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ABSTRACT 
This work investigated and analysed the contribution of commercial vehicles to the emission of 
GHGs in Makurdi, Benue State, Nigeria so as to understand the pattern of emission and provide 
policy makers and other stakeholders a clear picture of the situation at hand and provide them with 
suggestions on how to clamp down on the emission from commercial vehicles in the state capital.  
In doing this, data on the five main types of commercial vehicles in Makurdi(i.e. buses, 
motorcycles, saloons, tricycles and trucks) on the distances and routes travelled and amount of fuel 
consumed were collected using questionnaires. North bank, Warefare Quarters, Modern Market, 
Air force Base and Wadata were the routes considered using Wurukum as the starting point. Using 
two methods of analysis (based on fuel consumed and that based on travel distance), it was found 
that commercial vehicles emitted 7,385.06tCO2e and 6,328.713tCO2e respectively. It was also 
found that buses emitted the highest quantity of GHGs while tricycles were responsible for the 
least; 40% of all emissions were recorded from activities on Air Force Base route while North 
bank and Warefare Quarters recorded approximately 14% each; Modern Market route recorded 
about 21% of the emission while Wadata route recorded the least amount of emission with about 
11% of the total emission. The study established that the emissions were high (an average of 527.93 
gCO2e/km of GHG) compared to EU standard emission (of 130 gCO2e/km) values as the per passenger 
emission from all types of commercial vehicles (with the exception of tricycles) were found to be above 
the World Bank’s data of per capita emission for the country. This means more needs to be done to 
reduce the emission to at least the average value obtainable in the country. 
Keywords: GHG; Emissions; Emission Factor; Kyoto Protocol 
 

INTRODUCTION 

The effects of climate change have become 

apparent today; they include heat waves, 

droughts, floods, and changes in the weather 

patterns. Global temperatures have increased 

by almost 0.8˚C over the past 150 years. 

Without any global action, it is expected that 

temperatures will increase further by 1.8 - 

4°C by 2100 (IPCC, 1996). IPCC (1996) is 

also anticipated that this rise will result in sea 

level increment of 15 to 95 centimetres thus 

causing the complete inundating of several 

tiny islands and coastal towns. Nigeria, 

Benue State and Makurdi to be specific, have 

not been spared from the effects of global 

warming (flash floods). Makurdi 

experienced what was adjudged to be the 

most devastating flooding in over 40 years in 
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the year 2012 (Hula and Udoh, 2015). 

Anthropogenic greenhouse gas (GHG) 

emissions have been fingered as the major 

factor responsible for this accelerated change 

in the climate of the earth. 

Globally, the transport sector produced 7.0 

Giga-tone of carbon dioxide equivalent 

(GtCO2eq) of direct GHG emissions in 2010 

and hence was responsible for approximately 

23% of total CO2 emissions (IPCC, 2014). 

However, in Nigeria this ratio is much 

higher. The World Bank’s data as of 2014 

showed that the transportation sector in 

Nigeria was responsible for 35.4% of the 

country’s total GHGs emission (World Bank, 

2017). 

It is clear that the emission from the 

transportation sector in Nigeria which is 

higher than the global average of 14% (IPCC, 

2014) ought to be critically assessed with the 

aim of providing suitable measures of 

curtailing these emissions.  

Ndoke et al, (2006) related traffic congestion 

in two Nigerian cities (Abuja and Kaduna) to 

the unusual high amount of CO2 in the 

atmosphere. The study established this by 

comparing the amount of CO2 in the 

atmosphere in areas where the volume of 

traffic was high to the areas where low traffic 

was recorded, a difference of 34% was 

noticed. ATPNS (2013) corroborated for 

Minna, Nigeria found that the levels of 

emission (concentration of CO2 in the 

atmosphere) during peak hours were more 

than 350 parts per million by volume 

(PPMV) which is the internationally accepted 

level. 

In another study in Makurdi, Nigeria, Ameh, 

et al, (2015) the emission levels in the 

metropolis was heaviest and were slightly 

higher than when traffic is low. Their study 

was however, limited in scope to assessing 

CO, NO2 and SO2 in the air around four 

traffic areas of Wurukum round-about, High 

Level round-about, Wadata market Junction 
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and a farm site in the University of 

Agriculture Makurdi (as a control site) using 

gas meters. Ojo and Awokola (2012) also 

discovered that the emissions from 

intersections with more traffic congestion 

was correlatively higher than the emissions 

from intersections with less traffic congestion 

in Ogbomoso, Nigeria.  

There are different methods for carrying out 

emission. One of the most common method 

is the use of exhaust gas analyser, which 

measures the volume percentage of 

constituents of exhaust gas. Bateebe (2012) 

and Shuhaili et al, (2013) both used the 

exhaust gas analyser in their respective 

works. This method gives the most reliable 

result since the data is obtained directly from 

the source. The major drawback for such 

method is when large number of vehicles are 

being studied, as in the present work, it 

becomes quite difficult or even impossible to 

track down each vehicle owner and convince 

them to allow readings be taken from their 

vehicle. 

Another method for carrying out such 

analysis is the use of standardised data 

available for such studies. This involves 

obtaining information such as fuel 

consumption, distances covered, age and 

model of vehicle, etc. The data obtained is 

then used in conjunction with the information 

from the standardised table(s) to arrive at the 

emission for that particular source. 

Omenikolo et al, (2017) in assessing air 

pollution generated by transport in Owerri, 

Nigeria used this method. 

Hence, the focus of this work is to assess the 

emission of GHGs from commercial vehicles 

(which constitute 53.8% of the total number 

of vehicles in the country, NBS, 2017) as well 

as the emission from each of the individual 

category of commercial vehicles, using the 

most travelled routes (of North bank, 

Warefare Quarters, Modern Market, Air 

force Base and Wadata using Wurukum as 
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the starting point) within Makurdi, the capital 

of Benue State in the North central Region of 

Nigeria being the case study. 

MATERIALS AND METHODS 

Materials 

Detailed questionnaires which extracted the 

required data used in the analyses were issued 

to the respondents. The questionnaires were 

issued to drivers and officials of the various 

Transport Unions concerned in Makurdi. 

Structured interview was also used to elicit 

information. 

The distances of the routes being studied 

were determined using the web mapping tool, 

Google Map. 

Methods 

Determination of total amount of GHGs 

emitted by commercial vehicles:  

The total emission of GHGs from 

commercial vehicles in Makurdi was 

determined using two methods of analysis i.e. 

fuel consumed basis and travel distance basis.  

The only five main routes plied by 

commercial vehicles in Makurdi were 

considered for this study. Google Map was 

used to determine the distances of these 

routes. The routes and their approximate 

distances are given in Table 1 alongside the 

combined daily number of trips by drivers of 

each category of vehicle. About 53 

Questionnaires were issued to drivers of each 

categories of vehicles (being studied) plying 

these routes in order to obtain data for daily 

fuel consumption and number of trips per day 

which were then used to determine the total 

amount of GHGs emitted in both cases. 

Table 1: Routes Plied and their Respective Distances 
 

*Route Distance 
(km) 

No. of Trips 

Buses Motorcycles Saloons Tricycles Ʃ trips 

North bank 3.3 4586 25632 7152 1178 38548 
Warefare Quarters 7 1411 14325 3366 1402 20504 
Modern Market 6.1 3158 19539 6996 1725 31418 
Air force Base 14.6 4480 7063 3285 764 15592 
Wadata 4.5 3919 1706 4980 1325 11930 
Total 35.5 17554 68265 25779 6394  
Percentage  14.9 57.9 21.8 5.4  
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*Wurukum being the starting point for all routes. 

 
 

Structured interview was carried out with the 

leaders of each of the unions representing the 

drivers of the various categories of vehicles 

so as to determine the number of vehicles in 

their individual associations. The data 

obtained was crosschecked with those 

obtained from the vehicle registration office 

of the Federal Road Safety Corps (FRSC), 

Makurdi Sector.  

Table 2 contains the data of the various 

categories of vehicles and their numbers in 

Makurdi as obtained from the various unions 

and the FRSC. However, only data from the 

various unions/associations will be used for 

the analysis since those are the numbers of 

active vehicles/drivers. 

Table 2: Number of Vehicles from Different Sources 
Data Source Number of Vehicles 

Buses Motorcycles Saloons Tricycles Trucks 
FRSC 1,479 - 849 - 461 
Town Service Buses 1,592 - - - - 
Benue Motorcycle 
Association - 3,205 - - - 

Taxi Drivers Union - - 900 - - 
Benue Tricycle - - - 390 - 
Benue Truckers 
Union - - - - 442 

 
 
Samples of the Drivers of each of the 

categories of vehicles (being studied) plying 

these routes provided the average amount of 

fuel (shown in Table 3) they consume on 

daily basis in accordance to Statistics Estonia 

(2013). 

Table 3 Average Daily and Monthly Fuel 
Consumption  

Type of 
Vehicle 

Daily Fuel 
Consumpt
ion (l) 

*Monthly 
Fuel 
Consumpt
ion (l) 

Percenta
ge 

Buses 30 900 31.3 
Motorcyc

les 7 210 7.3 

Saloons 20 600 20.8 
Tricycles 9 270 9.3 
Trucks 30 900 31.3 
Total 96 2880 100 

*Calculated using the daily consumption obtained 
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Using the data collected and presented above, 

the emission from each category of vehicles 

was determined using a general formula (Tsai 

et al., 2010). 

Emission = Emission Factor 

× Activity Data         (1) 

Using Equation (1), the emission analysis can 

be done using two methods. It is, however, 

worth noting that GHG emission analysis 

results are always estimates because the exact 

amount of emission from different sources 

can hardly be accurately gotten. 

Determination of GHGs emission using fuel 

consumed basis 

This was done on the basis of the fuel 

consumed by the vehicles; this method is 

widely popular because of its ease. It is given 

by Equation (2): 

E݉݅݊݅ݏݏ = ܥܨܯܣ ×  ,ுீ(2)ீܨܧܨ

where, AMFC is the average monthly fuel 

consumption; and FEFGHG is the fuel 

emission factor in respect of a particular 

GHG. 

When this method is used, it is assumed that 

the vehicles are in the same condition. Table 

4 shows the Fuel Emission Factors for diesel 

and gasoline in respect of three out of the so 

called “six baskets of GHGs” (Eurostat, 

2010). 

Table 4: GHGs and their Emission Factors for fuel 
consumption basis 

GHG Gasoline (g/l) Diesel (g/l) 
CO2 2,241 2,701 
CH4 1.107 0.153 
N2O 0.078 0.102 

 
However, since GHG assessments are done 

in terms of Carbon dioxide equivalents 

(CO2e), the emissions from CH4 and N2O are 

converted to CO2e by multiplying them with 

their individual Global Warming Potentials 

(GWP) values. 

According to the IPCC’s fifth assessment 

report (AR5) the GWP of CH4 and N2O are 

25 and 265 respectively (IPCC, 2014). 

Using the data collected and presented in 

Table 3 with that shown in Table 4 and 

Equation (2), the emissions for the various 

categories of vehicles were calculated. 

Determination GHGs emission using vehicle 
travel distance basis 
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This method uses the distance travelled by 

the vehicles with their individual emission 

factors (emission factor for that type of 

vehicle, shown in Table 5) as the basis for the 

determination of the emission of the vehicles 

as given by Equation (3). 

Emission

= Number  of vehicles ×  Travel Distance

× Emission Factor for Vehicles type    (3) 

Travel Distance would be multiplied by the 

total number of trips on a daily basis for all 

vehicles of a particular type. In this case, 

Equation (3) is modified to Equation (4): 

Emission

= Total Number of Daily Trip

× Travel Distance

× Emission Factor for Vehicle type           (4) 

Table 5 Emission Factors of the Different 
Categories of Vehicles for distance travelled basis 

Type of Vehicle Emission Factor 

Buses 0.88634kgCOଶe/km 

Motorcycles 0.12761kgCOଶe/km 

Saloons 0.23398kgCOଶe/km 

Tricycles 0.1860kgCOଶe/km 

Trucks 0.99976kgCOଶe/km 

(IES, 2015) 

Using Equation (4) and the data in Tables 1 

and 5, the emission for each category of 

vehicles were calculated. 

The emission for trucks could not, however, 

be determined using this method since there 

were no definitive routes for trucks. 

Per passenger emission for commercial 

vehicles 

The emission for each individual vehicle can 

be obtained by dividing the total emission for 

that type of vehicle by the total number of 

trips, and then by the number of passengers 

per vehicle in Makurdi. Note that the vehicles 

are usually filled to capacity before taking 

off. This is given by Equation (5): 

ܧܲܲ =
ቀ ்௧ ா௦௦
்௧ ே௨   ்௦

ቁ

ݕݐ݅ܿܽܽܥ ݎ݁݃݊݁ݏݏܽܲ      (5) 

Table 3.6 shows the per passenger emission 

of each category of vehicle as calculated 

using Equation (5). 

GHG emissions in g/km 
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In order to effectively compare with 

standards, the GHG emissions obtained in 

tCO2e were converted to units of g/km. 

RESULTS AND DISCUSSIONS 

Total emission and amount emitted by each 

category of vehicle 

The result obtained showed that both 

methods of analyses yielded approximately 

the same amount of total GHGs in the study 

area, that is 6,328.713tCO2e for travel 

distance basis analysis and 6,298.3315tCO2e 

(excluding emission for trucks since they 

were not included in the travelled distance 

basis analysis; were this to be included, the 

total is 7,385.0634tCO2e) for fuel consumption 

basis. Table 6 shows the GHG emissions in 

gCO2e/km, together with the EU 2009 (CCA 

2019) limit. 

Figure 1 shows the details of emissions from 

each category of vehicle studied, using the 

two methods of analysis, i.e., Fuel Consumed 

Basis and Travel Distance Basis.  

 

Table 6: GHG emissions and EU (2009) Limit 

Type of Vehicle 
GHG emission on 
fuel consumption 
basis (gCO2e/km) 

GHG emission on 
distance travelled 
basis (gCO2e/km) 

EU 2009 
Standard 

(CCA, 2019) 
GHG emission 

limit 
(gCO2e/km) 

Buses 967.33 998.33 

130 
Motorcycles 225.71 232.64 

Saloons 644.89 586.64 

Tricycles 290.20 277.69 

Average 532.03 523.82 

Basis average 527.93   
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Figure 1: GHGs Emission from Different Categories of Commercial Vehicles in Makurdi 

 

In both cases, the emission from buses was 

the highest, being about half of the total 

emissions. This is very likely because buses 

have higher emission factors as seen in 

Tables4 and 5; therefore, they emit more 

GHG per litre of fuel consumed and per 

kilometre covered. However, it is worthy of 

note that buses carry the highest number of 

passengers when compared to the other 

vehicles. The buses in Makurdi have a 

seating capacity of 10 people and, as such, on 

per capita basis, the emission from buses will 

not be said to be in excess. 

Motorcycles in both analyses emitted almost 

the same quantity of GHGs i.e. 1540.84tCO2e 

for fuel consumption analysis and 

1588.15tCO2e for travel distance analysis. 

This is quite high when compared to the 

emission from buses which is approximately 

two times more, considering that motorcycles 

carry just one passenger while the buses carry 

up to 10 persons. The emission from 

motorcycles ranked second in both analyses 

as seen in Figure 1. Even though motorcycles 

have the least emission factor their emission 

was high, this is because of their number 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

GHG Emission Contribution by
Percentage

GHG Emission Percentage
contribution

Fuel Consumption Basis Travel Distance Basis

GH
G 

Em
iss

io
n 

(t
CO

2)
 ×

10
2 

Pe
rc

en
ta

ge
 C

on
tr

ib
ut

io
n 

(%
) 

GHG emissions by vehicle type

Buses Motorcycles Saloons Tricycles Trucks

https://www.bayerojet.com/


ISSN: 2449 – 0539  
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.14 NO.2,  pp 18-,  AUGUST, 2019  
 

Available on line at https://www.bayerojet.com               27 
 

It is, however, noteworthy that while 

motorcycles make an average of 68,265 trips 

daily, buses make just 17,554. It is therefore, 

not surprising the high level of emission from 

motorcycles. 

The emissions from saloons from both 

methods are almost the same; both recorded 

approximately 1,200tCO2e giving them a 

share of about 15% of the total emission in 

both cases. This similarity can easily be 

reconciled to the input data in both cases. 

Saloons are responsible for 21% of the total 

fuel consumed. Likewise, they are 

responsible for 22% of the total trips made by 

all the commercial vehicles studied. They 

also have relatively low usage and low 

emission factors. They ranked third on the 

emission ladder. 

Usage of commercial tricycles in Makurdi is 

not widespread, data collected showed that 

there are just 390 of them in operation, as 

such it is not surprising that this category of 

vehicle has the lowest emission figure that is 

241.07tCO2e and 230.68tCO2e, respectively, 

for the basis considered. This represents just 

about 3% of the total emissions. 

Trucks, despite being just 442 (figure given 

by the Benue Truckers Union) in number and 

representing just 6.8% of the commercial 

vehicle population in Makurdi contribute up 

to 14.7% (1,086.73tCO2e) of the total 

emission. They stand as the highest per capita 

emitters in the whole picture. In spite of this 

relatively low number, their emission values 

are almost as high as those recorded for 

saloons which were 849 in number. The 

obvious reason for this is the high emission 

factor for trucks which meant that for every 

litre of fuel they consume more GHGs are 

emitted. 

Tricycles, not surprisingly, had the least 

emission recorded, and were equally the least 

in number and had second least emission 

factor. These factors all combined as the 

obvious reasons for the low emissions 

recorded for this category of vehicles. 
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Ranking of Routes according to Emissions 

The emission according to travel routes (with 

Wurukum as the starting place) is important 

in noting which routes contributes most to the 

overall picture and will help in policy 

formation for tackling of this problem.  

Figure 2 shows the emission according to 

routes taken by the vehicles, while Figure 3 

shows the percentage of contribution to the 

emission of GHGs of all the five routes, as 

well as the ranking (highest to lowest 

emissions of GHG), that were studied. 

 

 
 

Figure 2: Emission from different vehicles categorised according to routes 
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Figure 3: Percentage Emission of Each Route 

From these figures, it can be seen that the 

emission from buses along Air Force Base 

route dwarfs all others. This is because there 

are more buses plying this route than any 

other vehicle and because this is the longest 

route (14.6 km). Similarly, 40% of all 

emissions are from this route; this obviously 

is because the route is at least twice the 

distance of the next longest route (Warefare 

Quarters, 7 km). 

Wadata route has the least contribution to the 

emission of GHGs in Makurdi, it is 

responsible for just 688.92tCO2e which 

represents just 10.9% of the total emission of 

all the routes.  

North Bank and Warefare Quarters each 

contributed approximately 15% to the 

emission by commercial vehicles in Makurdi, 

despite Warefare Quarters route being more 

than twice lengthier (7 km) than North bank 

route (3.3 km). This is so because of the 

volume of traffic, with a total of 38,548 trips 

being made by all categories of vehicles 

plying this route while just about half of that 

(20,504 trips) was recorded for all vehicles 

plying Warefare Quarters route.  

Two factors can be said to be responsible for 

the amount of emission recorded on the 

routes: length of the route and volume of 

traffic along the route. 

Figure 4. compares the length of route and 

number of trips (traffic volume) made on it. 
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Figure 4: Length of Routes and Number of Trips on Each 
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transits/Bus Rapid Transit (BRT) systems 

have been proven to have less per capita 

emission (Chikwendu et al., 2015). 

Quantity of Emissions of three of the ‘Basket 

of Six GHGs’ identified by the Kyoto 

Protocol 

The Kyoto protocol singled out six gases and 

urged its signatories to concentrate on 

curtailing the emission of these gases. It 

called the collection of these gases ‘Basket of 

Six GHGs’. These gases are CO2, CH4, N2O, 

SF6, HFCs and PFCs(Eurostat, 2010). The 

quantity of emission of three of these gases 

(CO2, CH4, N2O) from commercial vehicles 

in Makurdi are shown in Figure 5. These 

were obtained using Equation (4). 

The other three gases were not considered 

because they are not products of combustion 

of fossil fuels.  

 

 

 
 

Figure 5: Quantity of CO2, CH4 and N2O from Commercial Vehicles in Makurdi 
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in all four categories of commercial vehicles 

that were studied. In summation, CO2 

constituted 98.03% while CH4 and N2O were 

just a paltry 1.05% and 0.92% respectively. 

This shows that this particular result tallies 

with the assertion by Keating (2007). The 

result also tallies with the study by Energetics 

(2014) which found that N2O and CH4 

account for just 1% of the total emission from 

vehicles in the United States. Another study 

by Tsai et al,.(2010) found out that CO2 

emission from vehicles constituted 99% of 

the GHGs while CH4 and N2O were just 1%. 

The emission from trucks can be seen to have 

a significantly higher amount of CO2 than the 

emission from the other vehicles. 

Per Passenger Emission 

As presented in Figure 6, Saloons have the 

highest per passenger emission; this is 

obviously because their actual sitting 

capacity is not utilised. Unlike in other 

Nigerian cities where saloons pick and drop 

off different passengers going in the same 

direction (carpooling), in Makurdi 

passengers do not share rides thus the high 

emission from this category of vehicles. On 

the other extreme end, tricycles have the least 

per passenger emission; this is probably 

because most of them are new vehicles whose 

engines have good fuel economy. 

Motorcycles have a relatively high per 

passenger emission; this may not be far from 

the fact that they can only carry one 

passenger at a time despite having a fuel 

consumption almost equal to those of 

tricycles (Chidiebere et al., 2014) which 

carry up to 3 passengers.  
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Figure 6: Per Passenger and individual emissions and their percentage contributions 

 
 

The per passenger emissions recorded for 

buses is somewhat high when compared to 

emission from larger buses. Vincent and 

Jerram (2006) reported the per passenger 

emission of BRTs in the United States to be 

0.2942kg; what was obtained for buses in 

Makurdi can be seen to be about thrice this 

value. 

Given that the World Bank’s data of per 

capita emission for vehicles in Nigeria stands 

at 0.5292kgCO2e (World Bank, 2018), it can 

be seen from Figure 5 that all the vehicles 

plying the roads in Makurdi have per 

passenger emission values above this, except 

for tricycles. This therefore means a lot has to 

be done to reduce the emission from 

commercial vehicles in Makurdi to at least 

meet the country’s standard. 

CONCLUSION AND RECOMMENDATION 

The study established the amount of GHGs 

emissions by commercial vehicles operating 

within the commonest routes within Makurdi and 

found that the emissions were high compared to 

standard GHG emission values for vehicles of 

.130 gCO2e/km. The per passenger emission from 

all types of commercial vehicles in Makurdi (with 

the exception of tricycles) was found to be above 

the World Bank’s data of per capita emission 

for the country’s average. Tricycles can then be 
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said to be the most environmentally friendly 

mode of transportation in Makurdi. It is therefore 

pertinent to state that measures have to be taken 

to reduce the emission of GHGs from the other 

categories of commercial vehicles to at least the 

country’s average. 

To have a comprehensive total emission footprint 

of commercial vehicles in Makurdi, complete 

lifecycle assessment should be done on the 

vehicles. 

Introduction of more efficient automobiles with 

improved fuel economy; introduction of tail pipe 

emission standards for all vehicles; encouraging 

carpooling for saloons since they record the 

highest per passenger emission.; introduction of 

BRTs especially on routes such as Air force base 

which is quite lengthy; and encouraging 

alternative modes of transport such as walking 

and cycling can lead to reduction of GHG 

emissions by commercial vehicles. 

More detailed work – particularly, practical 

measurements of fuel consumption by vehicles – 

can be made taking into consideration the age of 

the vehicles being studied as this also affect 

the emissions by the vehicles. But because 

emissions assessments are usually estimates, 

this does not adversely detract from the 

results of this work. 
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