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ABSTRACT

This paper evaluates low-carbon urban development strategies for the transport sector in Sdo Paulo, one of the
largest cities in the world. For each mobility policy selected, we build scenarios to evaluate the potential of mit-
igating GHG emissions, shedding light on institutional aspects, benefits and risks of implementing each measure.
Selected policies analyzed in this paper focus on: (i) reduction of frequency and distance of motorized trips; (ii)
improvement of public transport; and (ii) technological issues, from improvement of fuel efficiency of all trans-
port modes to replacement of fossil fuels by biofuels. Results show that the measures that present the highest po-
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018 tential to reduce GHG emissions are those that promote the use of biofuels, particularly ethanol, followed by
Q54 those that favor the use of public transport. Moreover, simulations of integrated policies evidence that their effec-
R41 tiveness depends upon the adoption of coordinated policies at Federal, State and Local levels. Lastly, we highlight
the complementary nature of the proposed policies and the contribution of scenario building to the debate on the
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1. Introduction

Climate change has become a crucial issue in the pursuit of a sustain-
able urban and territorial planning, especially in big cities, where the
formulation and implementation of measures of mitigation and adapta-
tion to climate change have become mandatory (Rodriguez, 2013,
Samaniego et al., 2013).

In this context, urban transport systems play a key role in sustain-
able development. Besides affecting productivity and supporting other
productive sectors through urban integration, transport is one of the
sectors that accounts for a huge volume of GHG emissions. Although
in Brazil most emissions are associated with changes in land use due
to deforestation and agriculture (MCT, 2013), in a big city like Sao
Paulo, which has a population of more than eleven million people in
2011 (IBGE) and one of the highest average time spent in commuting,'
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most GHG emissions are generated by the urban transport sector
(Ekos-Geoklock, 2013).

For these reasons, mitigation of GHG emissions has been integrating
urban planning aims and goals, especially in proposals for the transport
sector in metropolitan areas (World Bank, 2011). The evaluation of the
effectiveness of these strategies requires studies of mitigating potential
according to local market, technology and economic context. The imple-
mentation of such measures also depends on the coordination of actions
among different institutional and governmental spheres (Federal, State
and Local).

Analyses showing how feasible it would be to reach a given goal of
GHG emission reduction through selected measures would be quite
useful as guidance to policy prioritization, planning and execution.
However, the complex interactions among policies and institutions
have barely integrated into specific assessments of policy effectiveness
to reduce GHG emissions in Sdo Paulo City's transport.

Contributing to this efforts, this paper assesses impacts of low-
carbon development strategies on the GHG emissions from the trans-
port sector in the city of Sdo Paulo. First, we reviewed the research liter-
ature in order to collect the most common policy measures to reduce
GHG emissions from transport; second, we consulted public managers
at Sdo Paulo City Hall in order to select the most suitable policies for
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the city among those previously selected in the literature. Then we an-
alyze the selected measures through scenario building, made with the
support of a dynamic simulation model. Selected measures evaluated
in this paper refer predominantly to passenger modes and focus on:
(i) reduction of frequency and distance of motorized trips, especially
of personal vehicles; (ii) stimulus to use public transport; and (iii) tech-
nological issues, from improvement of energy efficiency of selected
transport modes to incentives to replace fossil fuels with biofuels.

Our hypothesis is that the adoption of just one type of policy - tech-
nological, regulatory or of management - is not enough to reach the de-
sirable goals of GHG mitigation in the city. The analysis of the policy
scenarios provides a glimpse of the potential impacts of low-carbon mo-
bility policies on GHG emissions and a basis for discussion on strategic
planning of urban public policies. It also provides valuable insights to se-
lect appropriately the best solutions among the main available options,
in accordance to the goal of promoting urban sustainable development
in Sdo Paulo City.

In the following sections, we present a brief description of Sdo
Paulo's low-carbon initiatives in the last decade and the procedures
taken for the policy scenario building and evaluation. Then we present
details about the dynamic simulation tool chosen to build policy
scenarios, as well the data collected for such a purpose. In sequence,
analyses compare business-as-usual and policy scenarios in order to
evaluate the relative potential effectiveness of the selected measures.
Lastly, we analyze the simulated scenarios and recommend actions for
policymakers. We also shed light on institutional issues of policy imple-
mentation, which is essential to the feasibility of the proposed public
policies. With these results, we expect to contribute in sensitizing
policymakers to the potential impacts brought about by selected mea-
sures and to the need to integrate them into a single future scenario
S0 as to get the closest results to the City's goals of GHG mitigation.

2. Planning low carbon strategies in the Sio Paulo context

Sdo Paulo’s fast urban growth, especially in the 1970s and 1980s,
associated with poor planning and organization, largely explain the
challenging problems faced by the City in recent years. Inadequate
urban infrastructure, the chaotic urban mobility and a concentration
of activities in Sdo Paulo Metropolitan Area brought intense traffic con-
gestions (Carvalho, 2014) and worsened considerably the quality of air
(CETESB, 2011b).

Sdo Paulo City, which is the S3o Paulo State Capital, was one of the
first megacities in Latin America to include climate change issues in its
management process. In 2005, Sdo Paulo published its first inventory
of GHG emissions. The energy sector presented the highest GHG emis-
sions in the city (76% of the total), including transport, which alone
accounted for 68% of total emissions (SMVMA, 2005).

In 2009, the State Capital launched a pioneering Brazilian local
climate change policy and defined by law? a goal of 30% of reduction
in GHG emissions in 2012 compared to 2003. Two years later, Sdo
Paulo City Committee on Climate Change and Eco-Economy published
an Action Plan for mitigation and adaptation through a set of guidelines
for the main public sectors to minimize emissions, thus adapting to cope
with climate change (Sao Paulo, 2011). Nevertheless, according to data
from the second Inventory of GHG emissions in Sdo Paulo City, launched
in 2013 (Ekos-Geoklock, 2013), total GHG emissions from energy and
waste rose about 8.7% from 2003 to 2011. Emissions rose 10% from
2010 to 2011, and 7% between 2009 and 2010. Only in 2006 and 2009
(a recession year) did GHG emissions annual growth drop. Gasoline,
ethanol and diesel combustion for the transport sector accounted for
61% of GHG emissions from 2003 and 2011 and for a growth of 24.7%
in emissions in the same period. Therefore, considering Sao Paulo City's
transport sector only, the GHG emissions trend shows that the State

2 Municipal Law 14.933, 2009.

Capital could hardly have reached the goal of a 30% reduction by 2012
as laid down by legal norms.

Such an evolution of GHG emissions indicates that public policies
may have a crucial role stimulating the reduction of GHG emissions,
which motivated S3o Paulo City Government efforts to put the city on
a trajectory of low-carbon development. This context opened an oppor-
tunity for the Economic Commission for Latin America and Caribbean
(ECLAC) to propose a protocol of intentions to the Sdo Paulo City Public
Administration, with the purpose of promoting cooperation between
these two entities in studies on themes related to Urban Development.
In this framework, ECLAC presented its project “Low Carbon Paths to
Development” to technical managers from diverse sectors of local public
administration, such as transports, urban services and environment. As
the transport sector is the main responsible for GHG emissions in the
city, ECLAC proposed to evaluate the impact of specific public policies
on this sector. In next section, we present the methodology employed
to develop such policy evaluation.

3. Methodology of the study

The main purpose of the policy evaluation proposed by ECLAC to Sdo
Paulo local government was sensitizing stakeholders to the potential
impacts of these policies and their implications to decision making. To
accomplish such purpose, an outline of policy scenarios chosen as the
most plausible solution for GHG mitigation of Sdo Paulo City was elabo-
rated. This procedure was part of an important stage of low-carbon
strategic planning to mitigate GHG emissions from Sdo Paulo City's
transport sector, basically consisting of scenario building through
dynamic simulations.

The first step was to elaborate a range of options for low-carbon
paths for the transport sector, based on an extensive research in the lit-
erature (for example, Samaniego et al., 2013World Bank, 2011) and on
current policies and strategies in Sdo Paulo's transport sector to reduce
carbon emissions. Then we held discussions with representatives of
Sdo Paulo City Hall, especially from the Departments of Environment,
Services and Transport, in order to select the most suitable strategic
proposals. The selected low-carbon policies were the following:
i) Promotion of teleworking; ii) Incentive of shared private transport;
iii) Improvements in public transport; iv) Incentive to improve efficien-
cy of vehicles; and v) Increase in the use of biofuels. The first and second
proposals are predominantly of regulatory nature, i.e., they depend
mostly on revision of current labor laws and traffic norms. The third
measure relates to management and investments in public transport.
The others involve fiscal and economic incentives for technological de-
velopment related to automobile and fuel industries.As a goal underly-
ing the aim of GHG reduction, we take as reference the desirable level of
emissions in S3o Paulo City stated as being 30% lower in 2012 compared
to 2003.

Having established this goal, the next step was to build, with a dy-
namic simulation model, the business-as-usual (BAU) scenario as refer-
ence to compare with the possible effects of policy implementation.
Next, policy scenarios were built and analyzed taking into account
their feasibility of implementation, and institutional and political obsta-
cles and risks. The results are compared with evidences found in
literature.

Such planning and evaluation process is not linear. The analysis cycle
may restart with feedbacks from the policy scenario analysis. The idea
is to reassess the selected policies in light of the results from the
former impact analysis, in order to improve or replace them by other
propositions. It is a learning process, where the new propositions or
reformulated ones undergo new cycles of scenario analysis, until the
desirable policies are obtained in the scenario simulation environment.

There is much room for improvement and refinement of each select-
ed measure. Successive revisions with the participation of the stake-
holders are essential, especially if counting on public managers who
are ultimately responsible for setting objectives and making decisions
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involving the implementation of the selected policies. In this sense, the
evaluation presented in this paper corresponds to just a first phase of a
longer and interactive learning and evaluation process, with the pur-
pose to instigate discussion about the feasibility of the proposed policies
and how to improve them.

3.1. Scenario building with a dynamic simulation model

There have been several efforts to employ system dynamics tools
to evaluate environmental policies (for example, see Musango et al.,
2014, Fong et al., 2009 and UNEP, 2011).2 In particular, specific tools
have been developed to assess the impacts of public policies on car-
bon emissions from the transport systems. Although these dynamic
models are very heterogeneous, all of them are composed by integrated
modules representing the main elements of a transport sector: econo-
my, population, vehicle fleets, technology, demand for transport ser-
vices and environment. Table 1 exhibits the most common modules of
these simulation tools and their usual input parameters. These models
allow users to put selected data in order to simulate a hypothetical
situation in a given context.

The main differences among simulation tools lie in the emphasis on
one or other aspect of a transport system. Many researchers propose
their own system dynamic model adapted to their specific context
and issues (for example, Feng et al. 2012, Li et al., 2012, Liu et al.,
2015, Sabounchi et al., 2014 and Wang et al., 2008). In turn, as examples
of research based on preexisting system dynamic models, one can men-
tion Fiorello et al. (2010), who employ ASTRA (ASsessment of TRAns-
port Strategies), a model that deals with the economy through two
modules: the macro economy, which includes detailed macroeconomic
variables, from economic growth to employment rates and trade sector;
and the regional economy, in order to estimate the spatial distribution
of passengers and freight circulation. In turn, Pfaffenbichler et al.
(2010) use another tool, MARS (Metropolitan Activity Relocation Simu-
lator), whose prominent feature is the land use module, which influ-
ences demand for transport and congestion trends. Both tools require
several data on costs for housing, average living space, shares of produc-
tion sectors, workplaces, share of area occupied by workplaces, among
others. Andrejszk et al. (2014a) and Commander et al. (2015) chose
ForFITS (For Future Inland Transport Systems): the former, to evaluate
impacts of selected policies on GHG emissions in Hungary, and the latter
to estimate the effects of fuel subsidies and of oil prices on pollution and
GHG emissions, as well on the choice of intermodal services in the City
of Cairo (Egypt).

There are several advantages of using preexisting simulation
models. They have embedded knowledge that the team of developers
had to have or acquire in order to develop them, so using a preexistent
model enables the researcher to take profit of such built-in knowledge.
Many simulation models are sponsored by research institutions that
make them freely available to researches, besides offering a support
team to update the models and help users, which increase the chance
of using these tools. Moreover, these models are developed to be suit-
able to different contexts and purposes to be easily adopted, besides fa-
voring eventual comparative studies as they are used.

To develop the simulations presented in this paper, we chose
the abovementioned ForFITS,* a system dynamic model developed
for UNECE (United Nations Economic Commission for Europe) and
the Regional Commissions of the United Nations (UNECE, 2011a).
UNECE's motivation to develop a new tool was to use a simulation
model that contemplates most of the features of available tools to
evaluate strategies for sustainable and integrated development of

3 A comprehensive study on the applications of the system dynamics approach can be
found in (Sterman, 2000)
4 ForFITS is freely downloadable at www.unece.org/trans/theme_ForFITS.html.

Table 1
Usual modules and input parameters present in most transport system simulation tools.
Source: Devised by authors based on available simulation tools.

Module Parameters

Economy GDP per capita and growth projections; projections of inflation;
economic sectors, trade; employment

Population Population in the base year and growth projections

Vehicle fleets  Fleets per type of vehicle, mode (air, terrestrial, hydric) and

service (passenger and freight)

Technology Types of fuel (gasoline, diesel, biofuels); types of motors (internal
combustion engines, hybrid, electric, fuel cells); evolution of
efficiency of motors; technology choices.

Demand and New registrations of vehicle per type, mode and service; intensity

supply of use (average distance traveled per year per vehicle, including

non-motorized); vehicle load (number of passengers and freight
weight); market share of public transport (bus and rail); costs of
vehicles, fuels, public transport tickets and congestion prices
Energy and fuel consumption per vehicle per type; GHG emission
factors per type of fuel

Modules simulating impacts of land use on transport demand,
which include parameters such as employment, household
income, costs for housing, average living space, shares of
production sectors, workplaces, share of area occupied by
workplaces

Environment

Other

various transport modes, applicable to the most diverse local, regional
and national contexts (Andrejszk et al., 2014b). Furthermore, the devel-
opment of ForFITS should produce internationally comparable results, a
criterion which, according to UNECE (2011a) none of the existing tools
met.

ForFITS was developed upon Vensim Software® that allows us to as-
sess possible impacts of public policies on the demand for public and
private transportation, the intensity of use by mode (cars, trains,
buses, and trucks), energy consumption and GHG emissions, among
other relevant variables. In a pilot study that included seven selected
countries from each region of the world,® UNECE tested several scenar-
ios to demonstrate the usefulness of the tool and to assure its applicabil-
ity to different regional contexts (UNECE, 2013). In the case of Sdo Paulo
City, the results are part of a pioneering study of applying ForFITS to as-
sess the impact of public policy on GHG emissions from transport in a
big metropolitan city.

One of the main advantages of ForFITS is its integrated representa-
tion of most relevant aspects that define a transport system and its
resulting GHG emissions conditioned by technological and socioeco-
nomic issues. In order to predict GHG emissions, ForFITS employs
input data on technical specifications of available motor technologies
(for example, ignition motors, electric and hybrid), fuels (energetic po-
tential and GHG emissions per liter consumed), the amount of vehicles
on the road by category (light vehicle, motorcycle, truck, bus), modes
(on wheels or trains) and type of service (public or private). It also con-
siders characteristics of the demand system to be simulated, such as
GDP per capita and demographic trends.

Using ForFITS enables exploring the feedback effects of relations of
cause and effect between demands for transport services and the
urban transportation sector. Moreover, many of common features of
all transport modes are consolidated in this model, which makes its
use very practical. The model requires socioeconomic data entry that
characterize the region to be evaluated - in the case of this work, the
City of Sao Paulo, and technical information relating to the consumption
of fuel and energy and GHG emissions per vehicle category and

5 Vensim is a free software that can be used to develop simulation models for diverse
applications. More information can be consulted at Vensim's website: http://vensim.
com/vensim-software/(access in: Dec. 28, 2015).

5 The selected countries of UNECE's pilot report were Chile, Ethiopia, France, Hungary,
Montenegro, Thailand and Tunisia.
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emission factors according to fuel used. ForFITS estimates the demand
for each transport mode based on projections of GDP, population, eco-
nomic growth, price inflation and on international cases consolidated
in statistical studies, which identify the relationship between market
share and GDP per capita from sectorial time series analysis. With
these data, the model projects a logistic or S-shaped demand curve, rep-
resented by the diffusion of new vehicles in the market (of all passen-
gers and freight modes).”

3.2. Building policy scenarios for Sdo Paulo City: input and output
parameters

Table 2 depicts the relation of the main input parameters, which de-
scribes Sdo Paulo City's transport sector, and the sources of information.
Many other input parameters are available at ForFITS to be filled out by
the user; for the purposes of this paper, the table contains only those pa-
rameters whose values we informed.

The ForFITS outputs used in these analyses are the following:

1) Total pkm (passenger.kilometer): indicates the intensity of use of
passenger transport modes, calculated by the number of passengers
multiplied by the distance covered in a year. The higher the pkm, the
more intense is the use of a given mode. In turn, intensity of use per
vehicle (i.e the distance covered in a year per vehicle) is an exoge-
nous input (introduced in ForFITS by user) which remains constant
as demand does not affect it. In turn, tkm (tons.kilometer) is the in-
dicator of intensity of use for freight transport.

2) Total energy used by passenger and freight transport, in tons of oil
equivalent (toe): reflects the average consumption of fuel and
electricity.

3) GHG emissions, divided into three types, according to the fuel life
cycle phase when they are generated:

I. Tank to wheel (or TTW) emissions: generated from fuel or energy
consumption. TTW GHG emissions is compatible to emissions
from transports estimated to the inventory of Sdo Paulo City
(Ekos-Geoklock, 2013).

II. Well to tank (or WTT) emissions: generated during the production
phase;®

IIl. Well to wheel (or WTW) emissions: generated during the

complete fuel life cycle, composed of production and con-
sumption. They result from the sum of TTW and WTT GHG
emissions.

ForFITS estimates emissions from each vehicle of Sdo Paulo's active
fleet, fuel consumption per vehicle, annual travel per vehicle (km per
year) and the intensity of use and fuel consumption of vehicles. These
estimates differ from some inventories of GHG, such as CETESB
(2011a) and Ekos-Geoklock (2013), which calculate GHG emissions
based on the city's total fuel consumption and the emission factor per
type of fuel. Therefore, differences between ForFITS base-year results
and estimates from inventories may arise. The differences tend to be
more relevant for freight vehicles, since ForFITS uses the average dis-
tance traveled per year per vehicle to estimate emissions, whereas in-
ventories use the total fuel marketed in Sdo Paulo City only. Therefore,
as freight vehicles travel long distances outside the capital, part of the
fuel is not included in Sdo Paulo City's total fuel consumption considered
by inventories. In turn, ForFITS considers the whole distance traveled
per vehicle. As there is no information about the proportion of fuel

7 Detailed information on the operating characteristics of ForFITS can be found at
UNECE (2011b).

8 Values of WTT carbon emissions factors for gasoline and ethanol from sugarcane were
obtained directly from the technicians of UNECE responsible for the development of
ForFITS.

Table 2

ForFITS main input parameters and sources.
Source: devised by the authors.
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Input parameter

Sources and estimatives

Socioeconomic

Population and populational

Sao Paulo's Foundation State

variables projection System of Data Analysis
(SEADE), Brazilian Institute of
Geography and Statistics (IBGE)
Local GDP and growth SEADE, IBGE, Brazilian Central
projections Bank
Sectorial Stock of vehicles actually in use CETESB (2011a), STM (2013),
variables by category and fuel (gasoline, METRO (2012a)

ethanol, diesel, electricity)

» Mode included: motorcycles
and light and commercial
vehicles, buses, trucks and
passenger trains (subways and
commuter trains)

New registered vehicles (base
year, base year minus five, base
year minus ten)

Intensity of use per vehicle,
category and average age
(average annual travel per
vehicle)

Fuel consumption per type of
vehicle

Average number of passengers
and weight of freight per mode

Fuel prices and taxes
GHG emission factors per fuel

type

Brazilian Traffic Deparment
(DENATRAN)

CETESB (2011a), MMA (2011),
METRO (2012b)

METRO (2012a), Sao Paulo
Metropolitan Train Company
(CPTM), Sao Paulo City
Transportation Corporation
(SPTrans), EMPLASA (2006)
ANP (2015)

CETESB (2012), MMA (2011),
Carvalho (2012), Edwards et al.

(2006), UNECE

acquired in transit out of the State Capital, it is not possible to exclude
such a proportion of consumed fuel from ForFITS estimates, which diffi-
cult a comparison between ForFITS projections and GHG inventories. On
the other hand, light vehicles and motorcycles present a much lower in-
tensity of use, which indicates that, for these modes, the local use pre-
vails and, hence, that most fuel provided for light vehicles and
motorcycles is bought in the State Capital.

ForFITS default hypothesis for rates of incremental improvements in
motor technology states that, in 2025, energy efficiency would reach
levels roughly 20% to 25% higher than the levels seen in the base year
(2010) for light vehicles; from 10% to 15% higher for motorcycles; and
up to 5% for heavier vehicles. From 2025 through 2040, the improve-
ment in energy efficiency would grow between 5% and 10% (UNECE,
2011b). It is worth noticing that these hypotheses are consistent with
the Inovar-Auto, a Brazilian Government Program whose minimum
goal of energy efficiency gain is 12.08% by 2017 (MDIC, 2012). The
higher the level of energy efficiency, the lower is the fuel consumption
of a new vehicle.

WTW GHG emission factor for passenger rail systems is near zero, as
passenger rail in Brazil is powered mostly by hydropower (which has
negligible GHG emissions). However, emission factors of subway com-
panies fluctuated intensely between 2008 and 2012 due to wide varia-
tions in composition of the matrix of primary sources used to generate
electricity in Brazil in those years (METRO, 2012a). If the demand for
electricity surpasses the capacity to generate hydropower energy,
Brazil's National Interconnected System (SIN) puts fossil fuel power
plants into operation, which results in carbon emissions at higher levels.
Nevertheless, the emission factor per passenger remains much smaller
than that observed for transport on wheels. In this work, we chose to
employ the carbon emission factor reported in 2010, the base year,
when hydropower energy prevailed. In addition, we suppose that the
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Table 3
BAU Scenario: main results of Sdo Paulo transport sector.?
Source: devised by the authors using ForFITS.

BAU scenario

Variables Unit Base year 2040 Rate 2040/base year
Total pkm (passenger.kilometer) Pkm, billion 179 312 1.7
Total tkm (ton.kilometer) Tkm, billion 37 93 2.5
Total energy used - passenger and freight modes Toe, million 6 13 2.2
GHG emissions TTW - Total kg COze, billion 14 31 23
GHG emissions TTW - passenger modes only 7 13 1.8
GHG emissions WTW - Total 17 38 2.2
GHG emissions WTW - passenger modes only 9 16 1.8

2 This table of results is similar to that used by UNECE's pilot study with ForFITS applied to several countries (UNECE, 2013).

average energy matrix would not change substantially along the simu-
lation period (2010 to 2040).

3.3. The business-as-usual (BAU) scenario

Table 3 summarizes the main results of the simulation of GHG
emissions by the urban transport sector in Sdo Paulo City in a trend or
BAU scenario, i.e. in the absence of new policy interventions. The
“base year” column contains the values of the main outcome variables
(described in Subsection 3.2) in the first year of simulation (2010).
The column “2040” contains the values of the output variables in the
year 2040. The “2040 Rate/Base Year” column shows the magnitude of
variation of the annual output at the end of the simulation period com-
pared to baseline.

In the BAU scenario, in 2040 most variables reach values near the
double of that in base year, showing that the goal of a 30% reduction
in GHG emissions (mentioned in Section 2) is a huge challenge.

Results from this scenario was driven mostly by the average GDP
growth, supposed to grow around 2.6 times in the simulation period.’
This result is consistent with the reference scenarios of the selected
countries presented in UNECE (2013). Countries that expect high eco-
nomic growth presented higher ratio between emissions in 2040 and
in base year: for example, Chile would expect a GDP more than four
times higher in 2040 than in the base year, and energy use and GHG
emissions (in CO,e/lge)'® are around five times higher at the last year
of simulation. In turn, among those countries that expect a relatively
low GDP growth, France would have its GHG emissions in 2040 just
7% higher than in the base year, and Hungary, which also supposes a
slight decline in population in the period, reaches a WTW GHG emis-
sions level 29% lower in 2040.

The energy used in tons of oil equivalent (toe) reflects the average
consumption of fuel and electricity, which in turn affects the rate
of increase in GHG emissions in a similar proportion: in thirty
years, the emissions per year would reach a level more than twice
the level of 2010. Comparing emissions from consumption of
fuels and electricity to the total emissions, generated during the fuel
production and consumption phase (i.e., well to wheel or WTW),
one realizes that most emissions occur at the consumption phase
(i.e., tank-to-wheel or TTW), when combustion occurs. Passenger
modes account for about half of GHG emissions in 2010, but their
share decreases slightly, reaching about 42% of total at the end of the
simulation period.

9 The average GDP growth for the simulation period was defined as 2.24% in the period
2010-2015 and 3.5% from 2018, according to Brazil's Central Bank Balance of Payments
Bulletin until 2013 and projections from 2014 by Brazil's Central Bank Focus (from market
expectations in February 21, 2014).

10 Carbon equivalent, or COe, is a unit of GHG, based on equivalence of the global
warming potential of greenhouse gases as a function of its global warming potential com-
pared to that of carbon dioxide (IPCC, 2006); Ige is the abbreviation of “liter of gasoline
equivalent”, which means the amount of a fuel whose quantity of energy equals to that
contained in one liter of gasoline.

Table 4 shows the trends for fleets by mode (motorcycle, light vehi-
cles, bus, train, trucks and commercial) and service (passenger and
freight). In BAU scenario, vehicle fleets grow significantly, given Sao
Paulo's population and Brazilian economic growth projections (which
are exogenous parameters in ForFITS), as well as the current transport
share of pkm by mode, which remains constant (with the base year
value). Most of the growth in the intensity of use, indicated by pkm, oc-
curs in the bus mode, showing the relevance of this mode in the current
system structure. On the other hand, the intensity of use of light vehicles
such as private cars is remarkable, and its share on GHG emissions
(in percentage on total of kg CO,e/lge) among passenger modes is
much higher than buses' share in 2010 as well in 2040.

With respect to passenger rail system (metropolitan trains and sub-
way system), variation in stock of trains represents the expansion of the
whole rail system in Sdo Paulo City. In spite of the importance of the pas-
senger rail to public transport system, its intensity of use is relatively
low compared to other modes, and its GHG emissions are much lower
than other energy sources, given that Sdo Paulo's passenger rail system
is powered by electricity (mostly generated from hydroelectric plants).

In freight transport, the increase of the intensity of use occurs mainly
with trucks, which are the mode with the biggest share of GHG emis-
sions. Overall, results indicate that: i) most GHG emissions derived
from light vehicles and trucks, and ii) there would be a trend of increas-
ing GHG emissions share of freight services in the long run.

Energy consumption per mode explains part of GHG emissions
trend. Light vehicles account for most of the energy consumed among
passenger modes, followed by buses and motorcycles. Taking into ac-
count the intensity of use, we note that more energy is expended in a
mode with relatively low number of passengers transported per vehicle,
i.e., most of the energy is being used in a mode whose passenger carry-
ing capacity is much more limited. In freight service, energy consump-
tion by light commercial vehicles grows faster than the trucks, which
still predominate. It should be noted that many light commercial vehi-
cles are used as passenger vehicles, so it is uncertain the apparent
trend of trucks being outstripped by light commercial vehicles in freight
transportation in the long term.

Overall, the BAU scenario projections until 2040 show that Sao Paulo
City's GHG emissions do not seem to approximate to the required rate of
reduction to reach the goals stated in local level (according to Municipal
Law 14.933, 2009). On the contrary, in 2040 overall emissions more
than double compared to the base year. Therefore, results of BAU
scenario highlight the need to foster GHG emissions reduction though
governmental action andconstitute the baseline of an assessment of
policy scenarios, whose results, projected using ForFITS, are presented
in the following section.

4. Impact analysis of policies to mitigate GHG emissions

Measures aiming to intervene in the transport system in order to
reduce GHG emissions would result in changes in one or more ForFITS
input parameters.
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Table 4
Projection of the evolution of Sdo Paulo City's transport system indicators - BAU scenario.
Source: devised by the authors with results from ForFITS simulations.

Service Mode Fleet (thousands) pkm or tkm Share on energy Share on GHG emission (%)
(billion) consumption (%) Tank-to-wheel Well-to-wheel
2010 2040 2010 2040 2010 2040 2010 2040 2010 2040
Passenger Motorcycle 458 878 4 8 1% 1% 1% 1% 1% 1%
Light vehicle 3199 8064 55 108 44% 38% 28% 24% 29% 26%
Bus 33 54 104 169 16% 12% 24% 17% 23% 17%
Train 0,231 0,380 16 27 2% 1% 0% 0% 0% 0%
Freight Truck 90 232 28 73 27% 29% 39% 43% 38% 42%
Light commercial 494 2411 8 20 10% 19% 8% 15% 8% 15%
TOTAL - - - - 100% 100% 100% 100% 100% 100%

Table 5 exhibits the selected policies and their predominant type, as
well the associated input parameters to be changed according to the
policy adopted. Each parameter can be changed by one or more mea-
sures to mitigate GHG emission from the transport sector. Associated
with distinct scenarios, we evaluate the expected effects of each policy
against BAU scenario. In the following subsections, the selected scenar-
ios are described, as well how each parameter was chosen and their
values was set, taking as reference information found in literature.

4.1. Promoting teleworking

Teleworking or telecommuting means working from home or
elsewhere outside the workplace of the company with which the
employee has a work contract. Enabled by telecommunication and in-
formation technologies (ICTs), teleworking can be disseminated
among workers whose functions are possible to perform without the
need for his or her constant presence at workplace. Measures to encour-
age teleworking could interfere in the number of trips per person in a
city and, therefore, in GHG emissions from transport.

According to a study about teleworking in United States, the propor-
tion of workers who worked exclusively at home grew from 4.8% in
1997 to 6.6% in 2010 (Mateyka et al., 2012). The proportion of workers
who worked at home at least one full day a week grew from 2.2% in
1997 to 2.8%. Another study showed that, in 2014, 23% of employed per-
sons living in U.S. metropolitan areas did some or all of their work at
home, while in 2003 this proportion was 19% (BLS, 2015). In United
Kingdom, from January to March 2014, among people in work, the pro-
portion of people who worked at home for at least half of their work
time was 13.9%, against 11.1% from January to March 1998 (Office of
National Statistics, 2014).

These findings are consistent with the trends highlighted by another
survey about teleworking carried out in 24 countries (Ipsos, 2011).
According to this survey, 5% of American workers telecommuted, and
4% worked fully from home in 2011. Considering the average of
selected countries, 35% of workers telecommuted, and 7% worked
every day from home. In Brazil, these proportions were, respectively,
28% and 9%.

Many telework experiences have been implemented in private
companies and in the public sector (Lister and Harnish, 2011; OPM,

Table 5
Measures to mitigate GHG emission and associated input parameters of ForFITS model.

2013), motivated by its potential benefits, such as office's mainte-
nance and transport costs reduction. With less vehicles circulating,
overall congestion tends to reduce, as well air pollution and GHG
emissions. On the other hand, some factors may limit the potential
of expansion of telework, such as management and safety concerns;
moreover, telework may induce energy consumption at home and
other travels not related to work, which may attenuate its positive
effects over reducing costs to workers and GHG emissions (Kitou
and Horvath, 2008).

With respect to the impacts of teleworking on GHG emissions, a
study with 933 Federal civil teleworkers in the US suggests that they
were responsible for savings of 104,000 gal of gasoline, 2.4 million
commute miles and 578 millions of tons of carbon emissions in 2012
(OPM, 2013). In fact, teleworking can reduce substantially the average
distance traveled by the teleworkers, but in the aggregated level,
such impact may be diluted. Based on a time-series analysis with na-
tionwide data, Choo et al. (2005) concluded that the reduction in U.S.
total vehicle miles traveled due to telework in the period 1966-1999
is statistically significant, around 0.78%, which allowed the authors to
consider telework as a cost-effective policy in face of government
expenses on public transport. In turn, Kitou and Horvath (2008) found
that CO, emissions in a 3-day teleworking scenario would be 5% to
11% lower than in a non-teleworking one, in average of selected
American States.

Studies quantifying costs and benefits of teleworking experiences in
Brazil are still scarce, though there have been ongoing pilot experiences
(SMA, 2013). One can assume that teleworking potential may expand in
Brazil enabled by ICT's diffusion and pushed by the huge traffic prob-
lems faced by the citizens in Brazilian metropolitan areas. Despite the
absence of more accurate estimates, we could suppose that Sdo Paulo
has a teleworking potential similar to the average of countries selected
by Ipsos' survey (Ipsos, 2011), i.e. 35%. To reach this potential, Sdo Paulo
would have to adopt measures to promote an increase of at least 20% of
its proportion of teleworkers (28% of workforce in 2011 according to
Ipsos, 2011). As the reduction of the number of commutes is a function
of the average number of weekdays that workers do their work from
home (i.e. from one to five days), we can suppose that, on average,
teleworkers would work from home half of their time, i.e. 2.5 days per
week. This would provoke a reduction of 50% on the average annual

Policy

Predominant type Description

Change to be made in parameters of ForFITS
simulation model

Expected effect

Regulatory and
management

Promoting teleworking

Stimulating shared transport

Improving urban transport system management
Improving energy efficiency of

motorized vehicles

Incentivizing biofuels

Technological, economic
and fiscal

Reduction in annual distance traveled per vehicle/year;
reduction in public transport load

Increase in the average number of passengers of light vehicles
Passenger transport system index

Increased rate of evolution of energy efficiency

Reduction in trips

Incentive to use public transport
Reduction in GHG emissions
from fuel

Adjustment in the rates of variation of annual

emissions according to a rise in use of biofuels




232

Table 6
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Sensitivity to the variation of the average distance traveled by car and motorcycle per year and of the average occupation in buses and rails.

Source: devised by authors using ForFITS.

Distance in km/year per vehicle and average vehicle occupation in public transport lower than BAU scenario

Variables Unit Base year 2040 Rate 2040/Base year Variation 2040/BAU scenario
Total pkm Pkm, billion 168 293 1.7 -8%
Total energy used - passenger and freight modes Toe, million 6 13 2.3 -1%
GHG emissions TTW - Total kg COye, billion 14 31 23 -1%
GHG emissions TTW - passenger modes only 7 13 1.8 -3%
GHG emissions WTW - Total 17 38 2.3 -1%
GHG emissions WTW - passenger modes only 9 16 1.8 -3%

travel distance per teleworker in private transport, as well in the num-
ber of teleworkers using public transport. In order to simulate such sce-
nario, the parameters related to the annual average distance traveled in
light vehicles and motorcycles and to the number of passengers in pub-
lic transport were adjusted to meet these hypotheses. The parameters
were also adjusted to the proportion of individual motorized travels
that had the work office as destiny or origin (around 53% in 2012, ac-
cording to METRO (2012a)).

The projections for the period 2010-2040 show some variation of
the output parameters listed in Table 6. In 2040, total energy use by
transport would be just 2% lower, and GHG emissions from passenger
modes, 3% lower compared to BAU scenario.'

The suppositions about the potential of diffusion of teleworking can
explain the impact of teleworking on simulation results. As Ipsos survey
suggests, Brazil already has a high proportion of teleworkers (28%) com-
pared to the world's average (35%). Moreover, according to a survey
made by METRO (2012a), near half of travels made with private vehi-
cles were motivated by work. Teleworking would not affect directly
other relevant reasons to use transport, such as education and leisure.

The simulation would exhibit more impactful results if our supposi-
tion about potential of telework in Brazil were less conservative, consid-
ering that the proportion of teleworkers in this country could reach a
proportion similar to that observed in other Latin American Countries:
in Argentina, teleworkers are 45% of country's workforce; in Mexico,
58% (Ipsos, 2011). On the other hand, the United States already present
more flexible work regulation and an extensive program of adoption of
teleworking in Federal Civil Service (OPM, 2013), but they appear with
just 25% of teleworkers, lower than Brazil's rate. This indicates that a re-
duction of the regulatory barriers to this modality of work, or its adop-
tion by public administration, may not be enough to bring teleworking
to levels that promote a more significant reduction in GHG emissions,
neither the barriers such as pointed by Kitou and Horvath (2008) are
easy to overcome. More studies are needed to evaluate the actual poten-
tial of teleworking in Brazil and, hence, in Sdo Paulo City in order to have
more reliable estimates of the teleworking's potential of mitigating GHG
emissions.

4.2. Incentive to use of shared private transport

The most usual measure to incentivize shared transport consists of
prioritizing private vehicles with more than two or three passengers
by assigning exclusive lanes in local, urban roads or highways near
urban areas(i.e. high-occupancy-vehicle lanes, or HOV lanes). The ben-
efits are related to the attenuation of congestions and reduction of travel
time and transport costs for those who share their private vehicles (car-
pool), as it also tend to reduce the costs with private car use. Such effect
would turn HOV lanes into environmentally-friendly solution to slow
traffic, as it could reduce air pollution and GHG emissions.

" We should note that ForFITS' input on average distance per vehicle per year is constant
in time; therefore, the reductions were introduced in the input parameters related to pri-
vate and public transport from 2010 to 2040 as constant in time.

These supposed advantages have motivated the adoption of HOV
lanes in many countries, especially in metropolitan areas. However,
there is no consensus about the effectiveness of HOV lanes to help re-
ducing slow traffic or to produce positive environmental effects. For ex-
ample, Shewmake (2012) argues that HOV lanes could increase the
vehicle miles traveled (VMT), in consequence of two factors: 1) many
HOV lanes are implemented through the construction of new lanes,
which expands the capacity of road; 2) when carpool increases, it im-
proves the traffic flow and induces new demand to road use (rebound
effect). On the other hand, HOV lanes help to accelerate the velocity of
vehicles and, hence, may bring positive effects on the reduction of pol-
lutants (although not in terms of GHG emissions). The author suggests
that studies are still inconclusive about its benefits to traffic, air quality
and if it indeed reduces the distance traveled per vehicle. Kwon and
Varaiya (2008) found that HOV lanes do not seem to incentivize
carpooling, although they may be useful if there are a high number of
buses and vanpools circulating in these lanes. In turn, simulations
made for a medium European urban city by Fontes et al. (2014) showed
that the conversion of a general-purpose lane into an HOV lane could re-
duce the average travel time and CO, emissions. An increase in the Av-
erage Occupancy of Vehicles from 1.5 to 1.7 persons per vehicle could
reduce total emissions in 36% to 39% in urban corridors and arterial
roads. These results were obtained without considering the possibility
of induced demand.

In order to develop the simulation of a scenario of incentives to
carpooling in Sdo Paulo City, we assumed that measures to stimulate
carpool would increase the average vehicle occupancy and, hence, re-
duce the quantity of vehicles in circulation in the city. To set the maxi-
mum average vehicle occupancy for simulation purposes, it should
consider the effective potential of such measures to heighten the aver-
age number of passengers per vehicle. In 2007, the average vehicle oc-
cupation of a sample of European countries (UK, Denmark, The
Netherlands, Norway, Germany, Austria, Spain and Italy) was 1.54,
with a declining trend.'? In Los Angeles and Ventura Counties, California
(U.S.), the average vehicle occupancy in the HOV lanes was 2.19 against
1.1 of mixed-flow lanes (Caltrans, 2006). In 2011, Sdo Paulo presented a
rate of 1.4 passengers per car (CET-SP, 2014), which is the value used in
the BAU scenario.

It is not possible to predict the exact variation in the average number
of passengers due to policies encouraging shared transport, but one can
simulate the behavior of GHG emissions if the average number of pas-
sengers per car were 02 passengers per vehicle. In light of the studies
mentioned above, this is a very optimistic hypothesis, but it is useful
to illustrate the potential limit of such type of policy on GHG emissions.
In this scenario, simulation results show that the reduction in total pkm
of the passenger transport sector would reach 12% and, in GHG emis-
sions, 4% over all modes (passenger and freight, TTW and WTW) and
9% over TTW and WTW emissions from passenger modes only (see
Table 7).

12 According to the European Environment Agency.
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Table 7
Sensitivity to variation in the number of passenger per vehicle.
Source: devised by the authors using ForFITS.
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02 passengers per vehicle

Variables Unit Base year 2040 Rate 2040/Base year Variation 2040/BAU scenario
Total pkm Pkm, billion 202 276 14 -14%

Total energy used - passenger and freight modes Toe, million 6 13 2.2 -2%

GHG emissions TTW - Total kg COye, billion 14 30 2.2 4%

GHG emissions TTW - passenger modes only 7 12 1.6 -9%

GHG emissions WTW - Total 17 37 22 -4%

GHG emissions WTW - passenger modes only 9 15 1.6 -8%

Table 8

Projected evolution of indicators of Sdo Paulo City's transport system in the scenario of incentives to shared private transport.

Service Mode Fleet (thousand) pkm or tkm Share on energy Share on GHG emissions (%)
(billion) consumption (%) Tank-to-wheel Well-to-wheel
2010 2040 2010 2040 2010 2040 2010 2040 2010 2040
Passengers Motorcycle 458 880 4 8 1% 1% 1% 1% 1% 1%
Light vehicle 3199 8064 78 117 44% 39% 28% 25% 29% 27%
Bus 33 41 104 130 16% 9% 24% 14% 23% 13%
Train 0,231 0,291 16 21 2% 1% 0% 0% 0% 0%
Freight Truck 90 232 28 73 27% 30% 39% 45% 38% 43%
Light commercial 494 2411 8 20 10% 19% 8% 15% 8% 16%
TOTAL - - - - 100% 100% 100% 100% 100% 100%

Source: devised by the authors using ForFITS.

Such results do not include the potential externalities of reducing
the number of vehicles on the road, neither the induced demand effect
mentioned by Shewmake (2012). A fluid transit would be an additional
factor in the reduction of energy consumption and carbon emissions,
but an increase in the demand due to a reduction in travel time could
neutralize such effect.

Table 8 shows the evolution of fleets in the tested scenario in order
to clarify these results. Comparing the fleet in 2040 with the BAU sce-
nario, relevant differences are noted only in the number of buses and
trains. One explanation for this effect is the fact that the incentive to
ride would cause the migration of part of current public transport
users to private transport as “hitchhikers”. In other words, those most
benefited by the incentives to share private transport would be the
users of public transportation.

Similarly, the intensity of use of light vehicles (in pkm) is substan-
tially higher than in the BAU scenario, albeit declining over time. How-
ever, the pkm of the public transport modes in the long run reaches a
much lower level than that observed in the BAU scenario. The level of
energy consumed by light vehicles remains largely the same compared
to the reference scenario. Nevertheless, as the intensity of use of public
transport (in pkm) is lower, the energy consumption of public transport
increases less, as shown by the results of Table 8.

These trends indicate that one of the remarkable effects of the incen-
tives to free rides might be a reduction in the demand for public trans-
port, which is reflected in the reduction in the stock of passenger
trains. Such a result probably indicates a trend under the assumption
that the current structure and demand of public transport sector,
reflected by the pkm of the buses and rail modes, remains stable.

4.3. Improving public transport

Integrated and well-coordinated management actions could im-
prove public transport quality in Sdo Paulo City so that it would attract
more users. According to UNECE (2013), examples of measures favoring
public transport over personal vehicles would be: parking and access re-
strictions for private vehicles; land use policies encouraging urban ver-
tical development and mixed use areas; and improvement of the quality

of services, avoiding delays and reducing time waiting. This set of mea-
sures would improve public transport efficiency, reducing traffic flow,
increasing the quality of user experience and reducing time spent in
motorized trips, thereby encouraging the substitution of private
transport.

Other examples of such measures are proposed by the World Bank
(2011) under the label “urban demand management”, such as prioriti-
zation of buses on urban roads; improvement of control and limitations
on the circulation of private cars in the City center; incentives to use
public transportation; restrictions on use of private vehicles; congestion
pricing and high prices for parking lots. It is worthwhile highlighting the
importance of integrated implementation and operation of these mea-
sures because they cannot reach their full potential effects without coor-
dination among them. With such measures, the World Bank projected a
level of GHG emissions 4.6% lower than the emissions in the reference
scenario in 2030."%

The ForFITS' parameter “passenger transport system index” repre-
sents the share of pkm of public transport in total passenger transport
and reflects the level of development of public transport in a given re-
gion (UNECE, 2011a). Because it is a key parameter to estimate the de-
mand curve for public transportation in each locality, this index is used
to test the impact of improving the public transport. A zero index corre-
sponds to the situation in which all users utilize private transportation.
Rural regions typically have rates close to zero, as well as cities with high
spatial dispersion and little or no public transport available, or countries
where fuel and private vehicles taxations are low. Many US and Canadi-
an cities show a low passenger transport system index (UNECE, 2011a,
based on 2006 data). In turn, a rate near one indicates that almost all
passengers use public transport. Large cities with vertical urbanization
and high-quality public transport systems tend to present an index
close to 0.7 (examples: Madrid, Amsterdam, Tokyo, Buenos Aires and
Johannesburg- the latter had a per capita income close to Sao Paulo
City in 2006). Based on Sdo Paulo's data, ForFITS estimated an index of
0.59, not far from what would be considered a highly developed public

13 This rate was estimated by authors with World Bank simulation results for Brazilian
aggregated urban areas.
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Table 9
Sensitivity of GHG emissions to improvements in public transport system management.
Source: devised by the authors using ForFITS.
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Increase of passenger transport system index (to 0.70)

Variables Unit Base year 2040 Rate 2040/Base year Variation 2040/BAU scenario
Total pkm Pkm, billion 179 297 1,7 -5%

Total energy used - passenger and freight modes Toe, million 6 12 2,1 -6%

GHG emissions TTW - Total kg COye, billion 14 30 2,2 -4%

GHG emissions TTW - passenger modes only 7 12 1,6 -9%

GHG emissions WTW - Total 17 37 2,2 -4%

GHG emissions WTW - passenger modes only 9 15 1,6 -10%

transport, according to UNECESs' criterion.In the BAU scenario, the pas-
senger transport system index is constant. Changes in passenger trans-
port system index may occur after interventions that substantially
improve public transport, thus encouraging the use of this service
(UNECE, 2011a). In the sensitivity analysis, we added a variation factor
to this index so that it increases from 0.59 in 2010 to a level of 0.7 in
2040, similar to that observed today in cities with a highly developed
public transport. The results are in Table 9. With an increase of public
transport in total pkm over time, there would be reductions of 6% in
total energy consumed compared to the BAU scenario, of 4% over total
GHG emissions and of 10% over GHG emissions from passenger modes
only.

In its pilot report, UNECE (2013) presents scenarios of growing pas-
senger transport system index in seven countries. The growth ratio of
each country was defined as 20% of the difference between the refer-
ence value of 0.7 and the country's current index value. In the case of
Chile, it resulted in an index growth from 0.59 to just 0.61 (i.e., a varia-
tion of 4%); in France (urban), from 0.47 to 0.52 (i.e., a variation of 10%);
in Hungary, from 0.13 to 0.24 (i.e., a variation of 87%). Invariably, the
higher the passenger transport system index growth, the higher the re-
duction in GHG emissions. In France, whose initial indexes was, respec-
tively, 0.47 and 0.07 in urban and rural areas, an increase of 10% in these
indexes resulted in a difference of two percentage points between the
scenario with this index shift and the scenario without this index shift.

In the scenario of an increase in S3o Paulo City's passenger transport
system index, the pkm share of public transport increases until 2040,
but the pkm share of bus and rail modes within the public transport re-
mains unchanged: around 14% for the rail mode, which is the current
pkm share of Sdo Paulo's urban rail system (calculated by ForFITS
from input data). The reduction in GHG emissions could be higher if
the pkm share of this mode could grow over the bus mode. The green
line in graphs of Fig. 1 represents emissions in a scenario where the
share of trains in urban public transport reaches 35%'“ by 2040, due to
investments in the expansion of passenger rail system (or subway and
metropolitan train system). This result arises from the migration of
part of the bus passengers to the rail system (subways and intercity
trains) powered by electricity. This result is slightly better than that of
increasing the passenger transport system index, depicted by the red
line. The impact could be even higher in a scenario that integrates
both the growth of shift of passengers both from buses to rails and
from private to public transport due to a higher quality of the latter: in
this scenario, GHG WTW GHG emissions would be 18% lower, according
to simulation results.

According to World Bank (2011), GHG emissions would be 10.3%
lower than emissions in reference scenario in 2030'° if the growth of
pkm share of subways in public transport raised from 4.3% in 2006 to
14.2% in 2030.

4 This share is about half of Urban France's average, according to ForFITS data used in the
UNECE's pilot study (UNECE; UNECE, 2013). France is the country among those selected in
UNECE's pilot study where railroad system has the highest pkm share.

15 This rate was estimated by authors with World Bank simulation results for Brazilian
aggregated urban areas.

To sum up, to intensify the effect on the reduction of carbon emis-
sions, it would be desirable to expand simultaneously the migration of
passengers from private to public transport and from buses to trains. It
would be reached combining investments in the expansion of the ser-
vice capacity of the subway-railroad system, and in the quality of the
public transport, encouraging users to adhere to public transportation.
The likely result would be a reduction close to 20% (TTW as well
WTW) in passenger modes GHG emissions when compared to the
BAU scenario Fig. 1.

4.4. Improving fuel efficiency of light and commercial light vehicles

Fuel-efficient vehicles spend less energy and fuel and, hence, emit
less air pollution and GHG. However, the overall effect of the efficiency
in transports is also conditioned by other factors. First, the substitution
of least efficient vehicles may occur slowly over time. Second, the bene-
fits of fuel efficiency gains can be partially or totally offset by the “re-
bound effect”, when the economy of energy and resources provided
by the efficiency gains generates a wealth effect that stimulates further
consumption of energy and resources (Alcott, 2005, Jackson, 2009). A
study on the impacts of a U.S. program to increase energy efficiency of
vehicles made by Small (2012) illustrates these issues. The author
showed that a rise of 18.8% in fuel efficiency of new LDVs would reduce
by 8.4% the total energy consumption of LDV fleet in 2030, but vehicle
miles traveled (VMT) would be 1.9% higher than in 2010 and GHG emis-
sions would decrease 1.6%. Small and Dender (2007) estimated that ef-
ficiency gains in transports generated a rebound effect resulting in an
increase between 20% to 25% in the amount of driving over the last
one-third of 20th Century, whereas Herring and Roy (2007) estimated
in 10% to 30% the rebound effect on the average vehicle miles traveled.
With similar results, Morrow et al. (2010) concluded that efficiency
growth is not sufficient to address GHG growth, as the economy and
population are likely to growth over time, so measures to reduce VMT
are needed as well.

In Brazil, the Federal Government launched the “Incentive to Tech-
nological Innovation and Densification of Motor Vehicles Production
Chain” - Inovar-Auto (Federal Decree 7819/2012), which consists
ofthe new automotive regime from the year 2013 to 2017. This program
conditions tax incentives to the achievement of the following goals:
minimum shares of domestic inputs in the automotive production,
R&D and engineering investments, qualification of suppliers and in-
crease of energy efficiency of manufactured vehicles. As a result, one ex-
pects to lower fuel consumption and emissions of GHG and pollutants.

To qualify for Inovar-Auto, the manufacturer must produce vehicles
with an energy efficiency level at least 12.08% higher than that of vehi-
cles produced in 2011. Once qualified, the manufacturer gains one per-
centage point reduction in the governmental tax on industrialized
products (IPI), but should reach in 2017 at least 15.46% of energy effi-
ciency gain compared to 2011, in order to hold such benefit. The reduc-
tion in IPI should reach 2 percentage points if the increase of energy
efficiency achieves at least 18.84%. The deadline of achieving the goals
is 2017 (ABDI-MDIC, 2013). Until August 2013, forty companies were
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Fig. 1. GHG emissions from fuel consumption (TTW) and total (WTW), passenger transport only - various scenarios.

Source: devised by the authors using ForFITS.

qualified for Inovar-Auto, with a total investment projected at R$ 5.8 bil-
lion until 2016, plus an addition of R$ 2 billion to invest in technology
research, according to the Federal Government. Although estimates in-
dicate that investments will be lower than the tax benefits obtained
by companies, the total loss for the government with the IPI reduction
would turn into fuel savings, estimated at 447 | of gasoline per consum-
er per year from 2016 (around R$ 1200 per consumer per year), and the
reduction of carbon emissions would be between 21.2 million and
41.5 million tons by 2017 (ABDI-MDIC, 2013; Dantas, 2013).

To test possible effects of policies oriented to improve fuel efficiency,
ForFITS allows to change input parameters related to efficiency per type
of vehicle. As previously mentioned, ForFITS' default values assume that
current technologies of motor vehicles may be subject to improvements
over time, in order to increase the efficiency of combustion engines. Ac-
cording to ForFITS' default values, the energy efficiency of light (passen-
ger) and commercial light (freight) vehicles would be 10.8% higher in
2017 than in the base year; 12.3% higher in 2018; and 28.14% higher
in 2040. These assumptions are compatible with the minimum goal of
12.08% of the movar-Auto (with a one-year delay).

In order to verify the effects of improvement in energy efficiency of
light and commercial light vehicles, the effects of the two other goals
proposed by the Brazilian Program on GHG emissions were tested.
Table 10 presents the hypotheses of these scenarios. The intermediate
and maximum goal would be reached by 2017 and, from 2018 to
2040, annual growth rates of energy efficiency would be equal to BAU
scenario, resulting in a higher fuel efficiency at the end of simulation
period.

The results are presented in Table 11. Indeed, an improvement in
fuel efficiency of vehicles would promote reductions in energy con-
sumption and, hence, in GHG emissions. These reductions are small,
although as expected considering the results from other studies, as
that of Small, 2012.

Total pkm in the scenarios with higher fuel efficiency is lower than in
the BAU scenario, but it does not mean that there was no rebound effect.
It was masked by a lower pkm of public transport. Actually, the pkm of
private vehicles increased, induced by the wealth effect due to a lower
fuel consumption of vehicles. This effect also reflects a small expansion
in the stock of private vehicles. This rebound effect probably is
underestimated in these scenarios, since the prices of vehicles
were not adjusted to the new technological efficiency patterns (for

Table 10
Energy efficiency growth scenarios.

Energy efficiency growth
compared to base year

In 2018: 12.3% In 2040: 28.4%
In 2017: 15.46% In 2040: 32.2%

Scenario

BAU (ForFITS' default values)

Energy efficiency gain of 15.46% in 2017
(Inovar-Auto intermediate goal)

Energy efficiency gain of 18.84% in 2017
(Inovar-Auto maximum goal)

In 2017: 12.3% In 2040: 36.2%

simplification). Notwithstanding, the simulation results are consistent
with the evidences that attest the contribution of the efficiency gains
to effectively attenuate GHG emissions and air pollution. Even with
such limitations, given the low magnitude of GHG reduction shown in
the results, these scenarios confirm that efficiency gains are not enough
to reduce total GHG emissions from transport sector because the growth
rate of vehicles is higher than the rate of efficiency improvement. There-
fore, efficiency gains should be combined with measures to reduce the
rebound effect on the demand for travels in private vehicles (as those
discussed in the previous subsections).

4.5. Promoting the use of biofuels

The use of ethanol as a fuel in Brazil was boosted in the 1970s by the
National Alcohol Program (Proalcool), driven by the need to diversify
fuel sources and reduce dependence on imported oil. In 2003, the
Brazilian automobile industry started to produce the flex fuel vehicles,
i.e., vehicles powered by gasoline and pure ethanol as well. The share
of flex-fuel vehicles over the total sales of light vehicles in Brazil reached
88.5% in 2012,'°® driving the increase in the share of ethanol in the fuel
market. In the Sdo Paulo State, ethanol represented 57% of fuel con-
sumed by flex fuel vehicles in 2012 (CETESB, 2013).

The environmentally-friendly features of the ethanol industry also
encouraged its development. In the combustion phase, as carbon emis-
sions from the combustion of ethanol is a biogenic process, it does not
count as GHG emissions (IPCC, 2006). Moreover, emissions from the
combustion of ethanol are also free of some pollutants that are harmful
to health, such as lead and sulfur, and emissions of carbon monoxide
and particulate matter are significantly lower when compared to gaso-
line. On the production side, the volume of GHG emissions generated
during the production of ethanol is half that of the production cycle of
gasoline.

The ecological benefits of ethanol production has been under intense
debate due to the risk of sugarcane cultivation stimulate deforestation
and the replacement of food crops. But according to most recent studies,
in 2005, the proportion of Brazilian territory devoted to sugarcane culti-
vation reached 0.9% of Brazil's total area (and sugarcane for ethanol,
0.5%), while the whole agriculture occupied 8.5% of the Brazilian territo-
ry, half of this only with soil and corn (Neves et al., 2011). Since 1993,
the expansion of the cultivation of sugarcane in the Center South of
Brazil has taken place based mostly on preexisting units and with a min-
imal expansion of agricultural frontier (Macedo, 2005). Indeed, the
growth of sugarcane production in S3o Paulo State occurred through
the replacement of other crops and pastures. However, according to
Kohlhepp (2010), the reduction of areas with other crops was compen-
sated by a substantial growth of farming productivity. The rise of food
prices in Brazil in last decades was due to other factors (i.e. increasing

16 According to the National Association of Vehicle Manufacturer (Anfavea).
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Table 11
Sensitivity of GHG emissions to fuel efficiency gains.
Source: devised by the authors using ForFITS.

Efficiency gain reaching 15.46% in 2017

Variables Unit Base year 2040 Rate 2040/base year Variation 2040/BAU scenario
Total pkm Pkm, billion 179 312 1,7 -2%

Total energy used - passenger and freight modes Toe, million 6 13 2.2 -3%

GHG emissions TTW - Total kg COye, billion 14 13 2,2 -3%

GHG emissions TTW - passenger modes only 7 30 2,2 -3%

GHG emissions WTW - Total 17 13 1,7 -3%

GHG emissions WTW - passenger modes only 9 37 2,2 -3%

Efficiency gain reaching 18.84% in 2017

Variables Unit Base year 2040 Rate 2040/Base year Variation 2040/BAU scenario
Total pkm Pkm, billion 179 312 1,7 -2%

Total energy used - passenger and freight modes Toe, million 6 12 2.1 -5%

GHG emissions TTW - Total kg CO,e, billion 14 12 2,1 -4%

GHG emissions TTW - passenger modes only 7 30 2,2 -6%

GHG emissions WTW - Total 17 12 1,7 -4%

GHG emissions WTW - passenger modes only 9 36 2,1 -6%

prices of commodities in the whole world) rather than reduction in the
supply of food products.

Moreover, the environmental impact of sugar cane cultivation is
relatively low. Sugarcane culture develops easily in poor soil, without
irrigation in most cases; provides a very low soil loss by erosion and
contributes to soil recovery due to its biological characteristics
(Macedo, 2005). It is worth mention that promising results of re-
searches on the production of second-generation ethanol suggest an in-
creasing productivity of energy use of sugarcane in the future, hence
reducing GHG emissions of each energy unit of sugarcane ethanol
(Raele et al., 2014).

The consumers' choice between ethanol and gasoline depends on
the relative price and performance of these fuels. Consumers tend to
opt for ethanol when its price corresponds to less than two thirds of
the price of gasoline, which is also the approximate proportion of ener-
gy contained in one amount of ethanol compared to the same amount of
gasoline (CETESB, 2013).

Assuming that the relationship between the prices of gasoline and
ethanol remains stable and that the market share of ethanol continues
to increase, we conducted two tests with variations in the share of the
use of ethanol. In the first test, the use of ethanol was set as growing
until reaching 50% of the fuel market for vehicles and motorcycles in
2040. In the second test, this share reaches 100% at the end of simulation
period.!” In both simulations, we assume that by the end of the period
all gasoline-powered and ethanol-powered light and commercial vehi-
cles and motorcycles would be replaced by an equivalent with a flex
motor that can be fueled with both fuels. Table 12 presents the results.

TTW GHG emissions would decrease 11% over total (or 19% over
emissions from passenger modes only) in the scenario where ethanol
has a market share of 50%, and 33% (or 58% over emissions from passen-
ger modes) with the biofuel having 100% of share in passenger private
vehicles. In the latter scenario, GHG emissions in 2040 from passenger
modes are lower than in the base year. In turn, the WTW reductions
in carbon emissions were slightly lower because the emissions in the
production phase of ethanol are higher, which slightly attenuate the re-
duction in WTW GHG emissions.

In turn, GHG emissions from biodiesel concern the passenger
bus mode and the freight transport. Emission of pollutants from

17 These hypotheses are compatible with the scenarios of energy matrix presented by
EPE (2014) and Sdo Paulo (2011). From the projections of demand for gasoline C and eth-
anol made by the Public Company of Energetic Planning (EPE - Empresa de Planejamento
Energético), one can estimate that the share of ethanol in 2040 would reach 38% (EPE,
2014). In turn, to project the State's energy matrix in 2035, one of the State Secretary of
Energy of Sdo Paulo's assumption was that 90% of passenger light and commercial light ve-
hicles and motorcycles would be fueled with ethanol and 10%, with gasoline C; electric
cars would be just 3% of vehicles fleet in Sdo Paulo State in 2035 Sdo Paulo (2011)).

consumption of biodiesel is lower, but GHG volumes vary as a function
of the raw material employed to produce it. According to Carvalho
(2012), diesel derived from soybean emits less GHG than conventional
diesel in the combustion phase, but emits more in its production
phase. On the other hand, the production of soybean diesel generates
co-products that are also responsible for emitting GHG. Since part of
the emissions from soybean diesel ate attributable to co-products, the
GHG emission factors of this biodiesel tend to fall in a proportion rang-
ing between 40% (with the appropriation by the economic value of the
co-products) and 67% (with the appropriation by the mass of the co-
products, according to Carvalho, 2012). Differences in volumes of GHG
emissions in production are due to the characteristics of each culture,
such as the intensity of fertilization (which is a source of carbon emis-
sions) and the land productivity. Large-scale and technology-intensive
soybean production is widely established in Brazil (Rovere et al.,
2009). However, to meet the demand created by the new legally-fixed
composition of diesel (between 5% and 7% of biodiesel), biodiesel pro-
duction would have to triplicate until 2050 (EPE, 2014).

In Brazil, 77% of the biodiesel consumed in 2014 came from soybeans
(ANP, 2015), and the legally fixed proportion of biodiesel in the com-
mercial diesel blend is 7% since November 2014 (Federal Law 13.033/
2014). To simulate a scenario with biodiesel, we assume that all biodie-
sel is made from this grain and all diesel-powered vehicles use B10, a
blend of 90% common diesel and 10% of biodiesel from soybean.'®

Table 13 shows a scenario with the use of B10 reaching 100% in 2040
considering the co-products appropriating 40% of GHG emissions. The
results indicate that the GHG emissions avoided in biodiesel consump-
tion would be partially offset by a higher level of GHG emissions during
its production.

Scenarios with the use of biofuels were also built by UNECE (2013).
For example, increasing the use of biofuels to 20% of the main fuel
blends would decrease GHG emissions relative to reference scenario be-
tween 15% (Chile) and 16.7% (Montenegro). In turn, World Bank (2011)
simulated a scenario where flex-fuel vehicles reach 92% of Brazilian fleet
and ethanol reaches 79% of fuel share among flex-fuel fleet. In such sce-
nario, GHG emissions from Brazilian total urban passenger transport
would be 26.4% lower, and the emissions from total transport sector
would be 13.6% lower in 2030 compared to reference scenario.'®

The continuous allocation of resources for research projects and de-
velopment (R&D) in biofuels and vehicles powered by clean energy
would be essential to incentivize the technological development of

18 To project the future energy matrix, EPE (2014) and Sio Paulo (2011) assumes the
adoption of B10, a diesel blend with 10% of soybean diesel.

19 This rate was estimated by authors with World Bank simulation results for Brazilian
aggregated urban areas.
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Table 12
Senstivity of GHG emissions to an increase of the use of ethanol.
Source: devised by the authors using ForFITS.

Increase of use of ethanol to 50% in 2040

Variables Unit Base year 2040 Rate 2040/Base year Variation 2040/BAU scenario
GHG emissions TTW - Total kg COye, billion 14 27 2,0 -12%
GHG emissions TTW - passenger modes only 7 10 1,4 -21%
GHG emissions WTW - Total 17 34 2,0 -11%
GHG emissions WTW - passenger modes only 9 13 1,5 -19%
Increase of use of ethanol to 100% in 2040
GHG emissions TTW - Total kg COze, billion 14 21 1,5 -33%
GHG emissions TTW - passenger modes only 7 6 0,8 -58%
GHG emissions WTW - Total 17 26 1,6 -31%
GHG emissions WTW - passenger modes only 9 8 09 -52%
Table 13
GHG emissions with B20 share reaching 100% in 2040.
Source: devised by the authors using ForFITS.
Increase of use of B20 to 100% in 2040
Variables Unit Base year 2040 Rate 2040/Base year Variation 2040/BAU scenario
GHG emissions TTW - Total kg CO-e, billion 14 29 2,1 -6%
GHG emissions TTW - passenger modes only 7 13 1,7 -4%
GHG emissions WTW - Total 17 37 22 -2%
GHG emissions WTW - passenger modes only 9 16 1,8 -1%

engines powered by biofuels with higher energy efficiency, as well as
the productivity growth of biofuel production. For example, orientating
technological research to produce biodiesel biodiesel from other
sources (Rovere et al., 2009). Production and consumption of palm die-
sel would generate only 34% of GHG emissions obtained using regular
diesel. Using such biodiesel in the B10 blend would reduce total emis-
sions of this type of fuel. Nevertheless, the production of biodiesel
from palm is still too low (it accounted for less than 1% of total biodiesel
demanded in 2014, according to ANP, 2015). Therefore, an evaluation of
the technical, economic and ecological feasibility of biodiesel from alter-
native sources to increase the productivity of production and the
marketshare of less polluting types of biodiesel is required.

Exporting Brazilian ethanol technology would also contribute to
consolidate ethanol in the international market (Vieira et al., 2007). In
some Brazilian public administrations, fuelling their fleets of vehicles
with biofuels is mandatory by law. Tax incentives could be granted by
the three levels of government (federal, state, local) for the production
of biofuels, as well as the reduction or elimination of subsidies on fossil
fuels and financing for biomass producers. Governmental policies are
also needed for further developments in ethanol production: according
to Raele et al. (2014), policies to incentive production through subsidies
are as important for the development of the second generation ethanol
as the policies to stimulate its technological development.

Furthermore, the implementation of a clear and stable pricing policy
is imperative to ensure the stability in the relationship between fuel
prices and, then, to boost consumption of biofuels. This policy should in-
clude deadlines for incentives and be implemented concurrently with
the application of technological and regulatory measures to consolidate
the biofuel industry and market. It should also be continuous and have
clear rules so as not to harm the sectors involved. Recently, Brazilian
Federal Government used mechanisms to postpone the adjustment of
the price of gasoline to curb the rise of general price inflation in the
country. This measure has been extremely harmful to the ethanol indus-
try, making it economically less advantageous to the consumer and
resulting in the current ethanol industry crisis leading to the insolvency
of numerous sugarcane mills (Daltro, 2013; Turtelli, 2014).

Investment in biofuel also poses other risks. According to OECD/IEA
(2014), in Brazil, the cost of labor and land prices have experienced

relevant increases in recent years, which may raise ethanol's production
costs. Moreover, recent decrease of the oil price may affect the relation-
ship between the prices of fuels unfavorably for ethanol and biodiesel.
In the case of biodiesel, the Federal Government has launched National
Program of Production and Use of Biodiesel (PNPB2°) in 2004 to pro-
mote the development of other oilseed cultures to produce biodiesel
by providing reduced tax rates, lower loan costs and subsidies to cover
differences between production costs of conventional diesel and biodie-
sel. The program has also created with a social development goal
through the incentives to small farmers' production (IPEA, 2012;
Rovere et al., 2009). However, the incentives from PNPB have been in-
sufficient to compensate the high production costs, high seasonality,
low productivity of the small farmers and the huge economic advan-
tages of the soybean diesel (Toledo, 2012).

5. Integrating policies

In the last section, we evaluated several policy scenarios, taking pol-
icies individually. Assuming that our scenarios correctly reflect the mag-
nitude of the potential impact of each policy, we verify that the most
effective to reduce GHG emissions would be the dissemination of use
of ethanol. With the share of this biofuel reaching 50% in 2040, GHG
emissions in this scenario are lower than those among the selected pol-
icy scenario at the end of the simulation period. Among all scenarios
presented in this paper, that with growth of use of ethanol until
reaching 100% of fuel share between ethanol and gasoline C is the
only one where the TTW and WTW GHG emissions in 2040 is lower
than in the base year. Nevertheless, it is far from reaching the goal of
30% reduction in ten years as stated by local public administration (as
mentioned in Section 2).

To see the effects of the deployment of some of these measures con-
comitantly, we grouped them into three sets and simulated their effects.
The results are presented in Fig. 2 and Table 14.

The Set of Policies I includes technology-related policies, i.e. incen-
tives to increase energy efficiency (the most optimistic hypothesis of a

20 Acronym in Portuguese for “Programa Nacional de Produgio e Uso de Biodiesel”.
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Fig. 2. WTW GEE emissions from passenger transports — BAU scenario and scenarios with implementation of sets of policies.

Table 14
Simulation results for scenarios with sets of policies.

Set of policies I: technological policies - improvement of energy efficiency (to 18,84% in 2017) and incentive to etanol (reaching a share of 50% in 2040)

Variables Unit Base year 2040 Rate 2040/Base year Variation 2040/BAU scenario
Total pkm Pkm, billion 179 312 1.7 -2%

Total energy used - passenger and freight modes Toe, million 6 12 2,1 -6%

GHG emissions TTW - Total kg COye, billion 14 26 1.9 -15%

GHG emissions TTW - passenger modes only 7 10 14 -25%

GHG emissions WTW - Total 17 33 19 -14%

GHG emissions WTW - passenger modes only 9 13 14 -23%

Set of policies II: set of policies I plus policies to public transport - growth of share of railroads in pkm and improvements of urban transport system management

Variables Unit Base year 2040 Rate 2040/Base year Variation 2040/BAU scenario
Total pkm Pkm, billion 179 297 1.7 -7%

Total energy used - passenger and freight modes Toe, million 6 12 2.0 -12%

GHG emissions TTW - Total kg CO,e, billion 14 24 1.8 -22%

GHG emissions TTW - passenger modes only 7 8 1.1 -40%

GHG emissions WTW - Total 17 30 1.8 -21%

GHG emissions WTW - passenger modes only 9 10 1.1 -37%

Set of policies III: set of policies Il plus incentives to telework and to shared private transport

Variables Unit Base year 2040 Rate 2040/Base year Variation 2040/BAU scenario
Total pkm Pkm, billion 190 232 1.2 -27%

Total energy used - passenger and freight modes Toe, million 6 10 1.8 -23%

GHG emissions TTW - Total kg COye, billion 14 23 1.7 -27%

GHG emissions TTW - passenger modes only 7 6 0.9 -54%

GHG emissions WTW - Total 17 28 1.7 -27%

GHG emissions WTW - passenger modes only 9 8 0.9 -52%

gain of 18.84%) and to stimulate the use of ethanol (reaching the share
of 50%). Among the selected policies of the present study, these policies
may be the most feasible and with a background history that allows to
more realistically estimate its potential impacts. Incentives to increase
energy efficiency are already in progress in Brazil, through governmen-
tal programs such as Inovar-Auto (mentioned in Subsection 4.4), but
more discussion to improve the effectiveness of these incentives is
needed. In turn, ethanol has become an important component of
Brazilian energy matrix. In order to improve the advantages of ethanol
and the strength of Brazilian sugar and alcohol sector, the policies to im-
prove technologies of ethanol production and fuel prices policies need
predictability and continuity, although this orientation has not been
followed in the last years by the Brazilian government (as commented
in Subsection 4.5).

The Set of Policies II includes, besides the technological policies of
the first Set, improvements in the quality of public transport (which
would imply in an increase in the passenger transport system index)
and stimulus to increase participation of the subway-railroad on public
transport. The estimates of its potential to reduce GHG emissions rein-
force the conclusion that improving the public transport and incentiviz-
ing its use instead of private one is imperative to local strategies to
mitigate GHG emissions.

Lastly, the Set of Policies III includes Sets I and II plus measures
aiming to reduce the intensity of use of passenger transport, i.e. incen-
tives to teleworking and to shared private transport. These last policies
presented the lowest impacts in the simulated scenarios. According to

those studies mentioned in Subsections 4.1 and 4.2, the magnitude of
the impact of these policies are uncertain and limited by several factors,
such as the actual feasibility of implementation and managerial, social
and economic cost-benefit issues that are difficult to evaluate.

When observing the WTW GHG emissions, with the implementation
of the Set I, the total emissions decrease around 14% and from passenger
modes only, 23% in 2040 compared to BAU Scenario. In turn, the other
mixes would propitiate, in 2040, WTW total GHG emission between
21% (Set I1) and 27% (Set III) lower than in BAU scenario. Considering
passenger modes only, WTW GHG emissions would be 37% (Set II)
and 52% (Set III) lower in the last year than passenger modes emissions
observed in the BAU scenario.

Overall, these simulations unveil synergies among selected mitiga-
tion measures in Sdo Paulo City's transport system, which means that
the goals of reducing GHG emissions may become more feasible with
the adoption of policy mixes. The more diversified these mixes, the
greater is the impact over GHG emissions. Considering the three policy
mix scenarios above, the only set of policies that would result in a GHG
emissions level from passenger transport in 2040 lower than that of the
base year is the Set of Policies IIl, which covers the most diversified
group of policies. Nevertheless, if considering total emissions (from pas-
senger and freight modes), none of policy packages would result in a re-
duction of GHG emissions below the base year level. Therefore,
combined policies for passenger transport show a very high potential
impact, but more policies should complement them, especially those
that affect freight transport.
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6. Conclusions and recommendations

This article is the first to present a comprehensive and integrated as-
sessment of the main proposals of low carbon development strategies
for Sdo Paulo City's transport system. This assessment was supported
by a dynamic simulation model adjusted to Sdo Paulo's socioeconomic
aspects and transport features, which enabled the building of policy sce-
narios. Each scenario was evaluated taking into account institutional as-
pects, benefits and risks associated to the potential impacts. In addition,
three scenarios with different mixes of policies were tested and ana-
lyzed. All these procedures lead to the conclusion that all selected mea-
sures have complementary social and economic benefits, besides those
directly associated with the reduction of GHG emissions from transport.

Policies that could negatively affect the average distance traveled per
vehicle might contribute to a higher quality of life for Sio Paulo's popu-
lation, but in terms of GHG emissions, their impacts would be more lim-
ited, due to the difficulties to promote further diffusion of teleworking
and of private transport sharing. Considering a growth of 20% of
teleworkers from 2010 to 2040, the simulated impact on GHG emissions
was low (— 1% in overall transport sector and — 3% in the passenger
modes). Such low levels of reduction were also pointed by Kitou and
Horvath (2008), suggesting that teleworking may stimulate other
travels not related to work and faces organizational and managerial dif-
ficulties to its further adoption by companies and workers. Moreover,
this growth might be higher, but as also suggested by Ipsos (2011),
Brazil has already reached a high proportion of teleworkers among
total workers compared to the world's average.

There is still no consensus in the literature about the effects of
policies to incentive carpooling, which could have positive (for ex-
ample, Fontes et al., 2014) or even negative impacts (for example,
Shewmake, 2012). Supposing there are effective measures able to
rise the average occupancy per private vehicle in Sdo Paulo to two
passengers per vehicle (against 1.4in 2011), the effect on GHG emis-
sions would be moderate (— 4% over total or — 8% over GHG emis-
sions from passenger modes). Nevertheless, this supposition seems
too optimistic when the statistics show a downward trend in the al-
ready low average occupancy per vehicle in richer countries. As a big
city of a medium-income country, Sao Paulo has a potential to in-
crease its fleet, reducing the vehicle occupancy and, thus, the poten-
tial impacts of measures to incentivizing private shared transport
aiming the reduction of GHG emissions.

Policies to improve public transport are feasible and have a high po-
tential to reduce GHG emissions. The pkm share of public transport is al-
ready high in Sdo Paulo City, but there is still a high number of users that
could shift from private to public transport. Besides being crucial to the
population's well-being and quality of life, the improvement of the qual-
ity of public transport is impactful in terms of GHG emissions. As most of
GHG emissions from public transport is due to buses (which are
powered by diesel), an additional reduction in these emissions could
be reached with an expansion of the subway system and of its
share in public transport, result that is also highlighted by the World
Bank (2011). The main concern lies in the managerial and financial re-
sources to implement measures to enlarge the capacity of the urban
rails system (subways and intercity trains) and to improve the quality
of the services (mainly management issues). Public transport is a local
issue, but needs additional support from Federal and State govern-
ments, given the massive volume of financial resources needed to im-
plement this policy.

With respect to biofuels, the sugarcane ethanol is part of a consoli-
dated agro-industrial chain and the potential to increase the production
is high yet. The broader emissions reduction compared to the BAU sce-
nario occurred with a higher share of ethanol among light and commer-
cial vehicles and motorcycles. Higher shares for ethanol could be
achieved with technological and economic stimulus to the ethanol in-
dustry, such as price policies and financing research and development,
whose consequences would not be restricted to Sdo Paulo City.

However, recent economic constraints and the Brazilian policies for
the fuel price in the last years pose major challenges to the economic vi-
ability of these industries. The same applies to biodiesel from soy and
other sources (for example, palm), with additional challenges, such as
environmental issues related to the soybean culture (the main current
source of biodiesel in Brazil) and, in the case of more environmentally
friendly alternative sources of biodiesel, their economic viability in the
face of the large-scale production of the soybean diesel.

Overall, the most effective strategy combines the massive adoption
of ethanol with a shift to public transport. One should also observe the
need to integrate the impact analysis with other institutional aspects,
benefits and risks. For example, the adoption of biofuels is subject to ac-
tions of incentives to its production, which is the competence of the
Brazilian Federal Government, as well as the adoption of more energy-
efficient vehicles. In turn, the management of public transport is a
local government assignment, although the high investment costs
often requires the participation of regional and national government.
Reduction of GHG emissions would not be the only benefits of these in-
tegrated actions. A wider use of ethanol reinforces the diversification of
the Brazilian energy matrix, reducing dependence on fossil fuels and di-
versifying national industry. A wider use of public transport reduces en-
ergy consumption and also the household expenses. All measures
together would reduce the transit time of the citizens and improve the
quality of life in many other ways (more free time, spending less on
transport, less pollution). However, the success of these measures
would depend on well-organized and coordinated actions among the
various stakeholders, overcoming any political barriers or lack of plan-
ning, which characterize much of the Brazilian policy actions.

Based on these results, the main recommendation for the decision
makers would be to concentrate efforts on those measures included in
the Sets of Policies I and II. This means that policymakers should im-
prove the measures that represent a continuation of policies that are al-
ready being implemented. In this sense, the encouragement of the use
of ethanol still have much room to expand, as well the fuel efficiency
growth, the improvements in public transport and the expansion of pas-
senger rail system. In turn, the measures contained in the Set of Policies
Il need more study to attest their effectiveness to the reduction of GHG
emissions and their contribution to the population's welfare. Although
these scenarios with a blend of policies achieved the best results in re-
ducing emissions from passenger modes, they were not enough to
achieve the reduction in GHG emissions (including passenger and
freight modes) stated by the Sdo Paulo City. It means that a careful anal-
ysis of the intensity of policies' effects and an evaluation of possible
additional measures (other than those selected in this study) are
mandatory.

In order to proceed, new rounds of policy evaluation are highly rec-
ommended, including other policies. The transport policies selected for
this analysis present passenger transport as target, with the exception of
the policy to promote the use of biofuel, which also affects the freight
modes. This factor explains why the impacts of the select policies on
GHG emissions from passenger transport is substantial, though the im-
pacts on the total emissions of passenger and freight transports is lower.
Such results may indicate some directions to policy prioritization and
the importance to discuss policies related, for example, to freight trans-
port. This would include, besides stimulus to biodiesel, the need to fur-
ther develop other modes, such as freight railroads and waterways.
Congestion pricing to reduce the average distance traveled per vehicle
(if it would be considered feasible for Sdo Paulo City) and other policies
to incentivize technological shift to electric car may also be impactful in
the long run.

These discussions require undoubtedly a greater coordination be-
tween local, state and federal public administrations. For example, coor-
dinating policies that involve changes in existing standards (such as
energetic efficiency), price policy, tax incentives and subsidies, resource
transfers and funding. There is also need of consistency and continuity
of public policies, especially the stimulus to the use of biofuels, which



240 E. Menezes et al. / Technological Forecasting & Social Change 114 (2017) 226-241

come under federal competence, and improvement of the public trans-
port system.

Despite some limitations regarding the dynamic simulation model
used in this study (ForFITS), such as the difficulty to compare its results
with estimates from GHG inventories, or its inadequacy for some kinds
of policies, it is a useful tool to foster discussion and learning about the
likely effects of GHG mitigation policies and possible interactions and
comparisons among them. In addition, it helps to demonstrate how im-
portant the concomitant actions at all government levels (local, state or
federal) are for a successful low carbon development strategy.

The analysis developed in this study is intended to be just the initial
step in establishing which policies are feasible and useful for developing
alow carbon strategy suitable for a megacity like Sao Paulo. Future steps
should introduce other policies in the analysis of further reductions in
GHG emissions, according to the results of the first round of policy eval-
uation presented in this paper. As well, the quantification of the costs of
each policy mix would be another important step to develop: it would
enable to make a cost-benefit analysis and provide the decision-
making process with other elements for planning and implementing
the best policies for the local transport system development. In addition,
it should involve coordination among institutions and federative
entities to allow the continuity of policy cycle, assuring periodical
planning, execution, assessment and adjustments of Sdo Paulo's low
carbon development strategies for its transport sector.
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