed in landfills

CONTEXT

Environmental
management project
Recycling of sanitary ware
National Policy
on Solid Waste (PNRS)

Cost reduction
with waste
transportation

Savings in the
acquisition of raw
material

Revenue from
the sales of
carbon credits

TeSE
Replacement Cost Method for avoided emissions
Social Cost of Carbon

NPV Analysis in base 100
in the presence and absence
of the crushing system

Project with scenario

Project without scenario

Project without scenario 1, 2, 3

100

89.57

89.15 – 87.74

Different increases in landfill costs and costs of waste transportation

The costs of waste disposal in
landfills used were R$50, R$100
and R$150 per ton of waste.

Source: the authors based on Duratex’s data
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Copel
The Impact of the Company of Dependency of Water
for Energy Generation: Bento Munhoz Hydroelectric Plant

PRESENTATION

60 GW (23% of the Brazilian hydroelectric potential, or 260
GW)28, representing an important region in terms of hydro-

Copel - Companhia Paranaense de Energia was founded

electric use.

in 1954 and it operates in the areas of energy generation,
transmission and distribution, and telecommunications. The

According to projections, until the middle of the 21st cen-

company owns and operates 20 plants with a total installed

tury, the Parana and Prata Rivers Basins will increase their

capacity of 4,754.6 MW and a physical guarantee of 2,067.7

flow between 10% and 40%29. On the other hand, the con-

MW. The company’s activities serve 4.3 million energy con-

text of climate change which influence the discussions

sumers in more than 1,113 locations of the 394 cities in the

about the country’s management of water resources in-

state of Parana and one city in the state of Santa Catarina26.

dicates that historical data represent less and less future
climate behavior. More extreme climate scenarios are ex-

Copel’s electrical system integrates the National Intercon-

pected in Brazil, with more severe and frequent droughts,

nected System (SIN), which, due to its size and characteris-

floods and heat waves30. Regarding water resources, the

tics, is considered unique worldwide. The SIN is formed by

warming of the atmosphere may lead to changes in pre-

companies from the South, Southeast, Midwest, Northeast

cipitation patterns, affecting the availability and temporal

and the North regions. Only 1.7% of the energy required

distribution of river flows31. This possible scenario of wa-

by the country is outside the SIN, in small isolated systems,

ter variability is also affected by the increasing demand

mainly located in the Amazon region. For this reason, Co-

for water, as a consequence of the population growth and

pel is subjected to a set of norms and technical require-

country development.

ments that establish its responsibility to the network in a
national context.

In this context, this case study intends to evaluate, at the
local level, the operation of Bento Munhoz HP and to con-

The Governor Bento Munhoz da Rocha Netto Hydroelec-

sider water shortage scenarios, analyzing the possible im-

tric Plant (Bento Munhoz HP) is one of Copel’s largest

pacts on the economic value of the company due to the

power plants, with 1,676 MW of installed capacity, and it

reduction in electric power production. Thus, in line with

represents about 35% of the company’s total installed ca-

the methodology adopted for the other two case studies,

pacity. It is located on the Iguaçu River, which is five kilo-

the impacts would be calculated according to: (i) loss of

meters downstream from the mouth of the Areia River and

revenue due to reduction in energy generation, but still

240 km from Curitiba, in the city of Pinhao, and it started

delivering the physical guarantee32; and (ii) the additional

operating in 1980.
The Iguaçu River, where the plant is located, is formed by
the Iraí and Atuba Rivers and it spans the states of Parana
and Santa Catarina, and the province of Misiones, in Argentina27. The Iguaçu River belongs to the Paraná River
basin, whose hydrographic potential is estimated at about

26 (COPEL, 2014)
27 www2.ana.gov.br/Paginas/portais/bacias/parana.

28 http://www.brasil-economia-governo.org.br/
29 Milly, P.C.D. et al., 2005. Global pattern of trends in streamflow and water
availability in a changing climate. Nature, 438, p. 347-350 quoted by the
Brazilian Panel on Climate Change, 2014.
30 (PBMC, 2014)
31 (ANA, 2010)
32 The Physical Guarantee of a plant corresponds to the fraction allocated
to it from the Physical Guarantee of the System. The establishment of
the Physical Guarantee is independent of its actual generation and is associated to the long-term conditions that each plant can provide to the
system, assuming a specific risk criterion of non-market supply (deficit),
considering the hydrological variability to which a plant is submitted
(CCEE, 2010).
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cost for the purchase of energy in the spot market33 to de-

•

35

For the projection of expenses, operating costs, finan-

liver the physical guarantee that could not be generated.

cial results and depreciation and amortization, the

However, this case has a particularity that, due to regulato-

average percentage of each indicator over actual net

ry factors (more details in the “Results” section), invalidates

revenue, adjusted using the IPCA, was used;

the results found.

•

The projection of cash flows was carried out until

Two methods of valuation of ecosystem services were used

•

The residual value and the option of concession renew-

May 2023;
in this case: (i) the Replacement Cost Method for valuation

al were not considered in the modeling.

of the provision of ecosystem services, which refers to the
capacity of the ecosystem to provide the amount of fresh

The alternative scenarios to be simulated in the analysis

water used in the company’s operations; and (ii) the Mar-

are based on the variation of energy generation due to the

ginal Productivity Method, to evaluate the impact of the

availability of the ecosystem service of water provision. To

oscillation of water supply on the company’s revenues.

quantify the impact on the company’s value, some additional assumptions were adopted:

ADOPTED ASSUMPTIONS

•

Copel must comply with the delivery of a minimum

The financial evaluation required the establishment of as-

physical energy guarantee of 95% (576 average MWh).

sumptions for making future financial projections. They are

This corresponds to the amount of energy (average

detailed below:

MWh) that the generation plant must produce to comply with the clauses of the Concession Contract;

•

•

Growth rates were based on the company’s historical

•

and public information series and on the analysis of

tric Energy Trading Chamber (CCEE) was R$562. CCEE

future, sectoral and macroeconomic perspectives;

represents the official location that enables the selling

Bento Munhoz HP is responsible for 35% of the company’s energy generation and transmission, according

and purchasing of wholesale energy in the country;
•

The operational limit of energy generation is 754

•

The projection of the plant’s total and average energy

to information available on the company’s website. The
projections were made for the company as a whole

•

•

The average market price (R$/MWh) traded at the Elec-

(MWh), which is the maximum production of the plant;

(generation and transmission) and subsequently the

generation, which served as baseline for the sensitivity

values were multiplied by this rate;

of the evaluation, resulted in R$ 113,119 (R$/MW). This

The discount rate adopted was 5.59%34, as shown in the

assumption was based on a linear regression model

financial statement of 2014, available on the compa-

that sought to present a projection of energy genera-

ny’s website;

tion based on the power plant’s monthly historical data,

The figures presented in the Income Statement (DRE)

provided by hydrology reports.

- which contains information on generation and trans-

•

mission performance from 2009 to 2014 - were adjust-

To establish the water shortage scenarios, a stochastic

ed for inflation using the National Extended Consumer

simulation of the monthly useful volume of available wa-

Price Index (IPCA) published by IBGE;

ter was carried out. This approach involves the generation

For revenue projection, linear regression was per-

of random numbers with the objective of exploring the

formed for net revenue, using, as covariates the net

uncertainty space or the field of possibilities of a given

income lagged by one year and GDP growth. For the

physical phenomenon, in this case the availability of wa-

projection of GDP growth expectation, the average fig-

ter. Thus, 10,000 scenarios were simulated for the monthly

ure of the Focus Report was used;

projections of useful water volume from 2015 to 2023.
Based on the results of the simulations of the monthly projections of useful water volume, a linear regression model

33 The spot market represents the "instant" market, immediate delivery of
the commodity and cash payments, to meet unforeseen energy demand
(ABRACEEL, 2017).
34 Weighted Average Cost of Capital - WACC

was estimated for the average monthly energy generation.
The covariates used were the monthly average generation
lagged by one year and the useful volume, based on the
data for the plant in 2014.
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The effect of the shocks depends on the desired amplitude

RESULTS

in the simulation and is obtained by the standard deviation
of the expected results. The higher the standard deviation

After modeling the case study, according to the assump-

employed in the simulation, the greater the negative im-

tions and scenarios presented previously, the perspective

pact on the value of the plant’s operation. In this case, a

of the integration of Copel in the SIN and its regulatory

standard deviation of 35 was employed and its amplitude

aspects were incorporated in the analysis. As a result, it

was defined in discussions with the project team, seeking

was noted that the effects of a possible shortage of water

a realistic but extreme parameter of water risks. Only the

resources concentrated only on the basin in which Bento

scenarios in which there is an increase in cost and/or loss

Munhoz HP is installed is protected by the national net-

of revenue were analyzed. For a comparative analysis of

work system regulations. This regulation establishes that

those results, three scenarios were defined:

power generation companies in Brazil compensate, in
terms of the amount of energy generated, the potential

•

Baseline Scenario: it indicates the result of the finan-

generation valleys caused by water shortage, for example.

cial analysis of the plant in a scenario of no shortage

The purpose of this regulation is to maintain the stability

of water resources, marked by regularity of water re-

of the SIN energy network and the delivery of the physical

sources, based on historical series and projections tra-

guarantee of energy as a whole.

ditionally pointed out by the literature.
•

•

Water Shortage Scenario: it indicates the result of the

In order to reflect the reality and to analyze the impacts

financial analysis of the plant incorporating the im-

generated by Copel due to a shortage of water resources

pacts generated by water shortage, using the average

for hydroelectric power generation, it would be necessary

result of the simulations of each month.

to expand the analysis for all the basins and energy gen-

Severe Water Shortage Scenario: it indicates the result

erating companies (incorporating the SIN logic) which is

of the financial analysis of the plant incorporating the

outside the scope of this work.

impacts generated by water shortage, based on the
worst results of each simulated month.

Thus, the regulation and operation of the SIN contribute to
the fact that Copel is not directly impacted in a scenario
where climate change negatively affects the supply of water resources for power generation. Therefore, a broader
analysis, with a national scope and guided by the network
operating logic, would be necessary to analyze the potential impacts that water shortage would represent for the
valuation of the energy generating companies. In Copel’s
case, it is observed that national regulation had the objective of reducing the local physical risk.
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SUMMARY OF COPEL’S CASE
Table 8: Summary of Copel case’s assumptions

•

Bento Munhoz HP represents 35% of Copel’s
total power generation and transmission;
• Discount rate: 5.59%;
• The figures reported in the Income
Statement (DRE) were updated using
the IPCA;
• For the projections of revenue, expenses,
operating costs and financial results, the
average percentage of the financial result
over the actual net income was calculated
(adjusted using the IPCA);

•

Depreciation and amortization:
average percentage of depreciation
and amortization over actual net
revenue, only between 2011 and 2014
(adjusted using the IPCA);
• Calculated scenarios are based on
the variation of energy generation;
• The residual value and the option
for concession renewal were not
considered.

Source: the authors based on Copel’s data.

Figure 7: Summary of Copel case

Ecosystem Services: Water Provision

Water shortage scenario

Stochastic simulation of the monthly
useful volume of available water

Copel
Reduction in energy production

Bento Munhoz HP

Loss of revenue

TeSE

Additional cost

Marginal Productivity Method
Replacement Cost Method

CONTEXT

Climate Change:
Water Variability
Population growth:
increasing demand
for water

Source: the authors based on Copel’s data.

NPV Analysis in base 100
The operation of the plant faces a potential fall in value due
to the negative variation of the environmental resource
Baseline
scenario

Water shortage
scenario

Severe water
shortage scenario

100

82

45
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Conclusion

The case studies indicate that companies may be vulnera-

In addition, the companies’ unfamiliarity with their im-

ble in the short and long terms if they do not incorporate

pacts and dependence on natural resources and ecosys-

the effects of climate change into decision-making process-

tem services makes them poorly visible in decision-making

es. Moving from the perceptive of risk to one of opportunity,

processes. There is also the “time horizon” factor: many

the incorporation of environmental aspects in investment

impacts on natural resources and ecosystem services may

analysis may indicate potential future gains. As society

take decades to be felt by business, and therefore are not

moves towards sustainable development, corporate ac-

part of the decision-making, considering only a few years

tions aligned with this principle tend to be increasingly

ahead of the operation. Therefore, if there is no correct

valued. For example, companies that reduce greenhouse

perception of shortage of natural resources and ecosystem

gas emissions may benefit from additional revenue with

services, companies will hardly strive to incorporate them

the selling of carbon credits or payment for carbon-related

into the decision-making process.

environmental services.
This is particularly observed in situations in which compaIn the pilot cases analyzed, it is possible to identify struc-

nies operate with large margins. Companies with invest-

tural issues that hinder the approximation between corpo-

ment projects with large operating profit margins tend to

rate finance and sustainability. The difficult access by the

have less incentive to carry out rigorous financial analyzes

companies’ financial analysts to databases of environmen-

of their projects, that consider natural resources and eco-

tal aspects may hinder the incorporation of environmental

system services.

elements into investment analysis. It is critical that data
and methods necessary for valuation processes of ecosys-

The opportunities for incorporating ecosystem services

tem services and natural resources are more easily avail-

and natural resources into the processes of investment

able to these analysts. This issue also involves the correct

analysis are materialized with the generation of revenue

signaling, through public policies, of the environmental

associated with the selling of carbon credits, the costs

risk, translated as, e.g., in the case of greenhouse gases,

avoided with raw material savings, the increase in pro-

through carbon price.

ductivity, among others. However, it is understood that if
conditions do not progress, e.g., database access and perception of scarcity, companies will still face a high transaction cost to include interpretations of the sustainability
challenges in financial modeling.
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Annexes
Annex 1
Replacement Cost Method (RCM)
The Replacement Cost Method (RCM) is based on the as-

RCM usually does not require either mathematical analyses

sumption that incurred (or estimated) costs for replacement,

or complex statistics to determine the final economic val-

restoration or substitution of the quantity or the quality of

ue associated to the ecosystem service. Most of the times,

an ecosystem service consist of a valid estimation of the

calculation is performed by summing up values of compen-

value of the benefits such ecosystem service represents to

sation, recovery and/or restoration costs. However, in some

the company business. Thus, losing that ecosystem service

situations, a multiple regression analysis may be necessary.

would represent an onus to the business operation, partially reflected on the monetary value that would be paid to

RCM is very similar to ACM (Avoided Costs Method); the main

replace that service offer. Costs related to environmental

difference is that ACM estimates values related to preven-

compensations are also considered in this method.

tion of loss in ecosystem service quantity or quality, whereas
RCM estimates values related to recovery of such losses.

Estimates calculated using RCM is based on market prices
of products and services needed to effectively replace, re-

Examples of the application of this method can be found in

cover or restore such ecosystem services. That is why RCM

sections on water provision, biomass fuel provision, water

is classified in the group of production function methods.

quality regulation, global climate regulation, pollination

Methods in this group aim at estimating economic values

regulation, and soil erosion regulation.

associated to ecosystem services through monetary values
of costs associated to the business production, which is
somehow influenced by the ecosystem service.
It is worth pointing out that, like other environmental economic valuation methods, RCM can be used in ex-ante
(future perspective) and ex-post (retrospective) analyses.
Therefore, it can be used to estimate values associated to
losses that may occur in the future (ex-ante approach), or
to estimate values associated to losses that have already
happened in the past (ex-post approach).
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Annex 2

Annex 3

Avoided Costs Method (ACM)

Marginal Productivity Method (MPM)

The Avoided Costs Method (ACM), also known as the Pre-

The Marginal Productivity Method (MPM), also known as

ventive or Defensive Expenditure Method (DEM), is based

Dose-Response Method (DRM), is based on the fundamental

on the assumption that expenses with replacement (or,

assumption that ecosystem service is or can be considered

rarely, complementary) products or services for a certain

an input of the business production process. So, any varia-

environmental service can be understood as estimates of

tion in the quantity or quality in a certain ecosystem service

the monetary value that the ecosystem service represents.

– the so-called ‘dose’ in DRM – will result in a variation in the

Therefore, investments on the prevention of losses for

business productivity – the so-called ‘response’ in DRM.

business due to variations in the quantity or quality of ecosystem services or on the prevention of negative impacts

Therefore, the critical step in applying this method is to

resulting from those losses constitute plausible estimates,

determine the relationship between the ecosystem service

at least partially, of the benefits those ecosystem services

and the business productivity, the so-called ‘dose-response

represent to the business, or eventual externalities pro-

function’. Once this relationship is determined, the econom-

duced by the business.

ic valuation will be calculated by estimating the monetary
values related to production loss or gain (the response).

It is worth pointing out that, like other environmental economic valuation methods, ACM can be used in ex-ante (fu-

Thus, monetary values assigned to the response, that is,

ture perspective) and ex-post (retrospective) analyses. As

production loss or gain, will be adopted as estimates for

we have already explained, it can be used to estimate eco-

the dose monetary value – quantity or quality variation in

system service loss prevention costs or resulting impacts

the ecosystem service.

that could or may occur in the future (ex-ante approach), or
it can be used to estimate values that would be paid to pre-

The dose-response function is usually obtained through

vent ecosystem service losses or impacts that may already

statistic methods of simple or multiple regression. Simple

have occurred (ex-post approach).

regression is used if it is possible to assume the ecosystem service is the only factor to determine the observed

ACM does not usually require any mathematical analyses

response. In case there is any other factor influencing the

or complex statistics. Final determination of the economic

response that is going to be valued, it will be necessary to

value associated to the ecosystem service is calculated by

measure it and include it in the analysis, which will require

summing up the values of the costs incurred with loss pre-

multiple regression methods.

vention in quantity or quality of ecosystem services or the
adverse impacts resulting from them. However, in some

Therefore, the Marginal Productivity Method, or Dose-Re-

situations, a multiple regression analysis may be necessary.

sponse Function, aims at estimating the economic value
through a production function that partially reflects spots

Lastly, ACM is very similar to RCM (Replacement Cost

of a possible supply curve or, to be more accurate, produc-

Method); the main difference is that ACM estimates values

tivity loss or gain. Examples of how to apply this method

related to prevention of loss for the business due to varia-

can be found in in the section about pollination regulation.

tion in ecosystem service quantity or quality, whereas RCM
estimates values related to recovery of such loss.
The application of this method for the ecosystem services
of regulation of water quality and regulation of assimilation of effluents.
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Annex 4
Social Cost of Carbon (SCC)
SCC is a parameter that represents the estimated cost of
eventual impacts of releasing a carbon unit into the atmo-

Social Cost of Carbon, in US$ from 2007,
for different years and discounted rats

sphere – in the form of CO2 – in agricultural productivity,
human health, as well as damages to public or private

DISCOUNTED RATES
Avg

Avg

Avg

LS 95%35

5%

3%

2.50%

3%

2010

11

33

52

90

In those guidelines, the reference we adopted for SCC was

2015

12

38

58

109

the Technical Support Document: Technical Update of So-

2020

12

43

65

129

2025

14

48

70

144

cial Cost of Carbon (IWGSCC), 2013), a study conducted by a

2030

16

52

76

159

working group with 11 different U.S. government agencies,

2035

19

57

81

176

2040

21

62

87

192

ment of Energy, National Economic Council, and United

2045

24

66

92

206

States Environmental Protection Agency.

2050

27

71

98

221

The study, whose first version was released in 2010, was

Source: IWGSCC (2013).

properties related to flood risks, among other impacts that

YEAR

may be monetarily estimated and valuated in the context
of climate change.

cial Cost of Carbon for Regulatory Impact Analysis Under
Executive Order 12866 (Interagency Working Group on So-

among them: Department of Treasury, Department of Agriculture, Office of Science and Technology Policy, Depart-

based on 3 models indicated in specialized literature,
which were also used by the Intergovernmental Panel on
Climate Change (IPCC): DICE, PAGE, and FUND. Those models basically estimate temperature rise resulting from GHG
emission levels and economic damages caused by the impacts of such temperature rise. For such, they are based on
parameters included in scientific literature on the relationship between temperature variation and many other environmental and socioeconomic variables. Usually, impacts
are associated with changes in rainfall regime, sea level
rise, floods, increase in the outbreak of diseases, etc. You
can see below SCC as calculated by the U.S. government.

35 LS 95% means the ninety-fifth highest estimate obtained from the three models for
the 3% discount rate that represents estimations for impacts higher than expected.
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