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E x e c u t i v e  S u m m a r y

The state of Querétaro, located in the central region 
of Mexico, has seen a steady population increase 
in recent years as a result of favorable economic 

growth and proximity to Mexico City. The municipality  
of Querétaro, the principal urban center in the state where 
most of the economic activity, services and jobs are con-
centrated, is planning to implement a Bus Rapid Transit 
(BRT) corridor with the goal of reducing congestion and 
providing a more efficient public transportation service to 
the citizens of Querétaro.

The US Environmental Protection Agency contracted 
EMBARQ - The WRI Center for Sustainable Transport -  
to provide technical assistance to the government authori-
ties of Querétaro. EMBARQ worked closely with local 
partners to estimate the impact of the BRT corridor on 
local and global emissions by evaluating the introduction 
of alternative fuels and emission control technologies in 
the BRT trunk route fleet; the reduction of the overall bus 
fleet by half its size; and the removal of the oldest buses 
and those operating on gasoline and liquid petroleum gas. 
This study provides an estimate of the emissions resulting 
from the current bus network and the expected emission 
reductions from six different BRT project scenarios.

The results of this study indicate that the introduction 
of the BRT corridor and improved efficiency of the bus 
network could yield extensive emissions reductions from 
Querétaro’s bus fleet. Emissions of CO2 are projected to 
fall by more than 85% from the current level - 165,220 
tons per year - to an estimated 21,819 tons. Emissions 
of criteria pollutants are also projected to dramatically 
decrease between 80 and 95%. Clearly, the potential 
gains in economic and health terms are considerable. 
The projected reductions are made possible by carefully 

mapping transport capacity to demand, thereby allowing 
for the removal of almost half of the buses from opera-
tion. The first buses to be retired would be the oldest 
and most polluting. Thus, not only would there be fewer 
buses in operation, but these buses would each cover on 
average 64% fewer kilometers per year than those of the 
existing fleet. 

Conversely, while all the scenarios yield dramatic ben-
efits, there is not much difference between them. While 
different fuel and engine choices do perform somewhat 
better than others on individual pollutants, these dif-
ferences are typically on the order of 10% and no single 
choice performs better than the others across all pollut-
ants. The reason for this small variation between the BRT 
scenarios is that the alternative fuels and emission control 
technologies, which were the distinguishing feature be-
tween the scenarios, were only applied to 18 buses operat-
ing on the trunk route. The 18 buses will run 4,444 km 
per year, the equivalent of 4% of the total distance to be 
traveled on city’s bus system. 

Given the costs of switching fuels and the relatively 
small benefits from doing so for a limited fleet, the project 
team recommends that the introduction of the BRT cor-
ridor be linked with a particular focus on improving the 
entire system’s efficiency and the use of the available 350 
ppm sulfur diesel throughout the fleet. Diesel with lower 
sulfur content (15 ppm) was to be made available in Sep-
tember 2007, and the use of this upgraded fuel should be 
kept under consideration. Further study would be needed 
to estimate the benefits to be gained by adopting alterna-
tive fuels and emission control technologies across the 
whole city’s bus fleet, but that analysis is beyond the scope 
of this report.
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Introduction, objectives and scope

All over the world, transportation projects are chang-
ing the way people and goods move, with direct 
and indirect impacts on global and local air pollut-

ant emissions. A growing body of evidence points to the se-
rious adverse effects of motorized transportation on health 
and climate change. In 1992 the United States signed the 
U.N. Framework Convention on Climate Change (UN-
FCCC). This international treaty addresses the growing 
problem of anthropogenic greenhouse gas (GHG) emis-
sions. In support of the U.S. government’s participation in 
the UNFCCC, the US Environmental Projection Agency’s 
“Integrated Environmental Strategies” (IES) program 
works with developing countries to promote the analysis 
and local implementation of greenhouse gas-reducing 
policy measures with multiple economic, environmental, 
and public health benefits. In many developing countries, 
including Mexico, transportation is one of the sectors in 
which properly designed policy measures can result in sig-
nificant benefits in multiple areas of public interest. 

The US Environmental Protection Agency (US EPA) is 
currently working with a number of partners on transpor-
tation-related measures in Mexico City and is interested in 
expanding this analysis to other cities in Mexico. In par-
ticular, the Mexican state of Querétaro is presently design-
ing a Bus Rapid Transit (BRT) system for the eponymous 
city of Querétaro. The US EPA contracted EMBARQ - The 
WRI Center for Sustainable Transport - to provide techni-
cal assistance to the government authorities of Querétaro 
in order to estimate the impact on local and global emis-
sions that will result from the introduction of the BRT cor-
ridor system. 

This initiative had additional support from the U.S. 
Agency for International Development (USAID) through 
the project “Coupling GHG Emission Reductions with 
Transport and Local Emissions Management” that envis-
ages the development of a reliable and cost-effective ap-
proach for estimating greenhouse gases and criteria pol-
lutant emissions from transport interventions.

This study provides a snapshot of the emissions from 
the current bus network and compares this to potential 
emission reductions from six alternative BRT project 
scenarios. The criteria pollutants included in this analysis 
were nitrogen oxides (NOx), Hydrocarbons (HC), Carbon 
Monoxide (CO), and Particulate Matter (PM); the green-
house gas analyzed was carbon dioxide, the most signifi-
cant criteria pollutant and greenhouse gas emitted by “on-
road” mobile sources. 

Estimating the direct impacts of projects involving fuel 
or technology switching is relatively straightforward con-
ceptually but still has some major barriers related to data 
reliability. This study does not include emissions resulting 
from the indirect impacts of transport projects, such as 
induced demand, rebound effects, modal shift, or changes 
in origin-destination patterns.

This report is organized into five sections as follows: 

Section 1 – Introduction, objectives and scope. This 
section explains the background, objectives and scope 
of the project, and the organization of this report.

Section 2 – The state and municipality of Querétaro. This 
section describes the current situation and trends of 
the demography, economy, transport and environment 
of the region, together with a brief overview of plans, 
regulations and institutions.

Section 3 – Methodology. This section lists the equations, 
assumptions and data sources used in this study to 
estimate emissions.

Section 4 – Project results. This section discusses and 
analyzes the results.

Section 5 – Conclusions and recommendations. This 
section presents the conclusions and provides 
recommendations for the City of Querétaro.
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The state and municipality of Querétaro

1.	 Projections of CONAPO for 2006 (http://www.queretaro.gob.
mx/sedesu/deseco/esteco/perfeco/qroact/qroact.htm#territorio)

2.	 Projections of CONAPO for 2005 (http://www.queretaro.gob.
mx/sedesu/deseco/esteco/perfeco/municipios/queretaro.htm)

3.	E stimations from SIREM, do not include primary sector. 

Location, population and economy

The state of Querétaro, located in the central region 
of Mexico has a population of 1,615,1181 (Figure 1) that 
is rapidly increasing as a result of favorable economic 
growth and proximity to Mexico City. Adequate basic in-
frastructure, high educational levels and close proximity to 
Mexico City have favored economic growth in the state of 
Querétaro and enhanced its reputation as a good target for 
financial investment.

In 2003 the economic growth of the state of Querétaro 
was 3.5%, compared to the average growth rate of 1.3% for 
the rest of the country. The state of Querétaro is following 
a policy of employment creation and it is expected that the 
inauguration of the international airport will continue to 
support this trend.

The state of Querétaro consists of 18 municipalities, of 
which the municipality of Querétaro, with 745,1892 inhab-
itants (Figure 1), is the principal urban center where most 
of the economic activity, services and jobs are concen-
trated. In 2005, the municipality generated 66.02% of the 
total GDP for the state – 34.8% from manufacturing ac-
tivities, 37.6% from services and 27.7% from commerce3. 

The regions with the highest population densities are 
located on the periphery of the metropolitan region, while 



WRI: Measuring the Invisible

4



WRI: Measuring the Invisible

5

the regions with highest population growth are located in 
the north and northeast of this region. 

Figure 2 shows that the residential areas are located at 
the periphery while commercial services and industrial 
activity are located in the historic center and north-west of 
the city.

Air quality and GHG emissions

At the national level, the Ministry of Health is the govern-
ment agency that establishes air quality standards, while 
the Ministry of the Environment and Natural Resources is 
the agency responsible for setting air quality control regu-
lations such as emissions standards. At the state and local 
level, the Secretariat of Sustainable Development funds 
the air quality monitoring network. 

Querétaro’s 2004 State Development Plan sets the 
framework for state executive activities and contains a 
chapter on Sustainable Development that covers the sub-
ject of Environmental Protection.

Since 2000, Querétaro has been operating a Mobile Air 
Monitoring Unit (UMMA) to provide constant, automatic 
and real-time monitoring of the concentration of ozone, 

sulfur dioxide, nitrogen dioxide, carbon particles and car-
bon monoxide.

To complement UMMA information, five automatic sta-
tions monitor meteorological variables - four are fixed in 
the city of Querétaro and one is mobile. This system has 
been operating since 1987, when it started with four sta-
tions, making it possible to observe air quality parameter 
behavior over a span of almost twenty years.

In addition, Querétaro operates a manual air quality 
monitoring network that consists of seven stations lo-
cated in different points around the city. These stations 
measure, on a weekly basis, concentrations of total sus-
pended particles, sulfur dioxide, nitrates, sulfates and 
certain metals. 

Despite industrial and demographic growth in the outly-
ing areas of the city of Querétaro, the state’s air quality 
generally remains within the limits established by Na-
tional legislation. Only in the case of particular matter is 
Querétaro over the legal limit with 62 µg/m3 annual aver-
age compared to the 50 µg/m3 stipulated in norm [11].

Mexico’s Environmental Report of 2004 states that the 
main cause for air quality degradation in Querétaro is 
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transport, due to its dramatic increase in size from 2003 
onwards. The Mexico National Emissions Inventory of 
1999 [10] shows that transport is the main contributor of 
carbon monoxide while area sources are the main con-
tributor of PM10 and PM2.5, and a significant contributor 
of CO and VOC (volatile organic compounds) Natural 
sources are the main contributors of VOC (Figure 3).

Mobile sources include exhaust emissions from mo-
tor-vehicles that travel on roadways, such as private auto-
mobiles, motorcycles, taxis, buses and heavy-duty diesel 
trucks, as well as non-road mobile sources such as exhaust 
emissions from agricultural and construction equipment.

Area sources are small industrial facilities that are not 
classified as point sources; dispersed activities such as dry 
cleaners and disposal of consumer solvents; and fugitive 
sources of particular matter such as agricultural tilling, 
vehicle travel on unpaved roads, and windblown dust.

Natural sources include vegetation and soils.

Querétaro does not have a city-specific emission inven-
tory but the Mexico National Emissions Inventory of 1999 
provided the estimation illustrated in Figure 4 and 5. 

Figure 4 shows that light-duty gasoline vehicles (LDGV) 
are the main mobile motor source of carbon monoxide 

and volatile organic compounds in Mexico, followed by 
light-duty gasoline trucks (LDGT) and then heavy-duty 
gasoline vehicles (HDGV). The main mobile motor source 
of nitrogen oxides are the heavy-duty diesel vehicles 
(HDDV), followed by LDGV and LDGT.

Figure 5 show that the main mobile source emitter of 
PM10 and PM2.5 in Mexico are the heavy duty diesel ve-
hicles (HDDV) followed by the light-duty gasoline vehicles 
(HDGV) and the heavy duty gasoline vehicles (HDGV). 
LDDTs are light-duty diesel trucks, LDDV are light-duty 
diesel vehicles, and MCs are motorcycles.

Transportation 

At the national level, the Secretariat of Social Development 
(SEDESOL) is the government agency responsible for 
public transportation and urban planning. At the state lev-
el, the Secretariat of Public Security is in charge of public 
transportation and traffic management and the Secretariat 
of Urban Development and Public Works oversees urban 
planning. At the local level the Secretariat of Public Works 
is responsible for traffic planning and design; the Secre-
tariat of Sustainable Development is in charge for urban 
planning; and the Secretariat of Municipal Public Security 
oversees traffic management.



WRI: Measuring the Invisible

7

Table 1	V ehicles available (or in 
circulation) in Querétaro

Vehicle 
Type Number of Units 

Cars 147,466 

Buses 1,519 buses; 1,290 of which in service in 108 
routes. Length of all routes is 3,700 km and 
the distance travel in peak time (7:30-8:30am) 
is 24,763 km. [5]

Trucks 61,189

Motorcycles 4,406

Taxis 3,895

Source: Secretariat of Urban Development and Public Works of State of 
Querétaro; 2006.

Historically, transportation services in the State of 
Querétaro have evolved in an unplanned manner, in re-
sponse to the demand generated by new communities 
and cyclical political and social pressures. Table 1 gives an 
overview of the transport services currently available in the 
city of Querétaro. 

It should be noted that different sources of information 
report different data. For example, the operators of the 
fleet report having a total of 1,763 units while the Govern-
ment State Secretary reported 1,519 units in the conces-
sions circulating in the Metropolitan Region of Querétaro. 

Some of the operators reported more units than the ones 
registered in the Directorate of Transportation (FTEQ re-
ported 59% more units than the registered, while ACSA 
reported a difference of almost 85%). In total there is a 
difference of 244 units or 16% more than the registered. 

In this study we have chosen to use the official data pro-
vided by the Ministry of Urban Development and Public 
Works of the State of Querétaro.
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Data shows that 64% of all trips are done by buses. 
There are currently no metro or suburban railways. 
Though the city center has pedestrian avenues, there is 
currently no non-motorized transportation system. There 
are no parking policies in place nor vehicle restrictions 
to the city center. Trucks are prohibited from driving in 
certain districts and on some of the city’s main arteries. 
Figure 6 shows the upward trend in vehicles registered in 
the state and municipality of Querétaro. 

Presently there is a series of excessively long and wind-
ing bus routes that overlap and congest the main roads 
leading into the downtown area. There is a low bus utiliza-
tion rate (2.1 passengers carried per bus kilometer), the 
bus fleet has very old vehicles and the fuels used are diesel 
350 ppm sulfur, gasoline and liquid petroleum gas (LPG). 
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Modeling of the current transportation system (5) showed 
that, for the period of peak demand between 7:30-8:30 AM.:

n	T he average travel time is 23 minutes;

n	T he average time taken by a bus to complete a route is 
77 minutes (average length is 17km); 

n	A n estimated 4,500 or 16% of the users transfer during 
the period of highest demand.

Given this state of affairs, the Transportation Plan for the 
Metropolitan Region of Querétaro developed by the State 
Government in 2004 includes operational, functional, 
physical, financial and organizational measures with the 
aim of guaranteeing a high capacity and quality trans-
portation service capable of achieving the following main 
objectives: 

n	 Improve public transportation service quality 

n	G uarantee service profitability

n	H ave a centralized fare collection system

n	 Protect the environment

n	 Improve the urban landscape

n	 Promote the use of alternative forms of transportation 
and the replacement of the automobile with public 
transportation

The Transportation Plan for the Metropolitan Region 
of Querétaro is congruent with the transportation policy 
outlined in the 2004-2009 State Development Plan and 
revolves around the basic idea of an integrated transporta-
tion system in terms of operation and fares, structured 
around a set of transportation corridors (Bus Rapid Transit 
- BRT) using preferential or exclusive lanes and a set of 
auxiliary and complementary feeder routes. 

The leadership of the project is in hands of the Director 
of Transport of the State Government. The governor of 
the state has allocated an initial capital of USD 16 million 
for infrastructure costs. The business model for the BRT 
system anticipates that the private sector will be respon-
sible for purchasing the required new buses as well as for 
the operations and maintenance costs of providing transit 
services under the new system. Querétaro’s legislature is 
contemplating the reform of the transportation law in or-
der to include regulations to favor the implementation of 
the new system.
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4.	N ote that we assumed that the transportation system would be 
operational 312 days per year (6 days per week, 52 weeks per 
year).

3

Methodology

Calculating the baseline and  
post-project emissions

The baseline and project emissions scenarios of criteria 
pollutants - carbon monoxide, nitrogen oxides, particulate 
matter with aerodynamic diameter less than 10 and 2.5 
microns – and carbon dioxide from the trunk route of the 
BRT corridor were calculated using Equation 1.

Ep = Vehicle emissions of pollutant p [ton/yr]

Nvf = Number of vehicles by vehicle model and fuel type 
[#]

VKTvf = Annual4 average km traveled by vehicle model and 
fuel type [km/yr]

EFvf = Emission factor for contaminant by vehicle model 
and fuel type [g/km]

The carbon dioxide emissions from the baseline scenar-
io and from the feeding, auxiliary and remaining routes of 
project scenarios were calculated using Equation 2.

ECO2 = Vehicle emissions of CO2 [ton/yr]

Nvf = Number of vehicles by model and fuel type [#]

VKTvf = Annual average km traveled by vehicle model and 
fuel type [km/yr]

ηvf = Fuel efficiency by vehicle model and fuel type [km/l]

EFvf = Emission factor for CO2 by vehicle model and fuel 
type [g/l]

These two equations were used because the emission 
factors available for the existing and new vehicle technol-
ogy were given in different units – g/km and g/l. 

Baseline data sources and assumptions

EMBARQ and CTS-Mexico liaised with the Secretariat 
for Urban Development and Public Works of State of 
Querétaro to obtain and discuss data pertaining to the size 
and characteristics of the present bus fleet and network. 
EMBARQ and CTS-Mexico used the emission factors and 
fleet fuel efficiency data from Mexico City, as discussed in 
more detail below. 

Table 2 summarizes the data needs and sources for the 
calculation of emissions from the baseline scenario.
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Table 2	S ummary of emissions 
baseline data needs and  
data sources

Data Needs
Data 
Source

Number of vehicles by vehicle model and fuel 
type

Querétaro [2]

Annual average km traveled by vehicle model 
and fuel type [km/yr]

Querétaro [1]

Fuel efficiency by vehicle model and fuel type 
[km/l]

SENES [6]

Emission factor for CO2 by vehicle model and 
fuel type [g/l]

INE [4]

Emission factor for criteria pollutant by vehicle 
model and fuel type [g/km]

MC 
Emissions 
Inventory [3]

The municipality of Querétaro prepared two databases 
[1 & 2] based on surveys of the operators which provided 
information on the current (baseline) situation:

n	 Database 1 provided the length of routes and number 
of cycles per operating company which enabled the 
calculation of an average of 250.21 kilometers traveled 
per day per vehicle for the whole fleet. It was not 

possible to obtain the number of kilometers traveled by 
fuel type and vehicle model year.

n	 Database 2 provided an itemization of the vehicles 
per operating company with information about each 
vehicle’s model, fuel type and number of seats. This 
database enabled the calculation of the number of 
vehicles per vehicle model year (Figure 7), fuel type and 
the categorization of vehicles in autobuses (> 36 seats) 
and minibuses (< 35 seats), which was important since 
the emissions factors varied according to the vehicle 
model year, fuel used and vehicle size. 

The calculation of emissions for the baseline scenario 
used emissions factors from the Emissions Inventory for 
the Metropolitan region of Mexico City of 2004 [3]. 

The emission factors for hydrocarbons (HC), carbon 
monoxide (CO) and nitrogen oxides (NOx) were developed 
based on Mobile 5 - Mexico and on the Greenhouse Gas 
Inventory Reference Manual Volume 3 of the Intergovern-
mental Panel on Climate Change (IPCC). 

The Mobile 5 - Mexico is a model developed by the US 
EPA and modified for the conditions in the various Mexi-
can regions. This model gives emissions factors for diesel 
and gasoline vehicles. The IPCC manual gives emissions 
factors for vehicles using liquid petroleum gas and com-
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Table 3	S ummary of BRT project emissions data needs and data sources

Data Needs Data Source

Number of vehicles by vehicle model and fuel type Transconsult for trunk route [5]; Querétaro for other routes [2]

Annual average km traveled by vehicle model and fuel type 
[km/yr]

Transconsult for trunk route [5]; Querétaro for other routes [1]

Fuel efficiency by vehicle model and fuel type [km/l] SENES report [6]

Emission factor for CO2 by vehicle model and fuel type [g/l] MC Retrofit and Component 3 tests for trunk route [7, 8]; INE 
for other routes [4]

Emission factor for criteria pollutant by vehicle model and fuel 
type [g/km]

MC Retrofit and Component 3 tests for trunk route [7, 8]; INE 
for other routes [3]

pressed natural gas. The emission factors for particulate 
matter (PM10 and PM2.5) were developed based on Mo-
bile 6 – Mexico and from the Heavy Duty Diesel Vehicle 
Testing for the Northern Front Range Air Quality Study.

Mobile 5 – Mexico and Mobile 6 – Mexico emission fac-
tors are suitable for cities with altitude equal and superior 
to 1,577meters (5,500ft) [3]. Querétaro is at an altitude 
of 1,813 meters (5,948 ft).The project team organized 
Querétaro’s bus fleet by the number of seats and used the 
emission factors for minibuses and autobuses provided 
in the Emissions Inventory for the Metropolitan region of 
Mexico City of 2004 [3].

BRT scenarios Data sources and  
assumptions 

EMBARQ and CTS-Mexico liaised with the Secretariat for 
Urban Development and Public Works of State of Queré-
taro to define the BRT project scenarios. The emission 
factors used for the fuel and technology used in the trunk 
route of the BRT corridor were compiled from fuel and 
vehicle and emissions-control technology testing cam-
paigns done in Mexico City. The emission factors used to 
estimate the emissions from the other routes – feeding, 
auxiliary and remaining – were compiled from the Emis-
sions Inventory for the Metropolitan region of Mexico City 
of 2004 [3]. Table 3 summarizes the data sources for the 
calculation of emissions for the BRT scenarios.

The municipality of Querétaro provided access to the In-
tegrated Plan of Public Transport in the Metropolitan Re-
gion of Querétaro, which was developed by Transconsult, 
S.C. for the State of Querétaro government authorities. 
This plan used a diagnostic of the public transportation 
system for the metropolitan region of Querétaro which 

was in turn undertaken based on the information com-
piled by the Science and Technology Council for the State 
of Querétaro (Consejo de Ciencia y Tecnologia del Estado 
de Querétaro – CONCYTEQ). 

The evaluation of alternative routes for the BRT sys-
tem was done using the model for transport planning 
EMME/2. This software enables the use of bins for the 
analysis of public transport and road supply alternatives, 
combined with the respective current and forecast de-
mand. The Integrated Plan of Public Transport in the Met-
ropolitan Region of Querétaro does not look at the impact 
of the BRT on private vehicles so this feature of the model 
was not used. 

The model of demand was calibrated based on current 
conditions and had a good confidence level. The modeling 
or simulation process of the current situation (baseline 
scenario for 2004) was done only for the demand peak 
hour (7:30-8:30 am). This was the period of the day when 
CONCYTEQ carried out the origin-destination survey. 

As a result of this modeling exercise Transconsult, S.C. 
proposed the two-phased development of a BRT system in 
the “Integrated Plan for Public Transport” (Plan Integral 
de Transporte Colectivo). The first phase addresses the 
routes of highest demand by designing a principal trunk 
route - “Ruta Troncal Paza del Sol – Centro”. The second 
phase envisions the creation of 3-4 additional trunk routes 
by 2015. 

The 10 kilometer Plaza del Sol-Centro transportation 
corridor is a major step towards the modernization and 
integration of the public transportation system in the 
Querétaro Metropolitan Zone (Figure 8).



WRI: Measuring the Invisible

13

Table 4	BRT  corridor data and 
assumptions

Indicator

Length 10 km

Terminals 2

Stations 14

Bridge for vehicles 1

Passengers/day 60,000

Passengers/peak hour  5,000

Trunk articulated buses in 
operation

18

Diesel performance 18.60 gallon/100km

Source: Secretariat of Urban Development and Public Works of State of 
Querétaro; 2006.

The North-South section of the corridor runs along an 
avenue that once was the main thoroughfare for freight go-
ing to and from the light and heavy industry located in that 
area. Now the freight vehicles are routed around the city 
and many of the industrial parks are abandoned or for sale. 
Housing developments are springing up to outside of this 
corridor, with a low-income sprawl pattern. It is necessary 
to estimate the avoided costs to the state if the next wave of 
housing could be developed along the corridor, thus avoid-
ing further sprawl to the North and West of the city. 

The corridor area already has water, natural gas and sew-
age infrastructure, while the sprawl area does not. From 
this basic estimate of infrastructure cost savings, we could 
go to the next step of developing a basic urban redevelop-
ment plan for the corridor based on mixed-use land devel-
opment along the main part of the corridor.

Querétaro’s BRT will be a feeder-trunk system. The trunk 
will be used exclusively by buses while the feeder routes 
(feeding, auxiliary and complementary/remaining routes) 
will not be used exclusively by buses. The first phase of the 
“Integrated Plan for Public Transport” (Plan Integral de 
Transporte Colectivo) that will be implemented in the first 
semester of 2007 will have the following route structure:

1 trunk route that will go from El Tanque, in the city 
center, to Plaza del Sol in the extreme north west of the 
city (Av. Zaragoza, Av. 5 de Febrero and Av. Del Sol until 
approximately 800 meters after the intersection with Av. 
Témpano. An integration terminal is being proposed for 
construction in Plaza del Sol. A transfer station is being 



WRI: Measuring the Invisible

14

proposed for construction in Vitro to enable the modal 
shift from feeder routes from the north of the city and the 
suburban routes from San Luis Potosi highway. The trunk 
route will operate articulated or accordion buses with a 
nominal capacity of 150 passengers (53 seats) or buses 
with capacity for 90 passengers (36 seats). 

4 auxiliary routes to provide support service to the trunk 
route in order to serve areas of high demand. Both the 
demand and physical conditions of the city do not justify 
the construction of additional trunk routes. A condition is 
that the auxiliary routes are part of the integrated system 
(including tariffs). The auxiliary routes will operate buses 
with capacity for 75 passengers (38 seats).

n	 Plaza del Sol to bus terminal via Av. Bernardo 
Quintana. Goes through the industrial zone of Benito 
Juarez. 

n	 Plaza del Sol to Plaza del Parque via Av. Bernardo 
Quintana until the bridge of Av. Corregidora, where 
they return back. 

n	 Plaza del Sol to Corregidora, via Av. De la Revolucion, 
Av. 5 de Febrero and Av. Universidad, hasta Av. 
Corregidora, where they return back. 

n	 Plaza del Sol to Pasteur Sur, via Av. De la Revolucion, 
Av. 5 de Febrero and Mexico- Querétaro highway and 
Av. Pasteur Sur until the ISSSTE clinic in the Aztec 
colony. 

15 feeding routes that enable the transfer of users onto 
a terminal or onto an integration station in order for them 
to take the trunk route. The feeding routes will operate 
minibuses (30 passengers) or buses (50 passengers) de-
pending on the demand for each of the routes.

n	A -3, Plaza del Sol - Monte Atlas	 

n	A -4, Plaza del Sol – Tzetzales	  

n	A -9, Plaza del Sol – Cactus	  

n	A -10, VITRO – Jiriquilla	  

n	A -11, VITRO – Jurica	  

n	A -12, VITRO – Santa Rosa	  

n	A -13, VITRO – Fray Juan de Zumárraga	 

n	A -14, Plaza del Sol – Cerro Minteche	  

n	A -15, Plaza del Sol - Tarahumaras 

n	A -16, Plaza del Sol – Blvd. de la Luz 

n	A -17, Plaza del Sol – Matlazincas 

n	A -20, Plaza del Sol – Av. Colima 

n	A -22, Plaza del Sol – Miguel Hidalgo 

n	A -23, Plaza del Sol – Zona Industrial 

n	A -24, Plaza del Sol – Revolución 
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47 remaining or complementary routes provide service 
in the city but are not integrated with the tariff structure 
of the BRT system (although they may be physically inte-
grated at some points in order to facilitate the transfer of 
passengers). The remaining or complementary routes will 
operate minibuses (30 passengers) or buses (50 passen-
gers) depending on the demand for each of the routes. 

The choice of articulated or non-articulated buses was 
made using a reference demand of 1,800 passengers per 
hour on the busiest route and direction. For this volume 
it is possible to guarantee intervals of 5 minutes between 
vehicles. Note that the operational design was developed 
based on lower than maximum bus capacities due to users 
being accustomed to excess demand. Table 5 shows the 
bus capacity used in the operational design [5].

In total, the implementation of the Plaza del Sol-Cen-
tro transportation corridor requires the use of only 681 
units - one half of the units that are being used today in 

Table 5	F leet dimension and trip frequency in peak hours and distance 
traveled daily

Route type # Vehicles Passenger per unit Trips/hour Km/day 

Trunk 18 articulated buses 120 20.45 4,444.16

Auxiliary 39 autobuses 60 32.47 7,145.07

Feeder 115 Mini bus 40 107.78 21,482.48

Remaining 509 Mini bus 40 208.1 81,995.73

Table 6	B us technology and fuel type used in BRT scenarios

ScenARIO Bus technology used in trunk route Fuel and emission control technology used

Trunk route
Feeding, auxiliary, 
remaining routes 

1 Scania (MB), 18m articulated, EURO III Diesel, 350 ppm sulfur Diesel, 350 ppm sulfur

2 Scania, 18m articulated, EURO III Diesel, 50 ppm sulfur Diesel, 350 ppm sulfur

3 RTP 3 (MB Torino), 12m, EPA98 Diesel, 50 ppm sulfur, DPF Diesel, 350 ppm sulfur

4 MB 11, 11.4m, EPA98 Diesel, 15 ppm sulfur Diesel, 350 ppm sulfur

5 FAW, 16m, EPA2004 Compressed Natural Gas (CNG) Diesel, 350 ppm sulfur

6 Electrabus, 12m, EUROII Hybrid series, Diesel 15 ppm Diesel, 350 ppm sulfur

7 Allison, 12m, EPA2004 Hybrid parallel, Diesel 15 ppm, 
DPF

Diesel, 350 ppm sulfur

the metropolitan region of Querétaro. In addition, the 
government authorities of Querétaro are planning to re-
move from the fleet the oldest buses and those currently 
operating on liquid petroleum gas or gasoline. This study 
will discuss the resultant implications for capital and op-
erational costs and the indirect social and environment 
impacts gained by these changes (less fuel consumed, 
fewer emissions). Table 6 shows the bus technology and 
fuel type used in the BRT scenarios. 

The fuel types selected for the BRT corridor were de-
fined following the specification of the Secretary of Urban 
Development and Public Works of State of Querétaro. The 
bus technology mentioned in Table 6 for the fleet operat-
ing on the trunk route was the one used in testing cam-
paigns in Mexico City to derive emission factors for the 
various fuel and emission control technologies. The bus 
technology used in the feeding, auxiliary and remaining 
routes is a selection of the youngest diesel buses running 
on the current bus fleet.
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4

Project results and analysis

The data analysis show that for the baseline scenario, 
the diesel vehicles had the highest per unit contribu-
tion of particulate matter and nitrous oxides, while 

gasoline vehicles had the highest per unit contribution of 
hydrocarbons and carbon monoxide. The vehicles with 
higher emissions of carbon dioxide were the ones operat-
ing on liquid petroleum gas, followed closely by the diesel 
vehicles and finally by the gasoline vehicles. (Figure 9)

The contribution of the vehicles operating on gasoline and 
liquid petroleum gas is overshadowed by the much higher 
numbers of diesel vehicles, as illustrated by Figure 10.

Table 7 summarizes the results for overall emissions 
from the baseline and with-BRT corridor scenarios.
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average of 21,819 tons of CO2 per year. On the other hand, 
the differences between the six BRT project scenarios are 
not significant. 

Figure 12 shows that the introduction of the BRT corri-
dor and associated optimization of bus network efficiency 
will lead to similar dramatic reductions in criteria pollut-
ant emissions, while the variation of emissions between 
the BRT projects scenarios will not be so significant. 

Note that there was no emission factor for total hy-
drocarbons (HCT) and PM 2.5 for the articulated buses 
operating on the trunk route. Therefore the results for 
the BRT scenarios for these pollutants pertain only to 
the emissions from the feeding, auxiliary, and remaining 
routes. This explains the fact that for the BRT scenarios 
the emissions for HCT and PM2.5 are the same as illus-
trated in Table 7.

As illustrated in Figure 11 the introduction of the BRT 
project and resultant optimization of the bus fleet in the 
municipality of Querétaro will result in a dramatic reduc-
tion in CO2 emissions. The calculations show the potential 
for a decrease from 165,220 tons of CO2 per year to an 

Table 7	Em issions from baseline and with BRT scenarios (tons/yr)

Scenario Description HCT CO NOx PM10 PM2.5 CO2

0 Baseline 404.48 2,274.90 663.07 40.47 35.36 165,220

1 Diesel 350ppm S 24.10 97.91 54.61 6.08 4.74 22,394

2 Diesel 50ppm S 24.10 103.46 47.40 7.61 4.74 22,548

3 Diesel 50ppm with DPF 24.10 95.79 46.52 5.53 4.74 21,312

4 Diesel 15ppm 24.10 97.15 49.34 5.58 4.74 21,258

5 CNG 24.10 98.40 52.02 5.49 4.74 21,814

6 Hybrid series, D15ppm S 24.10 98.61 67.22 5.53 4.74 21,523

7 Hybrid parallel, D 15ppm S, with DPF 24.10 94.45 45.73 5.50 4.74 21,880
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 The dramatic decrease in emissions is achieved by ad-
justing the bus supply to the existing demand and creating 
a BRT trunk-feeder system. Due to these changes, the fleet 
size is reduced from 1290 vehicles to 681 vehicles and the 
daily kilometers traveled are reduced from 322,771 km to 
115,067 km (yielding a total saving of 207,703 km/day) 
This step represents 64% of the emission reductions (Fig-
ure 11). Another important factor is the removal of the old-
est, most polluting vehicles from the fleet, which improves 
the emission factors by an order of magnitude. It is impor-
tant to note that the fate of the old buses has not yet been 
decided. If they are deployed in another city the emissions 
will have been simply displaced rather than eliminated.

The limited variation on emissions between the BRT 
corridor scenarios is a result of the application of the fuel 
improvement and emission control technologies to the 
18 buses operating on the trunk route and running 4,444 
km/day or 4% of the total distance traveled in the BRT 
corridor scenarios. 

When comparing the emissions from the trunk route 
alone we can appreciate more distinctively the potential 
impact of applying alternative fuels and emission control 
technologies (Figure 13).

Figure 13 shows that the buses operating on the trunk 
route with 50 ppm sulfur diesel and retrofitted with DPF 
(Scenario 3) have lower emissions than the buses operat-
ing with 350 ppm sulfur diesel (Scenario 1). The buses op-
erating with 50 ppm sulfur diesel without DPFs (Scenario 
2) have higher PM and CO2 emissions that the buses 
operating with 350 ppm sulfur diesel. This is a result of 
higher emission factors and the source of these indicates 
that there was a contamination of the fuel that could have 
led to this anomaly. [7]

As illustrated by Scenario 5, CNG shows a considerable 
improvement on PM but a less impressive improvement 
on NOx, CO and CO2. 

It should also be pointed out that the hybrid bus operat-
ing with EURO II showed the highest NOx emission lev-
els (Scenario 6), while the hybrid bus operating with EPA 
2004 and retrofitted with DPF showed the lowest NOx 
emissions levels. The Center for Sustainable Transport of 
Mexico, coordinator of the tests that produced the emis-
sion factors used, indicated that the EURO II hybrid expe-
rienced high temperatures in the engine that could have 
caused the significant increase in NOx.
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5

Conclusions and recommendations

The impacts of a transport project can vary greatly 
depending on an array of parameters – distances 
traveled, route design, technology and fuel options, 

etc. A careful impact assessment of these projects, includ-
ing the environmental and health dimensions, is clearly 
important to providing decision makers with a complete 
view of the implications of their investments. The result-
ing changes in local and global emissions can play an 
important role in evaluating the desirability of different 
transport solutions. 

This study shows that improvements to the efficiency 
of the bus network, and to some extent the introduction 
of a Bus Rapid Transit corridor could yield extensive 
reductions in the emissions from Querétaro’s bus fleet. 
Emissions of CO2 would fall by more than 85%, from 
165,220 tons of CO2 per year to an average of 21,819 
tons. Emissions of criteria pollutants also show dramatic 
reductions of between 80 and 95% in every case. Clearly 
the potential gains in economic and health terms are 
considerable. 

These reductions derive mostly from an optimization 
of the bus fleet operation. By more carefully mapping 
transport capacity to demand, a reduction by almost half 
the number of buses currently in operation is made pos-
sible. Since the first buses to be retired will be the oldest 
and most polluting, this results in a large reduction in 
emissions. Not only are there fewer buses in operation, 
but those buses each cover on average 64% fewer kilo-
meters per year than those in today’s fleet. Finally, the 
fuel mix is improved by the elimination of gasoline and 
liquid petroleum gas. It is important to note that the fate 
of the old buses has not yet been decided. If they are de-
ployed in another city the emissions will have been sim-
ply displaced rather than eliminated.

Conversely, while all the BRT scenarios yield benefits, 
there is not much difference between them. While differ-
ent fuel and engine choices do perform better than others 

on individual pollutants, these differences are typically on 
the order of 10% and no one choice performs better than 
the others across all pollutants. 

The reason for this small variation among the scenarios 
is that the alternative fuels and emission control technolo-
gies, which were the distinguishing feature between the 
scenarios, were only applied to the 13–18 buses to be op-
erating on the BRT corridor trunk route. The 13–18 buses 
will run 4,444 km per day or 4% of the total distance to be 
traveled on the BRT system. 

Given the costs involved in switching fuels and the 
relatively small benefits of doing so for a limited fleet, the 
project team would recommend the restructuring of the 
bus fleet and services above all, even if still using diesel 
with 350ppm sulfur content in the fleet.

When diesel with lower content of sulfur (15 ppm) is 
made available, the use of the upgraded fuel and of the 
emission control technologies should be considered for 
the whole fleet. Further study would be needed to esti-
mate the benefits granted by adopting alternative fuels 
and emission control technologies across the whole city’s 
bus fleet, but that is outside the scope of this report.



WRI: Measuring the Invisible

21

The follow-up projects that could be envisaged are:

1.	T he estimation of emissions for the use of alternative 
fuels and emissions control technologies in the whole 
fleet. 

2.	T he estimation of the BRT project impact on the 
surrounding traffic emissions. The BRT corridor will 
require the removal of one lane and the suppression 
of left turns that will induce changes in congestion 
and traffic patterns of the surrounding traffic. These 
effects can lead to behavior changes such as modal 
shift, induced demand, change in travel patterns and 
schedules. The effect of relatively small changes in 
a large number of vehicles can result in significant 
impacts on emissions that can offset the reductions 
achieved with the reduction in vehicle fleets, the 
removal of older vehicles, changes in fuel and vehicle 
technology.

3.	T he forecast of the project impacts on emissions in five 
and ten years’ time.

4.	 Development of a clean-fuel, clean-vehicle, emission 
control technologies decision model to develop cost-
benefit analysis of options.

5.	 Monitoring of passengers and drivers personal 
exposure to hazardous emissions before and after 
the implementation of the BRT corridor to assess the 
impact on their health.
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The World Resources Institute is an environmental think tank that goes beyond research to 
find practical ways to protect the earth and improve people’s lives.

Our mission is to move human society to live in ways that protect Earth’s environment 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 development.

WRI organizes its work around four key goals:

•	 People & Ecosystems: Reverse rapid degradation of ecosystems and assure their capacity to provide humans with 
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•	 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 em-
powered 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, adn their environment. EMBARQ has also proven that the design and imple-
mentation of sustainable urban trasnport strategies in the developing countries can translate into economic opportuni-
ties for hte forward-thinking business. 

The Center for Sustainable Transport of Mexico, A.C. (CTS-Mexico) is a Mexican non-profit, 
non-governmental organization whose mission is to catalyze sustainable mobility solutions 
that improve the quality of life in Mexican cities. CTS-Mexico defines sustainable mobility 
solutions as those that achieve the following outcomes: 1) reduction in emissions of local 
criteria pollutants; 2) reduction in emissions of greenhouse gases; 3) improvement in the 
quality and cost-effectiveness of urban transportation systems; 4) improvement in accessi-
bility, traffic safety and public security; and, 5) improvement in the quality of public space. 

CTS-Mexico’s work falls under the follow strategic areas: a) inclusion of transportation as a fundamental pillar of urban 
planning; b) creation of a high-capacity public transportation system that is efficient, pollutes less, and is safe, comfort-
able and accessible; c) promotion of more rational private car use; d) recuperation of public space and promotion of 
non-motorized transport; e) regulation of freight transport; f) incorporation of clean fuels clean vehicles technologies in 
the transport sector; and, most importantly, g) implementation of Bus Rapid Transit (BRT) corridors as the backbone of 
public transportation in cities of 750,000+ throughout Mexico.
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