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This work presents Life Cycle Emissions from the Bus Rapid Transit System (BRT) TransMilenio compared 
to other modes of passenger transportation in Bogota, Colombia®. We applied the life-cycle assess-
ment (LCA) and the well-to-wheels approach. We used the OpenLCA software, the Ecoinvent database 

and all the information available in the city to perform this LCA. The impact category climate change (CO2-eq) 
and emissions of PM2.5, CO and NOx were considered. The functional unit is mass of pollutant per kilometer 
and per passenger transported (mass/km-passenger). Results of this work indicate that public transport buses 
including BRT produce the lowest emissions of CO2-eq, CO and NOx. While the lowest emissions of PM2.5 
were achieved by an electric BRT and buses powered by natural gas. The highest emissions of PM2.5 are given 
by motorcycles and private cars, and taxis present the highest emissions of NOx. Finally, if TransMilenio buses 
change from diesel to electricity, CO2-eq and PM2.5 emissions would be reduced by 86% and 88%, respectively. 
However, these values are lower than reductions achieved when strategies are focused on controlling emissions 
from other vehicle categories. 
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E   ste trabalho apresenta as emissões do sistema de transporte em massa (BRT) TransMilenio, comparado 
com outros meios de transporte de passageiros de Bogotá, Colômbia. A metodologia utilizada foi 
a Análise do Ciclo de Vida (ACV) well-to-wheels. O software e o banco de dados utilizados foram o 

OpenLCA® e o Ecoinvent, respectivamente, além de outras informações disponíveis na cidade. O trabalho 
considerou as categorias de impacto mudança climática (emissões de CO2-eq) e as emissões de PM2.5, CO 
e NOx. Foi utilizada a unidade funcional massa de poluente por quilômetro e por passageiro transportado 
(massa/km-passageiro). O ACV indica que as emissões mais baixas por quilômetro-passageiro de CO2-
eq, CO e NOx são geradas pelo TransMilenio, enquanto os BRT elétricos e os ônibus a gás natural têm as 
melhores emissões de PM2.5. As maiores emissões de PM2.5 são geradas pelas motocicletas, e as emissões de 
NOx são geradas pelos táxis. Finalmente, se os ônibus do TransMilenio mudassem de diesel para eletricidade 
as emissões de CO2-eq e PM2.5 seriam reduzidas em 86% e 88%, respectivamente. No entanto, essa redução 
é pouco significativa quando comparada com a redução que seria conseguida se as estratégias estiveram 
focadas no controle das emissões geradas por outras categorias de veículos.

E ste trabajo presenta las emisiones del sistema de transporte masivo (BRT) TransMilenio, en comparación 
con otros medios de transporte de pasajeros de Bogotá, Colombia. Se empleó la metodología Análisis 
de Ciclo de Vida (ACV) del pozo a las ruedas (well-to-wheels). Se usó el software OpenLCA®, la 

base de datos Ecoinvent y la información disponible en la ciudad. Se consideraron la categoría de impacto 
cambio climático (emisiones de CO2-eq) y las emisiones de PM2.5, CO y NOx. Se utilizó la unidad funcional 
masa de contaminante por kilómetro y por pasajero transportado (masa/km-pasajero). El ACV indica que 
las emisiones más bajas por kilómetro-pasajero de CO2-eq, CO y NOx las genera el TransMilenio, mientras 
que los BRT eléctricos y los buses a gas natural tienen las menores emisiones de PM2.5. Las motocicletas 
generan las mayores emisiones de PM2.5, mientras que los taxis generan las emisiones de NOx. Finalmente, 
si los buses de TransMilenio cambiasen de diésel a electricidad las emisiones de CO2-eq y PM2.5 se reducirían 
en 86% y 88%, respectivamente. Sin embargo, esta reducción es poco significativa si se compara con la 
reducción que se obtendría si las estrategias se enfocaran en el control de las emisiones generadas por 
otras categorías de vehículos.

Palabras clave: Bus de Tránsito Rápido, Emisiones, Cambio climático, Calidad del aire, OpenLCA, Biocombustibles, 
Transporte urbano sostenible. 

Palavras-chave: Ônibus de Trânsito Rápido, Emissões, Mudança Climática, Qualidade do ar, OpenLCA, Biocombustíveis, 
Transporte Urbano Sustentável.

RESUMEN

RESUMO
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1. INTRODUCTION

A Bus Rapid Transit (BRT) system is a comfortable, 
less expensive and flexible passenger transportation mode 
as compared to other modes of public transportation. 
BRT systems are also known as High-Capacity Bus 

Systems; Metro-Bus; Express Bus Systems; and Busway 

Systems or surface metro systems (Wright, 2002). An 
important feature of BRT is that it includes separate 
stations and terminals (Deng & Nelson, 2011; Hidalgo 
& Gutiérrez, 2013; Mejía-Dugand et al., 2013; Wright, 
2002; Zimmerman & Levinson, 2006). One of the most 
popular BRT systems in the world is TransMilenio which 
operates in Bogota since 1999. Some of the benefits 
achieved by this system include: reduction of travel 
time, high capacity compared to other transportation 
systems, reductions in the accident rate and pollutant 
emissions (Deng & Nelson, 2011; Hidalgo et al., 2013). 
Due to the success of TransMilenio, this system has been 
replicated in other cities of the world (Deng & Nelson, 
2011; Duarte & Rojas, 2012; Hidalgo & Gutiérrez, 2013; 
Mejía-Dugand et al., 2013; Sengers & Raven, 2015; 
Wright & Fulton, 2005).

Vehicles powered by internal-combustion engines 
are an important source of air pollutants (Bergthorson 
& Thomson, 2014; Dryer, 2015; Kalghatgi, 2015; 
Turrio-Baldassarri et al., 2006); these pollutants are 
not only emitted by fuel combustion, but also by the 
production and transportation of the energy carrier 
(fuels, biofuels, hydrogen, among others). Life Cycle 
Assessment (LCA) is a methodology used to assess 
and compare the potential environmental impacts of 
the whole production or process chain. LCA assesses 
the potential environmental impacts associated with a 
product or process from resource extraction to usage; 
disposal; recycling or reuse (ISO 14040). LCA have 
been widely used as a tool for assessing the impact of 
various fuels and vehicle energy sources in different 
scenarios (Dinçer & Zamfirescu, 2011; Gao & Winfield, 
2012; García-Sánchez et al., 2013; Geraldes, Acevedo 
& Freire, 2013; Ma et al., 2012; Martínez-González et 

al., 2011; Messagie et al., 2014). LCA for passenger 
transportation is  generally called fuel cycle analysis 
or Well-to-Wheels (WTW) (Gao & Winfield, 2012; 
Messagie et al., 2014). The WTW approach is a specific 
LCA that typically focuses on the energy source or fuel 
used by the vehicles.

Although BRT is deemed a sustainable transportation 
system (Hidalgo et al., 2013; Sengers & Raven, 2015); 
there are few WTW studies including this transit 
system. Some studies focused on quantifying the CO2 
emissions (Baghini, Ismail & Hafezi, 2014; Cui et al., 
2010; Wright & Fulton, 2005). These studies suggest 
to evaluate other pollutants as nitrogen oxides, sulfur 
oxides and particulate matter. Similarly; a few studies 
compare the WTW BRT emissions to other modes of 
passenger transportation. Wright and Fulton (2005) 
analyzed the following transportation methods: car; 
motorcycle; taxi; mini-bus; BRT; cycling and walking. 
They also calculated the economic benefits generated 
from the reduction of CO2 equivalent emissions. Baghini 
et al. (2014) show that BRT offers a high potential for 
the reduction of greenhouse gas emissions; however, an 
evaluation including other pollutants is needed

This work is aimed to develop a WTW LCA for 
the TransMilenio BRT system (diesel-powered) and to 
compare it with other transportation modes used in Bo-
gota: gasoline-powered vehicles (motorcycles; private 
cars and taxis); and diesel-powered vehicles (traditional 
buses). The open source software OpenLCA; the Eco-
invent database and all the information available in the 
city were used to perform this WTW study. Climate 
change impact category and pollutant emissions (PM2.5, 
CO and NOx) were considered. Fossil fuels are blended 
with biofuels in Colombia, therefore emissions from 
the production and use of bioethanol and biodiesel are 
included in this WTW analysis. Alternatives sources 
of energy and fuels were evaluated for all modes of 
transportation (compressed natural gas and electricity). 
The functional units used in this WTW is grams of pol-
lutant per kilometer and per passenger transported (g/
km.passenger).

2. METHODOLOGY

The WTW LCA was performed following the ISO 
14040 and ISO 14044 standards. The impact categories 
considered in this study are Global Warming Potential 
(GWP) and PM2.5, CO and NOx emissions. The 
Ecoinvent database and data from different references 
were used to calculate the life cycle (LC) emission 
inventory. The software OpenLCA (Buitrago-Tello & 
Belalcázar, 2013; Ciroth & Winter, 2014) was used 
to calculate the life cycle inventory. The functional 
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unit chosen is grams of pollutant per km-number of 

passenger transported (g/km.passenger). 

Inventory Data Sources

Inventory data collection and the measurements for 
vehicle emission factors were conducted prior to or in 
2012, therefore the base year for this study is 2012. 
In Bogotá, 93% of the fleet corresponds to gasoline 
vehicles (cars; motorcycles; taxis; etc.); while the 
rest are diesel, natural gas, LPG and electric powered 
vehicles. Traditional buses and BRT (diesel vehicles) 
represent only 1.2% of the fleet. It is important to 
mention here that in this city, motorcycles represent 
about 24% of total vehicles.

BRT buses are only 0.1% of the fleet; and almost all 
of them run on diesel. However, the local authority plans 

to replace these buses by electricity-powered buses. The 
gasoline sold in Bogota contains 10% of ethanol (E10 
blend) and diesel contains 5% of biodiesel (B5 blend). 
These fuels have low content of sulfur compared to the 
rest of the country (300 ppm for gasoline and 50 ppm 
for diesel).

To develop the LCA, representative vehicles were 
chosen from each vehicle category. The local official 
database was used to make this choice. In addition, this 
study also considers alternative energy sources. Here we 
also evaluate natural gas powered vehicles (compressed 
natural gas); and electric vehicles which are rarely used 
in the city.

System Boundaries

 The system boundaries include the whole production 
chain of fossil fuels; biofuels; and electricity: extraction 

Figure 1. System Boundaries for fossil fuels.

Figure 2. System Boundaries for electricity.
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of raw materials; transportation; biomass cultivation; 
production; transportation; distribution and use in the 
vehicle. The systems chosen for the different energy 
sources are represented in Figures 1, 2 and 3.

Biofuels inventory data

 The LC inventory for biofuels (bioethanol and 
biodiesel) was based on references  (CUE, 2012). For 
these systems, an allocation factor was used based on 
the price of each sub-product in the market and the 
quantity produced for each subproduct per kg of biofuel 
(Buitrago-Tello, 2014; CUE, 2012). This study does not 
include the indirect land use change impact generated by 
the crop replacement or displacement of other activities 
to other regions.

Fossil Fuels inventory data

 The Ecoinvent v2.2 (Swiss Centre for Life Cycle 
Inventories, 2010) was used to calculate the LC inventory 
of fossil fuels (diesel, gasoline and compressed natural 
gas). Information about the production of these fuels 
is not easily available in Colombia. Nevertheless, 
results obtained in this study were compared to results 
reported by the Colombian government. In the case of 
the climate change impact category, the results of this 
LCA were about 12% higher than the results reported 

by the Colombian government and thus we conclude we 
can use Ecoinvent to analyze other impact categories.

Electricity inventory data

 Dam construction requires land occupation and 
transformation, besides, water storage is a source of 
biogenic emissions. In Colombia, emissions associated 
with this stage of the electricity production are not 
available. Therefore, the LC inventory data for the 
electricity production were taken from the Brazilian 
production modules available in the Ecoinvent v 2.2 
database. (Swiss Centre for Life Cycle Inventories, 
2010). These data were modified and adapted to local 
conditions according to the contribution of existing 
sources of electricity in Bogota and the region (92% 
hydropower and 8% thermal coal) (Subdirección de 
Energía Eléctrica - Grupo de Generación, 2015). Local 
authorities provided information about emissions from 
the thermoelectric operation. 

Emission Factors

Vehicle exhaust emission factors for the different 
pollutants (CO2; CO; NOx and PM2.5) were provided 
by the local environmental authority (SDA, 2010). Fuel 
consumptions for each vehicle were calculated from 
measured exhaust emission factors, the carbon content 

Figure 3. System Boundaries for bioethanol and biodiesel.
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of the fuel and a carbon mass balance (UPME, 2003). 
(Table 1).

Vehicles Occupancy

In order to compute emissions per passenger 
transported, it is necessary to define the number 
of passengers that a vehicle is able to transport 
(number of passengers/vehicle). Information about real 
occupancy is difficult to estimate and is not available 
in the city. Public transportation systems in Bogota 
are overcrowded at rush hour, the rest of the day these 
vehicles usually transport passengers at their design 
capacity. Some estimates indicate that at peak hour 
public buses transport 25% more passengers than their 
design capacity (Concejo de Bogotá D.C., 2012). In this 
study, we first evaluated vehicles in terms of their design 

capacity; this corresponds to the maximum capacity 
reported for each vehicle type. Vehicular occupancy in 
taxis approaches 3 passengers (not including driver) and 
the design capacity of an articulated bus from the BRT 
system is 160 passengers (Table 1). We also conducted a 
sensitivity analysis to evaluate the impact of the number 
of passengers transported on the results. In the case of 
light duty vehicles, we estimated emissions at their 
design and minimum occupancy (only one passenger). In 
the case of public transport buses, we evaluated vehicles 
at their design occupancy and 25% overcrowding. 

3. RESULTS

Figure 4 shows the well-to-wheel CO2-eq emissions 
from selected energy sources/vehicle categories. This 

Electric car
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NG: natural gas; BRT: Bus Rapid Transit; B5: blend 5% biodiesel-diesel; E10: blend 10% bioethanol-gasoline; TWC: Three-way catalyst.
a. Exhaust emission factors for a Bus CNG 120 passengers, BRT TransMilenio B5 and motorcycles 4T (<150 cm3 and> 150 cm3) were provided by the local environmental authority
    (Bogota, Colombia)
b. Fuel consumptions for each vehicle were calculated from measured exhaust emission factors, the carbon content of the fuel and a carbon mass balance (UPME, 2003).
    Fuel economy for an electric car (Donateo et al., 2014); BRT Electric (BYD Motor Colombia SAS, ap. 2013).

Vehicles
Exhaust emission factors (g km-1) 

(SDA, 2010)a Fuel Economy b

Design 
vehicle 

occupancyVehicle
Category

Classification
Criteria

Energy
Source

CO2 CO NOx PM2.5 unit

Table 1. Emission Factors; Fuel economy and vehicle occupancy used in this study
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Figure 4. Well-to-wheel CO2-eq emissions from selected energy sources of the vehicle categories. (kg/km-passenger). NG: natural gas; BRT: Bus 
Rapid Transit; B5: blend 5% biodiesel-diesel; E10: blend 10% bioethanol-gasoline; TWC: Three-way catalyst.

figure shows emissions in the different stages of the 
LCA: Electricity production from coal, Hydroelectric 

power, Bioethanol, Gasoline, Natural Gas, Biodiesel, 

Diesel production and the Vehicle operation. In this 
case, the functional unit is g CO2-eq /1 km- passenger 
transported at design capacity of the vehicle. Light duty 
vehicles are the vehicle categories that generate the 
highest CO2-eq emissions per km- passenger transported. 
In this category, taxis running on gasoline (E10) and 
natural gas (NG) are significant. The vehicles with lower 
CO2-eq emissions are current TransMilenio buses (BRT-
TM B5) followed by traditional public service buses 
(bus B5). If BRT electric buses were implemented in 
Bogota a reduction of 86% in CO2-eq would be achieved. 
Furthermore, the implementation of electric passenger 
vehicles would significantly reduce emissions from this 
category.

Figure 5 shows the PM2.5 emissions per km-passenger 
transported. In this case, the production of the energy 
source (electricity, fossil fuels and biofuels production) 
show a significant contribution for most of the light 
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duty vehicles, reaching a maximum value of 91% of 
the emissions.

It is important to highlight that the main source of 
PM2.5 for the bioethanol production is the Sugar cane 
field burning before harvesting (pre-harvest burning). 
Motorcycles emissions are well above emissions 
from all vehicle categories; most of these emissions 
are released during the operation stage. In contrast, 
emissions from other light duty vehicles are released 
during the gasoline production stage. Buses from the 
traditional system are also an important source of PM2.5. 

Current BRT and vehicles running on natural gas are 
the vehicle categories that produce the lowest PM2.5 
emissions. If BRT electric buses were implemented 
in the city, PM2.5 emissions would drop about 88%. 
However, much more significant reductions would be 
achieved if motorcycles are replaced by other modes 
of transportation. 

The well-to-wheel CO analysis indicates that most 
of the CO emissions are produced during the operation 
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Figure 5. Well-to-wheel PM2.5 emissions from selected energy sources of the vehicle categories. (mg/km-passenger). NG: natural gas; BRT: Bus 
Rapid Transit; B5: blend 5% biodiesel-diesel; E10: blend 10% bioethanol-gasoline; TWC: Three-way catalyst. 

Figure 6. Well-to-wheel CO emissions of selected energy sources of the vehicle categories. (g/km-passenger). NG: natural gas; BRT: Bus Rapid 
Transit; B5: blend 5% biodiesel-diesel; E10: blend 10% bioethanol-gasoline; TWC: Three-way catalyst. 
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stage (Figure 6). Emissions generated in stages prior to 
combustion reach as much as 6% of the total. Passenger 
cars >1400 c.c. produce the highest CO emissions. 
Current BRT CO emissions are near to light duty 
vehicles with TWC. Electric vehicles show a significant 
reduction in CO emissions.

Figure 7 shows the well-to-wheel NOx emissions. 
In this case, most of the emissions are produced during 
the operation stage for all the vehicles considered. Light 
duty vehicles, particularly taxis running on gasoline 
and natural gas, produce the highest NOx emissions. It 
is worth noting that NG powered taxis emit more NOx 
than E10 taxis. Current BRT buses, generate lower 
NOx emission per Km per passenger. Similarly, electric 
vehicles also produce the lowest emissions (electricity 
mix 92% hydropower and 8% thermal coal). 

Figure 8 shows a sensitivity analysis performed 
to assess the impact of vehicle occupancy on the 
WTW emissions. This analysis show light duty 
vehicles emissions are more sensitive to the number 
of passengers transported, public transport buses show 

a smaller variability and thus are less sensitive to 
vehicle occupancy. Light duty vehicles generate the 
highest emissions even if they transport passengers at 
their maximum capacity. Current B5 BRT is one of the 
vehicles that generate lower emissions. This analysis 
also shows that electric BRT and NG buses have the 
lowest level of emissions. Electric BRT emissions are 
even smaller than the emissions produced by an electric 
car.

In summary, the BRT system, NG buses and specially 
the electric BRT produce the lowest WTW emissions. 
In this case, the use of electrical vehicles represents a 
sizable reduction in emissions, since most of the energy 
provided in Colombia comes from hydropower. Recent 
studies report similar results (Gao & Winfield, 2012).

4. CONCLUSIONS

●  In this study, a well-to-wheel LCA for the BRT 
system operating in Bogota was developed. We also 
compared this system to other modes of transportation 
used in the city. Results of this work indicate that 

Figure 7. Well-to-wheel NOx emissions from selected energy sources of the vehicle categories. (g/km-passenger). NG: natural gas; BRT: Bus Rapid 
Transit; B5: blend 5% biodiesel-diesel; E10: blend 10% bioethanol-gasoline; TWC: Three-way catalyst. 
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Figure 8. Impact of vehicle occupancy on the estimated WTW emissions. Light duty vehicles: emissions were estimated at design and minimum 
occupancy (only one passenger). Public transport buses: emissions were estimated at their design occupancy and 25% overcrowding. NG: natural gas; 
BRT: Bus Rapid Transit; B5: blend 5% biodiesel-diesel; E10: blend 10% bioethanol-gasoline; TWC: Three-way catalyst.

light duty vehicles produce the highest emissions 
per kilometer and per passenger of all the pollutants 
considered in this study. A sizable portion of PM2.5 
emissions from light duty vehicles are produced in 
stages prior to the vehicle operation, mostly in the 
gasoline and bioethanol production. However, most 
of the CO2-eq, CO and NOx emissions are produced 
during the operation of the vehicle. Our results also 
indicate that public transport buses produce lower 
pollutant emissions per kilometer and passenger 
transported. If current BRT buses (diesel powered) 
are replaced by electric buses, significant reductions 
on pollutant emissions may be achieved (CO2-eq: 86%; 
PM2.5: 88%; CO 99% and NOx: 97%). However, 
strategies should first focus on the control of light 
duty vehicle emissions. Emissions from these 
vehicles are very sensitive to vehicle occupancy, 
therefore an increase in vehicle occupancy may cause 

some emission reductions for all light duty vehicles 
except for motorcycles. Despite motorcycles are an 
affordable and convenient mode of transport, our 
results show that they have a significant impact on 
air quality and thus policymakers should control the 
increased use of this mode of transportation. Finally, 
the results of this study confirm that BRT systems are 
an effective and sustainable transportation method 
and their use should continue spreading to other cities 
of the world.
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