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Emission factors for motorcycles 
in developing countries: insights 
and recommendations from a 
Colombian case study

Mónica Espinosa *, Alejandro Piracoca  and Juan Felipe Franco *

Hill Consulting, Bogota, Colombia

Motorcycles in Latin America and the Caribbean have increased by nearly 150% 
since the early 2000s, now accounting for up to 60% of the vehicle fleet in some 
countries. This surge calls for a comprehensive assessment of their environmen-
tal impacts and contributions to local and global pollution. Understanding the 
role of motorcycles in atmospheric pollution is essential for developing effective 
mitigation strategies and informed policies. However, there is a significant lack 
of standardized methods for estimating motorcycle emissions, which hinders air 
pollution analysis and the development of effective control measures. This Brief 
Research Report highlights the urgent need for a systematic analysis of emission 
factors (EFs) for motorcycles used in local inventories. It focuses on developing 
countries, with a Colombian case study that: (i) examines current EFs used in 
official local inventories; (ii) identifies criteria for selecting suitable EFs in cities 
with limited measured data; and (iii) makes recommendations tailored to local 
conditions to ensure consistency across motorcycle categories, technologies, 
and pollutants, illustrated with one applied example. The study underscores the 
importance of improving EFs to establish a stronger foundation for policies aimed 
at improving air quality management in developing regions.
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1 Introduction

Motorcycles in Latin American and the Caribbean have increased by nearly 150% since 
the early 2000s, reaching up to 60% of the total vehicle fleet in some countries (Azzato et al., 
2022; Rodríguez et al., 2020). In Colombia, the average annual growth rate of motorcycles was 
10% between 1990 and 2020 (Rojas et al., 2023), with their share of the vehicle fleet rising from 
23% in early 90s to 62% in 2024 (ANDI, 2024). By 2024, Colombia had over 12 million motor-
cycles and they represented two thirds of all new vehicle registrations (RUNT, 2024).

Several factors influence trends in motorcycle usage. In Colombia, over 90% of motorcycles 
sold are produced locally (ANDI, 2024). Motorcycles are also a more affordable mode of trans-
portation compared to others. Based on a social perspective, motorcycles have not been subject 
to circulation restrictions, are exempt from certain fees, and are benefitted from reduced tariffs 
(Espinosa et al., 2024). These factors have created strong incentives for motorcycle use. 
However, the current role of motorcycles in transportation contradicts the objectives of “sus-
tainable transport” set by national policy. This contradiction arises primarily because the 
increase in motorcycle usage corresponds with a decrease in public transport ridership, and 
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secondly due to their significant contribution to negative externalities, 
such as accidents, air pollution and GHG emissions (Rodríguez et 
al., 2020).

Motorcycles have gained attention in public policy discussions 
due to their involvement in road traffic accidents. Colombia ranks 
as the second country in the Americas for the highest number of 
motorcycle fatalities, with an estimated 40,000 severe injuries 
occurring annually (Global Health Advocacy Incubator, 2025). 
However, the local impact of motorcycles on health issues related 
to air pollution is less well understood. Given the considerable 
number of motorcycles and their usage patterns, it’s essential to 
assess their environmental externalities and effects on both local 
and global pollution levels. Local emission inventories in 
Colombia show that motorcycles might be a significant source of 
air pollution. Their contribution to local pollutants emitted from 
mobile sources is up to 77% of fine particulate matter (PM2.5) and 
83% of volatile organic compounds (VOCs) in urban centers 
(Méndez, 2018b; SDA, 2021). According to the most recent green-
house gases (GHG) national inventory, one quarter of the GHG 
emissions from the transport sector (including freight and pas-
senger categories) are generated by motorcycles (IDEAM, 
Minambiente, DNP, Cancillería, PNUD, Fundación Natura et 
al., 2024).

Understanding motorcycles’ role in atmospheric pollution is cru-
cial for developing effective mitigation strategies and evidence-based 
policies.

Recent studies for Colombia have been incorporating improve-
ments in terms of motorcycles representation in emissions analysis. 
One of the main aspects regarding EFs is the fact that studies present 
an integrated approach for local and global pollutants, other aspects 
are related with a better representation of the variety of motorcycles 
conforming the Colombian fleet, which is relevant to design more 
effective interventions.

Rojas et al. (2023) estimated local and greenhouse gas emissions 
for Colombian road transport sector using high-resolution spatial 
disaggregation and EFs modeled by Copert 5.5.1. The authors 
included motorcycles and modelled EFs aligning model year with 
Euro standards and engine type (2-stroke, 4-stroke). However, the 
study does not analyze the main factors influencing motorcycle EFs 
or their effects on the overall results. It highlights the underrepre-
sentation of motorcycles in modeling efforts, noting that even 
global estimates of Colombian emissions fail to account for their 
contributions. The authors stress the importance of local policy-
makers including motorcycle emissions in their environmental 
strategies.

Cuéllar-Álvarez et al. (2023) presents a review about the studies 
developed from 2007 to 2019 to represent mobile emissions in Bogotá. 
The authors highlight that Colombia, similar to other developing 
countries, lacks standardized and updated systems to obtain emission 
factors. The study developed a well-to-wheel emissions inventory, 
using Copert to estimate direct combustion emissions, adducing its 
advantages to represent better the variety of mobile sources existing 
in Bogota. Motorcycle’s EFs were estimated for five categories to 
account for type of engine (2-stroke, 4-stroke) and the equivalent Euro 
standard (pre-Euro to Euro 3). The study did not consider any dif-
ferentiation by engine size.

Building up on the EFs developed by previous studies, Jaime 
and Mangones (2025) coupled Copert EFs with a transport model 
for one Colombian city to generate a dynamic and spatially 

disaggregated inventory. Regarding EFs, the authors emphasized 
the need to model them to address the lack of locally measured EF 
data. Similar to Rojas et al. (2023), the study by Jaime and 
Mangones (2025) does not specify motorcycle categories or other 
important factors for EF modeling and their effects on the overall 
results, despite motorcycles being the dominant transport mode 
in the city.

Mantilla-Romo et al. (2023) estimate a Colombian transport 
emissions inventory covering 2010 to 2021 using emissions factors 
for local and global pollutants derived from fuel consumption. 
The EFs are from the EMEP/EEA model and correspond to a Tier 
1 methodology. While this approach ensures consistency across 
EFs for different pollutants, it does not allow differentiation 
among motorcycle categories.

There are several important caveats to consider from studies on 
motorcycle emissions. One major issue is the inconsistency in how 
motorcycles are categorized. Often, classifications are forced to fit the 
categories defined by common models, such as those from Copert and 
EMEP/EEA, which may not accurately reflect the diversity of local 
motorcycle fleets. Additionally, there are notable limitations due to the 
lack of reliable official datasets on critical factors such as engine type, 
engine size, emission control systems, and cumulative mileage. This 
variability leads to different modeling criteria, which can significantly 
affect overall results, especially given the substantial share of motor-
cycles in the total vehicle fleet and their contribution to vehicle 
activity.

A more critical situation arises in the data employed to build 
official inventories as the basis for subnational air quality manage-
ment. The lack of standardized methods for estimating motorcy-
cles’ contributions to global and local pollutant emissions in 
official inventories has significant implications for air pollution 
analysis and the development of control measures. Currently, local 
emissions inventories yield results that are neither reliable nor 
comparable. This underscores the urgent need to establish techni-
cal guidelines for modeling motorcycle emission factors (EFs), to 
advance local studies measuring motorcycle emission rates, and 
to develop practical tools for their use in public policy. While 
these issues were addressed and resolved decades ago in the devel-
oped world, they remain relevant for air pollution management in 
developing countries, such as Colombia.

This analysis aims to highlight the lack of systematic analysis 
regarding emission factors for motorcycles in local inventories, as 
well as the absence of a database of emission factors specifically 
tailored to local conditions and consistent across different motor-
cycle categories, technologies, and pollutants. Consistency in 
these factors is crucial for developing accurate emission invento-
ries and for making reliable comparisons among various motor-
cycle technologies in environmental analyses, including 
inventories and integrated GHG and air quality manage-
ment plans.

This analysis contributes by (i) analyzing the emission factors used 
to develop official local emission inventories in Colombia and high-
lighting the key gaps that need to be addressed; (ii) identifying a mini-
mum set of criteria for selecting appropriate EFs for local inventories 
in cities with limited measured EFs, and recognizing the major limita-
tions of using widely used models and data from other regions; this is 
presented alongside an applied example; and (iii) generating recom-
mendations for EFs in cities facing similar challenges in the 
Global South.
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2 Methodology

2.1 Characterization of Colombian 
motorcycles

We analyze the motorcycle fleet in Colombia using data from the 
National Transit Registry (RUNT, for its acronym in Spanish). This 
system is intended for tracking the annual number of registered 
motorcycles along with key characteristics of the fleet, including 
engine size, technology, and emissions control systems. To address 
gaps in the data registered regarding emissions control systems, we 
developed a proxy based on the official timeline for the adoption of 
Euro Standards in Colombia and the model year of motorcycles. 
Motorcycles characterization is fundamental to supporting the subse-
quent selection of EFs.

2.2 Review of local emissions inventories

A review of local official inventories was conducted to under-
stand the role of motorcycles on local emissions and the criteria 
employed to select EFs. We concentrate on official inventories as they 
form the basis for air quality management by local environmental 
authorities.

A 2019 analysis found that only 13 of 42 subnational environmen-
tal authorities had developed at least one inventory in their history 
(Colombian Ministry of Environment and Sustainable Development, 
2019). We searched for inventories from 2012 to 2024 that were pub-
licly available on authorities’ websites. From those, we identified those 
that presented explicit emission factors for motorcycles. Only inven-
tories for seven regions met the criteria and were included in this 
analysis.

For each inventory, we identified the categories defined to assess 
motorcycles’ emissions. We examined the emissions factors used and 
the results related to their absolute emissions as well as their relative 
contribution to emissions from mobile sources. Additionally, we doc-
umented the data sources and the types of emission factors 
employed—whether modeled, measured, or adopted from 
another study.

2.3 Emission factors modelling

Because official local inventories lack a consistent database of EFs 
across diverse pollutants, technologies, and motorcycle categories, we 
developed a set of EFs through modeling. The Ministry of the 
Environment recommends that local authorities use the MOVES, 
COPERT, and IVE models as alternatives to locally measured EFs 
(Colombian Ministry of Environment and Sustainable Development, 
2017). After analyzing these models, we selected the one that best met 
the local requirements. We modeled EFs for a city case study and 
examined the results to provide recommendations for similar 
assessments.

Emission factors were modeled for motorcycles in urban condi-
tions, considering variables such as the engine size, type of engine and 
emission control system, mileage, speed and the characteristics of fuel 
sold in Colombia reported by UPME (2020). EFs modeling considered 
average climatological conditions reported for Bogotá, Colombia’s 
capital city (IDEAM, 2025). These conditions include average monthly 

minimum and maximum temperatures ranging from 7.8 °C to 
20.1 °C, as well as an average monthly humidity of 73% to 78%.

We modeled carbon monoxide (CO), non-methane volatile 
organic compounds (NMVOC), fine particulate matter (PM2.5) and 
nitrogen oxides (NOx) which are regulated in Colombia, as well as 
volatile organic compounds (VOC) and sulfur dioxide (SO2) because 
of their role as a secondary pollutants’ precursors. Beyond local air 
pollutants, GHG—including carbon dioxide (CO₂), methane (CH₄), 
and nitrogen oxide (N₂O)—were also modeled. For the purposes of 
this brief research report, the CO₂-equivalent (CO₂e) emission factor 
is presented, which integrates the effects of these gases using the 100-
year global warming potential (GWP) values from the IPCC’s Sixth 
Assessment Report (IPCC, 2023).

3 Results

3.1 Characterization of Colombian 
motorcycles

The Colombian motorcycle fleet reached 11.4 million by the end 
of 2023, equivalent to 22 motorcycles per 100 inhabitants. Most of 
these motorcycles fall into small categories. 82% of motorcycles have 
an engine displacement of less than 150 cc, while only 4% have 
engines over 200 cc.

The average age of motorcycles is 10.5 years, with 63% of the 
motorcycles being younger than 9 years. The average age of motor-
cycles in the range from 50 to 100 cc category is 15.8 years, while 
those over 200 cc have an average age of 7.9 years. In terms of fuel, 
99% of motorcycles rely on gasoline, and less than 0.01% use 
electricity.

Approximately two-thirds of motorcycles in the National Transit 
Registry lack information on emission standards. In 2008 the Ministry 
of Environment required levels for new motorcycles equivalent to 
Euro 2 from 2010 onwards (Resolution 910/2008).

Data on engine type (2-stroke or 4-stroke) at the national level 
is limited. Previous studies indicate that in some cities, the share 
of 2-stroke motorcycles can be as high as 18.5% in Manizales 
(Universidad Nacional de Colombia Sede Manizales and 
Corpocaldas, 2019) and 15% in Cúcuta (Corponor, 2022). In con-
trast, in other areas, such as Bogotá, their prevalence is signifi-
cantly lower, at just 1% (SDA, 2021). This decline is likely due to 
various attempts to restrict their use and the emission standards 
currently in place. Reports from Manizales show a reduction in the 
share of 2-stroke motorcycles from 54% in 2014% to 18.5% 
in 2017.

3.2 Analysis of local emissions inventories

Table 1 shows the sources of EFs used to estimate local emissions 
inventories for mobile sources, including motorcycles, as reported in 
the official local inventory documents. Of the cities analyzed, only two 
have measured EFs, which are supplemented by other sources of infor-
mation in their inventories. All cities have used modeled EFs from 
IVE, COPERT, or MOVES, and some have also used base emissions 
rates from these models.

Figure 1 illustrates an example of the differences in EFs 
selected by cities. These are EFs as presented in the official 
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TABLE 1  Sources of EFs used in Colombia for estimating local emission inventories.

City or region Base year EFs from models Other sources

Base emission 
rates

Modeled Measured From literature

Barranquilla 2018 X, Copert

2021 X, Copert

Bogotá 2018, 2020 X, Moves X

Bucaramanga 2016 X, IVE

2021 X, IVE

Cali 2013 X, IVE

2017 X

Cúcuta 2021 X, Copert

Medellín and Valle de 

Aburrá

2016, 2018 X, IVE

2022 X, Copert X, IVE X

Manizales 2014 X, IVE

2017 X, Copert

Sources: Authors based on (AMVA and UPB, 2018, 2020; AMVA, 2023; Corponor, 2022; Corporación Autónoma Regional del Valle del Cauca and Fundación sin Ánimo de Lucro Ecológica, 
2018; Cruzado et al., 2021; Méndez, 2018a; Pontificia Universidad Javeriana Cali, 2013; SDA, 2018, 2021; Universidad Nacional de Colombia, 2015; Universidad Nacional de Colombia Sede 
Manizales and Corpocaldas, 2019; Universidad Pontificia Bolivariana, 2022; Vargas Joya, 2018).

FIGURE 1

PM2.5 EFs used by different Colombian cities to build their local inventories. 2S: 2-stroke motorcycles; 4S: 4-stroke motorcycles. Columns with dotted 
patterns represent EFs of 2-stroke motorcycles. Sources: Authors based on (AMVA and UPB, 2018, 2020; AMVA, 2023; Corponor, 2022; Corporación 
Autónoma Regional del Valle del Cauca and Fundación sin Ánimo de Lucro Ecológica, 2018; Cruzado et al., 2021; Méndez, 2018a, 2018b; Pontificia 
Universidad Javeriana Cali, 2013; SDA, 2018, 2021; Universidad Nacional de Colombia, 2015; Universidad Nacional de Colombia Sede Manizales and 
Corpocaldas, 2019; Universidad Pontificia Bolivariana, 2022; Vargas Joya, 2018).
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inventories analyzed. It shows the PM2.5 EFs used in local emission 
inventories in Colombia, organized by city and categorized 
according to definitions established in each inventory for motor-
cycles. First, it shows that there are no common criteria for defin-
ing motorcycle categories across the inventories. Figure 1 also 
reveals other facts. In cases distinguishing between 2-stroke and 
4-stroke motorcycles, engine type is the primary factor explaining 
differences in emissions factors. The emission standard appears 
to be more important than engine size in explaining differences 
in EFs. Lastly, Figure 1 illustrates considerable differences in EF 
magnitude among similar motorcycle categories across various 
inventories. A common limitation in these studies is the lack of 
uncertainty analysis. Uncertainty is not analyzed or presented in 
the official local reports.

3.3 Selection of the model

Detailed information about MOVES, IVE and COPERT models 
can be found in Davis et al. (2005), Davis and Lents (2010), Emisia 
and European Environment Agency (2024), Kapadia et al. (2017) and 
U.S. Environmental Protection Agency (2025).

IVE is designed to support developing countries by facilitating 
comparisons of local and global emission rates across various 
technologies (Davis and Lents, 2010; Kapadia et al., 2017). 
However, it has limitations, such as outdated data and a lack of 
energy consumption modeling. Previous studies have concluded 
about MOVES limited categories applicable to the Colombian 
fleet (Ramirez et al., 2019).

COPERT offers emission factors and energy consumption 
data for different motorcycle categories, making it suitable for 
Colombia, where regulations for motorcycles follow Euro 
Standards. In addition, it allows for adjusting to biofuel content. 
Nonetheless, its broad categories, especially for four-stroke motor-
cycles, may impact accuracy since most Colombian motorcycles 
are under 150 cc.

The three models face challenges due to differences in fleet char-
acteristics. Furthermore, the lack of specific data on driving patterns 
and other operational factors, such as average speed and road types, 
may hinder the usability of these models in contexts where such data 
is scarce. Considering the advantages and disadvantages of each 
model, we chose COPERT (version 5.7.3) to model emission factors 
for Colombia.

3.4 Modeled emission factors

The EFs in Table 2 are the model outputs without any additional 
recalculation, except for CO2e, for which CO2, N2O, and CH4 were 
estimated using fuel consumption and default emission factors based 
on Colombia’s fuel characteristics.

The dataset in Table 2 provides a simplified method for evalu-
ating motorcycle emissions for various pollutants across different 
categories. It serves as a practical example. Although it has limita-
tions in other contexts, such as varying average speeds and tem-
peratures, it can still serve as a valuable reference. Its consistency 
helps minimize biases when comparing categories, which may be 
important when assessing various alternatives for reducing local 
and global pollutant emissions.

4 Discussion

4.1 Representing motorcycle emissions in 
official inventories and its implications

The construction of emissions inventories is likely influenced by 
local capacities in air quality management, leading to varying 
approaches. In larger cities like Bogotá and Medellín, both modeled 
emission factors and locally measured EFs are used, while other cities 
rely mostly on modeled factors or literature-derived emission rates.

Figure 1 shows that cities differentiate their EFs using varied cri-
teria, that do not necessarily represent the main factors influencing 
EFs. For example, Medellín and Cúcuta classify motorcycles by engine 
size and emission control technologies, while Cali bases its emission 
factors on road types and Barranquilla only considers model year.

Another factor to consider is the difference in the magnitude of 
the EFs to characterize the same category of motorcycles. For example, 
the category representing 4-stroke 100 cc motorcycles emit up to 
seven times more PM2.5 per kilometer in Medellín compared to 
Bogotá, for the same base year (2018) (Figure 1). This difference could 
be partly explained by local conditions, such as average speed. 
However, both cities experience heavy traffic, suggesting that the 
variation is more likely due to the specific data source selected to rep-
resent the motorcycle fleet rather than local conditions.

According to Copert adjusting factors, while changes in speed 
modify pollutant emission rates, the magnitude of speed influence on 
EFs does not explain the differences among EFs reported by different 
cities. Most pollutants exhibit peak emissions at lower speeds, particu-
larly between 10 and 20 km/h. Exceptions include NOₓ and CO, which 
reach their highest emissions at higher speed—between 90 and 
100 km/h. Emission rates for VOC, SO₂, CO, and CO₂e drop by up to 
50% while increasing speed, while NMVOC emissions fall by as much 
as 60%, reaching their lowest levels between 40 and 60 km/h before 
rising again. Particulate matter emissions remain constant up to 
30 km/h, after which it declines progressively—on average, by 5% for 
every 10 km/h increase. In contrast, NOₓ emissions increases sharply 
from 20 km/h to reach a peak of 120% above the baseline level at 
100 km/h.

One limitation observed in the local inventories is that categories 
based on engine size do not accurately represent the Colombian fleet, 
as the majority of vehicles fall into a single category.

The lack of standardized criteria and transparency in selecting 
emission factors compromises the reliability of these inventories, rais-
ing concerns about the quality of data used to inform air quality man-
agement decisions. Consequently, these inventories, crucial for 
assessing pollution reduction strategies, may lead to misguided policy 
choices due to their technical limitations.

4.2 Dataset of emission factors modelled

The dataset modelled provides a consistent methodology since it 
is based on a single validated model that reflect the operational, regu-
latory, and technological conditions of motorcycles in Colombia. 
However, there are limitations that still need to be solved in future 
analysis.

Although the emission factors presented here are classified as Tier 
3, the associated uncertainty remains considerable. Several limitations 
in local data contribute to this uncertainty, including fleet character-
istics, fleet distribution, and activity factors. Furthermore, the Copert 
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emission factors are derived from the European fleet and context, 
which may differ significantly from the local context analyzed in this 
study. These elements require thoughtful evaluation when utilizing 
these emission factors for local assessments. Increased efforts to quan-
tify uncertainties will enhance the analysis. Prior analyses using 
Copert have suggested specific methods for this aim, as detailed in 
Dey et al. (2019) and Kouridis et al. (2010).

One limitation of the dataset is its lack of detailed information on 
motorcycles under 150 cc, which Copert does not address. Another 
limitation is that Copert does not include a degradation factor to 
account for the impact of high mileage on the emission factors, as is 
the case in Colombia. We selected previous studies characterizing 
motorcycles smaller than 200 cc, and equivalent to Euro 3 Standard or 
below looking for similar categories than average Colombian 

TABLE 2  Modeled motorcycles’ EFs.

Vehicle 
category and 
displacement

Emission 
standard

Emission factor (g/km)

VOC SO2 PM2.5 NOx NMVOC CO CO2e

2-stroke <50 cm3 Pre-Euro 8.4349 0.0023 0.1827 0.056 8.2159 14.700 83.17

Euro 1 3.4349 0.0019 0.0517 0.18 3.3911 4.600 63.04

Euro 2 2.6349 0.0019 0.0327 0.17 2.6108 2.800 62.51

Euro 3 1.8633 0.0016 0.0151 0.3938 1.8436 3.9021 52.91

Euro 4 0.4972 0.0015 0.0085 0.0443 0.4775 2.244 51.1

Euro 5 0.4972 0.0015 0.0085 0.0443 0.4775 2.244 51.1

2-stroke >50 cm3 Pre-Euro 13.0201 0.0033 0.2067 0.0235 12.8701 17.7709 116.8

Euro 1 4.1475 0.0030 0.0867 0.0388 4.0485 11.7236 106.76

Euro 2 2.2145 0.0030 0.0467 0.0422 2.1845 9.2759 104.9

Euro 3 0.8595 0.0018 0.0187 0.0591 0.8475 2.9016 60.94

Euro 4 0.7786 0.0018 0.0187 0.0512 0.7666 2.3632 60.07

Euro 5 0.4675 0.0018 0.0187 0.0336 0.4555 1.7506 60.07

4-stroke <50 cm3 Pre-Euro 8.4349 0.0023 0.1827 0.056 8.2159 14.700 83.65

Euro 1 0.8149 0.0018 0.0467 0.22 0.7711 6.700 63.43

Euro 2 0.8249 0.0018 0.0137 0.17 0.8008 4.200 62.9

Euro 3 1.8633 0.0015 0.0151 0.3938 1.8436 3.9021 53.24

Euro 4 0.4972 0.0015 0.0085 0.0443 0.4775 2.244 51.1

Euro 5 0.4972 0.0015 0.0085 0.0443 0.4775 2.244 51.1

4-stroke <250 cm3 Pre-Euro 2.0797 0.0029 0.0267 0.2433 1.8797 19.1324 104.13

Euro 1 1.5441 0.0024 0.0267 0.2561 1.4021 11.9915 85.08

Euro 2 0.6068 0.0022 0.0117 0.2279 0.4708 4.459 77.69

Euro 3 0.0842 0.0018 0.0117 0.0796 0.0229 0.6739 62.86

Euro 4 0.097 0.0018 0.0076 0.0284 0.0229 0.4909 60.31

Euro 5 0.0666 0.0018 0.0076 0.0185 0.0229 0.4309 60.31

4- stroke 250–750 cm3 Pre-Euro 3.6035 0.0044 0.0267 0.229 3.4035 27.6637 154.71

Euro 1 1.9444 0.004 0.0267 0.2246 1.7964 12.951 141.55

Euro 2 0.8649 0.0036 0.0117 0.089 0.7089 3.7749 128.36

Euro 3 0.2626 0.0067 0.0117 0.0645 0.1686 0.4886 229.87

Euro 4 0.0988 0.0053 0.0076 0.0231 0.0431 0.2285 177.76

Euro 5 0.0759 0.0053 0.0076 0.0155 0.0431 0.2005 177.76

4- stroke >750 cm3 Pre-Euro 3.779 0.0051 0.0267 0.1358 3.579 27.6637 179.7

Euro 1 1.8837 0.0051 0.0267 0.1558 1.7917 12.951 177.35

Euro 2 0.7105 0.0049 0.0117 0.1342 0.6265 3.7749 170.63

Euro 3 0.2766 0.0066 0.0117 0.0636 0.2266 0.4886 228.13

Euro 4 0.112 0.0053 0.0076 0.0204 0.062 0.2285 176.62

Euro 5 0.0867 0.0053 0.0076 0.014 0.0539 0.2005 176.62

*Average speed used: 23 km/h; sulfur content in gasoline: 50 ppm. Previous studies have identified an average driving speed of 23 km/h as representative for driving in Colombia (Unidad de 
Planeacion Minero Energetica and Universidad de Antioquia, 2023).
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motorcycles. With a few exceptions, the studies generally agree that 
EFs increase as motorcycles accumulate mileage. The IVE model pro-
poses adjustment factors that increase EFs by 1.3 times when motor-
cycles exceed 50,000 kilometers and by 1.6 times when they surpass 
70,000 kilometers. This increase applies to all pollutants considered in 
the model. For PM, the study by Lin et al. (2019) reports an increase 
in EFs up to five times after 50,000 kilometers. In terms of CO, EFs are 
reported to increase by between 1.5 and 4 times after reaching 40,000 
kilometers (Lin et al., 2019; Tsai et al., 2017). The Tsai et al. (2017) 
study also indicates a slight increase of 1 to 2% in CO2 EFs after 10,000 
kilometers. Regarding NOx, the study by Lin et al. (2019) reports a 
1.5-fold increase starting at 15,000 kilometers. In contrast, the study 
by Tsai et al. (2017) shows a decrease in NOx EFs by up to 24% as 
cumulative mileage increases.

Given the relatively high average age of motorcycles in Colombia 
(10.5 years), incorporating degradation factors for high mileage values 
appears to be a relevant improvement when modeling EFs. This 
approach would improve emissions inventories and provide better 
information to guide the design of cost-effective fleet replacement and 
similar programs.

4.3 Comparison of EFs with other studies

To compare the results of this study with previous studies, the 
range of modeled EFs between Euro 1 and Euro 3 was included for 
4-stroke motorcycles with displacements of less than 250 cc. Unidad 
de Planeacion Minero Energetica and Universidad de Antioquia 
(2023) measured motorcycles to define EFs for the Colombian fleet, 
in their study Euro 2 and Euro 3 motorcycles were included. Lin et al. 
(2019) analyzed the influence of mileage on emissions of motorcycles 
with emission standard lower than Euro 3. Tsai et al. (2017) measured 
motorcycle emissions analyzing diverse mileage ranges for motorcy-
cles with emission standard lower than Euro 3. Hassani and Hosseini 
(2016) evaluated the contribution of motorcycles to pollution in 
Tehran, focusing on Euro 3 standard motorcycles. Tung et al. (2011) 
generated EFs for Euro 2 and lower emission standards motorcycles 
in Vietnam.

EFs from Euro 1 to Euro 3 motorcycles span a wide range for each 
pollutant (Table 3). The biggest differences among studies are in PM 
EFs, by orders of magnitude. In particular, the values determined by 
Unidad de Planeacion Minero Energetica and Universidad de 
Antioquia (2023), based on PEMS measurements performed on 

40 units representing Colombian motorcycles, are the lowest among 
the studies reviewed, including the EFs modelled in this study. The 
measured emission factors in Colombia for NOx, CO2, and PM are 
19%, 25%, and 94% lower, respectively, than the modeled emission 
factors at the lower limit for each pollutant in this study. In contrast, 
the CO and HC EFs fall within the range of modeled values.

A previous study for Colombia (Rojas et al., 2023) estimated emis-
sion factors (EFs) for 32 regions using the Copert model. These emis-
sion factors were aggregated based on the share of different types of 
motorcycles. The values obtained are consistent with those estimated 
in this study. Specifically, the average values reported for Bogotá are 
11.6 g/km for CO, 0.009 g/km for NOx, 0.0119 g/km for PM2.5, and 
103 g/km for CO2. A study for Bogotá (Cuéllar-Álvarez et al., 2023) 
used the Copert model to estimate emission factors for 4-stroke 
motorcycles. That study reported ranges of 0.005–0.02 g/km for PM2.5, 
0.22–0.27 g/km for NOx, and 64–110 g/km for CO2e, which are also 
within the ranges reported in this study.

EFs recently measured in Colombia (Unidad de Planeacion 
Minero Energetica and Universidad de Antioquia, 2023) are among 
the most comprehensive assessments of local EFs. Further analysis of 
the differences with respect to other local analyses and the develop-
ment of technical guidelines to relate the values obtained to the most 
relevant variables from an environmental perspective would increase 
their usability for official local inventories.

5 Conclusions and public policy 
implications

This study assessed the emission factors (EFs) of motorcycles used 
by local environmental authorities in Colombia for managing air qual-
ity. As the number of motorcycles in urban areas continues to rise, 
understanding their EFs is essential. The findings reveal technical 
weaknesses and inconsistencies in the selected EFs used for the official 
subnational inventories, as well as significant limitations in the data. 
Accurately estimating motorcycle emissions is a crucial first step 
toward informing future emissions-reduction strategies.

The study presents a practical example of EFs for both local and 
global pollutants, derived from modeling using Copert. This approach 
offers a simplified yet consistent modeling method for analyzing 
motorcycles in Colombian cities with limited data. However, several 

TABLE 3  Comparison of EFs modeled in this study with previous studies.

Emission 
factors (g/km)

Unidad de 
Planeacion 

Minero 
Energetica and 
Universidad de 

Antioquia (2023)

Lin et al. 
(2019)

Tsai et al. 
(2017)

Hassani and 
Hosseini 

(2016)

Tung et al. 
(2011)

This analysis

CO 7.6 8.29 5.61 ± 4.29 14.45 ± 2.58 12.09 0.67–11.99

HC 0.38 N.A 0.58 ± 0.20 0.42 ± 0.07 1.02 0.02–1.40* NMVOC

NOx 0.065 2.02 0.18 ± 0.07 0.17 ± 0.04 0.11 0.08–0.26

PM 0.00068 0.142 N.A N.A N.A 0.01–0.027

CO2 47 N.A 54.7 ± 4.3 N.A 29.68 60–80.7

NA: not available.
Sources: Authors based on (Hassani and Hosseini, 2016; Lin et al., 2019; Tsai et al., 2017; Tung et al., 2011; Unidad de Planeacion Minero Energetica and Universidad de Antioquia, 2023).
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limitations remain, such as the need for a better representation of 
motorcycles in the 50–150 cc range and the inclusion of mileage 
effects that more accurately reflect the high usage patterns of the 
Colombian fleet. This highlights the ongoing necessity for modeling 
tools specifically designed for developing regions.

Locally measured emission factors are relevant for accurately 
assessing motorcycle performance and its air-pollution impact, but they 
are uncommon in the examined context. Modeling will remain impor-
tant in the Global South, and incorporating local measurements can 
enhance model development tailored to regional specifics, supporting 
more effective policymaking and decision tools to reduce air pollution.

Key lessons from the analysis for modeling include the following: 
(1) Use consistent methodologies to derive EFs for local and global 
pollutants and for fuel consumption. Establish common criteria for 
defining motorcycle categories across inventories; (2) Given the sig-
nificance of motorcycles in the national fleet and their wide variety, it 
is essential to represent differences in variables such as engine type 
(2-stroke or 4-stroke), emission control systems, engine size, and mile-
age, all of which affect emission rates; (3) Develop uncertainty and 
sensitivity analyses to determine the impact of variables on overall 
results. This contrasts with the tendency to oversimplify motorcycles 
in local official inventories, as observed in this study. Consistency in 
motorcycle emissions modeling is crucial for developing accurate 
emission inventories and for making reliable comparisons among 
various motorcycle technologies in environmental analyses, including 
inventories and integrated GHG and air quality management plans.
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