Center for WORLD
cts Sustainable EMBARQ RESOURCES
BRASIL Transport INSTITUTE

MEASURING THE INVISIBLE

QUANTIFYING EMISSIONS REDUCTIONS
FROM TRANSPORT SOLUTIONS

Porto Alegre Case Study

AUTHORS
MARIA CORDEIRO
BIANCA FOCANTE

MARCH 2008



JOAN O’CALLAGHAN
EDITOR

HYACINTH BILLINGS
PUBLICATIONS DIRECTOR

MAGGIE POWELL
LAYOUT

Each World Resources Institute report represents a timely, scholarly treatment of ~ responds to the guidance of advisory panels and expert reviewers. Unless otherwise
a subject of public concern. WRI takes responsibility for choosing the study topics  stated, however, all the interpretation and findings set forth in WRI publications are
and guaranteeing its authors and researchers freedom of inquiry. It also solicits and  those of the authors.

Copyright © 2008 World Resources Institute. All rights reserved.



TABLE OF CONTENTS

ACKNOWIEAGIMENTS ....eiiiiiiiiieiei ettt iv
EXECULIVE SUIMIMATY ..ottt ettt ettt ettt st sae st ne e 1
1. INETOQUCHION coeeitceciteicectetc ettt beb e 3
2. Porto Alegre: Setting the STage.......ccoveueirnieieirinreieerreiee e 4
Location, population, angd ECONOMY.........c.cvueueueueueueeererereieieieneneieieeerereesenenenerenenenes 4
Environmental MAnagement............cccoeveerreeceereecetseeesesseeeseseseeaens 4
Transportation MANAZEMENL ........c.oveveuiviriereriirinieieecese e 7
3. Study Methodology.....cceeeueriririeuiinirieicirinieiccereee ettt 11
THANSPOTE SCETATIOS ..evetretreentetetetet ettt sttt st sttt sttt et be st be e 11
EMUISSION, fACEOTS.c.vvvieiirieieeiinieicictrtsieic ettt sttt ettt es 12
4. Results: Environmental Performance of Transport Solutions........c.cccccceueueeee 14
Improving the trANSPOTE SPSLEM ......ovvvveeirinrereeiiriereietreerereeesesaese et eese et sesenes 14
Alternative-fuel, vehicle, and emission control technologies ............ccccoevvvueenenenes 17
5. CONCIUSIONS . c.cutriniriereii ettt 21
Appendix: Emissions Data from Scenario Analysis ......c.ccoceveveervevenenencncnennes 22
REFEIEIICES ..ttt bttt st es 25
WRI, EMBARQ and CTS-Brasil ...ccccocuevirieiiriiiieiieieiceeiesieeei e 26

WRI: MEASURING THE INVISIBLE

IIT



ACKNOWLEDGMENTS

port of the American people through the United

States Agency for International Development
(USAID). This study also received support from the Neth-
erlands Ministry of Foreign Affairs. The contents are the
responsibility of the authors and do not necessarily reflect
the views of USAID or the United States Government or
the Netherlands Ministry of Foreign Affairs.

This study was made possible by the generous sup-

This study greatly benefited from the valuable collabo-
ration of various participants. EMBARQ worked closely
with the Center for Sustainable Transport of Brazil and
South America (CTS-Brasil); received information sup-
port from Porto Alegre’s Public Corporation for Transpor-
tation and Transit (EPTC - Empresa Publica de Transporte
e Circulacio); Rio Grande do Sul State Foundation for
Environment Protection (FEPAM - Fundacio Estadual
de Prote¢io Ambiental Henrique Luis Roessler); Porto
Alegre’s Municipal Secretariat of the Administration

Buitenlandse Zaken

Ontwikkelings
samenwerking

hamai))) ) ) TYPVSSNNY) Do

(SMA - Secretaria Municipal de Administra¢do); and Sio
Paulo’s Company for Technology and Environment Sani-
tation (CETESB - Companhia de Tecnologia de Sanea-
mento Ambiental).

The authors are grateful for the reviews and valuable
input from Lee Schipper (EMBARQ,WRI/Berkeley);
Taryn Fransen (GHG Protocol Initiative, WRI); Madhav
Pai (EMBARQ, WRI); Hilda Martinez (CTS-Mexico).
We would also like to acknowledge the work of Allen
Hammond and Jennie Hommel for overseeing and
coordinating the review process, respectively; Joan
O’Callaghan for editing and Maggie Powell for provid-
ing the layout of this report. The authors dedicate a
special thank you to Toni Lindau and Daniela Facchini
(CTS-Brasil), Dario Hidalgo and Adriana Lacerda (EM-
BARQ, WRI), for their support throughout this study;
and to Tim Herzog and Lauriane Boisrobert (WRI) for
their valuable contributions.

= USAID

FROM THE AMERICAN PEOPLE

WRI: MEASURING THE INVISIBLE

v



EXECUTIVE SUMMARY

he metropolitan region of Porto Alegre in the state

of Rio Grande do Sul, Brazil, has seen a steep

rise in motorization levels due to rapid economic
growth and an increased demand for transportation. The
municipality of Porto Alegre understands that the city’s
transportation sector contributes to local and global emis-
sions and is interested in evaluating the impact of the fol-
lowing transportation projects:

(1) a fare integration scheme, to be implemented across
all municipal bus lines in order to increase public bus
ridership, and

(2) a Bus Rapid Transit (BRT) system designed to reduce
the number of buses and bus terminals downtown and
revitalize the city center.

This study provides a first level estimation of the impact
of the two projects on CO2, CO, NOx, PM2.5 exhaust
emissions levels from the metropolitan, municipal and
BRT bus fleets, by multiplying the number of km with

emission factors. In addition, the study assesses the po-
tential of alternative fuels and technology options to fur-
ther reduce emissions.

The analysis shows that in the business as usual sce-
nario the distances traveled and respective emissions
will grow at a rate of 5-8% per decade. In addition, travel
projections show that, on its own, fare integration with
electronic ticketing will not significantly affect emissions
levels. Based on transportation models, this report esti-
mates an increase in emissions by 2%, when compared to
the business as usual scenario. This increase is within the
margin of error expected in transport models and cannot
be considered conclusive.

However, the travel projections used in this study do not
take into consideration the fact that electronic ticketing
may lead to the collapse of the secondary market for transit
tickets. This would lead to a rise in bus ridership that could
imply an increase in distances traveled as well as emissions.

.|“E‘2:|.5.{I:
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In any event, the integration of the fare system in Porto
Alegre has been claimed to be an essential step towards
bus service improvements such as the BRT.

This study shows that the BRT planned for Porto Alegre
will reduce emissions by cutting the distances traveled and
improving the fleet’s driving cycle. CO, emissions will de-
crease by 8—9%, or 25,129—-31,529 tons per year, in compari-
son to the business as usual scenario with fare integration.

We should note that there is a link between the imple-
mentation of the BRT system with fare integration and a
reduction in walking times, indicating a modal shift from
walking to bus use. This suggests that measures should be
implemented to enhance the attractiveness of non-motor-
ized transportation, such as improving public spaces for
pedestrians and integrating the bus system with bicycling
networks.

There is no information on the expected modal shift
from cars to the bus system. A brief analysis shows that
if 1% of the bus passengers previously traveled by car, an
additional 710-836 kg of CO, emissions per year could
be avoided as a result. This, together with the need to ad-
dress the increasing rate of motorization, is a good reason
for implementing traffic demand management measures,
such as parking restrictions, congestion charging, that en-
courage modal shift from cars to buses.

Diesel oxidation catalysts (DOCs) can operate with fuel
of higher sulphur content, but reduce particulate matter to
a lesser extent than DPFs. DOCs reduce smoke and odor,
as well as some toxic pollutants, but cannot remove the
fine particles that pose severe health threats.

To reduce bus emissions further there are a number of
alternative fuels, as well as vehicle and emission control
technologies that are commercially available and that can
be combined to maximize benefits.

Increasing the emission standards of the vehicles is an
effective way to reduce local pollutant emissions from bus
fleets. There is opportunity for upgrading Porto Alegre’s
municipal bus fleet that currently portrays Euro 0 to Euro
3 vehicles. Hybrid vehicles can also be considered as they
are particularly efficient in city environments.

In addition, new heavy-duty diesel vehicles can be dra-
matically cleaner when using a combination of ultra-low-
sulfur diesel and particle filters (DPFs). Currently, the
diesel available in Porto Alegre contains 500 parts per mil-
lion (ppm) of sulfur. The situation is expected to change in
2009, with the introduction of diesel with 5oppm sulfur
content in the fuel mix as result of resolution 315/02 and
federal law 8.723/93.

Biofuels receive mixed reviews on their potential to re-
duce GHG emissions due to the carbon debt from land
use changes associated with their production. In fact, they
score higher points when analyzing their impact on local
pollution at the point of consumption.

The use of compressed natural gas reduces carbon
monoxide, nitrogen oxides, and particulate emissions,
while significantly increasing hydrocarbon emissions
and, depending on the system’s leakage levels, GHG
emissions.

This study concludes that BRT is an effective solution
to reduce both local and global pollutant emissions from
Porto Alegre’s transport system while the implementation
of the fare integration, with electronic ticketing, may on
its own increase emission levels. The benefits from these
interventions can be enhanced if complemented with
measures that promote modal shift from private cars to
buses and that encourage the use of non-motorized trans-
portation. This study recommends the development of a
cost-benefit analysis and feasibility study for the use of
cleaner fuels, vehicle and emission control technologies,
to further reduce emissions.
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INTRODUCTION

1l over the world, transportation projects are chang-

ing how people and goods move, with direct and

indirect impacts on global and local air pollutant
emissions. An increasing body of evidence points to the
significance of the adverse effects of transportation emis-
sions on air quality, human health, and climate change.
To mitigate the adverse impacts from the transportation
sector, transport and environment government officials,
investors, and other stakeholders need information on the
magnitude of emissions from transport interventions. In
many cases, this quantification has become a requirement
to obtain political, financial, and public support for trans-
portation projects.

The rapid economic growth and increase in transporta-
tion demand in the metropolitan region of Porto Alegre,
in the state of Rio Grande do Sul, Brazil, have led to a
steep rise in motorization levels. The environment of
Porto Alegre’s city center and health of its citizens are
compromised by the numerous bus terminals along im-
portant arterials, where buses are kept idling in confined
areas surrounded by tall buildings. The municipality of
Porto Alegre is planning to increase bus ridership by im-
plementing fare integration in the metropolitan and urban
lines system, and to reduce the number of buses and ter-
minals downtown by implementing a BRT system.

The interest of the government authorities in reducing
local and global emissions through transport measures
has been mounting. With the goal of empowering stake-
holders with the necessary information to incorporate en-
vironmental and health considerations into the decision-
making process, the present study provides a first level
estimation of the impact of the planned interventions. In
addition, it looks at current literature to assess the poten-
tial of alternative fuel and technology options for reducing
emissions. This analysis supplements other information
sources and analyses, such as air quality monitoring net-
works, emissions inventories, exposure assessments, life-
cycle assessments, and cost-benefit analyses.

This study examines the direct impacts from changes in
centrally managed fleets and it does not include indirect
emissions resulting from effects on cars or modal shift.
The focus of this study is on emissions from fuel combus-
tion processes, and does not include evaporative losses
or the full life-cycle impacts of vehicles, fuels, and infra-
structure. The analysis covers the most significant criteria
pollutants and greenhouse gases emitted from on-road
mobile sources: nitrogen oxides (NO,), carbon monoxide
(CO), particulate matter (PM); and carbon dioxide (CO,).

This report is organized as follows:

SECTION 1 — Introduction. This section provides the
background, objectives, and scope for this project.

SECTION 2 — Porto Alegre: Setting the Stage. This
section describes the current situation and trends in
demography, economy, transport, and air quality in the
region and municipality of Porto Alegre.

SECTION 3 — Study Methodology. This section presents the
transport interventions planned for Porto Alegre and
describes the methods, assumptions, and data sources
used to estimate their impacts on local and global
emissions.

SECTION 4 — Results: Environmental Performance of
Transport Solutions. This section presents and
discusses the results from this study, providing a
comparison of the impacts on emissions of the fare
integration, BRT system, and introduction of cleaner
fuels and technologies.

SECTION 5 — Conclusions. This section presents the
conclusions and recommendations for decision making
in Porto Alegre.
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2

PORTO ALEGRE: SETTING THE STAGE

LOCATION, POPULATION, AND ECONOMY

Porto Alegre is the southernmost capital of Brazil, in the
state of Rio Grande do Sul (Figure 1). Its metropolitan
region, with a total of over 3.8 million inhabitants, is the
fourth largest in the country in terms of population size
(IBGE, 2007). The metropolitan region of Porto Alegre
has 31 municipalities. The municipality of Porto Alegre
has an area of 497 kmz?, a population of 1,420.667 inhabit-
ants and a density of 2,859 inhabitants per kmz (IBGE,
2007).

RIO GRANDE DO SUL LOCATION
MAP

FIGURE 1
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Rio Grande do Sul

Source: Boundaries (ESRI, 2006)

In the state of Rio Grande do Sul, the gross domestic
product (GDP) is projected to continue rising, as illustrated
in Figure 2.

The rapid growth in wealth will continue to support the
steep increase in transportation demand and motorization
rates, with associated impacts on the environment, public
health, and quality of life in the urban and metropolitan
regions.

ENVIRONMENTAL MANAGEMENT

Institutional framework

In Brazil, air quality management is coordinated by

the National System for the Environment (SISNAMA -
Sistema Nacional do Meio Ambiente), a group of federal,
state, and municipal government agencies. The federal
government establishes the basic requirements that are
applicable across the board, while the state and local agen-
cies introduce specific standards that may be more rigor-
ous than federal requirements. The Brazilian Institute for
the Environment and Natural Resources (IBAMA - Insti-
tuto Brasileiro do Meio Ambiente e Recursos Naturais) is the
SISNAMA federal executive agency, while the National
Environmental Council (CONAMA - Conselho Nacional

do Meio Ambiente) is an advisor and deliberative body.

The Foundation for Environmental Protection (FEPAM

- Fundagdo Estadual de Protecdo Ambiental Henrique Luis
Roessler) and the Secretariat for the Environment (SEMA

- Secretaria Especial do Meio Ambiente) are Rio Grande do
Sul’s state agencies. The Municipal Secretariat for the En-
vironment (SMAM - Secretaria Municipal do Meio Ambien-
te) operates in Porto Alegre at the municipal level.

Environmental planning

In 1989, CONAMA established the National Program
for the Control of Air Quality (PRONAR - Programa
Nacional de Controle da Qualidade do Ar). PRONAR set
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Source: Booz Allen, FIPE, HLC, 2006

FIGURE2 | GDP FORECAST FOR BRAZIL AND RIO GRANDE DO SUL (2003-2015)
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maximum emission limits for stationary sources, based
on area usage, and set nation air quality standards (pri-
mary standards - maximum tolerable concentration levels;
and secondary standards - below which the impact is
minimum) to reduce the negative effects of atmospheric
pollution nationwide. In 1990, CONAMA issued new air
pollutant emission standards (resolution 003/1990) and
determined that states are responsible for establishing air
monitoring programs, air quality standards, and emer-
gency plans for critical episodes of air pollution.

In 1986, CONAMA established the Program for the
Control of Air Pollution from Mobile Sources (PRO-
CONVE - Programa de Controle de Polui¢io do Ar por
Veiculos Automotores), which defines maximum emission
limits for light-duty passenger and commercial vehicles
and for heavy-duty vehicles (buses and trucks). Emission
limits and certification test cycles in Brazil are based on
European Union regulations. PROCONVE had several
implementation phases. The first set of vehicle emission
regulations, adopted in 1993 (CONAMA 8/93), was based
on Euro o/2 standards. The second set of emission stan-
dards, adopted in 2002 with implementation dates over
2006-2009 (Resolution 315, October 29, 2002), are based
on Euro 3/4 standards.

PROCONVE is focused on reducing emissions from
new vehicles, affecting manufacturers and importers only.

Manufacturers provide instructions to consumers on how
to maintain low levels of emissions from their vehicles.
However, there is no assurance that the vehicle owners fol-
low those instructions. With that in mind, CONAMA has
defined general guidelines for implementing inspection
and maintenance (I/M) programs by state and municipal
environment agencies. The new Brazilian National Transit
code, once fully implemented, requires that vehicles be li-
censed only if approved in I/M programs that verify pollut-
ant emissions and noise levels. In 1992, vehicle manufac-
turers added catalytic converters to new vehicles; in 1997,
vehicle manufacturers added electronic fuel injections and
exhaust gas recirculation valves, oxygen sensors, high-en-
ergy ignition, secondary-air injection, and canisters. Even
though PROCONVE has been a very successful program,
the growth of the vehicle fleet has made transportation the
main contributor of emissions in Brazil's metropolitan
regions.

Climate change is being addressed at the national level
by the National Plan for Climate Change (Plano Nacional
de Mudangas Climdticas), pending its inauguration in
2009. In October 2007, the municipality of Porto Alegre
approved the Program for Reduction of Carbon Dioxide
Emissions (Programa de Prevengdo, Redugdo e Compensagdo
de emissoes de Didxido de Carbono), which includes provi-
sions for improving passenger public transportation.

WRI: MEASURING THE INVISIBLE
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FIGURE3 | FIXED AND MOBILE AIR QUALITY
MONITORING STATIONS

Source: FEPAM, 2002

Air quality monitoring

Porto Alegre’s air quality monitoring network is cur-
rently underperforming, due to lack of maintenance and
financial capacity. FEPAM, the environment secretary at
the state level, has 12 nonoperational manual stations for
sulfur dioxide (SO,), total suspended particles (TSP), and
PM; and 10 operational automatic stations that monitor
the pollutant concentrations for PM, | (1 station), nitrogen
dioxide (NO,) (1 station), CO (not operational), SO, (2 sta-
tions) and tropospheric ozone (O,) (7 stations). Meteoro-
logical parameters such as wind direction and speed, tem-
perature, relative humidity, atmospheric pressures, total
radiation, and ultraviolet radiation are also monitored.
One of the automatic stations is mobile (Figure 3). The in-
formation from automatic stations arrives at FEPAM on a
continual basis and is used to develop dispersion analysis
indices for public outreach. (FEPAM, 2008)

SMAM, the municipal secretariat, has two stations to
monitor PM and CO. In addition, a number of private-
sector entities, such as refineries and thermoelectric
sites, monitor SO,, total suspended particles (TSP), CO,
O, hydrocarbons (HCs), PM,_, NO,, and meteorological
parameters.

107

Porto Alegre’s air quality monitoring network registers
good air quality throughout the year. However, during
2003-2005, there were eight episodes of poor air quality,
monitoring stations near the road often show PM concen-
trations above the defined air quality standards.

As Figure 4 illustrates, the annual average TSP concen-
trations near major roads (S3o Geraldo/Benjamin) exceed
the primary standard. These high concentrations occur in
bus stations and terminals, where many people gather dai-
ly for long periods of time. This is especially worrisome,
because exposure to PM and O, is linked to illnesses such
as acute respiratory infections, asthma, and chronic ob-

structive pulmonary disease.

Porto Alegre’s air monitoring network shows that O,
concentrations are higher in spring and summer, while
CO concentrations are the highest in the winter and in
bus stations. Concentrations of SO, decreased after 1997,
as a result of a reduction of sulfur content in the metro-
politan diesel fuel.

The 1991 emissions inventory for Porto Alegre shows
that vehicles are the primary source of NO_, CO, and HC
emissions. In 2001, the metropolitan region of Porto
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FIGURE4 | ANNUAL AVERAGE CONCENTRATIONS OF TSP IN FOUR MONITORING STATIONS
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Alegre (MRPA) developed a mobile emissions inventory
based on vehicle type, model, year, and emission factors.
Since it was difficult to measure the distance traveled by FIGURE5 | NUMBER OF VEHICLES IN
the fleet, the emissions inventory used as a reference the OPERATION BY FUEL TYPE
consumption of gasoline, ethanol, and diesel in the region. IN MRPA IN 2001
As illustrated in Figure 5, most vehicles use gasoline,
followed by ethanol and diesel. In 2001, gasoline was the 1,000,000 911,988
main contributor of CO, HCs, and formaldehyde (CHO) 900,000
emissions; diesel was the main contributor of NO, and sul- 800,000 — 1 Gasoline
fur oxide (SO,) emissions; and diesel and tire wear were the ' o Motos
main contributors of PM emissions (40% each). The main g 700,000 — Aleohol
source of CO, emissions was the combustion of diesel fuel % 600,000 .
and gasoline, totaling 3,473 thousand tons that year. Z W Diesel
S 500,000
=
Results are presented in Figure 6. We could not obtain i’é 400,000
clariﬁcati9n on why the emissions from motorbikes (mo- 2 300,000
tos) are given in a separate category.
200,000
126,717
100,000
TRANSPORTATION MANAGEMENT
0
Institutional framework
.. . Source: FEPAM, 2002
Transportation is managed at the national level by the

Ministry of Transportation (Ministério dos Transportes); at
the state level by the Secretariat of Transportation for Rio
Grande do Sul (Secretaria dos Transportes do Rio Grande do
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FIGUREG6 | VEHICULAR EMISSIONS FOR THE MRPA (1,000 tons in 2001)
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Sul); at the metropolitan level by the Foundation for Met-
ropolitan and Regional Planning (Metroplan - Fundagdo
Estadual de Planejamento Metropolitano e Regional); and at
municipal level by the Public Corporation for Transporta-
tion and Transit (EPTC - Empresa Piiblica de Transportes e
Circulagdo).

Transportation planning

The National Plan for Transport and Logistics (PNLT -
Plano Nacional de Logistica e Transportes 2008-2013),
released in April 2007, provides the strategic direction at
national level for the transportation sector. The PNLT es-
tablishes the goal of increasing rail transport from 25% to
32% and maritime transport from 13% to 29%, in 15-20
years. Road freight would be reduced from the current
58% t0 33%.

Several plans influence the transport system in Porto
Alegre. The Public Transportation Master Plan of 2000
(PDSTC - Plano Diretor Setorial de Transporte Coletivo) calls
for the expansion of the transversal bus network and the
physical and operational integration of the public trans-
portation system, through terminals and electronic pay-
ment of tariffs.

The Integrated Plan for Transportation and Urban Mo-
bility of Porto Alegre Metropolitan Region (PITMUrb
— Plano Integrado de Transporte e Mobilidade Urbana da
Regido Metropolitana de Porto Alegre) proposes the devel-
opment of an integrated transit network in the Metropoli-
tan Region of Porto Alegre, by 2033. The integrated transit
network planned is comprised of a circular metro line
with 37,4km length (extending northwards the existing
suburban train line by 9,3km), and of bus corridors with
199,5km length. Furthermore, the plan foresees the use of
an electronic fare system, of stations with integrated trans-
port modes (8 metro/bus and 7 bus/bus) and of a rational-
ized operational system.

Transportation demand and supply

In 2002, 3.4 million motor vehicles were registered in the
state of Rio Grande do Sul. This number has been grow-
ing at an average rate of 5% per year. Based on this trend,
the fleet is expected to grow to approximately 5 million
vehicles by 2010. The Metropolitan Region of Porto Alegre
comprises 40% of these vehicles. Table 1 provides an over-
view of Porto Alegre’s vehicle fleets.
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TABLE 1 OVERVIEW OF PORTO ALEGRE’S

TRANSPORTATION FLEETS FIGURE7 | MODAL SHARE IN THE
MUNICIPALITY OF PORTO ALEGRE

FLEETS DETAILS
Suburban Rail  One line, six stations,
33.8 km long
170,000 passengers per day
8,268 km per day
Metropolitan 561 lines, 1,500 vehicles, operated by 20
Buses companies
37,000 passengers per day
240,000 km per day
Municipal 318 lines, 1,590 vehicles
Buses 953,000 passengers per day
9,318,000 km per month
Municipal 29 lines, 403 vehicles
Minibuses 70,000 passengers per day MODE TRIPS
78,000 km per day B NMT 639,075
Other Motor 627 school buses serving 294 schools )
Vehicles 3,915 taxis with an average age of 5 years L e TS
521,283 private cars (2.6 inhabitants/vehicle) ] Public 953 629
Motorcycles (data not found) ’
Source: EPTC, PMPA, SMT, 2003 Source: EPTC, TIS, 2004 [l Other 61,978
The 2004 Home-Based Origin-Destination survey re- centives exist for operators to keep the fleet relatively new.
vealed that 71% of all trips in Porto Alegre are motorized Figure 8 shows the age and Euro standards of the munici-
(Figure 7). The municipal bus fleet has an average age of pality bus fleet in 2007.

5 years and should have a maximum age of 10 years. In-

FIGURE 8 MUNICIPAL BUS FLEET AGE DISTRIBUTION
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Source: EPTC, 2007
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Porto Alegre municipal government authorities are cur-
rently updating their bus fleet database to include distanc-
es traveled and fuel consumption.

The municipality of Porto Alegre is planning to imple-
ment two major transport interventions: fare integration,
with electronic ticketing, and a BRT system. The BRT sys-

tem is aimed at regenerating the city center by removing
terminals and reducing the number of buses in circula-
tion, while the physical and operational integration of the
public transportation system is intended to make the pub-
lic bus system more attractive and thus increase ridership.
These two interventions are described in more detailed in
the next section of this report.

WRI: MEASURING THE INVISIBLE
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STUDY METHODOLOGY

his study estimates the emissions levels of CO2,
CO, NO,, and PM2.;5 of four transportation scenar-
ios being considered for the city of Porto Alegre.

This study uses a distance-based approach that consists
in multiplying the annual distances traveled by the mu-
nicipal, metropolitan and BRT fleets with emission factors
characteristic of the fleet and driving conditions.

The calculations do not include secondary effects such
as one-off traffic disruptions due to new terminal con-
struction; upstream impacts related to how fuels are pro-
duced, downstream impacts related to changes in traffic
outside the project boundary.

TRANSPORT SCENARIOS

The government authorities of Porto Alegre are consider-
ing four scenarios for the public bus transport system:

B Scenario BAU - Business as Usual

This scenario is constructed based on the municipal
routes that were operating in 2005 and metropolitan
routes that were operating in 2002.

B Scenario Int - Implementation of fare integration in the
urban system

This scenario has the physical and operational
conditions of Scenario BAU and considers the
implementation of electronic ticketing and fare
integration in the municipal bus lines. In this scenario,
the passenger will be charged 50% of the fare price
when buying a second bus ticket (50% discount on
transfers).

B Scenario Int BRT 1 - Phase 1 of BRT System

This scenario considers the implementation of three
BRT lines: two for the metropolitan system passengers
and one for the municipal system passengers. The
metropolitan BRT lines start at the transfer stations

of Azenha and Cairu and end in the city center, while
the municipal BRT line connects these two stations.
Short routes with an itinerary near the corridors were
kept operating to avoid passenger transfers. Similarly,
circular and transversal routes kept the same operation
as in Scenario Int. The fare system is the same as

in Scenario Int, with two additions: passengers can
make free transfers between the traditional municipal
bus lines and the municipal BRT and between the
traditional metropolitan lines and the metropolitan BRT.

B Scenario Int BRT 2 - Phase 2 of BRT System

Scenario Int BRT 2 considers the expansion of the BRT
system as far as Terminal Triangulo, with the creation
of an urban BRT line between Triangulo and Azenha
and the creation of a metropolitan BRT line between
Triangulo and the city center. The point of integration
between urban and metropolitan lines becomes
Triangulo, instead of Cairu. The fare system is the same
as in Scenario Int BRT 1.

Figure 9 presents a map of the BRT system.

The comparison of the four transport scenarios was
based on modeled projections of transport demand and
supply for 2005 (base year), 2015, and 2025 (LOGIT,
2000). This study used modeled projections for the base
year, as opposed to real observations, because real data
were only available for the municipal fleet. In addition,
models are simplified representations of reality, and even
when the model is calibrated, the results between reality
and simulation may not be identical. If we had compared
future simulations with current real observations it would
have been difficult to understand whether the variations
resulted from modifications in the situation or from sim-
plifications and imperfections of the models used.

EMISSION FACTORS

The emission factors for CO, NO,, PM, ; and the fuel
consumption coefficients were drawn from a study led
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FIGURE 9

MAP OF BUS RAPID TRANSIT SYSTEM

Source: Adapted from LOGIT, 2006
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by the Instituto de Pesquisas Tecnoldgicas (IPT, 2006). The
IPT study measured the emissions and fuel consumption
of buses with Euro 3 emissions standard operating on
diesel with 500 ppm sulfur content (D500), and running
on driving cycles representative of non-segregated corri-
dors (metropolitan fleet), segregated corridors (municipal
fleet), and segregated BRT corridors. The emission factor
for CO, were obtained from Brazil’s national emissions
inventory (Ministério da Ciéncia e Tecnologia, 2000).
Table 2 provides the emission factors and fuel efficiency
coefficients used for the fleets under each driving cycle.

The following simplifications occurred in the calcula-
tions. The emission factors used do not take into consider-
ation the age of the vehicles in the actual fleet circulating
in Porto Negro, nor do they accomodate for the fact that
Porto Alegre’s municipal fleet has been using B2 (a fuel
blend of 2% of biodiesel) since 2007, and that after 2013
Bs will be mandatory nationwide. Likewise, these emis-
sion factors do not take into consideration the fact that
after 1st of January 2009, diesel with 50 ppm sulphur
content should be made available in metropolitan areas
(Resolution 315/02; Federal law 8.723/93).
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TABLE2 EMISSION FACTORS AND FUEL EFFICIENCY COEFFICIENTS

BRT FLEET MUNICIPAL FLEET METROPOLITAN FLEET
PARAMETER (SEGREGATED) (SEGREGATED) (NON SEGREGATED) SOURCE
Fuel (km/l) 3.44 2.06+0.11 1.66 +0.21 IPT, 2006*
Co, (g/1) 2,799 2,799 2,799 Ministério, 2006
CO, (g/km) 814 1,359 1,686 Calculated
CO (g/km) 1334281 3.23+0.49 5.16 + 1.4 IPT, 2006*
NO, (g/km) 7.55 + 3.31 13£0.7 17.07 0.9 IPT, 2006%*
PM,  (g/km) 0.167 = 0.018 0.215 = 0.033 0.385 + 0.220 IPT, 2006*

* Volkswagen Volksbus 17-260 operating on D500, engine MWM 6.12 TCAE Euro 3 (6 cil. e 7,2 1), 191 kW @ 2,500 rpm e goo Nm @ 1,300 rpm,
manual transmission Eaton FS-6406B, axis Busscar Urbanus Plus, length 13,3 m and weight 11.000 kg, passengers: 37 seats, 39 standing.

With the goal of evaluating the environmental perfor-
mance of suitable fuel and technology alternatives, this
study draws on available literature. It should be noted
that the results presented here do not provide exact es-
timations of the impacts of alternative options for Porto
Alegre’s fleets, since they are based on different vehicle

technologies, driving conditions, etc. Nevertheless, the
results provide an indication of the likely impacts to expect
in Porto Alegre.

The emission factors used for the comparison of DPFs
and DOCs are presented in Table 3. These show some dis-

crepancy from the values presented in Table 2 for the mu-
nicipal fleet due to the use of different vehicle technology.

Note that during the measurement campaign the DOC
was not adjusted to the sulfur content in the fuel, leading
to abnormally high PM levels.

TABLE 3 EMISSION FACTORS FOR ECT
AND CLEANER FUELS
D500

PARAMETER D500 DOC D50 D50 DPF
Fuel (km/1) 1.68 1.76 1.7 1.75
CO (g/km) 11.5 7.08 10.3 1.61
NOx (g/km) 12.8 11.9 12.4 10.1
PM2.5 (g/km) 0.171 0.33 0.68 0.015

Mercedes-Benz O500 UA 2836, motor OM 457 LA Euro 3 (6 cil. and
12 liters), 260 kW @2000 rpm and 1600 Nm @1100rpm, automatic
transmissions Voith Diwa 864.3E, axis Induscar Caio Millennium,
Length 18,5 m and weight 18.180 kg, 36 seats, 83 standing

Source: IPT, 2006
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RESULTS: ENVIRONMENTAL PERFORMANCE
OF TRANSPORT SOLUTIONS

IMPROVING THE TRANSPORT SYSTEM Local transport experts foresee that, as electronic ticket-

ing and travel cards are instituted, the secondary market
for travel tokens will collapse. This will increase bus rider-
ship, distances traveled and emissions levels. The extent
of this effect is not possible to evaluate through conven-
tional transportation planning models. Thus the simulat-
ed forecast of distances traveled and of the impact of fare
integration presented in this study may be significantly
underestimated.

The number of bus passengers and distances traveled are
projected to rise by 5-8% per decade in the business as
usual scenario (Figure 10 & 11). The transport simulations
show that the implementation of the fare integration, with
electronic ticketing, will further increase the number of
passengers and km traveled, by up to 2%, when compared
to the business as usual scenario (BAU).

FIGURE10 | ANNUAL DISTANCE TRAVELED BY METROPOLITAN, MUNICIPAL, AND BRT BUSES

2005 2015 2025

250,000

200,000

150,000

100,000

50,000

Annual distance travelled (thousand km)

0 - P .
BAU Int Int BRT | Int BRT BAU Int Int BRT | Int BRT BAU Int Int BRT | Int BRT
1 2 1 2 1 2
M BRT 5,995 12,373 6,417 13,071 6,743 13,911

E Municipal 92,913 | 92,829 | 86,342 | 83,728 96,800 | 97,874 | 90,604 | 87,888 | 100,755 | 101,241 | 94,896 91,806

2 Metropolitan | 113,854 | 114,070 | 101,501 | 99,219 12,788 | 125,542 | 109,605 | 108,642 | 131,432 | 134,030 | 118,538 | 116,328

Total 206,767 | 206,899 | 193,838 | 195,320 | 219,588 | 223,416 | 206,626 | 209,601 | 232,187 | 235,271 | 220,177 | 222,045

Source: Based on data from LOGIT, 2006
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FIGURE 11 ANNUAL NUMBER OF PASSENGERS IN METROPOLITAN, MUNICIPAL, AND BRT FLEETS

2005 2015 2025

700,000

600,000

500,000

400,000

300,000

200,000

Number of passengers (thousand)

100,000

0 8
BAU Int Int BRT | Int BRT BAU Int Int BRT | Int BRT BAU Int Int BRT | Int BRT

1 2 1 2 1 2
M Total BRT 94,285 | 116,993 99,494 | 123,039 104,620 | 129,688

B Municipal 268,753 | 270,249 | 293,217 | 287,229 | 278,917 | 282,821 | 308,882 | 303,400 | 290,962 | 295,573 | 323,341 | 317,960

] Metropolitan | 173,867 | 177,897 | 171,103 | 170,256 | 192,849 | 198,233 | 190,491 | 190,148 | 211,008 | 217,663 | 208,018 | 209,727

Source: Based on data from LOGIT, 2006

The introduction of the BRT system will reduce distanc-
es traveled by 6-8%, while dramatically increasing the
number of passengers by 24-25%. This suggests that the FIGURE12 | TRENDS IN CO2 EMISSIONS

BRT corridors will improve route design and the system’s

operational efficiency. 400,000

The introduction of the BRT corridor and fare integra- 350.000
tion is expected to induce a modal shift from non-motor- Fl sl ===
ized to bus transportation, as indicated by a 5-9% reduc- i 300,000 /

. . . . e 4 —_—
tion in walking times (LOGIT, 2006). On the other hand, 5
transport demand studies in Porto Alegre have not taken 8 250,000
into consideration the potential modal shift from cars and '
other more polluting transport modes, in order to provide 500000
a conservative estimation of bus ridership. Box 1 gives an '
T .. . 2005 2015 2025
indication of the significance of a modal shift from cars to
buses to CO2 emissions. |, BAU 318,219 338,564 358,513
—e— Int 318,469 344,667 363,554

Emissions levels are projected to rise by 5-8% per de-
cade, following the increase in distances traveled. The —==IntBRT1 | 293,339 313,138 334,298
introduction of the BRT system will enable an 8-10% IntBRT2 | 291,129 313.238 332.205
reduction of emission levels when compared to the fare

integration case, amounting to 25,129—-31,529 tons of CO2
emissions, 78-97 tons of CO emissions, 254-318 tons of
NOx, 5-7 tons of PM 2.5 per year. However, even with the

WRI: MEASURING THE INVISIBLE

15



BOX'1

COMPARING CO, EMISSIONS FROM CARS AND BUSES PER UNIT OF TRAVEL

As illustrated in Table 4 below, buses are 3—7 times less ~ Assuming that 1% of the bus passengers previously trav-
fuel efficient than cars, per vehicle; but are 6-13 times eled by car, we estimate that the implementation of the
more fuel efficient than cars, per passenger. Buses emit fare integration and BRT corridors will reduce CO, emis-
4—9 times more CO, emissions than cars, per vehicle; but  sions by 710,423-836,037 grams per year due to modal
5—10 times less CO, emissions than cars, per passenger.  shift, as illustrated in Figure 13.

Here again, we can feel the impact of the different driving
cycles for mixed traffic, segregated, and BRT corridors.

FIGURE 13 | CO2 EMISSION REDUCTIONS IF 1%
OF BUS RIDERS FORMERLY TOOK

TABLE 4 FUEL EFFICIENCY AND CO, THE CAR
EMISSIONS PER TRAVEL UNIT
BUS ON BUS ON 860,000
BUS SEGREGATED MIXED 840,000
PARAMETER ON BRT CORRIDOR TRAFFIC g T
Per bus 3.44 2.06 166 MREREE
o (vehkm/l)! z ’ B
]
2 Percar 12 12 12§ 780000 —
5 (vehkmjlp "§ 760,000 -
E  Per bus 172 103 83 g 740,000 -
™ passenger 2 720,000 —
5 (paxkm/l) 4
= £ 700,000 — -
Per car passenger 13.68 13.68 13.68 <
(pax.km/1)* 8 680,000 |
Per bus 814 1,359 1686 = 660000 — —
(veh.g/km)® 640,000
Z Int Int Int Int Int Int
§ Percar Ll dell Tl BRT | BRT | BRT | BRT | BRT | BRT
5 (veh.g/km)’ 1 2 1 2 1 2
E Per bus 16 27 34 2005 2015 2025
" passenger
S (g/km) . .
2 Policies that encourage modal shift, such as conges-
Per car passenger 159 159 159 . ]
(g/km)* tion charges, fuel and vehicle property taxes, and park-
oo ing management, increase the potential of reducing
S . . . 3
ey Vo — llagmaeler e essansa veh— e, emissions from cars, as has been observed in Bogota and
1. IPT, 2006. México City.

2. FEPAM, 2002. Note: Lee Schipper believes that 12 km/1 fuel efficiency
for a car is high and expects this to be 10 km/1.

3. 50 passengers per bus (private communication with LOGIT, March
2008).

4.1.14 passengers per car (U.S. DOT 2003).

5. CO, emission factors are for Euro3 buses operating on D500, and for

cars operating on gasoline.

6. Ministerio de Ciéncia e Technologia, 2006.
7.IPCC, 2006
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introduction of the BRT system, by 2025 emission levels
will have surpassed the 2005 BAU case. These trends are
illustrated in Figure 12 for CO2 emissions. Additional
graphs and tables, presenting the emission levels for CO2,
CO, NOx and PM 2.5, are provided in Appendix 1.

ALTERNATIVE-FUEL, VEHICLE, AND EMISSION
CONTROL TECHNOLOGIES

This study considers the environmental performance of al-
ternative-fuels, vehicle, and emission control technologies
for Porto Alegre’s bus fleets, based on analysis presented
in available literature. We introduce here the potential
emission impacts of vehicle emission standards, emission
control technologies, biodiesel, cleaner diesel, compressed
natural gas (CNG), and hybrid buses.

Shifting to cleaner diesel fuel

The shift from diesel with s5ooppm sulfur content (D500)

to cleaner diesel (D50 and Dis) is expected to lead to a re-

duction of 56% of PM, 10% of CO, and 5% of NO, per km
traveled. These results were obtained for articulated Euro

3 buses, without any tailpipe treatment technology. These

reductions are due to both the lower sulfur and the higher
cetane content of the cleaner fuels (IPT, 2000).

Retrofitting with DPFs while using cleaner diesel fuel

The application of diesel particle filters (DPFs) and D50
enables a reduction of CO by 85%, HC by 9o%, PM by
80%, and NO, by 20% per km traveled, when compared
to emissions from buses running on D5oo. These results
were obtained for articulated Euro 3 buses.

Figures 14 and 15 illustrate the impacts of cleaner diesel
and emission control technologies (ECTs) on CO emissions
when applied to Porto Alegre’s BRT and municipal fleets,
respectively. It can be seen that the emission reductions are
higher when retrofitting the municipal fleet. This is easily
explained by the fact that the municipal fleet runs longer
distances. In both cases, the fuel-technology option that of-
fers the lowest emissions is the use of Dso with DPFs.

Similar impacts were observed in test-campaigns per-
formed in Mexico City, demonstrating that catalyst-based
DPF technology can remove virtually all diesel engine-
generated solid elemental carbon particles from diesel ex-
haust - including 99% or more of the solid particles (SMA,
2000).

FIGURE 14 | APPLICATION OF CLEANER FUEL
AND ECT ON BRT FLEET — 2005

(BRT Phase 1 with Fare Integration)

2,500
B
& 2,000
=}
8
= 1500
=}
RS
21000 — - - - -
g
S 500 — - - - -
&)
0
All Fleets BRT D500 BRT D50 BRT D50
D500 DOC DPF
H BRT
68.94 42.44 61.75 9.65
] Municipal
992.93 992.93 992.93 992.93
J Metropolitan 1,167.26 1,167.26 1,167.26 1,167.26

FIGURE 15 | CLEANER FUEL AND ECT IN
MUNICIPAL FLEET - 2005
(BRT Phase 1 with Fare Integration)
2,500
=
= 2,000 —
=
e
% 1,500 —
S I fnaiia i ——
Sl e e
% 1,000 — | | (- —
5
o 500 — | | | —
O
0
All Fleets Municipal Municipal Municipal
D500 D500 DOC D50 D50 DPF
H BRT
68.94 68.94 68.94 68.94
& Municipal 992.93 61130 | 889.32 139.01
O Metropolitan 1,167.26 1,167.26 1,167.26 1,167.26

The upstream oxidation catalyst converts nitrogen mon-
oxide (NO) in the exhaust to NO2, which then transfers
oxygen to the collected soot, oxidizing it to gaseous CO or
CO2. This mechanism provides for the regeneration of the
particulate filter and promotes the oxidation of unburned
HCs and CO (Schipper et al., 2000).
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FIGURE 16 | COMPARISON OF PM2.5 EMISSIONS
BETWEEN BRT PHASE 1 AND
RETROFITTING MUNICIPAL FLEET
WITH D50 DPF

70
EX
2
2
a -
2
g 30 -
g
[}
1 20 — -
N
= 10 -
0
2005 2015 2005 2015
BRT (D500) Municipal (D50 DPF)

M BRT 1.03 1.10

] Municipal 14.76 15.49 1.39 1.47

[J Metropolitan | 39.08 42.20 43.92 48.33

Note that the performance of DPFs is very sensitive to
sulfur content. A study by NREL shows that fuel sulfur
levels lower than 150ppm are required to achieve reduc-
tions in total PM. DPFs reduced PM emissions by 95%
when using 3-ppm sulfur fuel, by 73% when using 30-ppm
sulfur fuel, and by nearly 0% when tested with 150-ppm
sulfur fuel. With 350ppm sulfur fuel, PM levels increased
by more than 100% (NREL, 2001).

Retrofitting the municipal fleet with DPFs while using
Ds0 provides 39% greater CO emission reductions and
17% greater PM2.5 emission reductions than implement-
ing Phase 1 of BRT system (Figures 16 and 17). Note that
the emission factors used were from the 2006 Instituto de
Pesquisas Tecnolégicas study, and are for articulated buses
operating on the municipal driving cycle. This creates a
discrepancy with the absolute emission levels presented
in earlier figures. Nevertheless, this comparative analysis
still facilitates the understanding of the impacts of using
cleaner fuels and alternative emission control technologies
in the municipal fleet.

COMPARISON OF CO EMISSIONS
BETWEEN BRT PHASE 1 AND
RETROFITTING MUNICIPAL FLEET
WITH DOC, AND WITH D50 DPF

FIGURE 17

2,500
=
>~
o 2,000
=)
£
w 1,500 e
i g2z
2
2 1,000 —
g
o 500 —
O
0
2005 2015 2005 2015 2005 2015
BRT (D500) Municipal (D500 DOC) | Municipal (D50 DPF)
M BRT 68.94 73.80
& Municipal 992.93 | 1,041.95 | 657.23 692.95 149.45 157.58
[J Metropolitan | 1,167.26 | 1,260.46 | 1,311.81 |1,443.73 | 1,311.81 |1,443.73

It should be noted that emission control technologies
have a negligible impact on fuel consumption and respec-
tive CO, emissions. A U.S. Department of Energy Nation-
al Renewable Energy Laboratory (NREL) study shows that
the installation of the DPF may cause a nearly 2% fuel
economy penalty (NREL, 2000).

Using biodiesel in bus fleets

A study by the U.S. Environmental Protection Agency
(EPA) shows that the amount of biodiesel used in fuel
blends has a non-linear benefit (EPA, 2002). Soybean oil
represents over 95% of present vegetable oil production
in Brazil. The use of soybean-based B2o (20% biodiesel
blend) can reduce total unburned HC emissions by 20%,
and CO and PM concentrations by 12%, but can increase
NO, emissions by 2% (a contributing factor in the forma-
tion of smog and ozone). The study also shows that B2o
reduces polycyclic aromatic hydrocarbons (PAHs) and
nitrated polycyclic aromatic hydrocarbons (nPAHs) by
13% and 50%, respectively — very, important for reducing
health risks (EPA, 2002).
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The CO, benefits attributable to biodiesel are a result of
the renewability of the biodiesel itself, and are not based
on comparative exhaust CO, emissions. Literature provides
mixed results on the life-cycle impacts from biodiesel.
Concerns are raised over the carbon dept from direct and
indirect land use changes associated with the production of
biofuels (Fargione, 2008).

Retrofitting with DPFs while using biodiesel blends

A study performed by NREL suggests that using biodiesel
blends in engines equipped with DPFs can yield signifi-
cant benefits. Biodiesel causes a significant increase in
filter regeneration rates, and the use of B2o with the DPF
produced an additional PM reduction of 67%, as com-
pared to a petro diesel plus DPF configuration. However,
the use of B20o caused a 2.9% increase in fuel consump-
tion, consistent with the lower energy content of this fuel;
and the installation of the DPF caused a nearly 2% fuel
economy penalty for both ultra-low-sulfur diesel and B2o
(NREL, 2000).

Retrofitting with DOCs

Diesel oxidation catalysts (DOCs) remove gaseous HCs (in-
cluding a portion of toxic and odor-causing hydrocarbons),
CO, and a portion of particulate emissions termed the
soluble organic fraction (SOF). DOCs remove virtually no
solid particles, including elemental carbon particles (black
soot), inorganic metals (lube oil ash), and adsorbed heavy
PAHs that remain entrained as particles when they pass
through the DOCs’ channels. Measurement campaigns
performed in Mexico City found that DOCs, together with
diesel with 15 ppm sulfur content (D15), can reduce PM by
13—44%, CO by 43—77%, and NO, by 5-14%, when com-
pared to the reference scenarios of 1991 vehicles operating
on diesel with 350-ppm sulfur content (D350) (CTS, 2000).

DOCs are more sulfur tolerant than DPFs. However, if the
sulfur content is high, the concentration of precious metals
in the catalyst needs to be reduced, to prevent the conver-
sion of SO, into sulfur trioxide (SO,). Otherwise, SO, will
react with the humidity of the exhaust gas and generate sul-
furic acid, which corrodes the exhaust system, contributes
to acid rain, and increases PM levels. A NREL study shows
that fuel sulfur content ranging from 3ppm to 350ppm did
not affect emissions of PM soluble organic fraction or the
suppression efficiency of the DOC. Although there is some
statistical evidence that sulfate emissions increased with
higher-sulfur fuel, the resulting impact on PM was negli-
gible and not statistically significant (NREL, 2001).

FIGURE 18 | COMPARISON OF NOx EMISSIONS FROM
IMPLEMENTATION OF BRT PHASE 1
WITH RETROFITTING MUNICIPAL
FLEET WITH DOC, AND WITH D50 DPF
5 4000
2
£ 3,000 —
2
.g 2,000
£ 1,000
>
o
Z 0
2005 2015 2005 2015 2005 2015
BRT (D500) Municipal (D500 DOC) | Municipal (D50 DPF)
M BRT 76.74 82.14
2] Municipal 1,732.6 1,870.9 1,947.1 2,143.0 1,947.1 2,143.0
[J Metropolitan | 1,105.1 1,159.7 1,104.6 1,164.7 937.57 988.53

Interestingly, when comparing the implementation of
Phase 1 of the BRT system and fare integration with retro-
fitting the municipal fleet with DOCs it can be seen that the
latter offers a 12% greater CO emissions reduction (Figure
17) but a 6% lower NOx reduction (Figure 18).

DOC:s typically do not adversely impact fuel consump-
tion and do not affect the level of CO2 emissions (Western
Regional Air Partnership, 2005)

Raising the fleet’s emission standards

It is clear from the literature that vehicle emission standards
have an important impact on emissions of local pollut-

ants. When comparing emissions from heavy-duty vehicle
engines running on a test bench, the move from Euro 1 to
Euro 2 reduces PM_ by 63%; from Euro 2 to Euro 3, by 33%;
and from Euro 3 to Euro 4, by 78%. Except for NO,, that
shows a clear reduction, no impact is found when moving
from Euro 4 to Euro 5. Euro vehicle emission standards have
no effect on CO, emissions. (Nylund and Erkkild, 2005).

Switching diesel to CNG

Natural gas makes an ideal fuel for vehicle combustion en-
gines because of its high octane rating and low volatile or-
ganic compounds. Being a gas, it mixes easily with air prior
to combustion, offering lower idling speeds, better perfor-
mance, easier cold starting, and a more complete combus-
tion, which all help to reduce tailpipe emissions (Cleaner
Vehicles Task Force, 2000). When compared to diesel with
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36oppm sulfur content, the emission reductions for a bus
operating on CNG are around 52% for CO, 86% for NO,
and 68% for particulates. CNG emissions have very low
levels of SO, and do not contain benzene or 1,3-butadiene
(Cleaner Vehicles Task Force, 2000). However, CNG emits
higher levels of total hydrocarbons (HC); over 80% of
which are composed of methane with low potential to react
in the atmosphere to create ground-level ozone. For heavy-
duty vehicles (> 3.5 tonnes) total GHGs from CNG are
comparable or slightly increased when compared to diesel
operation (Cleaner Vehicles Task Force, 2000).

Replacing the fleet with hybrid buses with DOCs

Transit agencies have reported that hybrid buses offer fuel
economy improvements on the order of 10-50%, depend-
ing on such variables as series or parallel hybrid design,
system optimizations, and the type of bus route (Hybrid
Center, 2007). The IPT study indicates that Electra hybrid
buses reduce NO, by 11% and PM, by 46% (with a high
level of statistical uncertainty), while increasing emissions
of CO by 21%, HC by 54%, and fuel consumption (and
respective CO, emissions) by 51%. When Electra hybrid
buses operate with DOCs and with optimized operation
through adjustments in the control system, it is possible
to reduce fuel consumption by 20% and CO and HC
emissions by 21% and 37%, respectively, comparatively

to the original Electra hybrid buses. In contrast, NO,_and
PM emissions increase by 2% and 63%, respectively, but
within the uncertainty boundary (IPT, 2007).

WRI: MEASURING THE INVISIBLE

20



5

CONCLUSIONS

he Porto Alegre Case Study provides revealing con-
clusions for sustainable transportation.

The proposed Bus Rapid Transit system (BRT)
is projected to reduce CO2 and local pollutant emissions
from bus fleets, through improvements in route design
and efficiency of operations.

The first step for the implementation of the BRT is the
integration of fares across the bus networks and the im-
plementation of electronic ticketing. Simulations of travel
demand reveal that this initial step on its own may eventu-
ally increase CO2 and local pollutant emissions.

The reduction in bus transfer costs encourages pas-
sengers to reduce walking times and use the bus for short
trips. In addition, local transport experts foresee the col-
lapse of the secondary market for travel tokens, which
would attract pedestrians to the bus system.

We infer that benefits could be generated by comple-
menting the fare integration and BRT interventions with
measures that improve the attractiveness of non-motorized
transportation and with measures that encourage modal
shift from more polluting transport modes such as cars.

Furthermore, the analysis shows that cleaner fuels
and emission control technologies can have a significant
impact when applied to fleets of high mileage. In fact, nu-
merous fuel and technology options can be applied to the
bus fleets to further reduce transportation emissions.

To validate the comparison between vehicle and fuel
alternatives for the specific case of Porto Alegre, the au-
thors recommend the development of cost-benefit analysis
and feasibility studies for introducing vehicles with higher
emissions standards; retrofitting the fleet with diesel
oxidation catalysts, or diesel particle filters while using
ultra-low-sulfur diesel or biodiesel blends; switching from
diesel to CNG; and replacing buses with hybrid vehicles.
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Appendix 1

EMISSIONS DATA FROM SCENARIO ANALYSIS

TRENDS IN PASSENGER-KM

2005 2015 2025

5,800,000

5,600,000

5,400,000

5,200,000

5,000,000

4,800,000

4,600,000

4,400,000

4,200,000

BAU Int Int BRT | Int BRT BAU Int Int BRT | Int BRT BAU Int Int BRT | Int BRT
1 2 1 2 1 2

W Passenger km | 4,795,656 4,768,441 | 4,800,819 4,892,074 5,106,464 | 5,121,730| 5,160,065 | 5,257,009 5,437,115 5,452,174 5,484,206 | 5,611,951

Source: Based on data from LOGIT, 2006

ANNUAL CO2 EMISSIONS PER PASSENGER-KM

10,000
E 2005 2015 2025
8,000
o
on
g 6,000
g
5 4,000
[sW
N
S 2,000
O
0
BAU Int Int BRT | Int BRT BAU Int Int BRT | Int BRT BAU Int Int BRT | Int BRT
1 2 1 2 1 2
M Total BRT 0 0 233 443 0 0 245 471 0 0 254 501

E Municipal 3,197 3,192 3,109 2,953 3,362 3,379 3,298 3,139 3,535 3,543 3,478 3,299

] Metropolitan | 4,119 4,079 3,753 3,667 4,438 4,442 4,101 3,993 4,781 4,796 4,405 4,330
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CO EMISSIONS FROM URBAN, METROPOLITAN AND BRT FLEETS

1,200
2005 2015 2025
= 1,000
z
8 800
z
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.('e o
£ 400
o
U 200
o G B :
BAU Int | IntBRT | Int BRT | BAU Int | IntBRT | Int BRT| BAU Int | Int BRT| Int BRT
1 2 1 2 1 2
M Total BRT 0 0 8 16 0 0 9 17 0 0 9 19
E Municipal 300 300 279 270 313 316 293 284 325 327 307 297
[ Metropolitan 587 589 524 512 634 648 566 561 678 692 612 600

NO, EMISSIONS FROM URBAN, METROPOLITAN, AND BRT FLEETS

2005

2015

4,000
3,000
2,000

1,000

NO, Emissions (tons/yr)

0

M Total BRT
B Municipal

[ Metropolitan

BAU Int Int BRT | Int BRT BAU Int Int BRT | Int BRT BAU ‘ Int Int BRT | Int BRT
1 2 1 2 1 ?
0 0 45 93 0 0 48 99 0 0 51 105
1,208 1,207 1,122 1,088 1,258 1,272 1,178 1,143 1,310 1,316 1,234 1,193
1,943 1,947 1,733 1,694 2,096 2,143 1,871 1,855 2,244 2,288 2,023 1,986
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PM2.5 EMISSIONS FROM MUNICIPAL, METROPOLITAN, AND BRT FLEETS

2005 2015 2025
80
5 60
w
5
£ 40
n
~
= 20
~
0
BAU Int Int BRT | Int BRT BAU Int Int BRT | Int BRT Int Int BRT | Int BRT
1 2 1 2 1 2
M Total BRT 0 0 1 2 0 0 1 2 0 0 1 2
E Municipal 20 20 19 18 21 21 19 19 22 22 20 20
] Metropolitan 44 44 39 38 47 48 42 42 51 52 46 45
RELATIVE CO2 CONTRIBUTION OF URBAN, METROPOLITAN, AND BRT FLEETS
400,000 250,000
2005 2015 2025
350,000
=N _ — — — —_ — 1200000 B
? 300,000 =
o >
< 250,000 L 150,000 S
= g
S 200,000 v
Z el
‘E 150,000 100000 &
w =)
N o
S 100,000
S Lso000 B
50,000
0 0
BAU Int  |IntBRT |IntBRT | BAU Int | IntBRT | Int BRT | BAU Int | Int BRT | Int BRT
1 2 1 2 1 2
M Total BRT 0 0 4,878 10,067 0 0 5,221 10,635 0 0 5,487 11,319
E Municipal 126,244 | 126,130 | 117,316 | 113,764 | 131,526 | 132,985 | 123,107 | 119,417 | 136,900 | 137,560 | 128,939 | 124,740
B Metropolitan | 191,974 | 192,339 | 171,145 | 167,298 | 207,038 | 211,682 | 184,810 | 183,186 | 221,613 | 225,994 | 199,872 | 196,146
— km 206,767 | 206,899 | 193,838 | 195,320 | 219,588 | 223,416 | 206,626 | 209,601 | 232,187 | 235,271 | 220,177 | 222,045

WRI: MEASURING THE INVISIBLE

24




REFERENCES

Booz Allen, FIPE (Fundagao Instituto de Pesquisa Economica),
HLC; Centro de Exceléncia em Engenharia de Transporte—Cendrios
Futuros; 2006.

Cleaner Vehicle Task Force; The Report of the Alternative Fuels Group
of the Cleaner Vehicle Task Force - An Assessment of the Emissions
Performance of Alternative and Conventional Fuels; January 2000.

CTS (Centro de Transporte Sustentavel); Mexico City Diesel Retrofit
Pilot Project—Final Report; August, 2006.

Detran; Estatisticas de Transito—Anudrio Estatistico 2005; 2005.

DieselNet; Emission Standards—Brazil: On-Road Vehicles and Engines;
Accessed March 2008 at:
http://www.dieselnet.com/standards/br).

DOT (U.S. Department of Transportation, Bureau of Transportation
Statistics); NHTS 2001 Highlights Report, BT'S03-05; Washington,
DC; 2003.

EPA (U.S. Environmental Protection Agency); A Comprehensive
Analysis of Biodiesel Impacts on Exhaust Emissions—Draft
Technical Report; EPA-420-P-001; October 2002. Available at:

EPTC (Empresa Publica de Transporte e Circulagdo); Database and
Meetings; 2007.

EPTC (Empresa Publica de Transporte e Circula¢do), PMPA
(Perfeitura Municipal de Porto Alegre), and SMT (Secretaria
Municipal dos Transportes); Mobilidade Urbana em Regides
Metropolitanas; 2003.

EPTC (Empresa Publica de Transporte e Circulacio), TIS (Consércio
Magna-TIS); Home-Based Origin-Destination Survey, 2004.

Fargione J., et al.; Land Clearing and the Biofuel Carbon Debt;
February 2008.

FEPAM (Fundacio Estadual de Protecdao Ambiental); Qualidade
Ambiental: Boletim da Qualidade do Ar - 24h - Rede Automdtica;
Accessed February 29 2008, at:
http://www.fepam.rs.gov.br/qualidade/boletim_ar_automatica.asy.

FEPAM (Fundacio Estadual de Protecdo Ambiental); Relatério da
Qualidade do Ar 2001-2002; Porto Alegre; 2002.

Hybrid Center; Accessed July 2007, at:
http://www.hybridcenter.org /.

IBGE (Instituto Brasileiro de Geografia e Estatistica); 2007. Available
at: http://wwwi.ibge.gov.br/english |.

IPT (Instituto de Pesquisas Tecnoldgicas), Diretoria de Operagoes
e Negocios; Ensaios Comparativos de Onibus Urbanos; Relatério
Técnico No. 91.377-205; 2000.

LOGIT Mercosul Consultoria Ltda.; Bus Rapid Transit de Porto
Alegre—Simulagdo de Cendrios Futuros, 2000.

Ministério da Ciéncia e Tecnologia, Emissdes de Gases deEfeito Estufa
por Fontes Méveis no Setor Energetico, 20006.

NREL (National Renewable Energy Laboratory); Biodiesel Effects on
Diesel Particle Filter Performance: Milestone Report; NREL/TP-540-
39606; March 2006.

NREL (National Renewable Energy Laboratory); Integrated
Environmental Strategies—Program for Control of Air Pollution
from Mobile Sources (PROCONVE) Analysis; February 2003.

NREL (National Renewable Energy Laboratory); Diesel Emission
Control—Sulfur Effects (DECSE) Program: Final Report for Diesel
Oxidation Catalysts and Lean-NO, Catalysts; June 2001.

NREL (National Renewable Energy Laboratory); Diesel Emission
Control—Sulfur Effects (DECSE) Program: Summary of Reports;
June 2001.

Nylund N.O., and K. Erkkild; Bus Emission Evaluation: 2002—2004
Summary Report; Research Report PRO3/P3015/05, 25.4.2005;
Finland: VIT Processes, 2005.

Schipper, L., et al.; “Cleaner Buses for Mexico City, Mexico: From
Talk to Reality;” in Air Quality 2006; Transportation Research
Board; Washington, DC; 2006.

SPM (Secretaria do Planejamento Municipal); Plano Diretor de
Desenvolvimento Urbano Ambiental—PDDUA (Directive Plan for
Urban Development and the Environment); Lei Complementar No.
434-

SMA (Secretaria de Medio Ambiente) México, D.F.; Pruebas en
Campo de Autobuses de Tecnologias Alternativas en la Ciudad de
Meéxico: Reporte Final (Field Testing of Alternative Bus Technology
in Mexico City: Final Report;) México; 2000.

Western Regional Air Partnership; Offroad Diesel Retrofit Guidance
Document, Volume 2: “Retrofit Technologies, Application and
Experience;” Section II: “Diesel Oxidation Catalyst;” November
18, 2005.

Wright, L., and L. Fulton; “Climate Change Mitigation and Transport
in Developing Nations,” Transport Reviews 25(6):691-717;
November 2005.

WRI: MEASURING THE INVISIBLE

25


http://www.dieselnet.com/standards/br/
http://www.fepam.rs.gov.br/qualidade/boletim_ar_automatica.asp
http://www.hybridcenter.org/
http://www1.ibge.gov.br/english/

WORLD
RESOURCES
INSTITUTE

PRESIDENT: JONATHAN LASH

The WRI Center for Sustainable Transport

DIRECTOR: NANCY KETE

cts

BRASIL

DIRECTOR: TONI LINDAU

The World Resources Institute is an environmental think tank that goes beyond
research to find practical solutions to protect the earth and improve people’s
lives.

Our mission is to move human society to live in ways that protect Earth’s envi-
ronment and its capacity to provide for the needs and aspirations of current and
future generations.

Because people are inspired by ideas, empowered by knowledge, and moved to
change by greater understanding, WRI provides—and helps other institutions
provide — objective information and practical proposals for policy and institu-
tional change that will foster environmentally sound, socially equitable develop-
ment.

WRI organizes its work around four key goals:

« People & Ecosystems: Reverse rapid degradation of ecosystems and assure
their capacity to provide humans with needed goods and services.

+ Access: Guarantee public access to information and decisions regarding
natural resources and the environment.

« Climate Protection: Protect the global climate system from further harm
due to emissions of greenhouse gases and help humanity and the natural world
adapt to unavoidable climate change.

« Markets & Enterprise: Harness markets and enterprise to expand economic
opportunity and protect the environment.

EMBARQ — the World Resources Institute Center for Sustainable Transport —
acts as a catalyst for socially, financially, and environmentally sound solutions

to the problems of urban mobility in developing countries. EMBARQ works
with politically and financially empowered authorities at local and global levels,
reducing the costs, risk, time, and complexity required to diagnose key transport
problems, and design and implement sustainable, “best practice” solutions.

Through the formation of public-private partnerships, EMBARQ has also turned
the attention of the private sector towards the needs of cities, their citizens, and
their environment. EMBARQ has also proven that the design and implementa-
tion of sustainable urban trasnport strategies in the developing countries can
translate into economic opportunities for the forward-thinking business.

Established in 2005, the Center for Sustainable Transport of Brazil and South
America (CTS-Brasil) works with government, civil society, and the private sector
to develop and implement sustainable solutions to challenges of urban mobility
in Brazil and South America. CTS-Brasil is a non-profit, civil society organization,
staffed with experts in transport engineering, environmental science, and com-
munications. CTS-Brasil is an active member of the EMBARQ/WRI Network.



