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A project's ability to have appropriate investment and liquid-
ity conditions for the necessary capital and debt payments.

A device that accumulates energy and produces electric
current through electrochemical reactions between its ele-
ments (oxide reduction).

Smart charging allows charging point owners and grid op-
erators to remotely manage their charging points, optimiz-
ing energy consumption and costs, for example, by config-
uring charging to start at night when rates are lowest.

Initial capital investment that includes possible vehicle
costs, infrastructure acquisition costs (including all pur-
chase taxes), and financing costs over the entire debt peri-
od in the case of a loan.

Obligation to use available cash flows for debt service.

Ongoing income from the project after the debt is fully
paid. In project financing, there is the constructing peri-
od and the operating period. Assuming a project needs
5 years of construction and operates for 25 years, the
construction debt is amortized in 15 years, for example.
The final period is the difference between the end of the
planned debt amortization and the end of the operating
period or the residual income.

This rating indicates the ability of the borrower to meet itsfi-
nancial obligations. Ratings can go from investment-grade
(from AAA, the highest, to BBB-) to high-yield (from BB+ to
B- or B3, the lowest).




COMPLETION /
CLOSING

CONCESSION

ECO-FRIENDLY
DRIVING

OFFTAKE
AGREEMENT

TAKE OR PAY
CONTRACT

LENDING
AGREEMENT

COVENANTS

COST OF CAPITAL

MAINTENANCE
COST

The final step in obtaining a loan.

A concession is a process by which a public administration
or company grants the right to exploit certain goods and
services to another company, usually privately run.

It is a way of driving that controls and reduces unnecessary
fuel consumption, improves driver safety, and reduces risks
for service users.

An agreement in which one party agrees to buy a product
from another party.

A contract with an obligation to purchase a product quan-
tity at a stipulated price periodically.

Commitments in a debt agreement for ratios and activities
that must be performed.

These are obligations that apply to the borrowers of credit.
They both impose certain conditions and restrict some ac-
tivities of the object of financing.

The cost of capital is the cost incurred by a company to fi-
nance its investment projects with its financial resources.

Regular or preventive maintenance in the bus industry
should frequently occur to ensure buses and the support-
ing infrastructure function correctly and determine wheth-
er parts’ replacement is required. Periodic maintenance is
performed less frequently and consists of a more detailed
review of the operation of the machinery and equipment.
For electric buses, the maintenance cost is usually included
in the rental costs or the manufacturer's warranty.

° 7
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Comes from the interest rate of the loan or the discount
rate required by investors. In a securities issuance, for ex-
ample, it would correspond to the placement fee for the
instrument. The other factor to be considered in the cost of
financing is the term of the financing. Commercial banks
usually have a fixed term, while muiltilateral banks such as
the World Bank have a flexible term.

Cost of resources used by the company to operate. It is a fi-
nancial measure that aims to encompass, in a single num-
ber, expressed in percentage terms, the cost of the differ-
ent sources of financing used by a project in the future.

A transport operator's ability to provide the service effi-
ciently, that is, to meet performance indicators and mini-
mize operating costs (fuel, lubricants, parts and accesso-
ries, tires, personnel, among others).

A type of debt in which the creditor has priority over the
junior debt for obligations’ payment.

Type of debt in which the creditor has priority over the Eg-
uity but falls behind the senior debt.

The process of checking a company's current technical and
financial contractual situation.

Earnings Before Interest, Taxes, Depreciation, and Amorti-
zation. Accounting indicator of a company's profitability. It
is calculated as income minus expenses, excluding finan-
cial expenses (taxes, interest, depreciation, and amortiza-
tion of the company).

Capital invested in a project using own resources. A com-
pany's capital stock or equity represents the amount of
money that would be returned to a company's sharehold-
ers if all the company's assets were liquidated and all the
company's debts were repaid.




STATE OF
CHARGE (SOC)

RELIEF EVENTS

LIMITED
RECOURSE
FUNDING

PROJECT
FINANCE

OFF-BALANCE
SHEET
FINANCING

TERM-SHEET

REGENERATIVE
BRAKING

WARRANTY

GREENHOUSE
GASES (GHG)

DISTRIBUTED
POWER
GENERATION

Indicator of the state of charge of the energy stored in a
battery. This indicator is expressed as a percentage and
ranges from O to 100. When the state of charge equals
100%, the battery is fully charged.

Temporary force majeure events that affect the develop-
ment of the project.

A type of loan in which the implementer provides partial
guarantees to cover certain project risks.

Financing modality in which the project's cash flows are
the only source of debt repayment.

Financial transactions that do not affect the financial state-
ments of a company.

Document presenting the terms and conditions of the debt.

The vehicle's kinetic energy, dissipated as heat by the me-
chanical brake system, is captured and converted into elec-
trical energy by the traction motor, acting as a generator,
and is finally stored in the battery.

Structuring mechanisms to guarantee the payment of the
debt, such as contingency funds.

Gases that absorb part of the sun's rays and redistribute
them as radiation in the atmosphere. They can be emitted
through the combustion of diesel fuel. Examples are car-
bon dioxide (CO2), carbon monoxide (CO), nitrous oxides
(NOx), and volatile organic compounds (VOCs).

It consists of generating electrical energy through several
small generation sources installed close to the consump-
tion points. Distributed generation is based on cooperation
between such microgeneration and generation from con-
ventional power plants.
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KEY
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FINANCIAL
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Agreement between two or more companies in which they
pool resources for a specific purpose.

Management metrics to measure the performance of
the operation.

Liquidity damage is the stipulated level of loss due to a
breach of contract.

Contract in which the lessor acquires an asset (in electro-
mobility projects, usually the bus and/or battery) to rent
to a customer (lessee). There are two modalities: financial
Leasing and operational Leasing.

Leasing is a financial modality, also known as mercantile
leasing in Brazil, which involves the fiduciary alienation of
the asset. By regulation of the Central Bank of Brazil, it can
only be carried out through a financial institution or a com-
pany authorized explicitly for this activity.

This is a modality where the lessee intends to keep the
goods at the end of the contract, exercising the purchase
option for the value foreseen.

In this modality, the lessee does not intend to acquire the
property at the end of the contract.

A market in which an asset is paid for and delivered on the
same date.

The regulated energy market corresponds to the smallest
demand for electricity in the market (predominantly resi-
dential), and its tariffs are regulated by the National Agency
for Electrical Energy (ANEEL), an entity linked to the Minis-
try of Mines and Energy.




FREE ENERGY
MARKET

NON-RECOURSE
FINANCE

BATTERY
ELECTRIC BUSES

HYBRID BUSES

PUBLIC-PRIVATE
PARTNERSHIP
(PPP)

AVERAGE
MONTHLY ROUTE

GRACE PERIOD

PLAYERS

The Free Energy Market, created in 1995 by Law No. 9.074,
is an initiative of the Brazilian government to create a legal
framework for greater competition and structural expan-
sion of the electricity sector (generation, transmission, and
distribution of energy), mainly through private resources.
Compared to the prices charged by energy distributors in
the regulated market, the values of the Free Energy Mar-
ket are highly competitive, allowing consumers significant
savings in their energy costs.

Transactions where the debt is repaid with the cash flow
from a project and not with the borrower’s assets.

Also called pure electric buses, battery electric buses are
vehicles that use electrical energy stored in the battery and
converted into driving force by an electric motor. When the
batteries run out of power, they must be refueled. Electrical
power must be supplied from an external source (charger)
to do this.

Hybrid vehicles combine two different engines, usually
thermal traction (internal combustion engine, which can
be powered by diesel, gasoline, natural gas, or ethanol,
among others) and electric traction (electric motor).

A Public-Private Partnership is a contract for the conces-
sion of public services or works to the private sector. The
latter (Private partner) is compensated for this provision by
fees from the users themselves or by consideration from
the Public Authority (Public partner).

Average number of kilometers traveled by the bus fleet in
operation during a month.

Period granted by the financial institution in which the cli-
ent does not need to make any payments on the debt.

Actors involved in the electromobility transition. Includes all
those who are directly or indirectly affected by the transition.
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NATIONAL
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The PNMU is an instrument of the urban development policy
referred to in art. 21 and article 182 of the Federal Constitution,
which aims to integrate the different transport modalities
and improve accessibility and mobility for people and cargo.

Amount of energy needed for charging the vehicle, given
in kW.

The amount of energy delivered per unit of time.

Sum of the nominal powers of the electric equipment in-
stalled in the consumer unit, in conditions to go into opera-
tion, expressed in kilowatts (kW). In the case of the electric
bus garage, this load depends on the number of bus char-
gers and their nominal powers added to the other existing
equipment in the garage.

The body responsible for issuing regulations on motor ve-
hicle emissions.

This program aims to support technological development,
competitiveness, innovation, vehicle safety, environmental
protection, energy efficiency, and quality of cars and trucks,
buses, engine chassis, and auto parts.

Indicates the availability of cash to pay off a purchased debt.

Corresponds to the ratio on which the DSCR indicator is
not met (defined by the financial institution). In this case,
the payment to investors is stopped, and the money is used
for debt repayment.

The number of times the project's cash flows over the life of
the debt can pay off the balance.




PROJECT LIFE
COVERAGE RATIO
(PVCR)

PERFORMANCE

PAYBACK PERIOD

RISK OF NON-
COMPLETION

DEBT SERVICE

SPECIAL
PURPOSE ENTITY
(SPE)

SPREAD

INTEREST RATE

ALTERNATING
CURRENT (AC)
CHARGING TYPE

Ability to pay the debt after its original maturity if it could
not be paid on time.

It is the contrary of energy consumption, that is, how many
kilometers it is possible to travel with one kWh of energy.

Period to recover the cost of an investment.

Risk of default in project implementation.

Sum of the debt payments and the interest paid on the debt.

A company created exclusively to develop a specific project
or fulfill a specific objective.

The spread of a bond is the difference between the yield
of that bond and the yield of a bond considered risk-free.
Sometimes the spread is also calculated considering inter-
est rates in the interbank market.

The interest rate is the value of money, i.e, the price to be
paid for using a given amount of money over a given peri-
od. Its value indicates the interest rate that must be paid
in exchange for the use of a given amount of money in a
financial transaction.

With AC chargers, the transformation from alternating
current (coming from the electrical substation) is reversed
into direct current within the drive system of the electric
bus. This reversal in the bus's internal voltage inverter re-
sults in slower charging than with direct current (DC) char-
gers (charging power is 120 kW or less, with 3-10 hours for a
full charge, depending on battery capacity).




DIRECT CURRENT
(DC) CHARGING
TYPE

INTERNAL RATE
OF RETURN (IRR)

BLENDED
EQUITY IRR

TOTAL
SHAREHOLDER'S
INTERNAL RATE
OF RETURN

SECURITIES

GREEN
SECURITIES

TOTAL COST
OF OWNERSHIP
(TCO)
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In DC chargers, the transformation of alternating current
(coming from the electric substation) is reversed into direct
currentinthe charger before it reaches the drive system of the
electric bus. This pre-version allows for much faster charging
than AC chargers (charging power is 120kW or more, with 2-5
hours for a full charge, depending on battery capacity).

Internal Rate of Return is the return on an investment. In
other words, it is the percentage of profit or losses the in-
vestment makes for the amounts that were not taken from
the project. It corresponds to the rate that sets the Net
Present Value (NPV) equal to O.

It is @ measure of return that considers both Equity and ju-
nior debt. It is the same discount rate, including the cash
flows from the investor's equity and junior debt. It is usually
calculated after taxes.

Sum of IRR via Equity and junior debt.

An instrument issued by companies and governments,
among others, to finance themselves.

These are fixed-income securities issued to finance actions
aimed at combating climate change.

TCO is an assessment of the costs of the entire life cycle of
a project. The TCO analysis includes the asset's purchase
price, operation, maintenance, and other financial costs
during the project or concession period.




RESIDUAL VALUE

NET PRESENT
VALUE (NPV)

WAIVER

The value of a fixed asset at the end of its useful life, net of
depreciation, and amortization charges. The residual value
is the amount the company expects to realize on the sale of
the fixed asset at the end of its useful life.

Net Present Value is an investment criterion that discounts
the revenues and payments of a project or investment to
know how much is gained or lost with this investment.

It is the waiver of a requirement or obligation, usually for
full or partial payment (principal, interest, etc.).
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ACRONYMS AND

ABBR

A/C

ANTP

ANEEL
BA

BMZ

BNDES

CAPEX

cC
CcCcpP

CDC
CIF
CNAE

co

—VIATIONS

Air-Conditioning

National Association of Public Transport
(Associacdo Nacional de Transporte
Coletivo)

National Electric Energy Agency
(Agéncia Nacional de Energia Elétrica)

Bahia

German Ministry for Economic
Cooperation and Development

National Bank for Economic and Social
Development (Banco Nacional de
Desenvolvimento Econémico e Social)

Capital Expenditures
Fuel cost (R$)

Weighted fuel consumption coefficient
(liters/km or kWh/km)

Direct Consumer Credit
Climate Investment Funds
National Classification of Economic Activities

Carbon monoxide

16 e—— TRANSITION TO ELECTROMOBILITY IN BRAZILIAN CITIES VOLUME I




Co.

COFINS

EPE

EU

FGI

FINAME

GHG

Glz

IABS

IADB

ICCT

ICMS

Carbon dioxide

Contribution for Social Security Financing
(Contribui¢cdo para Financiamento da
Seguridade Social)

Energy Research Company
(Empresa de Pesquisa Energética)

European Union

Investment Guarantee Fund
(Fundo Garantidor do Investimento)

Financing of machinery and equipment
(Financiamento de maquinas
e equipamentos)

Greenhouse Gases

German Agency for International
Cooperation

Brazilian Institute for Development and
Sustainability (Instituto Brasileiro de
Desenvolvimento e Sustentabilidade)

Inter-American Development Bank

International Council on Clean
Transportation

Tax on Circulation of Goods and Services
(Imposto de Circulagdo de Mercadorias e
Prestacdo de Servigos)
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IFC

IPI

ITDP

KfW
kWh
LAGREEN

LAIF

LOA

MDR
MWh
NO,
OPEX
PEE

PIS

PJ

PLC

Import Tax (Imposto de Importagao)
International Finance Corporation

Tax on Industrial Products
(Imposto sobre Produtos Industrializados)

Institute for Transportation and
Development Policy

German Development Bank
kilowatt-hour

Latin American Green Bond Fund
Latin American Investment Fund

Annual Budget Law
(Lei Orcamentdria Annual)

Ministry of Regional Development
(Ministério do Desenvolvimento Regional)

Megawatt-hour

nitrous oxides

Operational Expenditures

Price of Electric Energy (R$/kWh)

Social Integration Program
(Programa de integrag¢do Social)

Legal entity

Price per liter of diesel oil (R$/liter)
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PNMC

PNME

PNMU

PPA

PQA

RCL

R&D
SEMOB
TCO
VOCs
wB

WRI

ZEBRA

ZEV

National Policy on Climate Change

National Platform for Electric Mobility
(Plataforma Nacional de
Mobilidade Elétrica)

National Policy for Urban Mobility
(Politica Nacional de Mobilidade Urbana)

Multi-Year Plan (Plano PluriAnual)

Annual Mileage Production (km)
(Produgdo Quilométrica Anual)

Net Current Revenue
(Receita Corrente Liquida)

Research and Development

Municipal Secretary of Mobility of Salvador
Total Cost of Ownership

Volatile Organic Compounds

World Bank

World Resources Institute

Zero Emission Bus Rapid-deployment
Accelerator

Zero-Emission Vehicles
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PRESENTATION

Global warming is the increasing process in the average
temperature of the planet due to anthropogenic causes
that can cause negative environmental impacts in the long
term. One of the ways to avoid its increase is to reduce the
emission of greenhouse gases (GHG), pointed out by scien-
tists as one of the main causes for the increase in the Earth's
average temperature. Therefore, international treaties such
as the 2015 Paris Agreement were initiated to mitigate an
average temperature increase to a maximum of 2 degrees
Celsius. Brazil is a signatory to international treaties that aim
to reduce the emission of GHG, where emissions reduction
targets were established for this decade and the next.

GHGs can come from a variety of mobile and fixed emission
sources. Among the primary mobile transport sources of
GHG emissions are vehicles powered by internal combus-
tion engines that use fossil fuels such as gasoline and diesel.
Therefore, a trend that appears irreversible over time is the
gradual replacement of combustion vehicles with electri-
c-powered vehicles. The gains from electromobility, such as
reducing GHG emissions and other pollutants from mobile
sources, are significant, and the effects on people's health
and quality of life are considerable.

Therefore, there is interest from the federal, state, and mu-
nicipal spheres in the decarbonization of transport systems.
Brazilian cities, especially major and medium-sized cities,
face a particular challenge in this regard. Fleet electrification
cannot only be based on individual motor vehicles. This is
because Brazilian cities already deal with urban congestion,
and the result of individual electrification would be main-
taining or increasing such congestion.
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As long as the energy used for the components of the elec-
tric vehicles (mainly batteries) and charging operations
come from renewable sources, with a sustainable finan-
cing and operation system, the transition to electromobility
is an option for sustainable urban development in line with
the goals and guidelines of the National Policy for Urban
Mobility (PNMU - Law No. 12,587/2012) in Brazil.

Public and private institutions in Brazil have increasingly
engaged in processes of preparation for a transition to elec-
tromobility in public transport in cities.

This Technical Reference Manual (TRM) for Electromobility in
Brazilian Cities Volume Il aims to guide Brazilian cities in the
financial structuring of projects to adopt electric fleets in
their public transport systems.

This TRM presents implementation steps for diagnosis, for-
mulation of parameters, evaluation and selection of finan-
cing alternatives, and the implementation and monitoring
of financial indicators during the operation stage to succes-
sfully achieve the transition.

PURPOSE OF THE TRM

TRM Volume Il aims to guide municipalities, federal institu-
tions, and transport authorities on best practices for finan-
cing and business models to facilitate the adoption of electric
fleets through guidelines that seek to improve knowledge
about fleet procurement and operation processes of grants
and financing parameters.

The objectives to be addressed in TRM Volume Il are:
Help improve the skills of urban mobility managers

and technicians from the public, private, and civil soci-
ety spheres in financing electromobility.
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Develop financing structures for introducing electric
buses in Brazilian cities, recognizing the similarities and
differences between municipalities.

Guide cities and other stakeholders interested in the
transition to electromobility in identifying financial and
operational inputs to properly selecting financing and
business models.

Provide complete guidance on project structuring
through financial, operational, and regulatory technical
recoommendations to develop the best financing and
business model.

TARGET AUDIENCE

The Technical Reference Manual for Electromobility in
Brazilian Cities Volume Il is directed to all public agencies
of all spheres, technicians of public institutions, manufac-
turers, energy companies, public transport operators, na-
tional and international financial institutions, associations
that promote electric vehicles, and all those interested in
sustainable mobility. TRM Volume Il is especially aimed at
municipalities and transport authorities in small, medium,
and large municipalities within the scope of public agencies.

STRUCTURE OF THE TRM

The Technical Reference Manual for Electromobility in Brazi-
lian Cities Volume Il is divided into two parts: PART A- GUIDE
FOR THE INITIAL STRUCTURING OF ELECTROMOBILITY
PROJECTS and PART B- GUIDE FOR FINANCING IN THE
ELECTRIC FLEET OPERATION STAGE.
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Part A aims to show the current context in Brazil regarding
the financing mechanisms to implement electric fleets, the
infrastructure to support their operation, and the Brazilian
municipalities' fiscal and public finance capacity. Based on
this context, Part A presents five steps to guide cities through
the process of financing electric buses.

Based on this contextualization, Part A presents four steps
to guide cities through this process:

1. Step 1 Initial planning: This chapter outlines the first
steps municipalities can take before starting to struc-
ture the project. It contains a checklist and questions to
be analyzed by the technical teams of the municipali-
ties and related institutions. After identifying the most
important elements for the design of the project, it is
possible to proceed to the diagnosis.

The next chapter shows the second stage within the
main process, including instructions regarding the col-
lection of key information for a later diagnosis of the
situation and verifying the viability of mobilizing invest-
ments for the electromobility project.

2. Step 2: Diagnosis: This chapter presents a methodology
for developing a diagnosis that describes the elements of
the current public transport service concession and the
municipality's most relevant financial and fiscal condi-
tions. The identification of these elements is fundamen-
tal for structuring an electromobility project. The diagno-
sis includes a survey of the current regulatory framework
for public transport, the stakeholders involved in the de-
velopment of potential new business models, and the ca-
pacity of the municipality to mobilize investments.
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3. Step 3: Formulation of the project parameters: This
chapter presents cities' parameters for developing their
electromobility project in public transport. Operational,
financial, regulatory, socio-environmental, and gover-
nance criteria are presented, as well as the changes and
adjustments cities need to make to finance and imple-
ment their projects.

4, Step 4: Financing Evaluation and Selection: This chap-
ter consists of technical guidelines related to the avail-
able financing sources and their specificities, in order to
facilitate the selection of the financing that is more ad-
equate to the reality and context of the municipalities.

Part B presents the last step to guide cities during the im-
plementation phase.

5. Step 5: Implementation and monitoring: This chapter
describes the evaluation and monitoring of financial in-
dicators during the operation phase of electric buses.
Based on experiences from implementations in Latin
American countries and Brazilian cities, this chapter
presents best practices to support operators, manufac-
turers, and investor companies in the transition to elec-
tromobility in public transport.

Table 1 below presents the structure of the Manual indica-

ting the main content of the Steps of the process for the fi-
nancial structuring for electromobility projects
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Table 1 - Electromobility in Brazilian Cities Volume Il
Technical Reference Manual Structure

Presentation

Purpose of the TRM ‘ Target Audience TRM Structure

PART A: GUIDE FOR THE INITIAL STRUCTURING OF ELECTROMOBILITY PROJECTS

Introduction

Advantages and
barriers to the transition

Step 1: Initial planning

Initial steps for Project phasing and
structuring deadlines

Step 2: Diagnosis

Public transport Capacity to mobilize Stakeholder's goals
. P . pactty Stakeholders S d
concession investments and objectives

Step 3: Project

parameters
formulation

Regulatory Socio-environmental
parameters parameters

Operational

Financial parameters
parameters

Step 4: Financing
evaluation and
selection

Selecting of the best
financing option

Funding sources

PART B: GUIDE FOR FINANCING THE OPERATION PHASE OF THE ELECTRIC FLEET

Step 5:
Implementation and
monitoring

Financing the public Implementation of a
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Brazilian cities increasingly aim to transition to low-carbon
mobility by allocating more significant portions of budgets to
sustainable urban mobility projects [1]. However, solving the
problem of emissions from the transport sector requires a
holistic view that prioritizes social and environmental bene-
fits for society as well as long-term financial sustainability.

Initial investments in electric buses in cities without an un-
derstanding of the technology and the physical, technical,
and human resource infrastructure to support them are in-
tended to be gradual, including a small fleet. The current fi-
nancial conditions and transport concessions that allow the
transition to electromobility in public transport in Brazil can
be improved through a thorough review of best practices in
the project structuring phase. This is one of the main objecti-
ves of this TRM.

The transition to electric public transport is a great opportu-
nity and motto for cities to improve infrastructure and mo-
dernize the provision of public transport services - not only
because electric buses are less noisy and do not emit GHG,
but also from the point of view of modernizing manage-
ment and concessions. Despite high initial investments,
this transition is possible by structuring financial condi-
tions and guarantees, reviewing current concessions, and
the legal and regulatory frameworks.

Some barriers must be overcome, mainly institutional and
financial, to transition to electric fleets successfully. At
the federal level, ministries seek to provide tax incentives
in line with a national plan with clear guidelines to stimu-
late the transition. At the state and municipal level, some
new concession contract models also include targets and
incentives for electromobility.
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Electromobility is an opportunity to improve passenger sa-
tisfaction when the public bus transport system is facing a
decline in demand, accentuated in recent decades with the
covid-19 pandemic. Therefore, the transition to electromobi-
lity must be incorporated into a broader strategy for impro-
ving urban mobility.

The necessary transition to clean public transport in Brazilian
cities is progressing amidst opportunities and challenges.
First, there is a favorable context for change, such as high
diesel prices and the prospect of increasing competitiveness
in the battery electric bus market. The result of this trend
means that the cost difference between the two technolo-
gies becomes smaller and smaller. The next section elabo-
rates on the main advantages and barriers to the transition,
starting from the financial aspect.

11 ADVANTAGES AND BARRIERS
TO THE TRANSITION

The difference between the initial investment cost or CAPEX
between diesel and electric buses is getting smaller and
smaller due to technological advances. The charging in-
frastructure and battery are new elements that electric bus
operation requires, but the lower operation and maintenan-
ce costs balance the two technologies in the long term. The
initial investment cost can vary depending on several ele-
ments, among which are those described in Figure 1-1:




Figure 1-1 - Key elements that impact CAPEX in the
acquisition of electric buses
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Source: Own elaboration.

As noted in the literature and international experiences of de-
ploying electric bus fleets to provide passenger transport ser-
vices, the transition to an electric fleet requires high resources
[2, 3, 4]. However, the high initial investment tends to be com-
pensated in time. This compensation occurs, mainly if we take
into account, in addition to lower operating costs, the impact of
reductions in GHG emissions, particulate matter, other pollu-
tant gases, and noise on a lower occurrence of diseases, espe-
cially cardiovascular and respiratory — reflecting on the quality
of life and the reduction of expenses in the municipal budget for
public health [5, 6, 7]. Hence, the importance of characterizing all
aspects involved in the initial and operational investment.

According to studies by ICCT & C40 [8]' and the National Platform
for Electric Mobility PNME [9]?, the barriers shown in Figure 1-2,
specific to the financing of this type of fleet, were identified:

1 ICCT, C40 Cities (2020), Accelerating a market transition in Latin
America: New business models for electric bus deployment.

2 Plataforma Nacional de Mobilidade Elétrica (2021), 1° ANUARIO
BRASILEIRO DA MOBILIDADE.
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Figure 1-2 - Barriers to financing electric fleets

Lack of commercial and state articulation

It is highlighted the importance of achieving a commer-
cial and state articulation that favors financing the elec-
tric fleet and the charging infrastructure, especially with
preferential conditions and efficient allocation of risks and
responsibilities.

Brazil is on the right track in terms of aligning the regulatory
framework at the federal and municipal level with the Na-
tional Policy on Urban Mobility and the Rota 2030 Agenda.
As a result, transport concessions are starting to have more
aligned approaches with electromobility needs (e.g., S&o
José dos Campos, Salvador, or Sdo Paulo). These approaches
(re described in chapter 3.1 Public transport concessions.

/ Regulatory framework Q
cD

J

Funds for payment during operation \

Most cities rely on subsidies to overcome the additional costs
of purchasing electric buses, which can come from local,
national, or international sources and can be in the form of
cash, assets (e.g., land), or tax reductions. However, as a dif-
ferentiating aspect, according to the characteristics of some
Brazilian cities, contributions in the form of land and prefer-

ential tax measures could be useful and would reduce the
need for high cash resources. /
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/ Involvement of energy companies

Energy companies could provide energy services to oper-
ators for charging the buses. However, current regulations
do not yet allow distribution companies to include chargers
as assets on their balance sheets. In addition, for the transi-
tion to electromobility, it is not helpful for government in-
stitutions to develop tax incentives to purchase vehicles if

the energy companies cannot perform the work required for
Qwork deployment. J

Incentives for electricity transmission \

The key points to boost investments in the electricity trans-
mission system are the exemption of import taxes, the re-
duction of operational taxes, the definition of incentives to
companies for minimum percentages of the electric fleet
and payment guarantees, and minimum income. The fed-
eral government must articulate these measures and in-
clude consensus among the energy and transmission mD

\ ket agents.
/ Fleet availability

It is essential to guarantee the permanence of the fleet in
the public transportation system until the debt is fully paid,
which can be achieved by granting differentiated licenses
between the supplier and the fleet operator. These consid-
erations contractually protect the implementation of new
business models and ensure the continuity of public ser-

Qe provision. j
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Governance \

There is an articulation of the regulatory framework be-
tween the federal and municipal governments where the
federal law supports the municipal governments' emission
reduction initiatives. The transport service providers cur-
rently purchase the fleets and have direct contact with the
passengers. However, the fleet change policies condition
the fleet change to electric buses in place in the munici-
pality or by federal law, which means, on the other h

and,
barriers to the transition. /

Source: own elaboration based on ICCT & C40 [8] and PNME Na-
tional Platform for Electric Mobility [9].

To overcome the mentioned barriers, all actors need to inte-
ract, starting from Step 1: Initial planning described in the
CTR. The early involvement of stakeholders such as electric
bus providers, energy companies, investors, public transport
operators, and governments at the federal, state, and muni-
cipal level allows for identifying various financing instru-
ments to achieve synergies, economies of scale, and risk
reallocation among potential system players. Thus, seeking
innovative and coordinated financing mechanisms between
national development institutions and multilateral and in-
ternational financing institutions is important. This articula-
ted work facilitates a favorable distribution of risks and broa-
dens access to, for example, funds with better conditions for
rates, terms, and grace periods.

Given that there is a wide range of possible actors arou-
nd electromobility (see Figure 1-3), it is necessary to ensure
alignment between the different levels of government, the
various institutional levels, public and private, so that go-
vernance barriers can be overcome. Academia and resear-
ch and development institutions have developed studies
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contributing to a better understanding of electric technolo-
gy and its operation in buses.

Figure 1-3 - Sectors that need coordination and
institutional strengthening for electromobility adoption

- Federal Government
+ Ministries

- State Government

- City Government

- Government Banks
- Control Organs

Public
Sector

- Electric Power Companies

- Transport Service Operators
- Bus manufacturing industry
- Energy companies

- Commercial Banks

Private
Sector

Research and
Development
(R&D)

- Academy
- Research Institutions and Centers

Source: Own elaboration based on WRI BRASIL [10] and ICCT [11].

The involvement of these stakeholders is a step embedded in
the (1) Initial planning of the electromobility project, which
corresponds to the first step proposed in this TRM. This parti-
cipation ensures their positive impact on the project's imple-
mentation in the following stages. The four remaining steps
to be followed by the municipality interested in implemen-
ting electric bus fleets are (2) Diagnosis, (3) Parameter for-
mulation, (4) Evaluation and selection of funding, and (5)
Implementation and monitoring in operation. Figure 1-4
illustrates the process outline.
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Figure 1-4 - Electric Fleet Implementation Process

E1 Initial planning

E2 Diagnosis

Evaluation
I

Part A
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E5 Implementation and
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Source: Own elaboration.

Next, the elements and steps required at each stage are
presented so that managers and technicians can use
them to guide the research and definition of financing in
implementing an electromobility project, from conception
to implementation and monitoring.
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2.

STEP 1:
INITIAL
PLANNING



As with any new technology implementation, prior knowle-
dge needs to be developed in electric vehicles in Brazilian
cities. Therefore, municipalities, operators, and electricity
companies are the first to be involved in the planning and
implementation stages.

Financing electromobility projects in public transport in ci-
ties requires coordinated planning of programs by munici-
pal, state, and federal institutions and authorities. Programs
defined by municipalities can facilitate access to financing
from commercial, international, or multilateral banks due to
the support provided by the public authorities. Considering
the proposed general structure, the first step defined in this
TRM is planning the project as a whole, from its beginning
to its implementation and monitoring. Planning from the
strategic level (objectives, actors involved, and initial explora-
tion of funding sources) defines the feasibility of the availab-
le funding options for the project.

2.1 INITIAL STEPS FOR
STRUCTURING

The first step to begin identifying funding for an electromo-
bility project is to build a strategic vision and understand
the current situation in the municipality. Thus, it is recom-
mended to review the documents described in Figure 2-1to
analyze their relationship to the transition to electromobility.




Figure 2-1 - Documents to review for the financial
structuring of the electromobility project

Municipal government plan
Budget for transport
and energy projects

——> Municipal laws and decrees

Documents to
review in initial
planning

Remuneration

Public transport
concession contract

Socio-environmental
impact studies

Source: Own elaboration.

Deadline

Revenue Sources

Based on these documents' review, it is assessed the alig-
nment of the visions of the municipality, the transport au-
thority, and the transport operators in the city to ensure the
project's initial feasibility. The municipal government plan and
laws promoting the reduction of GHGs and local pollutants
in the municipality through adopting new technologies ac-
celerate project implementation and attract a broad portfolio
of interested funders. Therefore, the current condition of the
municipal budget and these documents, especially the public
transport concessions, need to be evaluated.

The project scope is defined at the strategic level, defining at
least the following elements in Figure 2-2:
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Figure 2-2 - Project definition at the strategic level

Project definition at the strategic level

- Size of the fleet to be replaced or new fleet

- Time frame for project implementation

- Two (2) sources for mobilizing financial resources

Source: Own elaboration.

Fleet size is a critical initial input, as it indicates if the project
has characteristics of a smaller-scale project, such as a pilot
project, or, on the contrary, a medium- or large-scale project.
In addition, the size of the fleet and the implementation period
allow the prioritization of some business models over others,
as presented and discussed in this manual’s Step 3. Finally, the
definition at the strategic level includes the identification of at
least two sources of funding for the project aligned with the
city's and/or the project implementer's ability to pay.

Once the implementer has the project vision defined, the
project phasing must be identified. In the following chapter,
the main elements of this stage are indicated

2.2 PROJECT PHASING AND
DEADLINES

After identifying the strategic vision, it is possible to estima-
te specific deadlines with greater precision and, thus, shape
the project. The implementation time of an electromobility
project depends on several factors, many of which arise from
aspects related to the experience and context of the city
where the project is carried out. In addition, consideration
should be given to the relevance of factors external to the




technical sphere of the project, such as the role of local au-
thorities and how their actions may impact the project and
the dimension or organizational structure of related services
to the project, or the planned implementation pace for alig-
nment with the operators.

Inthe financial sphere, itis essential to consider that the time
required for effective financial structuring is variable. For ins-
tance, it depends on the technical staff's factual knowledge
of managers with expertise in complex processes such as
structuring a business model for an Electromobility project.
Thus, adopting an adequate and efficient business model
from a technical and operational point of view requires the
model’s structuring to be carried out with the financial sus-
tainability of the system as its pilar, including not only the
availability of resources for the project implementation and
following stages, to guarantee its continuity.

Thus, this section seeks to identify the actions developed
by some cities throughout their implementation processes.
The objective is to present, in detail, the different stages that
make up the process as a whole, assigning estimates of time
intervals to the different stages of the process, and introdu-
ce, in a conceptual way, projections related to resources nee-
ded for each phase.

Deploying an electric fleet depends on several factors that
can speed up or delay the process. The effective implemen-
tation deadline of the project has a direct impact on its fi-
nancial structure, hence the importance of identifying the
estimated deadlines and possible risks associated with the
transition from the beginning of the project — and the pos-
sible approaches that can be adopted to minimize the risks
and possible negative impacts.

When there is no political support, projects tend to take lon-
ger to define the initial objectives, define the business model,
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evaluate the steps to follow, implement the first measures
and implement the first units to verify their suitability for the
operating routes. After the initial deadline, the implementa-
tion can start, but deadlines can be affected by the govern-
ment's financial availability or by the time needed to imple-
ment the changes required for the selected business model.

In general terms, four (4) distinct phases can be highlighted
in the electric fleet implementation process (which corres-
ponds to the steps indicated for this TRM in Figure 1-4). Each
phase, objectives, and estimated deadlines are described
below in Figure 2-3.

Figure 2-3 - Phases of electric bus project implementation

1. Design and
Diagnosis
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Source: Own elaboration.
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2.2.1 Design and diagnosis

The design and diagnosis stage includes all project prepara-
tion activities, including the initial tasks that seek to formu-
late the scope and objectives. The project design also inclu-
des meetings with the different stakeholders, the definition
of the strategy to be implemented, and the preparation of
the necessary documentation for implementation, which in-
corporates all aspects (technical, legal, and financial, among
others.). These permit the project to be carried out. In many
cases, the initial idea or impulse may come from an autho-
rity or official responsible for the transport system. However,
in other cases, it may be the result of more ambitious ob-
jectives defined by the political authority, seeking to reduce,
for example, GHG emissions, with transversal and specific
actions for each management area in the municipal organi-
zation chart. Therefore, the proposed objectives’ formulation
must occur in the design phase. A time scale including these
objectives is also necessary to generate predictability for all
actors involved.

During the design phase, the involvement and engagement
of all actors that might participate in the project are highly
relevant for the execution of the project. This inclusion is also
decisive for consolidating the adopted models and arrange-
ments and, consequently, for system sustainability.

A sustainable project is achieved when most of the actors
involved in pursuing the objectives are aligned and commi-
tted. During this stage, the objectives and the implementa-
tion plan are gradually reviewed, and the necessary modifi-
cations (adaptations) are made to the project to align with
the involved parties' needs. To this end, solid commmunication
with the industry, unions, and operators, among others, pro-
motes effective alignment.
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The strategy must also include a tracking timeline of miles-
tones and objectives, map implementation risks, and identi-
fy required standards, resources (human, financial, data, in-
frastructure), and elements for carrying out the project, such
as regulations. In addition, it must consider other experien-
ces and their suppliers’ availability, and national regulations
and standards. Thus, this exploratory study, along with the
aligned expectations, helps define the strategy.

The design phase can typically last from six months to a
year, depending on the technical resources available for the
responsible agency. The key aspects to consider in the de-
sign and diagnosis phase are presented in Figure 2-4.

Figure 2-4 - Design and diagnosis phase of electric bus
projects
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Source: Own elaboration.




2.2.2 Preliminary Implementation

In Latin America, several cities have already demonstrated
significant progress in the transition to Electromobility.
However, as it is a technology still consolidating documen-
ted data, cities such as Santiago, Sao Paulo, Bogotd, Guaya-
quil, and Cali use experiences acquired through “pilot tests”
to effectively develop projects on a larger scale. Therefore,
the main objective of this preliminary implementation for-
mat is to assess the feasibility and level of suitability of ins-
truments designed for large-scale deployment. In addition,
through “pilots,” implementing cities can develop a more
realistic analysis, using parameters resulting from an on-site
operation instead of considering the theoretical parameters
provided by the manufacturers.

In this way, authorities can operate a small number of buses
under real-world operating conditions, from aspects related to
the local context, such as weather conditions and temperature
variations, average passenger load, lines' distance traveled per
day, and potentially electrifiable, driving habits in response to
local congestion conditions, among others. This can influence
the expected productivity results, allowing a slightly more ac-
curate estimate of the number of buses needed to implement
the project without reducing the service quality and access.

The pilot tests have also proved to be quite effective as a tool
for understanding the different technologies offered by ma-
nufacturers within local reality. This enables a prior perfor-
mance assessment and the inclusion of interested parties
already in the planning phase. (such as the asset supplier and
the energy distribution company) . Thus, assessing the level of
involvement these stakeholders may eventually have as the
project progresses is of great value. Suggestions of potential
roles and responsibilities of some stakeholders in the pilot test
are presented in Figure 2-5:
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Figure 2-5 - Pilot Test Responsibility Role

Granting exceptional and temporary licenses for operating buses that may not meet the current
requirements for regular operation (in terms of operating weights, for example). Such franchises may
also be required if importing foreign vehicles is necessary.

Transport operators

Making their facilities and routes available to evaluate the performance and productivity of the buses
under actual operating conditions. This would also involve training drivers and maintenance
personnel to perform specific tasks during the pilot test period

Call for bus suppliers interested in entering the market, willing to supply the necessary units on loan
to carry out the pilot test and verify that the performance defined in the manuals of their vehicles
corresponds to the reality. In addition, they must make professionals available to carry out the
necessary training for the operators' personnel to optimize the performance of the vehicles.

Electricity distribution companies

Even in the pilot test phase, it is crucial to provide the necessary infrastructure to the operators'
facilities so that the operation can be carried out as regularly as possible. The possibility of having the
electricity companies do some of the work should be evaluated to provide power lines to these
facilities that can guarantee the necessary voltage current during charging periods.

Source: Own elaboration.

Pilot projects can be implemented in a shorter period to
assess the operations’ performance over a period covering
different operating conditions. In addition, information col-
lected during the implementation of pilots may indicate the
need for adaptations in the available infrastructure, increa-
sing the estimated time for the initial stages — an increase
that can be incorporated into the overall project planning.

In this sense, it is essential to distinguish a pilot test from a gra-
dual implementation process since they have different forma-
ts and objectives. In the examples below, the strategy adopted
assumed a progressive implementation, a model in which the
units or routes are renewed gradually. Thus, projects imple-
mented in this format are not pilot tests and can be conside-
red an effective part of the main implementation processes.
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2.2.3 Evaluation and Redesign

As indicated in previous sections, implementing a pilot pro-
ject has excellent potential in collecting a series of informa-
tion. Therefore, it is recommmended to carry out a detailed
assessment of the different aspects taken into account to
redesign the strategy proposed at the beginning. This rede-
sign can identify the best technology (if more than one is
considered) to be implemented and which routes to prioriti-
ze by following the operational performance of pilot projects.
Furthermore, more and better data would allow complete
modeling of the operational parameters, evaluating the best
alternative for which part of the system to cover.

Accurate information about vehicle performance and best
options allows one to obtain accurate data about the ini-
tial provisioning cost and estimate the total operation cost
over the entire fleet life, enhancing the possibility of making
projections about the committed effort. At the same time,
assessing the role and participation of stakeholders in the
process supports institutional arrangements and governan-
ce of the process.

It is also crucial to evaluate the redesign of the supporting in-
frastructure estimated at an early stage to adapt it to the pilot
test results. This occasion should also serve as a basis for mo-
difying the strategy according to the information obtained.

Itisimportant to document and standardize the entire process
and metrics involved in the pilot test. In addition, the positive or
negative data needs to be published for the information to be
accessible and symmetric between stakeholders. For example,
during recent pilot tests in Latin American cities [12], some KPIs
were documented for each day and journey over one year of
operation. These KPIs measured during the preliminary imple-
mentation phase, and the key elements of the evaluation and
redesign phase are presented in Figure 2-6.

46 e—— TRANSITION TO ELECTROMOBILITY IN BRAZILIAN CITIES VOLUME I




Figure 2-6 - Key KPIs in the preliminary implementation
phase and elements of the detailed evaluation of electric
bus projects
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Source: Own elaboration.

The relevance of publishing the pilot test results and the te-
chnical studies derived from it justifies the reasons for the
technological and operational choices, improving the trans-
parency of the process, and avoiding future challenges.

For the evaluation of the pilot project, a period of approxima-
tely six months to one year can be considered, depending on
the availability of technical resources to analyze the results.

2.2.4 Gradual implementation and the scale

The final implementation plan is built on the pilot test results.
The objectives and goals are reviewed according to the lessons
learned after submission for revision and joint analysis with all
stakeholders. However, it is important to note that this does not




prevent future changes or imply a straightforward implemen-
tation for the entire system involved. Instead, deployment in-
volves a consolidated strategy that can be reviewed, updated,
and adjusted to needs and technological changes.

Deployment depends on a long-term strategy whose costs
are known with defined objectives over a long time horizon.
Besides, it needs an alignment or commitment (including
financial) of authorities, operators, and other actors for its
execution. Deployment may be progressive through lines,
routes, or sectors, or it may be rapid, seeking to replace the
fleet in the shortest term. This process can be facilitated by
introducing a new business model that favors new vehicles
and operational practices.

Governance representsthe most relevant aspect of deployment.
According to WRI (2019), it is common for electric bus projects to
face limitations due to a lack of institutional support or planning,
or resources. For example, in many cities, there are no laws or
programs to support an electric bus implementation strategy,
or for an existing one, they may be ineffective and do not in-
clude clear targets or financial incentives. In other cases, there
may be a lack of institutional capacity regarding resources or
jurisdictional authority to allow adequate coordination between
actors. Thus, as a result of the lessons learned from the pilot test,
the institutional project must be well structured to manage the
transformation process, with clear roles and responsibilities to
lead the process and to make the necessary corrections as plans
advance. On the other hand, new risks may emerge during the
implementation process, and this leadership must be prepared
to manage them and adapt to the new situation.

This governance needs to be transversal, dealing with as-
pects not currently managed by the transport system, such
as the final disposal of batteries, a process necessary to
achieve the best possible results. Such a process can also
generate new needs and interests from other stakeholders;
for example, local manufacturers may seek to integrate
their products into the industrial development framework
of vehicle manufacturing.
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The implementation period can vary significantly according
to the system's characteristics, the number of routes and
vehicles to be replaced, and the percentage of the fleet to
be replaced. Based on past experiences, such a project could
take two to ten years® to complete.

Figure 2-7 shows a summary of Step 1.

Figure 2-7 Initial Structuring phases, Step 1 Summary

At the end of Step T,
the following activities
must be completed

Understanding of current
government plans, including
budget and their relationship
to electromobility

Identification of points of
convergence and divergence of

the views of the municipality,
transport authority, and operators

Step 1 r@wﬂj

Initial Planning

Definition at the strategic
level of the project scope to
be implemented, aligned with
the collective aspirations

Identification of project
phasing and definition of pilot

test feasibility for preliminary
financial structuring

Source: Own elaboration.

The next chapter presents the second step within the main
process, including instructions regarding collecting key in-
formation for later diagnosing the situation in question and
verifying the feasibility of mobilizing investments for the
electromobility project.

3 The timeframes can be shorter if small systems are considered
where a purchase is made to replace all the buses in operation, or
if only one line of a more comprehensive system is to be electrified.
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STEP 2:
DIAGNOSIS



Step 2 of the process seeks to identify and systematize the
characteristics of the public transport concessions and their
capacity to mobilize investments within the municipality.
Once this identification is achieved, the actors responsible
for the necessary changes described in the following steps
are defined.

This chapter presents a methodology to develop a diagnosis on the
conditions of the municipality to structure an electromobility project.

It includes an analysis of the current regulatory framework for public
transport and the ability of the municipality to mobilize investments
and stakeholders in the development of new business models.

The first Diagnosis step is to understand the nature of the
current concessions for public transport services in the mu-
nicipality. This diagnosis step aims to identify the current
conditions of the concessions that make an effective transi-
tion to electromobility possible.

31 PUBLIC TRANSPORT
CONCESSION

The long-term transition and scaling towards electromobi-
lity needs a tenders’ management allowing operating com-
panies to provide public transport services. In most cities, the
granting authority provides public transport service through
concessions to private companies. If services are transferred
to a company, this can only be done based on a public bid-
ding process that results in a contract. These contracts are
governed by Federal Law 8.987/1995, with a subsidiary appli-
cation of Federal Law 8.666/1993 [13]. In most Brazilian cities,
the operators are private companies with different degrees
of modernization [14].
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The characteristics of traditional public transport conces-
sions until 2020 can be summarized as follows: long-term
contracts, provision of services in the entire urban area or
large areas, acquisition and operation of buses by the same
company, sources of income and remuneration of operators
limited by user demand (tariffs), rigidity in the introduction
of new technologies, few or no incentives to reduce emis-
sions in operation and processes, and for the provision for
staff training associated with new technologies.

New concessions, which include more desirable features for
the inclusion of electric buses, tend to have the following
characteristics: shorter duration contracts, provision of ser-
vices in smaller areas to allow targeting of service improve-
ments, separation of bus acquisition and operation to redu-
ce risks, diversified sources of revenue and remuneration
to operators (user demand, kilometers traveled, on-street
parking, cross-subsidies, among others), flexibility regar-
ding the introduction of new low or zero emission tech-
nologies, clear incentives to reduce emissions in operation
and processes, and personnel training, observing a compo-
nent of social inclusion, so that the same people who already
work in the workshops and also new professionals can meet
the needs of the electric operation.

Figure 3-1 shows the most relevant characteristics to be
identified in the diagnosis of municipal concessions.
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Figure 3-1 - Characteristics of traditional and new
concessions for electromobility

Ideal
concessions for
electromobility

Tradicional
concessions

Short term (10 - 15 years)
Large area service Service in medium and small areas
Acquisition and operation by a company Separate acquisition and operation
Only source of revenue: demand Diversified revenue sources

Rigidity in technology typology Preference for zero-emission technology

Lack of incentives for training Incentives for workforce training

Source: Own elaboration.

In line with the importance of recognizing these characte-
ristics of traditional public transport concessions and those
involving new technologies is the mobilization of more agile
investments due to contracts with distributed risks.

3.2 ABILITY TO MOBILIZE
INVESTMENTS

The aim is to include new business models for electromobi-
lity in the municipalities' bidding and concession contracts
or Public-Private Partnerships. In this sense, it is essential
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in this stage of diagnosis to identify environmental criteria
in the specifications and evaluation of services, schedules,
and targets for reducing pollutants, as well as the mecha-
nisms and financial conditions for implementing the tran-
sition to electromobility.

Besides the financial conditions, the diagnosis must include
access to development institutions and investment funds
and the guarantee conditions made possible by the mu-
nicipalities as the granting power. Possibilities and restric-
tions of municipal and state public finances deserve particu-
lar attention at this stage.

This section, therefore, deals with the conditions and limits
associated with budgetary and financial constraints of mu-
nicipalities, considering the different business models - ac-
quisition, and leasing, among others; and the different me-
chanisms for contracting services - bidding and concession
contracts or structuring public-private partnerships. This
diagnosis of the ability to mobilize investments and the mu-
nicipal budget allows the definition of responsibilities of the
granting authorities or the concessionaires.

3.2.1 Identification of alternatives

Different types of bidding and concession contracts and in-
vestment alternatives are highlighted. For example, there are
direct purchases or rental of vehicles by the granting autho-
rity, where the operators are responsible for maintaining
the system and providing services. In other cases, the ope-
rators are responsible for purchasing the vehicles, aiming to
meet the requirements and schedules for the reduction of
pollutants, leaving the municipality with the responsibility of
guaranteeing the operational revenues necessary to main-
tain the system. The best alternative's definition depends on
the transition program's extent and municipalities’ technical
and financial conditions.
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In the first case, the acquisition of vehicles and the necessary
infrastructure depends on budgetary and extra-budgetary
resources (grants or other means), combined with finan-
cing from development institutions and agreements with
other levels of government. For this, one should consider the
legal limits of indebtedness, payment capacity, and guaran-
tee conditions. Furthermore, for the risks of the operators in
maintaining the system, associated with the combination of
the demand met and tariffs, there may be a need to share
such risks with the granting authority by complementing
the values of the tariffs with subsidies, which depends
equally on the budgetary and financial conditions in the
short, medium and long term.

Some business model conditions must be considered in
concession contracts where operators assume responsibility
for fleet renewal. The operators can make the bus purchases
viable or combine the acquisition of the chassis with leasing
operations for the batteries. In both cases, municipal inde-
btedness needs are minimized in the short term. In the se-
cond case (acquisition + leasing), the initial costs and their
impacts on the operational conditions are diluted.

In any case, if such models reduce, in the short term, the fi-
nancing and indebtedness needs of the municipality, on the
other hand, it imposes the need to structure guarantee con-
ditions to the operators to ensure the necessary operating
revenues to maintain the services, including the amortiza-
tion of investments and the cost of leasing operations. Here
one can also consider the distribution of responsibilities in
infrastructure construction. Generally, the construction or
renovation of garages and charging points can be diluted si-
milarly, maintaining public responsibility for the road system.

Table 2 and below systematize the responsibilities/attribu-
tions of the agents in the electromobility transition projects
based on the concession contracts.
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Table 2 - Concession Agreement with fleet and infrastruc-
ture acquisition assumed by municipal management

Responsible Responsibilities
Structuring the electromobility project;
System Management

Enabling the necessary resources for the investment
(budgetary and extra-budgetary);

Articulation with development institutions or other gov-
ernment levels, seeking financing lines compatible with

Local Public the municipal limits and conditions (debt limits and
authority: Grantor other conditions established in the Fiscal Responsibility
Law (LRF));

Definition of the values of the tariffs and conditions for
the economic-financial balance of the contracts;

Programming of budget resources, aiming for necessary
subsidies in the short, medium, and long term, ensuring
the operating conditions.

Concessionaires - Operation of the system with services maintenance, ac-
or operator cording to environmental, social, and economic rules and
parameters established in the public tender and contract

Source: Own elaboration.
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Table 3 - Concession Agreement with fleet renewal by
the concessionaire

Responsible

Local Public
authority: Grantor

Responsibilities

Structuring the electromobility project;
System Management

Definition of the values of the tariffs and conditions for
the economic-financial balance of the contracts;

Constitution of guarantees/structuring of a Credit Guar-
antee Fund aiming at concessionaires’ financial cover;

Programming of budget resources, aiming at short,
medium, and long-term subsidies, assuring operational
costs, including investment amortization and the cost of
leasing operations..

Concessionaires
or operator

Providing the necessary resources for the acquisition of
vehicles and the construction or renovation of garages
and charging points within deadlines compatible with the
pollutant reduction schedules assumed in the contract;

Constitution of guarantees or partnerships with investors,
aiming at obtaining the necessary financing;

Enabling leasing operations for the batteries;
Operation of the system with services’ maintenance, ac-

cording to environmental, social, and economic rules and
parameters established in the public tender and contract.

Source: Own elaboration.




In this characterization phase, the municipality must unders-
tand the roles of the granting authority (usually the mayor's
office or an agency responsible for the transport system) and
the current concessionaire providing the service. Based on
this identification, more stakeholders can be included in the
process to ensure the success of the process regarding the
acquisition of electric buses, their financing, loading condi-
tions in the garages, insurance of the new vehicles and faci-
lities, involvement of the operator's current workforce, and
other needs for adopting the new technology to be taken
into account in the operation.

3.5 STAKEHOLDERS

Based on the experiences of Latin American cities such as
Santiago [15], Bogotd [16], and Lima [17], among the first
steps for the implementation of an electric bus project is the
prior involvement of stakeholders who can stimulate the de-
velopment of the project.

The roles of all stakeholders in an electromobility project in
Brazil are presented below. Stakeholders can play a role in
obtaining funding for the project implementation. In addi-
tion to the granting public authority, the operators (or con-
cessionaires), and the transport authority, some actors can
be decisive in obtaining funding for the acquisition and ope-
ration of electric buses.

3.3.1 Federal Government

The federal government is responsible for providing regula-
tory guidance for projects at the state and municipal levels.
Climate change laws at the federal level are fundamental for
cities to structure projects to contribute to achieving emis-
sions targets at the national level. The federal government
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can issue green bonds to expedite investments in low- and
zero-emission projects. The financing of electromobility
projects through Green Bonds in Brazil can be boosted by
Federal Decree 10.387/2020, which aims to encourage in-
frastructure projects with social and environmental bene-
fits [10,18].

DECREE N°10.387, OF JUNE 5, 2020

Amends Decree No. 8,874 of October 11, 2016, to provide incentives

for financing infrastructure projects with environmental and social
benefits among which it supports the projects of acquisition of
electric buses, by fuel cell, and biofuel or biogas hybrids.

3.3.2 Municipalities

The municipalities are in charge of managing the budget
allocation and the strategies to reduce emissions from the
transport sector in the city. With the approval of the city cou-
ncil and control bodies, the municipality can create guaran-
tee funds to allocate resources for investments in projects
that reduce climate change impacts. They should also defi-
ne the main characteristics of public transport service con-
cessions and the value of transport tariffs.

The transport authority provides guidelines, grants, and su-
pervises public transport services. This entity plays a key role
in requiring minimum standards and indicators for service
provision and an adequate definition of concessions’ condi-
tions to operators.

Besides the transport sector, entities at the municipal level
from the industry, energy, health, and environmental sectors
must be involved in implementing transport projects. The-
refore, it is essential to identify all the entities mentioned to
understand their interaction dynamics.
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3.3.3 Financial Institutions

Given the acquisition costs of electric buses and charging in-
frastructure, financial institutions must receive effective in-
centives to increase the participation of these players in this
transition and mitigate the effects of municipalities' fiscal
constraints and operators' warranty conditions.

Financial institutions can leverage projects that mitigate
the impact of climate change on cities. Some development
banks, such as BNDES, offer financing lines with better op-
tions than commercial banks for those seeking financing
for green projects. For example, the funding lines offer soft
loans, lower rates, extended grace periods, and more. Many
commercial banks rely on the resources released by the
BNDES to make large loans. However, Brazil's condition as
an automotive vehicle producer country and the growing
interest of cities to make the transition attract commercial
banks to open new funding lines, and international banks
are looking to Brazil for financing offers [1, 5].

3.3.4 Manufacturers

The low presence of domestic manufacturers of electric
buses and batteries generates competition from internatio-
nal manufacturers with the national ones, which can count
on tax incentives. This disparity exerts considerable pressure
on the market, and prices are not yet competitive with the
costs of diesel buses. Manufacturers’ influence on the finan-
cing models is strong by participating in the business model
as financers of the bus or battery or by offering battery lea-
sing to the operator or the municipality.

3.3.5 Energy companies and subsidiaries

Companies in this sector have been major players in electric
mobility in Brazil, considering their role as suppliers of electric

60 e—— TRANSITION TO ELECTROMOBILITY IN BRAZILIAN CITIES VOLUME I




energy, which is indispensable for the supply of electric vehi-
cles. Their main actions have focused on demonstration pro-
ject initiatives to research and understand electric vehicle te-
chnology, its applications, and its implications. Above all, they
seek to identify the possibilities of action for companies in
terms of electricity supply, charging infrastructure, and new
business models associated with electric vehicles [10]

In this sector, these efforts to develop electric mobility are
justified by the compulsory investment in research and
development through the ANEEL's R&D Program (Law No.
9991/2000). Although most of the projects are not exclusively
linked to electromobility, they have significantly impacted
the actions derived from the electrical sector in favor of elec-
tric vehicles in Brazil, promoting broader reflection on the
subject. However, electric distribution companies are not yet
able to invest in transport assets to support the implementa-
tion of electric buses (charging infrastructure).

3.3.6 Public Transport Operators

Public transport operators are crucial since new business
models depend on the transition for compensation from
items other than passengers transported. Therefore, as part
of the Diagnosis, it is fundamental to identify the operators’
demands, the financial problems, and dynamics regarding
the service remuneration and the costs and revenues from
the sale and purchase of diesel buses.

3.3.7 Insurance Companies

Insurance companies are becoming increasingly confi-
dent in providing insurance for a technology still under
development. Therefore, they are key players in the diag-
nosis of the city, and their integration is sought in the ini-
tial phase of the project because, in the financing process,
financial institutions require any business to consider
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insurance for buses, batteries, and supporting infrastruc-
tures for the operation.

3.3.8 Research & Development

It is important to identify the presence of universities that
have conducted research and development in electromobili-
ty. These institutions provide relevant technical evidence and
documents for implementing such projects and are often
linked to the reality of the municipality or state where they
are located.

The interests of all these stakeholders do not always align.
The goals and objectives of the stakeholders need to be
aligned to facilitate the transition. The next section presents
an analysis of the alignments of the most important goals
among the stakeholders.

3.4 STAKEHOLDERS' GOALS AND
OBJECTIVES

Implementing an electric bus fleet project brings complexi-
ties that can be addressed from the beginning. However, as
a good practice, the authorities involved must initially have
an overview of the public transport system and the power
grid to define the challenges and opportunities and identify
and measure the benefits [1].

In this context, it is essential to clearly define the project's
scope to establish short and long-term goals. The transition
to electric mobility is not only a matter of improving the qua-
lity of the public transport services provided but an initiative
that aims to meet an environmental protocol to reduce gree-
nhouse gases and pollution in the municipality by improving
health conditions and the quality of life of the population.
In other words, its environmental proposition is an excellent
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opportunity also to modernize the public transport system
and, potentially, offer a better service to the user.

On the other hand, the project scope may vary according
to the transport authorities' interests and the system's cur-
rent state, stakeholders’ positions, and financial possibilities.
Therefore, it is important to keep in mind that no formula
justifies the development of such a project, and considering
the specific characteristics of each location results in better
outcomes. From this perspective:

A pilot project is sought to have better information
about the necessary parameters and the technologies
to be adopted in a large-scale deployment.

The goal is to initiate a process of electric fleet deploy-
ment that covers the entire urban system. In this case,
a gradual transition scenario is proposed in which vehi-
cles are incorporated per line, per route, per operator, or
staggered for all city operators.

Modernizing the commercial and operational model
can favor the adoption of electrical systems.

Identifying clear and defined objectives is essential not
only to establish a baseline and a progress-tracking model
(as well as the tools and metrics to be used) but also to ge-
nerate expectations and alignment among the various ac-
tors that make up the system. In many cases, undertaking
a process of electric bus deployment may imply a change
in the institutional and organizational form of the system.
Thus, itisimportant to involve all institutional actors that are
part of this process.

Although the objectives need to be well defined, the moti-
vations for accelerating an electric bus deployment project
can respond to different incentives, stimuli, and justifica-
tions, such as those indicated in Figure 3-2.
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Figure 3-2 - Incentives from municipalities for the
transition to electric buses
Qﬂ Seek to decarbonize urban transport,
Environmental reduce environmental pollution, and

//37 improvement

create jobs contributing to slowing
climate change.

Incorporate technology to provide users
with new services and improve public
transport's image.

Modernization and
renewal of the fleet

Reduce the total operation cost over

" the entire asset life by using
\’\\ o"l_:?:g?o‘:‘“t innovative financing models with
electric technology.

Source: Own elaboration.

Thus, the project authority must define the objectives and,
eventually, its hierarchy. For example, the latter definition
of targets and evaluation of the project's progress varies ac-
cording to the predefined objectives. A project that seeks
to achieve predefined environmental impact targets set
by the municipal authority involves a different process and
planning than a project that seeks to achieve cost efficiency
or improved passenger service.

In addition, it is necessary to identify the goals and consider

the government administration's potential to achieve them
on time. Thus, it is important to ponder existing constraints
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and commitments to be made with all stakeholders when
structuring the project for a realistic implementation plan.
Therefore, this plan incorporates intermediate progress
goals and objectives and, above all, includes the necessary
resources to ensure that the intermediate goals are met ac-
cording to the initial plan.

A final aspect to consider when defining objectives is that
they are not static but can be adapted and modified with
project progression and lessons learned along the way. Fi-
gure 3-3 presents the key elements related to the dynamic
nature of electromobility projects.

Figure 3-3 - Project objectives’ dynamics
The transition to electric bus fleets is a complex and
dynamic process and, depending on the complexity of

the network in operation, may have an impact on the
levels of accessibility or coverage of the population

Dynamism in the project objectives

It is possible that the goals initially set are too
ambitious or that the first steps have shown that a
change in the orientation of the project is needed

concerning:
g_'l‘
X

D 2% off

Fleet Service Rental of the Operational
typology Coverage chargers Plan

Source: Own elaboration.
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Figure 3-4 summarizes the most important activities of Step 2.

Figure 3-4 - Diagnosis Steps, Step 2 summary

At the end of Step 2,
the following activities
must be completed

Identification of the current state
of the public transport

concessions and the possibilities
of modifying the tenders

Identification of
alternatives for mobilizing
investments

Step 2
Diagnosis

Identification of stakeholders
and current level of involvement

Identification of the
interests, goals, and
objectives of the stakeholders
that are involved in the project

Source: Own elaboration.

The following chapter presents Stage 3, where the opera-
tional, financial, regulatory, socio-environmental, and go-
vernance parameters are formulated after identifying the
stakeholders and their objectives and interests.
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To meet the objectives and goals of the stakeholders identified
in the Diagnosis, operational, financial, and regulatory parame-
ters should be identified for the project feasibility assessment.

Parameter Formulation describes the objectives and goals of
the stakeholders to identify where there is congruence and
where objectives diverge. The parameters on which this Manual
focuses are shown in Figure 4-1:

Figure 4-1 - Parameters evaluated in the TRM for the
financing evaluation

Vehicles and « Cost Analysis « Concessions « Social Inclusion in

batteries « Business Model « Tenders and the transition
Charging Definition contracts and » Environmental
infrastructure Search for taxation for the Benefits
Operational resources and purchase and
Model financial and operation of

profitability electric buses

indicators

Source: Own elaboration.

Prior identification of the parameters described allows mu-
nicipalities to:

Enhance municipal institutional and public transport
operators' knowledge of electric technology.

Increase public authorities' understanding of the bene-
fits of transitioning to electric mobility.

Map stakeholders in the municipal context.
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Understand the need for changesin the regulatory frame-
work at the municipal level to accelerate the transition.

Increase efficiency in the coordination processes be-
tween financial institutions, insurance companies, bid
control agencies, investors, bus manufacturers, assem-
blers, electric power companies, and others.

Figure 4-2 shows the components related to each parame-
ter analyzed in Stage 3 of the electromobility project imple-
mentation. Stakeholders are involved in all parameters that
affect the conditions for project financing.

Figure 4-2 - Components and stakeholders involved
according to the parameter type

Stakeholders

Vehicles and batteries

Operators City Hall
( Operatlonal ) Charging infrastructure Electric power companies
Manufacturers

Operational Plan

Total Cost of Ownership . : L.
Financial Institutions

—= - . Special Purpose Entities
E@ ( Financial ) Business Model City Hall Operators

Electric power companies

Revenue Sources

Current Concessions

Federal Government
. State Government
& ( Regulatory ) Bids and contracts City Hall

— Insurance Companies

Taxation
Civil Society
Emission Reduction Federal Government
(Somo-enwron mental> State Government
RN Social Inclusion City Hall Operators

Electric power companies

Source: Own elaboration.
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This chapter presents the parameters for cities to achieve
electromobility projects in public transport quickly. It pre-
sents operational, financial, regulatory, socio-environmental,
governance criteria, changes, and adjustments municipali-
ties could make to finance and implement their projects.

4.1 OPERATIONAL PARAMETERS

Although the size of an electromobility project can vary
considerably depending on the needs of the public trans-
port system, considering the level of modernization of the
current fleet and the financial capacity of the municipality,
operational parameters of the project can be identified
in advance to assess the technical feasibility and the best
option in technical terms for further implementation.

These elements are related to the project assets (vehicles
and batteries), the charging infrastructure, and the opera-
tional model described below. Depending on the specific
business model of the project, there may be different actors
responsible for defining these operational aspects.

Figure 4-3 - Operational parameters of the project

Project Assets

Operational
Parameters

Operational Model

AN
7
Source: Own elaboration.

70 e—— TRANSITION TO ELECTROMOBILITY IN BRAZILIAN CITIES VOLUME I




4.1.1 Project Assets: Vehicles and Batteries

The vehicles and batteries correspond to the most signifi-
cant capital investment for the electromobility project
and determine several other parameters relevant to project
planning. The most important decision during this project
phase is the technology choice for vehicles and the charging
strategy, which affects both the chargers to be purchased
and the batteries inside the vehicles (Figure 4-4).

Figure 4-4 - Electromobility project assets

Project assets are primarily vehicles and
batteries. Aspectsto take into accountwhen
defining operational assets include:

I
I
|
|
|
I
I
|
* Exploration of technological alternativesand !
scenarios. I
[:47} » Definition of the capitaland operating cost of |
the vehicles for each scenario. !

Chargingstrategy (chargersand batteries). \
Pilot test for performance evaluation. !
Feasibility analysis of fleet standardization. I
Asset disposal plan. :
Training of the maintenance team. !
I

I

|

Source: Own elaboration.

Studies in Brazil have been conducted to identify the alter-
native vehicle models and battery suppliers and the tech-
nology associated with electric bus operation available in
the Brazilian market [19, 20, 21]. Therefore, for the technical
structuring of the project, it is recommended to explore
all technological alternatives, analyze the cost required for
the project, both capital and operational, and complian-
ce with operational requirements. Table 4 references the




operational parameters for planning the operation of elec-
tric buses with overnight charging. Depending on the re-
quirements of the operation (i.e,, kilometers traveled, Air-
-Conditioning use) and the battery capacity of the buses,
the operation may have different financial costs related to
assets’ replacement in the long term.

Table 4 - Reference operational parameters for Padron
and articulated electric buses with overnight charging

Padron Articulated

B2 &3

Energy consumption with A/C (kWh/km) 1,05 1,92
Battery capacity (kWh) 350 580
) A 3,9

Time for full charge (h) (150 kW’charger( (150 kW'charger(

Minimum battery state of charge for safety

State of Charge - SOC (%) 10% 10%
Autonomy of new battery with A/C (km) 300 272
Maximum allowable battery degradation (%) 20% 20%
Battery life (years) 8 8
Autonomy with degraded battery in year 8 233 om

(km)

Source: Own elaboration based on interviews with BYD Brazil
and WRI Brazil [22].

One relevant aspect is related to the scale of the project
and how this impacts the associated investment costs. It is
advisable to start the process progressively, and the incor-
porated fleet's initial planning and evaluation process must
evaluate the cost of a pilot test and its objectives as a fu-
ture investment. Many projects incorporate a pilot phase
with a few units to evaluate their performance under opera-
tional conditions. In this way, we identify which bus typology
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is most appropriate to optimize the total deployment costs
on a larger scale.

A pilot test could impact future decisions. For example, if an
investment is made in infrastructure for the test and one
wants to opt for vehicles or chargers with other characte-
ristics after the results, these first units would represent a
non-recoverable investment for the authorities. Therefore,
the City Hall should not purchase the units’ parts of a pilot
test. Instead, the supply companies should make these
vehicles available for a certain period to evaluate their per-
formance, allowing authorities to make the most objective
decision possible.

As for the impact on operating costs, for most electric bus
designs, these costs are expected to decrease compared to
a diesel bus operation, primarily due to lower energy costs
(lower and more stable electricity costs than diesel) [23].
These lower costs are also ensured through proper battery
management, following the good practices in Figure 4 5.

Figure 4-5 - Battery life management for electric buses

* Performthe chargecycles at regular intervals
* Do notallowthe state of charge to fall below
the manufacturer'sminimum State of Charge
(SOCQC) limits
* Avoid excessive use of the vehicle:
* Do not exceed the maximum number of
passengers carried
* Maintainregular average travel speeds
* Make use of regenerative braking
through eco-driving practices
*  Monitorthe temperatureat which the battery
operates
. Perform proper maintenance:
Periodic review accordingtothe
manufacturer'srecoommendations
* Regularbalancing of the cells
* Replacement of official spare parts

- Battery Life
-+
Management

Source: Own elaboration based on Glucker et al. (2021) [24].




For proper battery management, the technical staff in char-
ge of battery management must be trained, and the manu-
facturer needs to develop a monitoring process. In addition,
it is recommended to realize standardized performance
tests at specific moments of the battery's useful life in dis-
charge cycles to monitor its performance.*

When deciding on the vehicles required for each project,
it is important to consider these differences by estimating
operating cost scenarios with the alternatives available on
the market, considering manufacturers' benchmarks. For
example, a vehicle with a higher battery charge capa-
city and, therefore, greater autonomy may only require
overnight charging in garages rather than opportunity
charging during operating hours, reducing both char-
ging costs and the capital costs required for more advan-
ced charging infrastructure. However, overnight charging
buses require a more significant capital investment due to
the larger battery pack.

It is important to define aspects related to vehicle acquisi-
tion, such as standardization of the technology that applies
to the system and compatibility with elements such as char-
ging infrastructure. The same technology can be applied to
the whole city or region. This point becomes very relevant
in the initial design phase of the project. The fleet standar-
dization allows savings in the supply of spare parts, driver
training and maintenance, and large-scale purchases that
reduce the unit price per unit purchased.

4 Technical standards IEC 62660 [IEC, 2018] and ISO 12405 [ISO,
2018] define the standards for performance and reliability tests
on lithium batteries for electric propulsion vehicles, as well as
safety requirements.

74 oe—— TRANSITION TO ELECTROMOBILITY IN BRAZILIAN CITIES VOLUME I




Therefore, the entity responsible for planning the deploy-
ment must make the correct assessment of the technical
and operational requirements and, if necessary, design in
advance the typology and characteristics of the network
to be operated to assess whether the technical characte-
ristics of the vehicles to be incorporated have, for example,
sufficient autonomy to operate the routes determined. In
addition to the technical specifications shared by manufac-
turers, it is important to check that these characteristics
have been verified in real operating environments (Table
4 only shows reference values).

Related to the previous point, the incorporation of electric
fleets needs to consider the current operating model and its
actors. For example, while some cities are migrating to busi-
ness models that seek to concentrate fleet operations in one
or a few companies, in others, the current operation is pro-
vided by several companies [8]. In this scenario, it is essen-
tial to discuss whether fleet uniformity among operators
is a necessary condition or whether the regulator should
establish unified parameters regarding fleets and their com-
ponents (internal configuration of the vehicle, batteries,
type of charger, and type of power) to reduce the risks as-
sociated with interoperability.

Finally, the management and disposal of assets at the end
of the project term is not a minor aspect (see Figure 4-6).
Regarding the final disposal of the chemical waste from the
batteries, alternatives should be evaluated so that the batte-
ries can be recycled for other uses. One possibility for proper
disposal of the assets is to evaluate alternative uses for bat-
teries once their useful life is over by reusing them in statio-
nary storage applications, such as households or industries.
It is important to consider waste treatment in the designs
as electric vehicle technology expands, including exploring
measures for developing a secondary market [25].
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Figure 4-6 - End-of-life asset management
1
1
1
1
1
1
1

[ ] .. Asset Management

End-of-life asset managementis a task to be
done by the operator, the transport authority, or
the manufacturer from the moment the decision
to migrate the fleet is made.

The control bodies and the operatorsdecide on the
destination of the assets at the end of useful life:

* busreuse or safe disposal of the vehicle

» batteryrecycling

Tothisend, it is essential that public transport fleet

renewal projects:

* Incorporatelocal multi-disciplinary entities (e.g.,
the environmentalagency) to understand the
environmentaland economic impact of
waste disposal

+ Long-term project costs for disposal and
recycling of assets

Source: Own elaboration based on IDB (2019) [16].

Given that electromobility projects in public transport are
recent, most projects have not yet reached their useful life
initially estimated. In an industry where technological inno-
vations are occurring rapidly, it is possible that current bat-
tery life diagnostics are conservative and that, with proper
management, batteries could have a life between 10% and
20% longer than projected [24, 26].

The more extended payback periods of electric buses, com-
pared to diesel buses, require transport operators to operate
these vehicles for longer periods (from 10 to 15 years). However,
after this period, the electric bus market may be further deve-
loped, and parts’ replacement and sales may reach a similar
maturity as diesel’s [25, 27].

4.1.2 Charging infrastructure

The charging infrastructure required for the project is defined
together with the electric buses chosen by the city. Thus,
the technology and total cost of the chargers depend on the
technology of the electric buses (i.e., standard or articulated,
overnight or opportunity charging, low-floor or high-floor,
etc.). The cost of chargers and charging infrastructure is often
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inverse to the cost of electric buses, as the economics of a bus
with fewer batteries represents a higher cost due to more char-
ging points to achieve the required operation.

It is worth remmembering that the cost of the charging infras-
tructure impacts the amortization period. Therefore, it is re-
commended to evaluate the operational needs to define the
charging type and, consequently, the necessary infrastructure:

Overnight garage charging:

The bus has a larger battery pack than the opportuni-
ty charging buses (ranging from 150 kWh to 550kWh)
because charging is only done at the end of the day.

Ideal for getting to know the technology and moving
forward in the transition.

Opportunity charging:

The bus is charged along or at the route's end. There-
fore, a smaller battery is required than overnight
charging buses (ranging from 80 kWh to 150 kWh).

Implemented in systems that already have experience
and advances in infrastructure by installing strategic
charging points in the system.

Mixed charging (night and opportunity)
4.1.2.1 Responsibility for the charging infrastructure

The definition of operation and maintenance responsibili-
ties for the charging infrastructure must be considered at
the beginning of the project. Who is responsible for the
charging operation in the garage depends on the business
model chosen for the project. In a traditional model, the
operator himself is responsible for the vehicle charging
process. However, depending on the project's business
model (as defined in chapter 4.2 Financial Parameters),
the responsibility for this process may be with the energy
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subsidiary, the battery supplier, or the charging infras-
tructure provider.

A project aiming to deploy electrical technology usually requi-
res incorporating a key actor: the concessionaire that provi-
des electrical services in the project area [7]. The operators
usually manage the supply for diesel fleets and are experien-
ced in building fuel pumping stations. In the case of electric
charging stations, they require special garage linkages and
technical expertise that is usually concentrated only in
companies in this field. When chargers are installed along
routes, coordination with the electric power distribution com-
pany is even more critical for the correct coverage and avai-
lability of power at the points of location of these chargers.

Incorporating new actors demands greater coordination to
ensure that service delivery is not affected. Power com-
panies are increasingly interested in participating in these
business models in Latin America [28], making their exper-
tise in electric power transmission and distribution availab-
le. For example, in the case of power failures, complications
with charging infrastructure, or similar issues, the power
company can anticipate and avoid service interruptions and
a negative impact on the remuneration of the transport
operator. Therefore, system coordination and management
must be addressed from the beginning, and the regulator
needs to be strengthened institutionally to establish mitiga-
tion guidelines and ways to resolve conflicts beforehand.

The availability of charging infrastructure requires addi-
tional construction work, which can impact the operator’s
costs (by renting a new site temporarily or not having space
to maintain the fleet), or for the city if current sites are dee-
med unsuitable for the installation of the required infras-
tructure. In addition, moving to another location can impact
the project's operating model and financial costs.
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Figure 4-7 - -Summarizes the key points for defining the
charging infrastructure aspects

« Define the charging strategy
» Overnightchargingin Garages
»  Opportunitycharging
* Mixed charging
- Define the responsibility for the charging service
* Can be assumed by the operator,energy
subsidiaries, battery suppliers, or charging
infrastructure providers
« Define the location for the installation of the
! infrastructure and chargers
i » Define the coordination of the actors from
| the beginning
! + Aimingto mitigate possible risks and ensure
1
1
1
1

continuousservice delivery

Source: Own elaboration.
4.1.3 Operational Model

The operational model includes all logistical and technical
aspects necessary for the operation of the electric bus
system. These aspects refer to the definition of parameters
(such as the number of vehicles in operation per driver) and
the structuring of charging plans, allocation of vehicles to
bus routes, the management system for the operation of
electric buses, and the technical training plan for the staff.

All these aspects are defined by the city's public transport
regulator for the electromobility project before bidding or
allocating the operation contract. This ensures a steady and
linear service quality throughout the system, regardless of
the operator or the different business models used in
each project. Figure 4-8 shows the phases of the operatio-
nal model for the deployment of the electric fleet.
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Figure 4-8 - Phases of the electric fleet operational model

Operational Model

All logistical and technical decisions that ensure the operation of the electric bus system

= Bus line network
redesign
= Allocation of vehicles to
bus routes
— Conversion Planning
by Lines
— Iterative process
evaluating bus
performance
= Schedule optimization
of electric buslines

Optimization of the bus Incorporation of new
service network actors

Coordination of power
requirements with
distribution company
Definition of
responsibilities of
involved actors
Definition of data
sharing requirements
Structuring an electric
bus management
system

Definition of personnel
requirements of the
actors involved
Mitigation of staff
redundancy:

— Capacity building
planning for current
actors' personnel

— Personnel movement
of bidding consortia

Training in driving

techniquesto improve

battery life and
performance

Alliance with

international strategic

players

Operation of the garages

= Modification of the
garages for the
implementation of the
charging infrastructure

= Structuring charging
plans for electric buses

Source: Own elaboration based on WRI BRASIL [10] and ITDP [29].

An electric fleet implementation project is, in essence, differ-
ent from a conventional fleet implementation project. In this
sense, local authorities must be involved, and it is suggest-
ed to follow the following steps:

Evaluation of the traditional system in operation

Identification of changes in the operational model for
the transition from the traditional system to the system
with electric buses (Figure 4-8)

Formulation of the minimum technical and network
parameters for electrical operation

Comparison of the technical specifications of the differ-
ent bidders to evaluate the best option
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4.1.3.1 Otimization of the bus service network

Many energy transition projects involve the redesign of the
operating grid to optimize the autonomy of the new vehi-
cles. Developing an iterative process of a detailed analysis of
the basic operational parameters is recommended, conside-
ring the implementation of vehicles with limited autonomy
on the lines. Some adjustments may be necessary to the
routes in operation since the performance of the buses may
not be as expected (due to environmental and geographical
issues beyond the scope of this authority).

Since these adjustments may result in changes in route
design or system coverage area, public administrators can
frame these changes in a broader communication and
marketing strategy by completely renovating the transport
system (which may include changing the name of the lines
or the colors of the buses), involving the users and getting
them to participate in the foreseen changes.

4.1.3.2 Incorporation of new actors

Implementing these projects often requires incorporating
new actors that are commonly absent at the decision-
-making tables of traditional public transport projects.
Public transport electrification projects, in many cases, are
realized through the provision of new business models, pro-
moting vertical separation in the service delivery chain,
as described above. This requires new consensus, strengthe-
ning new capacities by the authorities responsible for regu-
lation and enforcement, and developing new relationships
between key players.

4.1.3.3 Technical personnel training
Another important aspect concerning the operation of

electric fleets is staff training. Although electric buses ge-
nerally have better internal technology that would optimize
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their maintenance and, therefore, their availability, the ope-
ration, and maintenance of these new vehicles require a
staff training process that must be carried out in advance to
make the transition as smooth as possible. These are some
of the aspects to be considered:

Figure 4-9 - Workforce training key points in the
electromobility transition

Aspects to be
considered

Decrease in existing jobs
due to the change in the
business model.

50

Cautions with the expected
useful life of the batteries.

Increase in traffic accidents
due to the low noise levels
emitted by vehicles.

o

Change in traditional
dispatching practices due to
power supply needs.

Training Measures

Training and staff turnover plans.

Training for the change in processes and/or new
functionsgenerated.

Work together with unions on mitigation measures
for changing activities.

Training drivers in driving strategies to optimize
battery life with the support of vehicle
manufacturers.

Driver training to raise awareness of other low-noise
vehicles, and community awareness campaigns
about low-noise technologieson the road.

Rely on more accurate bus dispatch planning and
shift allocation per driver.

Source: Own elaboration based on WRI (2022) [10].

4.1.3.4 Operation of the garages

In operational terms, the layout of garages and buildings
used for storage and maintenance of conventional vehi-
cles may not be ideal for an electric operation. Thus, it is
necessary to consider the space required for vehicle char-
ging, transformers, and any associated infrastructure. Only
a minor adaptation to the conventional situation may be
enough, but including this in the planning is essential, as it
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may affect the initial cost. Figure 4-10 shows an example of a
garage in Bogota (Colombia) that required civil construction
to adapt the space for the electric bus chargers.

Figure 4-10 - Adequate garage with charging
infrastructure in Bogota'

Source: El Tiempo (2021) [30].

All aspects mentioned above that imply a transition to elec-
tric fleets need to be considered in planning to minimize
the associated risks and costs. Municipal authorities can
conduct a thorough analysis that allows them to identify the
main risks, assess whether the benefits outweigh the asso-
ciated cost, and thus define strategies to make this transi-
tion as cost-effective as possible. The alignment process with
current or potential operators is essential to assess the mi-
nimum requirements to minimize the transition's impact
on service delivery and the financial parameters described
in the following chapter.
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4.2 FINANCIAL PARAMETERS

Due to the high capital costs required for implementing elec-
tric bus projects, financial structuring is essential for pro-
ject feasibility. The main aspects identified to be considered
and defined during the financial structuring process are:

1. Cost Analysis

2. Business Model Definition

3. Resource Mobilization

4. Financial and profitability indicators

These aspects are not necessarily developed in chronologi-
cal order but are evaluated simultaneously in an iterative
process since decisions made regarding each one directly
impact the others. For example, the online platform Finan-
cial Hub, presented in Figure 4-11, is an open tool where
Brazilian cities and financial institutions meet and share
interests in structuring and financing projects.

Figure 4-11 - Financial Hub for the electromobility
transition in Brazil

e
CRAE FINANCIAL HUB ELETROMOBILIDADE
g BRASIL

Guia conceitual sobre estruturacéo financeira para cidades interessadas na
introdugéo de énibus elétricos em seus sistemas de transporte puiblico

e > PROJETOS SALVOS > LINHAS DE FINANCIAMENTO REGISTRADAS SALVAR CENARIO Ll COMPARAR
lotas Técnicas

Guia do Usuirio

1. Contabilidade da compra v 2
# ONIBUS PADRON sio
1800000
2. Beneficiario do financiamento v z
" " # ONIBUS ARTICULADO
Links de interesse
3. Modelo de negécio v : e
4 CARREGADORES/ONIBUS
4 Viabilidade normativa v

L] o]
PRAZO DO PROJETO
(CUSTO CARREGADOR

Source: Own elaboration.
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The Financial Hub tool was designed to assist in making decisions
regarding the financial structuring of the project.

With this tool, transport entities and cities can get an overview of
how the aspects discussed in this chapter relate to and affect each
other. These parameters are defined in the platform for cities and for
financial institutions.

4.2.1 Cost Analysis

While the project's total cost of ownership (TCO) analysis
was one of the parameters defined during the pre-feasibility
and planning phase, financial structuring is an opportunity
to develop an accurate cost analysis with the knowledge
gained during operational planning. Aspects such as the
project objectives, the project schedule, and the bus and
charger technology chosen by the city for the system,
among others, directly affect the TCO of the project.

It is recommended to perform financial statements or cash
flow analyses for the project schedule, detailing capital,
operating, and fiscal costs, among others. In addition, it is
important to include expected revenue over the project
term, which requires knowledge of the system's demand
projections and expected tariff increases. This analysis
should be very detailed. For example, one can consider the
reduction in operating costs resulting from the expansion
of the electric bus fleet, the reduction in battery costs and
improved battery performance in the future, and even the
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effect on demand that the modernization and redesign of
the bus system could cause.®

When conducting the cost analysis, it is important to
remember that electric bus projects for public transport are
an iterative process. Decisions made regarding the project's
business model, financing, and interest rates of the financial
products purchased for the project directly affect present
value costs.

Performing several analyses on different scenarios of
the business model and financing lines is necessary to
understand how the TCO of the project relates to the
business model and the city's electric bus project or the
chosen financing alternative. This issue is discussed in the
next chapter.

4.2.2 Business Model Definition

The definition of the business model is one of the most critical
aspects in structuring the entire project. It determines the
actors that play a role in the electric bus project and, to a
large extent, the risk associated with the capital investment.
Four main business models are considered for an electric
bus project. Figure 4 12 shows the possible operational
models for an electric bus operation.

5 The TCO assesses the cost structure associated with the pur-
chase and operation of an electric bus fleet. There are other rele-
vant aspects, such as socio-environmental factors and externali-
ties related to the reduction of pollution, emissions and noise in
the public transport sector, and the consequent improvement
in the quality of life and health of the population, which positi-
vely affects the evaluation of the impact of technological chan-
ge. These benefits, that should be considered when deciding to
invest in the deployment of electric fleets, are discussed in the
chapter 4.4 Parametros socioambientais
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Figure 4-12 - Operational Models
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Source: Own elaboration.

Although the possibility of implementing some of these busi-
ness models may vary depending on the institutional set-up,
for electric bus projects, it is preferable to have new players
that lower the associated risk compared to a traditional
model in which the operator assumes most of the risk. In
the traditional model, the new partners may be reluctant to
participate in a project of electric fleet transition. The presen-
ce of these new players increases the overall debt capacity
of the project and makes it possible to acquire financial pro-
ducts that reduce costs and increase the project's viability.

Regardless of the business model chosen by each city, the
term defined for the project must correspond as closely as
possible to the useful life of the assets (vehicles and batte-
ries). This is beneficial both for the bidding operators and
the granting authority that defines the requirements for

Shared . .
responsibility Public Operation

v’ Private operating
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assets' disposal at the end of the project and for the finan-
cial agents or companies that may own the assets and do
not need to purchase new vehicles to meet the technical
requirements of the system. In addition, it may not be ne-
cessary to consider the residual value of the assets within the
project's profitability analysis.

However, it is also important to define the requirements for
the final disposal of batteries and vehicles before the project
bidding process to mitigate adverse environmental effec-
ts, discussed in more detail in chapter 4.1.1 Project assets:
vehicles and batteries.

4.2.3 Sources of funds

Regarding traditional revenue sources that should be con-
sidered in the cost analysis and financial structuring of the
project, regardless of the business model, this section ela-
borates on existing financing or subsidies, tariff revenues,
advertising and other revenues during operation, and even
revenues from asset sales. Tariff revenues are typically used
to cover operating expenses and not for capital investment
in system assets, but this does not eliminate the need to
include them in the financial structuring of the project. In
addition, revenue from advertising on vehicles, bus shelters,
and charging stations, coupled with increased interest in in-
novative electric bus technology, may help reduce potential
funding shortages during bus operations. In Figure 4-13 is
presented the summary of possible funding sources for
electromobility projects.
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Figure 4-13 - Sources of funding for electromobility
projects in public transport
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Source: Own elaboration.

Regarding the sale of assets (vehicles and batteries), al-
though it is advisable to analyze scenarios in which reve-
nues equivalent to the residual value of the assets can be
generated, the secondary market for used electric vehicles
and batteries has not yet been fully explored. Therefore,
this type of revenue should not considerably affect the
project's financial viability. However, there are increasing
cases of battery reuse in other industries and advances
in the battery life of electric vehicles, which represents a
potential for future revenue generation for those who
purchase the batteries [24].

For financial structuring, it is also crucial to consider the in-
centives for sustainable public transport projects, such as
electric bus systems. This includes subsidies for the opera-
tion of public transport, which are generally the same as for
conventional bus systems, and tax incentives applicable to




the acquisition cost of electric buses and, to a lesser extent,
to the costs associated with operation.

Despite the ability of the system to generate these reve-
nues, the financial viability of an electromobility project de-
pends on financial products’ acquisition and the debt ca-
pacity of the actors involved in the project. This financing is
provided by multilateral agencies and by Brazilian finan-
cial entities interested in this type of project. The positive
evaluation that these entities give to the project's financial
viability ensures low-interest rates that reduce the associa-
ted costs. For this reason, a detailed financial structure that
considers all the parameters outlined in this section is
essential for accessing adequate financing lines and for the
project's successful implementation. In the section 5.1 Fun-
ding Sources are discussed these financing lines available
in the Brazilian market.

Political and regulatory aspects also considerably affect the
financing alternatives applicable to the project. For example,
electromobility projects in a city that has made progress in
the institutional organization of transport regulators and
has regulatory and contracting frameworks for such projec-
ts are well received by the financial institutions evaluating
the project. Chapter 4.3 Regulatory Parameters elaborates
on examples of rules and regulations achieved in Brazil that
have a positive impact. In addition, the process for defining
the best financing alternative for each specific electromo-
bility project is developed in chapter 5.2 Selecting the best
financing option, detailing the conditions for choosing the
financing alternatives.

4.2.4 Financial and profitability indicators

A financial structuring that fits the reality of the project’s city
depends on access to resources to carry out the project and
on an interest rate respecting the payment capacities of the
implementer. Therefore, the indicators shown in Figure 4-14
should be considered:
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Figure 4-14 - Financial and profitability indicators for
project success

Funding Rate

This value is a reference for the municipality or other project guarantor when obtaining
grant funding from actors, such as the federal government or multilateral agencies,
whose agenda prioritizes this type of project.

Project IRR

Indicates the ratio between the investment made and the project's free cash flow. This
value is useful for analyzing the potential return on investment and generally, it should
be higher than the cost of capital of the company or entity that is evaluating the project
to decide to undertake it.

Considers the financial structuring of the project and the existence of debt when
calculating the return on equity-related cash flows only. If the required amount of
equity capital is lower, the project's profitability tends to increase because debt
instruments tend to be less expensive than equity instruments.

Debt coverage ratio

It is the ratio between net operating income and total debt obligations in a year. A
debt coverage ratio of less than 1 indicates that the debtor cannot cover its obligations
with its revenues and would be forced to seek funds from sources other than its
operations. Values above 1 indicate that the debtor can cover all its obligations with its
income. However, an ideal value ranges between 125 and 2, as it evidences a high
payment capacity by the debtor and is the minimum debt coverage ratio usually
requested by lending institutions.

Source: Own elaboration.

These financial indicators are not the only ones to be consi-
dered during the project's life but are the most important in
the initial financial structuring phase. TIn chapter 6.1 Gran-
ting Mechanisms is developed a set of indicators that need
to be monitored during project operation.

The following presents the regulatory parameters to be re-
vised to award or modify concessions or contracts applicable
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to electromobility projects and the federal, state, and munici-
pal taxation structure.

4.5 REGULATORY PARAMETERS

For implementing the proposed financing mechanisms, re-
gulatory instruments, for review or update, in some cases,
are presented below.

The development of a specific legal framework for the implemen-

tation of bus fleet renewal begins with general guidelines set at the
national level and continues with regulation at the municipal level.

This regulatory framework includes specific goals and dea-
dlines for implementation as well as particular incentives,
such as those presented in Figure 4-15;

Figure 4-15 - Incentives from the regulatory framework

“Phased” Federal-level obligation for operatorsto renew
obligation existing bus fleets in phases (percentage per period),
and an obligation for new operators to use battery

electric buses (complete or a percentage)

Subsidies for electric vehicles distinguishing and
prioritizing technologiesthat generate fewer
emissions, fiscal and tax measures, financial and
economic mechanisms (in which the proposed
financial models could be included)

Tax benefits for the manufacture and acquisition of
electric buses in the countryand their complements,
such as batteriesand recharging infrastructure

Tax benefits

Reduced import

pony Temporary reduction of import tariffs for new,

unused buses powered exclusively by a battery
electric motor (and its complements) to favor the local
production of these technologies

Source: Own elaboration.
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4.3.1 Bidding and contracts

Concerning the new bids and contracts composing the fi-
nancial structuring of the project, the following actions are
recommended for two possible scenarios: new bids and al-
ready signed contracts that have not yet reached the end of
the concession period:

A. New tenders: provide in the tender documents: a) clauses
requiring electric buses; or b) favor those that include an
electric fleet powered by renewable energy sources and/or
emission reduction targets; c) promote the integration of
consortia in tenders and joint ventures with different enti-
ties, e.g., with energy suppliers.

B. Contracts already signed and based on a regulatory
framework: as provided for in the obligation pointed
out above (e.g., imposing a fleet renewal obligation in
stages), the possibility of introducing an obligation to
renew the fleet currently operated by the operator (or
a percentage) should be evaluated in each case, either
by agreement of the parties or by a unilateral modifica-
tion by the operator. Feasibility and consequences (for
example, the contract’'s economic-financial rebalance)
depend on analyzing all municipality regulations and
specific contract clauses.

To enable the participation of energy distributors in the
financing models, Article 8 of Law No. 10,848 (Sale of Elec-
tricity) would need to be changed, as it does not allow these
entities to perform activities outside the scope of the con-
cession, permission or authorization (except in the cases fo-
reseen in the law and the respective concession contracts).

4.3.2 Taxation

In this Step 3 of the parameter formulation, it is essential to
identify the taxes related to the acquisition and operation
of the electric buses. Some of the taxes vary between states,
such as IPl or ICMS. Four central taxes focus on importing an
electric bus or its components [31]:
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Figure 4-16 - Brazilian taxes on electromobility projects

4 )

Import Tax (), Tax on Industrial
levied when the bus Products (IPI),
enters the national whose rate is linked to the
territory and with a rate for vehicle's technical
the complete (assembled) specifications and
electric vehicle of 35%. characteristics, ranging

from 7% to 25%.

]
4 N ™

Social Integration Value-Added Tax
Program (PIS) and on ?OOds and
Contribution for Services (ICMS),
Social Security the only state tax on the

list, generated when a
good or service
circulates within or out
of the state, with a rate
of up to 20%.

Source: Own elaboration.

Financing (COFINS),
which added together can
reach values higher than
15%.

There are several examples in Brazil of tax incentives that
could be applied for a more affordable electric bus acqui-
sition, given the urgency of the transition. One example at
the federal level is the Ex-Tarifdrio regime, in which the im-
port tax on components or even the entire vehicle can be
reduced. In 2016, for example, the Chamber of Foreign Trade
(Camex), which governs the Import Tax, temporarily reduced
to 2% the rates on a series of capital goods, including essen-
tial components of electric buses.

In addition, a temporary reduction of import duties could be
provided for new, unused buses powered exclusively by an
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electric motor (and its accessories), also seeking local pro-
duction (for example, reducing the rate to 0% if the appli-
cant has a local production plan for these goods).

Next chapter elaborates on the social and environmental
benefits that largely justify the realization of the electromo-
bility transition project. In addition, the inclusion of these
social and environmental parameters depends on the gov-
ernance in place at the implementation localization, issue
explored in the following chapter.

4.4 SOCIO-ENVIRONMENTAL AND
GOVERNANCE PARAMETERS

The social and environmental benefits from the transition to
electromobility can trigger medium- and long-term positive
impacts on the economy and achieve GHG and local pollut-
ant emission reduction targets. Fleet renewal improves air
quality and public health in cities. In addition, Latin Amer-
ican countries with advanced electromobility projects see
the growing market for electric drive technologies as a
way to create jobs through new opportunities in manufac-
turing, infrastructure, and services. [28].

Financial institutions, especially multilateral and develop-
ment banks, primarily focus on emissions generation and
mitigation benefits. Below are presented the main envi-
ronmental and social benefits and needs in governance to
monitor and secure these benefits.

4.4.1 Environmental Benefits

The transition to electromobility means cost savings for
healthcare systems in cities. In addition, the exchange of pol-
luting diesel buses with combustion P-5 or lower technolo-
gies represents a decrease in the concentration of nitrogen




oxides and particulate matter in the city air. To quickly achieve
these environmental and health goals, countries ban in stag-
es the purchase of new buses and freight vehicles that do
not meet a minimum engine emission technology [3].

Figure 4-17 shows a timeline of heavy vehicle technology leg-
islation in Latin American countries and worldwide. Brazil has
planned to purchase buses with at least a P-8 technology
since 2022. In Latin America, Brazil is one of the countries that
already require the incorporation of Euro VI or P-8 technology
in public transport fleets.

Figure 4-17 - Legislation of engine technology of the bus
fleet in Brazil and other countries
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Source: own elaboration based on PNME (2021) [9] and Telles
Pascoal et al., 2018 [3].
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In addition to the benefits of air quality and the population's
quality of life, the transition to electric buses brings a further
advantage. Electric buses do not depend on oil and are,
therefore, less susceptible to fuel market price variations
and instabilities in production and distribution [10].

4.4.2 Social benefits

The deployment of electric fleets represents a challenge to
ensure the maintenance of current jobs and the social inclu-
sion of all sectors of the population of a growing market and
industry. However, the transition to electromobility can en-
courage the deployment of new factories to supply the vehi-
cles and the charging infrastructure components to provide
electric power.[8]

A key aspect in identifying the potential for job creation is
initiating workforce adaptation plans by the implementer
and the transport operators. These plans are the managing
documents that guide the project to integrate workers who
participated in the diesel operation.

4.4.3 Governance

The governance aspect of the political and institutional sec-
tor is crucial in any region of the world. This element refers
to different public and private institutions' presence, involve-
ment and incentives. In addition, there must be a temporal
synchronization of interests at the political and regulatory
level in the three spheres of government (municipal, state,
and federal) and with the market. Aligning agendas across
different levels of government and at various institution-
al, public, and private levels is necessary to overcome con-
straints parallelly.

The multiplicity of municipalities and organizations defining
different policies, with divergent objectives, in terms of time
or purpose, means that the financial sector can concentrate
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efforts on particular places or specific projects, leaving aside
others with equal impact but less "attractive." To articulate
efforts and to make visible the social and environmental
benefits to attract funders to electromobility projects, the
implementer can seek the coordination of the actors that
articulate and lead the initiatives of the electric vehicle proj-
ects. Figure 4-18 details this identification of the actors that
“govern” the transition.

Figure 4-18 - Project governance definition

Identify and characterize the
instruments created to develop the
Project and other electromobility

Define, identify, and classify the
actors that articulate within the
project in the local context

actions

L J L J

Identify the role of: Scall the citv’ "

— The political sector - Ucadlng edCIhyS autonomy lack of

> The Vehicle industry - n e'rsta'n the presence or lack o

. genuine interest of rulers

— The electric sector d ify facilitatinf bii lici

— The innovation sector - Ident!fy laCI |tat|2 pu IC_ pO|ICIes,

- The universities - hentlfy Td\/.\/S ?n strategic plans in

. the municipalit
— Operators of public transport pality
services

- J J

Source: Own elaboration based on WRI Brasil (2022) [10] and CAF
(2019) [13].

For example, the National Platform for Electric Mobility
(PNME) articulates actors and transfers knowledge to muni-
cipalitiesand the federal publicsector [4]. The PNME serves as
an example of an institution that concentrates on the supply
and articulates the way of “governing” all the actors shown in
Figure 4-18 to establish long-term goals and plans that facili-
tate the search for funding and project implementation.

Figure 4-19 shows the activities expected to have been im-
plemented by the end of Structuring Step 3.
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Figure 4-19 - Design parameter formulation steps,
Step 3 summary

At the end of Step 3, the
following activities
must be completed

Preliminary definition of:
Operational model Project
Assets Charging infrastructure

Development of:
Cost Analysis Business

model Sources of funds
Step 3 Profitability Indicators

Formulation of the
pI’OjeCt parameters Identification of
regulatory constraints in
bidding and contracting,
and in project taxation

Measurement of the project's
social and environmental benefits,

and associated governance

Source: Own elaboration.

The next step analyzes the form of evaluation and selection
of financing with financial institutions to materialize the
electromobility project.
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Step 4 for implementing electromobility in public trans-
port systems consists of searching for funding sources and
evaluating and selecting them. There is a growing list of
funding sources in Brazil that cities and all interested par-
ties can access.

51 FUNDING SOURCES

There are lines of credit for financing infrastructure and the
purchase of vehicles. However, purchasing batteries does
not have specific lines and requires other modalities besides
the traditional credit offered by development banks (see Fig-
ure 5-1).

Figure 5-1 - Summary of financing lines

Green Debentures
Automatic

BNDES Direct Credit for
Legal Entity
FINEM Consumer
Vehicles dorgia”?y
World Bank, IDB,
Finame IFC Loans and IDB
Loy invest
Carbon
Electromobility Refrota
Deployment
Automatic Direct Credit for
BNDES Legal Entity
Consumer
Infrastructure —

(charglng, Ulitszm World Bank, IDB,
maintenance Mobility IFC Loans and IDB
and parking) invest

N FINAME

Low
Caasm Green Debentures

Source: Own elaboration based on BNDES, IDB, World Bank,
MDR, IFC [1, 32] and interviews with banks.
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The resources from the existing lines can be combined for
a better risk-return commitment and respective economi-
c-financial viability (see details in Table 5). However, whate-
ver the combination, the risk of operator non-compliance
needs to be minimized or mitigated. This represents a point
of attention. The limitation to access credit lines or financing
comes from the conditions of financial sustainability of the
operators and, therefore, from the capacity of indebtedness
and cash generation (which ultimately relates to the tariff
policy of the public transport concession).
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Most of the incentivized financing is made available by
BNDES. Only Refrota is offered by Caixa Econdémica Federal
(with resources from the Ministry of Regional Development).

The CDC-PJ modality is the most coommon among commer-
cial banks. They require real guarantees and/or third-party
endorsement. The vehicle manufacturers' banks adopt the
CDC-PJ for financing fleet acquisitions made by urban trans-
port operators.

On the other hand, Green Bonds are treated as "incen-
tivized infrastructure Bonds" regulated by Federal Law
12,431/2011, as amended by Law 12,715/2012, which defines
the forms of access to tax benefits. Thus, these debt securi-
ties can constitute attractive assets in investment portfolios
of the "green finance" or ESC type (funds that value private
actions in favor of the environment and social and corporate
governance directed to minority shareholders ).

The potential for green bonds associated with electro-
mobility projects to be purchased with resources from
the European Union (EU) through the new LAGREEN fund
stands out. In 2020, the European Union Investment Center
for Latin America (LAIF), the German Ministry of Cooperation
(BMZ), and the German Development Bank (KfW) signed
an agreement for a €15 million EU contribution to the Latin
American Green Bond Fund, known as LAGREEN.

LAGREEN covers especially first-time issuers and those
committed to transparency and the environmental quality
of the underlying assets. In addition, all sectors defined in
the Green Bond Principles that meet targets for greenhou-
se gas emissions reduction, climate change adaptation, and
biodiversity conservation are eligible investment targets.
That is, the eventual green Bonds of electromobility projects
are eligible.
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This initiative is complemented by another already underway
in Brazil. The German Development Bank (KfW) has chosen
five Brazilian cities to finance sustainable urban mobility pro-
jects (Curitiba, Fortaleza, Recife, Salvador, and Guarulhos).
The initiative is part of a cooperation agreement between
the European institution, BNDES, and the Ministry of Regio-
nal Development. The contribution of 450 thousand Euros
includes the five projects. The resources for the pre-feasibili-
ty studies of these projects come from the German govern-
ment (Ministry for Economic Cooperation and Development
- BMZ), and the contracts are carried out directly by KfW.

Multilateral institutions, in turn, can be divided into two blo-
cks: public-sector financing and private-sector financing.
The World Bank (WB) and the Inter-American Development
Bank (IDB) provide public-sector financing. They can offer
financing to municipal administrations to implement infras-
tructure and acquire vehicles.

The advantage lies in the possibility of acquiring imported
machinery and vehicles - BNDES preferentially finances
equipment produced in Brazil (although there is a list of
"exceptions"). On the other hand, the financing needs the
approval of the Executive and the Federal Senate since sove-
reign guarantees are required. On the other hand, the IFC
and IDB Invest finance private companies - however, the
companies must comply with the requirements for gran-
ting credit and guarantee offer - in addition to the exchan-
ge rate risk represented by loans in foreign currency. There-
fore, during this evaluation process, cities need to consider
the limitations of the type of company to be financed.

Regardless of the type of loan contracted, all require gua-
rantees. The guarantees can be of two types: real or fiduciary
(third party) —see Figure 52 summarizing the typical guaran-
tees for financing the acquisition of vehicles, machinery, and
equipment. The biggest challenge is to build a combination
of guarantees that make the financing of vehicle and infras-
tructure acquisitions viable and reduce the associated risk.
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Figure 5-2 - Overview of the possible guarantees

Bail

Aval

Surety guarantee

Guarantees Trust property

Mortgage
PlLedge

Receivables (in the
case of electromobility
is the tariff revenue)

Set of Tax or charges
Means of Payment

Source: Own elaboration based on BNDES requirements.

Warranty is crucial in any financing, and it is no different in
the case of electromobility. However, the vehicles do not yet
have a secondary market with resale liquidity, the batteries
have a relatively short life span, and the other equipment for
charging are application-specific assets. These characteristics
imply that the real assets are not sufficient warranties in gran-
ting loans and additional warranties - surety - have to be added.

One possibility is for the municipality to act as a guarantor
when there is no interest or financial viability on the part
of the specialized private sector companies. Thus, the mu-
nicipal government would provide part of the third-party
surety guarantees. However, the combination with public
sector guarantees to ensure amortization conditions by the

e 111




concessionaires and the operating conditions of the system
can also present complications since they depend on the fis-
cal conditions of the municipalities and their respective legal
frameworks and budget provisions (such as the existence of
funds or resources previously allocated for this purpose).

The conditions of local public finances also deserve atten-
tion due to budgetary constraints, whether for the viability
of resources for the local counterpart of financing and in-
vestments, to guarantee resources for the public considera-
tion in cases of PPP, or the programming of resources aimed
at the subsidies needed for the provision of services by con-
cessionaires (exposed in Part B of this document).

52 SELECTING THE BEST
FINANCING OPTION

Due to Brazilian cities' specificity, no single business and fi-
nancing model meets their specific needs and conditions.
Private actors and municipalities must adopt or develop a
business model more adequate to the local reality and choo-
se the best financing option [2]. The Brazilian reality is too
diverse to think of a "Brazilian model" in the same way that
one speaks of a "Chilean model" or a "Colombian model." The
"Brazilian model" under development may not have a spe-
cific financing pattern but a portfolio of alternatives that fit
the different sizes of municipalities and their respective sca-
les and capacities, as illustrated in Figure 5-3.
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Figure 5-3 - Constraints for selecting the best
financing option

Regulatory Financing the
Environment for operation of
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Financing investment in the
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oPtlon project

Operating Scale
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Source: Own elaboration.

The Financial Hub tool developed by the Ministry of Regional
Development takes into account these different possibilities
for selecting the best financing according to the business
model, the municipality's regulatory framework ("regulatory
feasibility"), the project's guarantees, the municipality's cre-
dit rating, and the beneficiary of the vehicle financing (mu-
nicipality, PPP, operator, etc.).
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Figure 5-4 - Alternatives from fundraising

Raising funds to
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Source: Elaborated by the author.

Situations with larger fleets and a public transport regula-
tory structure that allows for other contractual arrangemen-
ts - other than just traditional concessions - can access
alternative funding sources (as shown in Figure 5-4) and
not rely solely on loan agreements. In this case, mechanisms
with the participation of energy subsidiaries or the creation
of Special Purpose Entity (SPEs) may be feasible - as illustra-
ted in Figure 5-5.
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Figure 5-5 - Funding options for fundraising
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Source: Own elaboration.

Among the elements presented in the systematizations
above, there is a set of conditions of high complexity for
most municipalities. In addition to the technical manage-
ment and governance conditions for, for example, the estab-
lishment of Special Purpose Entities (SPE), there are nume-
rous difficulties related to risk and guarantee management.

The SPE, however, may represent the alternative with the
lowest financing interest rate. This is because there are other
additional guarantee instruments, such as the so-called cove-
nants, which are “obligations to do or not to do,” whose pur-
pose is to monitor the cash flow of the project or the company.
The lender imposes these obligations and restrictions on the
financing contract (or debenture indenture) on the borrower
(project) and, in some instances, its shareholders [33].

Covenants, in the specific case of SPEs [34], are mechanis-
ms of control and intervention in the electromobility project
that aim at:
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Ensuring that the SPE builds and operates the electro-
mobility project according to the expected technical
and economic premises.

Alerting creditors in advance about potential problems
or deviations; and

Protecting the guarantees pledged. So they go beyond
the borrower's obligation to pay interest and notional,
comply with legislation, and build, operate and main-
tain the project.

Some of these obligations and restrictions are in effect until
completion (physical or financial). Others are in force until
the financing is fully liquidated. Their non-compliance,
when not consented to by the waiver, brings specific con-
tractual penalties.

Precisely because they have additional guarantee mecha-
nisms and allow the investor more control over the invest-
ment project and its management, the business models
involving PPP resulting in an SPE are associated with lower
interest rates than traditional or vertically integrated models.

In turn, leasing (total or partial) is an attractive possibility
for requiring less complexity from the parties involved and
presenting more attractive interest rates. Therefore, leasing
operations in Brazil are characterized as lease operations,
a financial modality that involves the fiduciary alienation of
the asset, and are regulated by the Central Bank of Brazil
(Bacen) and can only be carried out through a financial in-
stitution or a company authorized explicitly for this purpose.
This is established in Bacen Resolution no. 2309, article 1 [35].

However, due to the financial and indebtedness conditions
of the operators or the requirement of guarantees for a
set of municipalities, the feasibility of introducing electro-
mobility can take the form of rent - as in the cases of Sao
José dos Campos, Salvador, or even Sdo Paulo. The vehicles’
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acquisition (and other assets) can be made by the munici-
pality (responsible for contracting the loans) and leased to
the operators under a contract in which they are responsible
for their maintenance. In other cases, the vehicles can be ac-
quired by the private sector. Figure 5-6 presents the forms of
acquisition of the vehicles in general.

Figure 5-6 - Vehicle acquisition possibilities

Operational

Leasing or partial
rental of the vehicle

Leasing or total rental
of the vehicle

Financial
Operational
Acquisition

of the
vehicles

Purchase with equity

Loan Purchase

Source: Own elaboration based on WRI Brasil [10].

If the beneficiary of the funding is a public entity, the
"lease" of the buses and the charging infrastructure cannot
be through leasing but through renting. This type of lease
agreement may have some limitations, such as the maxi-
mum term for leasing the goods, which is 5 years, and the
contract renewal at the end of the term.

In the case of public administration, the municipality would
be the owner and lessor of the buses and equipment, and
the concessionaires would be their lessees. In this condition,
the lease contract is governed by Private Law (articles 565
to 578 from the Civil Code), and the municipal government
stipulates its validity term. This term may even coincide with
the concession term.
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The city of Sao Paulo is an example of renting, with the pu-
blic sector as the lessor. The current concession contracts
defined in Clause 3.48 the possibility of use by the con-
cessionaire of the municipal fleet, with the latter being
responsible for payment of rent and maintenance. Thus,
there may be variations of the lessee, commonly the City Hall
or the transport operator.

The acquisition of assets by the public authority requires
better financial conditions for the municipality, debt ca-
pacity and the proper authorizations under the Fiscal Res-
ponsibility Law (such as the approval of operations by the
Federal Senate), and the ability to manage and obtain re-
sources that are not exclusively budgetary. Figure 5-7 illus-
trates the possible resources that can be used to acquire
electromobility assets.

Figure 5-7 - Resources for state acquisition of
electromobility assets

Use of own

resources for \
acquisition Non-budgetary
Rent to Dealer \
Acquisition loan <
Commercial Banks

Use of own
resources for
acquisition

State acquisition
of assets

PPP Counterpart

Banks or de

-

Source: Own elaboration.
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Figure 5-8 summarizes the activities of Stage 4 for the imple-
mentation of the project. By the end of this stage, the City
has identified the best financing option that is adequate
with the predefined business model.

Figure 5-8 - Steps of the assessment and selection of the
best financing option, summary of Step 4

At the end of Step 4, the
following activities
must be completed

Search and identification of
funding sources

O

o0 Conversations with funders to
@ negotiate the conditions of
Step 4 the funding lines

Financing Evaluation m
and Selection

Evaluation of financial
and debt conditions of
the City Hall

Selection of the best
financing option

Source: Own elaboration.

At the end of Stage 4, the city completes all steps for se-
lecting the best financing option based on the diagnosis
of the current situation, understanding the interests of all
stakeholders, and the pre-selection of the business model
best suited to the reality of the project’s city. Next, PART B of
this TRM evaluates the monitoring indicators suggested for
the city to measure in the operation phase once the electric
buses and the charging infrastructure are acquired.
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This chapter describes how to evaluate and monitor the di-
fferent financial indicators that ensure the fleet's payment
and availability during the project's life. Best practices are
presented for monitoring operators, manufacturers, and
investing companies in electromobility projects in public
transport for granting mechanisms and expected remune-
ration for service provision.

6.1 GRANTING MECHANISMS

The granting authority, whether under direct or indirect ad-
ministration, seeks to characterize as accurately as possible
the operating costs and the technical tariff as a basis for
the expected remuneration of operators, obtaining the value
per paying passenger to determine the projections for the
system costing by the tariff paid by the user, the needs for
ancillary revenues, and the need for subsidies from the mu-
nicipal budget. In this last case, it is essential to cross-ref-
erence with the municipal budget availability, that is, the
projection of subsidies needed to maintain the system
and its weight in the Net Current Revenue - RCL in the
medium and long term.

6.1.1 Systematizing the operational elements

Regardless of the characteristics of the tariff policy - whether
it is a public tariff paid by the user as the only source of reve-
nue for the system; or a subsidized tariff through cross-sub-
sidies or transfers from the municipal budget - it is crucial
to detail the operating costs and the conditions of demand
for public transport. Only then will it be possible to dimen-
sion the conditions of the balance of the system, either for
the calculation of tariff adjustments or for the determination
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of budgetary and extra-budgetary resources necessary to
maintain the services with the expected quality and cost.

6.1.1.1 Equivalent passengers

The value of the public tariff results from dividing the total
cost of services by the number of paying passengers. On the
other hand, from local social policies or constitutional de-
terminations (free transport for the elderly, the unemployed,
half tariffs for students, and others), there is a volume of
cross-subsidies or subsidies from budgetary resources.

The transported passengers represent a fundamental
variable for the service's dimensioning, and their charac-
terization depends on the tariff category - Common Fare,
Transport voucher, Student, and Free, among others. This
characterization allows the projection of the possibilities of
expansion of subsidies and their volume for revenue. The
number of equivalent passengers is given by the weighting
of the number of users benefited by the different discount
categories added to the paying users, thus constituting the
volume of passengers who effectively pay for the cost of the
transport systems.

The concept of equivalent passenger makes it possible to de-
termine cross-subsidy mechanisms insofar as paying users
are charged the equivalent value of the discounts and gratu-
ities granted. However, given the social and economic condi-
tions, such a way of financing the system is complex. There-
fore, the concept of equivalent passengers must also be
considered to dimension the volume of subsidies assumed
by public authorities for budgetary resources, its weight in
the budget composition, and the conditions of its imple-
mentation under the fiscal framework of the municipality.
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6.1.1.2 Fixed and variable costs

The operating and maintenance costs (OPEX) are evaluated
in R$/km, representing the variable costs directly related to
the mileage traveled. These are cost elements such as Fuel,
Lubricants, Road Costs, Parts, and Accessories, with fuel -
diesel oil being the most expensive item. This operational
cost is evaluated in km/l and, in the case of electric buses,
km/kWh. Therefore, by establishing the price of these inputs
in R$/I or R$/kWh, it is possible to determine the variable
costs R$/year, per km traveled, and per passenger.

In the technical note Technical-Economic Evaluation of
Electric Buses in Brazil, the Energy Research Company
(EPE) presents the following estimate [36]:

"A battery electric bus has a maintenance cost 24% lower than a P7
diesel model, regardless of whether recharging is done at the fueling
point or along the route (MDIC, 2018b). Operational tests conducted
in the city of Salvador (BA), identified that the maintenance value of

electric buses can be up to 25% lower, if compared to diesel similar
ones. According to the manufacturer of such vehicles, the reduction is
due to the engine composition by only three major components that
require periodic maintenance."

Other indicators are presented in the Study of economic-fi-
nancial feasibility for transport services of the Secretariat of
Mobility - SEMOB, Salvador - BA [37] , which presents the vari-
able costs of public transport for diesel and electric buses.
Based on the ANTP methodology, the variable costs are relat-
ed to the basic consumption coefficients, varying according
to the mileage of the system.
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The following expres-
sion was used to calcu-
late the fuel cost for die-
sel-powered vehicles:

To calculate this cost
for electric vehicles, we
considered kilowatts as
opposed to liters:

1

CC =CCCP x PLC x PQA |

CC - Fuel Cost (R$)

CCCP - Weighted fuel consumption coefficient
(liters/km)

PLC - Diesel oil liter price (R$/liter)

PQA - Annual Mileage Production (km)

CC =CCCP x PEE x PQA

Fuel Cost (R$)

CCCP - Weighted fuel consumption coefficient
(kWh/km)

PEE - Electric Energy Price (R$/kWh)

AQP - Annual Mileage Production (km)

The same procedures are adopted for the costs related to
lubricants and parts and accessories, being that for electric
vehicles, in these items, the coefficient equivalent to two-
-thirds of the value used for Diesel vehicles was considered.

As for fixed costs, these have no direct relationship with the
mileage performed. These costs are classified as Deprecia-
tion (Vehicles, Garages, Equipment); Personnel Expenses
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(Operation, Maintenance, Inspection); Administrative Expen-
ses; Marketing Expenses; Capital Compensation; Lease of Ga-
rages, Vehicles,and Equipment. As for variable costs, the ANTP
method details how these fixed cost elements are calculated.

Among these elements, the Remuneration of Fixed Capital
stands out for determining the system's cash flow. This is the
remuneration of the capital in vehicles, land, buildings and
garage equipment, warehouses, equipment, support vehi-
cles, and infrastructure. This highlight is presented since such
costs for the business models that involve the acquisition and
infrastructure for electric vehicles are higher than their diesel
equivalents. Thus, these costs must be reflected in the ope-
ration's cash flow to ensure the conditions of economic and
financial balance in the concession contracts and for the di-
mensioning of the volume of subsidies required for the fair
remuneration of operators.

6.1.2 Expected remuneration for the provision
of services

Public passenger transport services provision seeks to reflect
in the concession contracts the coverage of all fixed and varia-
ble costs, a profit margin that ensures the entrepreneurs and
investors, as in any economic activity, the adequate return for
the services provided. This expected remuneration is inserted
in the calls for bids and defines the tariff prices for users and
the public sector's participation in the system's maintenance.
In Table 6 is shown an example of a detailed breakdown of the
Sao Paulo transport system costs, with the operators' remu-
neration and the cost of operating the infrastructure.
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Table 6 - Costs of the urban public passenger transport
system in the city of Sdo Paulo

HOW MUCH DOES THE TRANSPORT SYSTEM COST (R$)

BY PASSENGER

DISCRIMINATION R$ / month
TOTAL EQUIVALENT
1- TRANSPORT SYSTEM COST (11+12) @ 748.200.283 3,42 7,26
11 TRANSPORT OPERATING COST 682.360.485 312 6,62
(operator remuneration)
1.1.1 - Operating Cost (Concession + Permit) | 638.582.885 2,92 6,20
1.1.1.1 Fixed costs (operating, main-
tena_nce and m_spectlon personnel, . 368.312.844 168 357
equipment maintenance, and admin-
istrative expenses)
111.2 Depremann (vehicles, garages, 56.984.513 026 0,55
and equipment)
11.1.3 - Variable costs (diesel, run-
ning costs, lubricants, parts, and 199.638.318 0,91 194
accessories)
11.1.4 - Contribution on Revenues (2%
as per Federal Law 12,546/11) 15.647.210 006 013
1_.11.12.1)Gross profit from operation (1.1 43777 600 020 042
11.2.17 Income tax and CSSL (1.1.2- x 34%) 14.884.384 0,07 0,14
11.2.2 - Operator profit (1.1.2 - 1.1.2.1) 28.893.216 0,13 0,28
1.2. INFRASTRUCTURE OPERATING
COSTS 65.839.798 0,30 0,64
1.2.1- Termmals (op_erat|on,_secur|ty, 18932167 0,09 018
cleaning, and terminal maintenance)
1.2.2 - Commercialization of Single
Ticket Credits (Municipality s.sharg in 1.649.475 005 on
recharge fees and commercialization
structure)
1.2.3 - Management (supervision and 22158157 015 03]
system management)
1.2.{+ - Operation of terminal ticket 2100.000 0,01 003
offices

Source: Sao Paulo City Hall [38].
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6.1.3 Tariff policy and subsidy

In the first place, one can indicate that the public tariff -
that is, the public price defined by the granting authority,
charged to the system's users, added to other revenues, such
as advertising in the vehicles and terminals, and the leasing
of commercial and service spaces - covers all the operation
costs, including the concessionaire's remuneration.

However, not all passengers transported are paying, and
there are payment exemptions and discounts due to con-
stitutional determinations or local social policies. Moreover,
in particular social and economic circumstances, it is not al-
ways possible for the government to transfer to paying users
the total cost of the system to keep it at levels satisfactory
to the population and, at the same time, ensure the quali-
ty and regularity of services. For this reason, the public tariff
charged to these users in most Brazilian cities is lower than
the remuneration tariff, effectively compensating the con-
cessionaire for providing the services.

Thus, the remuneration tariff seeks to preserve the econom-
ic-financial balance of the concession contracts, establishing
in them the criteria for review and readjustment. However, it
is not always that the value of the remuneration tariff is asso-
ciated with the value of the public tariff, and the government
must clearly define this differentiation.

If, in conventional business models, this equation is already
challenging to balance, in cases of higher initial costs derived
from a process of transition to electromobility, more relevant
participation of the local government is required with signif-
icant investments in the acquisition of vehicles, equipment,
and infrastructure or increased direct subsidies during the
concession period.

This explains the importance of a clear and precise tariff policy,
defining the actual costs of passengers carried and equivalent
paying passengers, alternative sources of funding, possible
cross-subsidy alternatives, and especially the volume of direct
subsidies from the municipal budget and their weight in the
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overall revenue. The following table, extracted from the fare
calculation spreadsheet in Sao Paulo, even without the im-
pacts of the introduction of electromobility, provides an exam-
ple of detailed costs, allowing the dimensioning of the sources
and subsidies required for the maintenance of the system.

Table 7 - Summary tariff spreadsheet of the urban
passenger transport system in the city of Sao Paulo

1. WHAT IS THE TRANSPORT SYSTEM -

11. PROPOSED TARIFF FOR JAN/20 (R$) 4,40

1.2 PASSENGERS TRANSPORTED (includes all tariff payment mo-

dalities) - million/month 2187

1.3 EQUIVALENT PASSENGERS (excludes gratuities, bus-bus inte-
gration and considers each paying student equal to 0,5 paying and 1031
each common rail integration equal to 0,82 paying) - million/month

1.4 Fleet (including technical operational reserve) Vehicle units 14.077

R$ R$ per R$
million/ | equivalent | million/
month | passenger year

relative
%

DISCRIMINATION

2. WHAT IS THE TRANSPORT

100% 748,2 7,26 8.978,4
SYSTEM'S COST

2.1 OPERATING COST OF
TRANSPORT (bus, personnel, 91% 6824 6,62 8.188,3
diesel, operator profit, etc.)

2.2 INFRASTRUCTURE OPERA-
TING COSTS (commercialization

. . . . 9% 65,8 0,64 790,1
of Single Ticket credits, terminals,
management)
3. WHO PAYS THE TRANSPORT BILL 100% 748,2 7,26 8.978,4
31. USER + EMPLOYER 64% 476,0 4,62 57NM,7
3.1.1. Paying user 49% 368,9 3,58 4.426,7
3.1.2 Employer (participation in
ployer (p P 14% 1071 1,04 1.284.9

the cost of transport vouchers)

° 129




R$ R$ per R$
million/ | equivalent | million/
month | passenger year

relative
%

DISCRIMINATION

3.2. MUNICIPALITY (budgetary

resources of the Municipality of 35% 2597 2,52 3.116,6

S&o Paulo)

3.2.1 Direct user subsidy 28% 209,3 2,03 2.512,0
3.2.1.1 Public transport po-
licy (bus-bus and bus-train 5% 35,6 0,35 4269
integration)

3.2.1.2 Educational policy (cost

of gratuity and half-tariff for 8% 61,4 0,60 736,7
students)
3.2.1.3 Social policies (elderly and
. 15% 1n2,4 1,09 1.348,4
disabled)
3.2.2 Municipal public resources
) 7% 50,4 0,49 604,6
for infrastructure
3.3 OTHER SOURCES (fines, adver-
2% 12,5 0,12 150,1

tising, recharge fees, rentals)

Source: Sdo Paulo City Hall [38].

In this case, 35% of the costs of the transport system go
under the municipal budget resources, 7% for infrastructure,
and 28% in direct subsidies to the user, distributed among
integration, half-tariff for students, and gratuities resulting
from social policies, such as the elderly and people with dis-
abilities. Considering the Net Current Revenue of the Munic-
ipality of Sdo Paulo for the year 2019, 35% of the transport
costs are equivalent to 5.75% of the Net Current Revenue.
Given the conditions and specificities of each location, such
estimates and projections determine the maintenance and
balance system conditions in the medium and long term.
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It is necessary to consider the various risks that may increase
the need for transfers and municipal subsidies or deepen the
precariousness of services. These risks can be summarized as
the possibility of a drop in demand; the increase in operation-
al costs, such as diesel, lubricants, parts, and accessories; an
increase in the price of assets; difficulty in implementing new
technologies; loss of public revenue and fiscal unbalance, in-
curring in default by local governments, among others.

In the case of electric buses powered by battery, as already
pointed out, the operation and maintenance costs are lower
than those of buses powered by diesel oil, showing that this
transition may result, in addition to environmental gains, in
favorable conditions of the economic balance of the system
in the long term. However, when the amortization of invest-
ments in the necessary infrastructure and electric vehicles
adds to such costs, reviewing the transfers and subsidies is
necessary to ensure the operation balance.

Next chapter elaborates on the steps to evaluate the financ-
ing for the operation of the public transport system in Bra-
zilian cities.

6.2 FINANCING FOR PUBLIC
TRANSPORT SYSTEM OPERATION

The sustainability of the urban public transport system, in
the medium and long term, depends on conditions that en-
sure the economic and financial balance of the concession
contracts. Therefore, the question of how to guarantee urban
public passenger transport services with quantity and quali-
ty, with reduced costs and accessible tariffs, and, at the same
time, with fair remuneration for the operating companies im-
poses quite complex challenges to local public management.
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Figure 6-1 - Complexity of transport systems in the
current context

Reduced municipal
revenues, reduced
demand,
aggravated by the
pandemic
Worsening social
and economic
conditions, with
falling employment
and income levels;

high inflation

How to
guarantee
quality, with
adequate
remuneration
for the
operators?

Source: Own elaboration.

The current context makes it practically unfeasible to main-
tain quality services and, on the other hand, adequate remu-
neration to the concession companies based exclusively on
revenues from tariffs paid by users. Besides, the perspectives
for the near future of worsening social and economic con-
ditions, given falling income levels, high inflation, reduced
municipal revenues, and reduced demand, aggravated by
the pandemic, in addition to the increase in the system's op-
erating costs due to the rise in input prices, especially diesel
oil, complicates, even more, the situation,

In the case of the transition to battery-powered buses, the
lower operating cost compared to diesel buses is mainly due
to the high operating costs associated with diesel oil, lubri-
cant, and moving parts and accessories. Thus, in the medi-
um and long term, it is possible to project economic advan-
tages to users, the public sector, and operators offsetting the
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higher fixed costs (see Costs and Emissions Appraisal Tool
for Transit Buses - CEA Tool - developed by WRI [37].

In addition to the conditions for financing investments, guar-
antee conditions, access to resources from various funding
sources, and the risks associated with these operations, topics
already addressed in the stages of the project developed so
far, the conditions for financing the system's operating costs
are also on the agenda. It is not a detailed modeling of the op-
erational cost calculation processes since there are practical
guides and spreadsheet models, such as those made available
by the National Association of Public Transport = ANTP®. In-
stead, this document seeks to point out the elements observed
when structuring the business model and the transition pro-
gram for electromobility to ensure the conditions in the short,
medium, and long term to ensure the economic-financial bal-
ance of the new concession contracts.

6.5 MONITORING OF FINANCIAL
INDICATORS AND PROJECT
EVALUATION

This section describes profitability indicators that analyze
the electromobility project's ability to convert revenues into
profits; ratios that are essential for the bank to determine
whether the cash flow generated is sufficient to pay down
debt; and the debt profile, which explains the elements that
make up the debt, such as the term, average life,and amorti-
zation schedule that are critical for electric bus projects.

Figure 6-2 shows the financial indicators suggested in Step
5 of implementing and monitoring the electric bus project.

6 NATIONAL ASSOCIATION OF COLLECTIVE TRANSPORT - ANTP.
Costs of public bus transport services: calculation method. 2017
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Each indicator is explained in a general way. Their impact
on the project and the differences compared to diesel op-
eration are also analyzed. At the strategic level of this TRM,
the behavior and expected values of financial indicators are
defined by the financial institution and conditions and the
beneficiary (the municipality, a private entity, or a company
through a bidding process).

Figure 6-2 - Financial indicators for the structuring of the
electromobility project

Profitability Indicators Ratios/Indices Debt profile

indices de cobertura Debt term

ndice de cobertura do Average life

servigo da divida Amortization Schedule
Indice de cobertura da

vida util da divida

Taxa de cobertura do

projeto

Equity IRR

IRR of blended equity
Payment term

Other indicators

NPV

Payback

Discounted Payback

Razdo divida: equity
Financiamento de
contingéncia

Profitability/ investment
Operating margin
Project IRR

Financial viability of the electromobility project

Source: Own elaboration.
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6.3.1 Profitability Indicators

What are the profitability indicators?

These are the indicators that the bank analyzes to evaluate the
management of the project, its viability, and how the revenues
from the operation of the electric buses turn into profits for the
shareholder and for the project as a whole.

It is necessary to perform an analysis of the assumptions of the fi-
nancial model so that the indicators reflect the reality of the renew-
able energy project by understanding the industry and the devel-
opment region.

6.3.1.1 Equity IRR

What is the Internal Rate of Return (IRR) of Equity?

It is the measure of the rate of return expected by investors on
their capital investment in the project. The calculation of this in-
dicator should be based on the cash return on the capital invest-
ment. For the calculation, only cash flows intended for payment
to the shareholders of the SPE should be considered.

This is the most important indicator for investors, as it allows
them to check whether the investment in the project is accept-
able based on the expected return. Investors decide whether the
investment in the project is acceptable by comparing the Equity
IRR with a hurdle rate.

The MARR is determined based on the following elements:

Investors' weighted average cost of capital of electromo-
bility assets;

Additional return over the cost of capital required for a
specific risk;

Market competitiveness;

Project feasibility.
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Interval of a project IRR

In Brazil, the case of Sdo Paulo has a project IRR for renewable energy
projects within a range of 9% and 14% p.a.

Source: Analysis of the deployment of zero-emission buses in
the fleet of a bus operator in the city of Sdo Paulo, ICCT& C40,
2022 [23].

6.3.1.2 Blended Equity IRR

The junior debt is a fixed-income instrument whose collec-
tion by the holder follows the payment to the other joint cre-
ditors. Due to the high CAPEX, it is a mechanism that can
be used to finance electromobility assets. Characteristics of
junior debt are:

The holder is last in the order of priority for debt
collection;

The holder assumes a greater risk of loss in the event of
liguidation;

It offers a higher return.
6.3.1.3 Other profitability indicators
In addition to calculating the Internal Rate of Return (IRR),
it is also important to analyze other indicators presented

below. The indicator, logic, and calculation method are de-
scribed in Table 8.

What is the IRR of Blended Equity?

It is a measure of return that considers both Equity and subordinat-
ed debt. It is the same discount rate, including the cash flows from
the equity of the investor who will be the beneficiary of financing

and the subordinated debt. It is usually calculated after taxes paid
for the operation of the buses.

Investors can also invest in the form of subordinated debt. Usually,
Equity is minimal compared to subordinated debt.
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Measure ‘

Net Pre-
sent Value
(NPV)

Table 8 - Key profitability indicators

Description

Discounted future cash

flows of the project (the

discount rate can be the
MARR).

‘ Goal

It shows whether
the net profit of the
project is positive or

negative, evaluated at
present value.

‘ Calculation

NF’V=ZC‘/(1+r)t
C_i=Cash flow at
period i

r = discount rate
for period i

t = total number
of periods

Payback
period

Expected time for the
project to recover the
investment. For electromo-
bility projects, the payback
periods vary from 10 to 15
years depending on the rate
of return and total CAPEX,
among other variables [30]

It indicates the time
required for the
project to generate a
positive margin given
the initial investment.

Pay-
back=number
or years

Dis-
counted
Refund
Period

Payback period, valuing
cash flows at present value.

It shows the time re-
quired for the project
to recover the invest-
ment, considering the
time value of money.

Discount-
ed Pay-
back=number
of years

Rate of
return on
invest-
ment

Future cash flows com-
pared to the value of the
investment

Allows you to evaluate
the profit margin for
the initial investment

Profitability
Index-inves-
ment=NPV/
investment

Operating
margin

Profit margin in the nor-
mal business activities of
the project company

It allows you to de-
termine the project's
profitability from its

primary activities.

Operation
Margin=oper-
ation profit/

revenues

Project
IRR

IRR calculated from
the project's cash flows
before debt service and

contributions.

It allows you to evalua-
te the rate of return
on the project's cash
flows.

IRR=r such
that VPL=0
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6.3.2 Indicators financial

Banks need to establish the minimum required ratios for
granting debt, which reduces the credit risk to make electro-
mobility projects viable. If the established ratio is not gene-
rated in any period, it is necessary to evaluate modifications
in the debt repayment conditions. Therefore, during the exe-
cution of the electromobility project, the financial institution
carries out periodic monitoring to ensure compliance with
the minimum ratios established during the payment term
for the electric fleet and the charging infrastructure.

6.3.2.1 Coverage Ratios

Coverage ratios determine the level of protection a bank has
to receive debt service payments. Higher ratios may be re-
quired to provide financing depending on the project's risk
level. From the bank's point of view, the analysis that reduces
credit risk is the coverage ratios that cover the importance
of financing assets entering the banks' new financing lines,
such as buses and recharging infrastructure.

The ratios that should be monitored during the implemen-
tation of the funding are:

Debt Service Coverage Ratio (DSCR)

Debt Life Coverage Ratio (DLCR)

Project Life Coverage Ratio (PLCR)
It is worth mentioning that the DSCR (Debt Service Cove-
rage Ratio) allows banks to define the main conditions of
the financing, such as the maximum amount of the pro-
ject to be financed, the total Equity required for the first

year and following years, and the distribution of dividends
to their investors.
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Indicator

Table 9 presents the three main indicators. These indicators
are monitored by financial institutions during the life of the
loans and are particularly important in financing electromo-
bility assets gaining visibility on the Brazilian market.

Table 9 - Coverage Ratios

Debt Service Cover-
age Ratio (DSCR)

Debt Life Coverage
Ratio (DLCR)

Project Life Coverage
Ratio (PLCR)

Definition

It is the bank's most
important indicator,
showing whether the
project's cash flow is
sufficient to pay off
the debt. It is used to
determine the degree
of leverage approved
for a project.

The number of times
the project's cash
flows over the life

of the debt can pay
off the balance. It is
like the DSCR, but it
considers the loan's
entire life to pay off
the electromobility
assets.

Ability to pay the
debt after its original
maturity if it could
not be paid on time.

Formula

DSCR=

free cash flow
during the year

debt service
during the year

DLCR=

free cash flow from
the beginning of the
operation until debt
maturity brought to
present value

resting debt or
balance

PLCR=

free cash flow from
the beginning of the
operation until pro-
ject's end brought to
present value

resting debt or
balance

It is worth mentioning that the DSCR is the most relevant
indicator for banks when granting financing and allows
them to define the main terms of the financing, such as
the maximum amount of the project to be financed (total
CAPEX of the electromobility assets) and the required
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Equity for the first and following years and the distribution
of dividends to its investors. The bank should set the mini-
mum of the DSCR depending on the risk of the project. The
type of financing that most likely ensures compliance with
the DSR is structured financing, the financing modality in
which the project's cash flows are the only source of debt
repayment. The modality of structured financing or "proj-
ect financing" is commonly done by the private sector with
the active participation of the operator to monitor compli-
ance with the indicators.

The banks must ensure that the project financed through
structured finance generates sufficient cash flow to cover
debt service in all periods. The riskier the project, the higher
the ratio set so that there is more certainty of correct debt
repayment according to the stipulated conditions. If the
initially required minimum DSR is not met in any period,
modifications can be made to the amortization amounts to
remedy the situation, which is common in the amortization
periods of electromobility assets.

Coverage ratios are crucial to determining the amount
of debt to be provided by the bank. Therefore, instead of
pre-setted values, banks should calculate these indices (in
particular, the DSCR) to establish the amount of debt for ac-
quiring electromobility assets.

6.3.2.2 Debt/equity ratio

Coverage ratios are crucial to determining the amount of
debt to be granted by the bank. Instead of pre-setted values,
banks should calculate these ratios (in particular, the SCR) to
establish the amount of debt. The Debt to Equity ratio reflects
the risk of the project. High-risk projects, such as electromo-
bility projects, have a low Debt to Equity ratio. In electromo-
bility projects, the Debt to Equity ratio of the beneficiary of
the financing should be 20/80 or 30/70, showing the finan-
cial muscle needed to enter into this loan. This ratio is more
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common since the Debt to Equity ratio changes as principal
repayments are made, and it should decrease until it reaches
zero at the beginning of the debt tail period. In electromobili-
ty projects, it is expected that the debt-to-equity ratio

The project can be supported by contingency funds, either
equity or debt, such as the following examples:

Debt: Contingency funding: Projects must have contin-
gency funding to cover additional project costs during
execution.

100% contingency capital: after execution, the SPE ap-
plies for a "bridge loan," which is equal to the Equity (Eg-
uity bridge loan), which are short-term loans that tem-
porarily cover the capital costs of the project investors.

Non-Equity Projects: Projects structured to protect
their revenue risk with an Offtake agreement providing
greater certainty of cash flow generation.

From the financial institution's point of view, capital projects
are preferable because they transfer a certain percentage
of the risk to the investors. Also, since the investors' capital
is committed, they are more interested in the project's suc-
cess. On the other hand, it is in the banks' interest that the
SPE has contingency funds to cover additional costs during
the execution phase, allowing the project to be sustainable.

6.3.3 Profile of debt service

The debt service profile comprises maturity, average life, debt
flexibility, and repayment schedule. Each of these elements
affects the return for investors and banks. The elements of
debt vary depending on the company's profile that needs
financing. The following describes the key points that deter-
mine the possible variations in the elements that define the
debt service profile.
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Figure 6-3 - Debt service profile: debt maturity
Source: Own elaboration.

Debt term The term of a Project Finance
i is usually longer than the term of a traditional debt

The term depends on the type of project, the country
i risk and, mainly, the level of long-term uncertainty
i regarding the project's future cash flows, considering the

i cash that is generated from the payment of the debt until
the end of the concession (tail)

Debt
Service

Lower
coverage
ratios

Shorter time Larger

payments

The debt term should be between 10 and 20 years,
depending on the size of the project (size and type of

the electric bus fleet), and on the specific
characteristics of each project

Figure 6-4 - Debt service profile: average life

Generally, banks have a policy of an upper limit to the \
average life of a Project Finance, which is not standard for all
cases but depends on each bank's risk interest level.

Depending on the project and the debt term, it can be ;
between 10 and 15 years. If necessary, debt repayment should
be accelerated to comply with this policy. ’

Methods for calculating the average life

Unweighted Weighted

Number of years 1) Sum of resting balances each
until half of the debt year/total amount of debt
has been paid off 2) Sum of periodic payments

weighted by elapsed
years/total debt amount

Ignoring the payment Weighted methodgtake into

In a Project Finance, period accounttheamortization A
the calculation of the schedule for the calculation of
average life is more Adding the payment the average life.

complex, because period in full

disbursementsare
made only during the Employing weighting
execution phase. This method 2 and using the
can be accomplished maximum balance as

in three (3) ways: denominator

Source: Own elaboration.
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Figure 6-5 - Debt service profile: flexibility

Two refund structures must N
be designed:

: + Onethatis of interest to the banks. \
; « Onewith as little payment as possible so that the SPE does h
: not default in case of cash flow problems.

Giving the SPE more roomto maneuver in periods of low cash flow.

(\@:b Flexibility
A}

Source: Own elaboration.

Figure 6-6 - Debt service profile: amortization schedule

Main amortization schedules

v Favorable to investors, because in the

initial periods most of the cash is used for
debt repayment, when interest rates are
generally high.

v'Reduces the DSCR in the early stage, given
the need for resources to start operations

Vi .
OF ANNUITIES It increases debt service
payments. IRREGULAR

v It reduces the DSCR in

Constant senior
payments

Main payments thelater years of the ]
divided into project. Dependingon the
years v It increasesthe average coverage ratios
life of the debt.

If the projectis financed through bonds, these are usually repaid in a
similarway to loans.

Sometimes a repayment fund can be set up to repay the full amount
of the bond.

The payment structure will depend on the projected cash flows.

Amortization

Schedule

Source: Own elaboration.

The debt service profile defines the sustainability of the fi-
nancing and the need for a subsidy. Once a deficit is identi-
fied in the operation phase to cover the expenses of the fi-
nancing and operation, mechanisms for providing a subsidy
can be evaluated as follows.
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6.4 IMPLEMENTATION OF SUBSIDY
POLICY IN THE MUNICIPAL
BUDGET

In summary, the resources aimed at investments (Capital
Expenditures) can come from capital revenues - credit ope-
rations and capital transfers, and in most cases, are comple-
mented by current revenues - Tax Revenues and Current
Transfers. On the other hand, the resources destined for
subsidies come from current revenues, necessarily having
as sources, in some cases, Municipal Funds combined with
resources from the Municipal Treasury. For example, muni-
cipal budget subsidy expenses can be classified under the
following headings.

Body - Municipal Secretariat of Mobility and Transport - SMT
Transport Function

Subfunction Urban Collective Transport

Program - Improving universal urban mobility

Activity - Bus system tariff compensations

Contributions

Other Current Expenses

Whether through investments in acquisition or installation
(capital expenses), or contributions to tariff compensations
(subsidies), characterized as current expenses of a continu-
ous nature, they must be foreseen in the Multi-Year Plan -
PPA and presented in detail in the Annual Budget Law - LOA.

Concerning the sources of resources linked to the Funds
destined for the transport system, a very comprehensive
example comes from the Municipal Transport Fund of Sdo
José dos Campos, established by Law n 5,185 of April 1,1998,
changed by Law n 10,312 of May 04, 2021, establishing in its
article 3, the sources of resources that compose the Fund.
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Figure 6-7 Resources of the Municipal Transport Fund of
Sao José dos Campos

* Municipal Budget
« Aid, subsidies, financing or contributions
« Charges, fees and revenues

Government

Fines for traffic and public and selective
transport systems

Authorizationfor circulation, special parking
and loading and unloading operations
Vehicle removal and storage operations

« Urban Mobility Secretariat Services

« Otheradministrative measures

Resources Of XN
the Municipal

Transportatio

. « Regulated paid parking system
n Fund (FMT) Collection .

Concession for the operation of urban public
transportand other related services

Contributions,
donations and legacies

* Pessoas fisicas ou juridicas, de direito publico |
ou privado :

Other Sources

Source: Own elaboration based on the City Hall of Sao José dos
Campos (1998) [40]

These resources from the Sao José dos Campos Transport
Fund are intended for the development, implementation, in-
centive, investment, and funding of projects related to [40] :

Planning, management, and operation support systems
for public and selective transport urban?;

Infrastructure of collective and selective urban transport;

7 The selective or special transportation is that intended to ser-
ve exclusively the server, individually, with no relationship with
the collective and ordinary service. It is also understood as regu-
lar selective road transport the service that uses vehicles equi-
pped with reclining, upholstered, numbered seats, with external
luggage racks and package carriers inside, with only one door,
not being allowed to carry standing passengers.
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Traffic engineering;
Systems, equipment, and devices related to road signs; and

Systems, equipment, and devices to support traffic
planning, operation, and enforcement.

In Brazil, aiming at the maintenance of quality services and,
on the other hand, adequate remuneration to the conces-
sionaires, capitals such as Brasilia, Sdo Paulo, Belo Horizonte,
and Curitiba, among other capitals and large cities, have op-
eration subsidy policies of different natures and origins.

The following are some case studies of cities that have imple-
mented electric fleets and the financing solutions adopted.

6.4.1 Case Studies of Financing Models

The experiences of cities that have already implemented elec-
tric buses allow evaluating of the financing models adopted
in different contexts. In the following, electric fleets' deploy-
ment cases demonstrate the strategies selected, financing
solutions, and the timeframes required for implementation.

enzhen, China

The process of electrification of the bus fleet in
Shenzhen (China) lasted eight years, from 2009,
when the local government drew up a plan to
renew the fleet with cleaner vehicles, until 2017,
when 100% of the fleet was electrified. Pilot testing
began in 2011, with gradual incorporation yearly,
until it exceeded 16,000 electric buses in 2017.
Achieving this goal required significant subsidies
from local and national governments, which by
2016 covered more than half of the initial cost for the
incorporation of electric vehicles.

J

Source: Own elaboration. Photo: Xataka (2018) [41].
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London

In 2016, Go-Ahead became the first operator in

the City of London to carry out a fleet conversion

to electric buses after overcoming several

logistical hurdles to adapt its facilities to the new
infrastructure required, as well as adopting new
practices to streamline and optimize the provision
of services in line with charging requirements.

In parallel, TfL (Transport for London) has been
conducting pilot tests to introduce electric and
low-emission vehicles on selected bus corridors, as
well as the adaptation of new facilities for the electric
operation to have all buses emission-neutral by 2034.

J
Source: Own elaboration. Photo: Electrive (2019) [42].

~
In Paris (France), the deployment of electric buses

is still ongoing. The goal of the authorities and the

public transport service provider (RATP, Regie

Autonome des Transports Parisiens) is to renew

all nearly 5,000 vehicles by 2025, of which at

least 3,000 are electric. The first milestone under

this plan was the launch of a public tender in
2018 aimed at purchasing 800 electric buses. The
process involves encouraging the development of

local suppliers and creating a partnership between

RATP and local power companies to assess the
project's feasibility.

J
Source: Own elaboration. Photo: Via Trolebus (2019) [43].
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The process of gradually incorporating electric
fleets into the metropolitan transport system
in Santiago (Chile) began in 2016 when a
consortium was formed between the operator
MetBus and ENEL X. This led to the development
of feasibility studies and the first pilot tests to
verify the suitability of this technology for the
routes in operation.

In 2017, energy transition goals were set,
establishing that by 2050, all public transport vehicles
in the country must be electric (in Santiago, the goal

is to be achieved by 2035). In late 2018 and early 2019, the
first 100 electric buses went into operation, with the federal
government contributing to the operation with public funds. From
this experience, the model implemented was replicated in other
corridors, with approximately 800 electric vehicles operating in the
city since 2021.

Source: Own elaboration based on [17]. Photo: Recargados (2020) [44].

In summary, identifying the critical and regular monitoring of
financial indicators is an essential step before the final imple-
mentation of the project. The subsidy and the revenue me-
chanisms define those more critical indicators. Monitoring
these indicators transparently between all the actors involved
is essential to the project's success throughout the conces-
sion. This monitoring is part of the main points of attention,
possible advances, and future gains noted in Figure 6-8.
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Figure 6-8 - Points of attention, possible advances, and
future gains

~
-Amortization of the necessary infrastructure investments ]l
-Acquisition costs of electric vehicles and battery life [
-Business Model and Financing Conditions under development :

-Legal framework and regulatory framework |
-Structuring of financing and guarantee conditions !
Possible -Public Funds :
I el - Tariff policy and subsidy [

-Lower bus operating and maintenance costs

)
-Environmental and social gains: GHG reduction and improved :
health conditions |
|

-Economic balance of the system in the long run

Source: Own elaboration.

Figure 6-9 summarizes the activities to guide the cities or
project implementers to achieve sustainable financial con-
ditions during the operation stage.
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Figure 6-9 - Steps of project implementation and
monitoring, a summary of Step 5 activities

Step 5 corresponds to the
operation stage, the following
steps need to be performed
continuously

Identification of critical
i |:| financial indicators:

Profitability Indicators
Financial ratios Debt
service profile

Permanent revision of the

remuneration scheme for

operators Demanding minimum
SteP 5 service quality
Implementation
and monitoring

Evaluation of
mechanisms for

granting subsidies for
the operation

Implementation of a subsidy
policy in case there is a set-up
fund for this purpose

Source: Own elaboration.

Step 5 is a process that should be iterative over the project's
lifetime to ensure continuity of service with electric buses
and to open up the possibility of attracting further invest-
ment interest to expand the city's electric fleet. Presenting
healthy finances at the first scale project in the city can de-
monstrate to all stakeholders the financial and economic
attractiveness of electromobility projects. Even if subsidies
cannot be obtained in the early phases of the project, moni-
toring the profitability indicators presented here can ensure
continued operation while revenue sources are diversified.
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