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Abstract

Transportation plays a significant role in carbooxale (CO2) emissions.
This paper examines traffic congestion and its chga CO2 emissions in
Kandy city. Data were collected between Novembet Brecember 2018
using road monitoring surveys which includes vehicbunting and time
recording. The results show that cost of extra é@elsumption due to traffic
congestion is Rs. 12.94 million during 12 hour ¢iaye which account Rs.
4.72 billion per year. The total G@mission weight is estimated 263.48 tons
per day which is 96,170 tons per year. Approxinyatsh % of the total
emission is contributed by the bus, lorry and tratkle combined effects of
car, cabs, jeep and wagon is more than 27%. Thiy stlso identifies the
contributing of CQ emission by diesel, petrol and hybrid vehicle saady
in the study area. The results of the study proti@edirect evidence on the
magnitudes of the unnecessary fuel loss and mamiéithe CQ emission
due to road traffic congestion in Kandy city in Bainka.

Keywords: Traffic congestion; Loss of fuel; CO; emission; Kandy city

I ntroduction

Road traffic congestion is a situation in which @ea for road space
exceeds supply. It occurs when the road capacigs dwt meet traffic
demand at an adequate speed, traffic controls @iresffectively used, or
there is an incident on the road due to an accidendisabled vehicle.
Congestion can occur during any time of the day alwhg any type of
roadway while it has an impact on both the speedavkl as well as on the
reliability of travel conditions. Road traffic congestion ifam areas is often
the outcome of successful urban economic developi@mkrabartty and
Gupta, 2015). However, congestion prevents us freowing freely while
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generating direct additional cost elements sudtaasl time delay, travel time
unreliability, excess fuel consumptidif), emissions.

With the rapid urbanization, it is evident that cuosrcial and socio-
economic activities tend to centralize only in nmma@@ties in a country
(Vliege et al. 2000; Ali et al. 2014). This has kedincrease the number of
commuters daily travelling to the citi€blarriet et al. 2013). As a result,
while the economy is contributed by way of incregsproduction and real
income of household, the accumulation of vehiclpybation creates a huge
burden to the society which is not understood pilgg®y the urban planning
authorities in most developing countries. Roadfittatongestion directly
increase a loss of resources including extra tintefael (Hartgen and Fields,
2009; Harriet et al. 2013). Moreover, it creategénaxternal costs in terms of
excess fuel consumption and contributing to highemnission level
which directly has some impacts on society in tivenk of increasing health
issues and global warming.

Total vehicle population in Sri Lanka has dramafycancreased with a
compound annual growth rate of 10 % between 2018 2016
(Karunarathna et al. 2018). The growth of vehigeis1000 people from 2008
to 2015 was raised 171 to 305 (Department of Mdt@ffic, 2016). This
growing trend in vehicle population provides import implications on Sri
Lankan society, economy and environment. A largetign of vehicles in Sri
Lanka are driven in major cities and much of tlseiés related to the transport
sector in Sri Lanka are associated with urban enwrent. The traffic
congestion on streets in major cities in the cquistigetting worse each day
as people shift from unorganized, outdated andoneerded public transport
modes and started to use their private vehiclea: travel speed due to the
traffic congestion results in high G@missions to the environment, loss of
productivity and production, deteriorating the hieabkpital and increasing the
other costs components such as adaptation (for@erdming closer place to
the city). All these have resulted in a massivaremmental, financial, health
and man-hour loss, waste of fuel, wear and teaebicles (Jayasooriya and
Bandara, 2017).
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Given this background this research attempts tionagé cost of excess fuel
consumption and amount of extra carbon emission tdueoad traffic
congestion in Kandy city in Sri Lanka using sundgta collected in 2018.
Methodology used byakouei et al. (2012)Ali et al. (2014) is used to
calculate extra CO2 emission of traffic congestidhe results of this study
will help understand the magnitudes of the unnexgdsel loss due to vehicle
congestion in Sri Lanka.

Literature Review

A number of studies have already been undertaka@mnvéstigate the various
aspects of urban traffic congestion and its immacindividual, businesses
and the economy as a whole (Arnott et al. 1993ef&h1994; Lindsey and
Verhoef, 2000; Weisbrod et al. 2003; Small et @02 Brownstone and
Small, 2005; Parry et al. 2007; Barth and Boritsmonsin, 2008; Palma and
Lindsey, 2009; Harsman and Quigley, 2010; DuraatmhTurner, 2011; Song
and Miller, 2012; Gallego et al., 2013; Cerruti139 Gibson and Carnovale,
2015). In general, all these studies have repeatééntified road traffic
congestion as one of the major factor for emissioiise world. These studies
mainly described the undesirable effects of trafficheir environments, like
air degradation due to vehicle emission and traf@ise pollution along with
the congestion.

Arnott et al. (1993) analyzed the impact of roaadfit congestion on urban
society and its economic implication using a dethdnalysis of the structural
model. Vliege et al. (2000) and Shefer (1994) idiest the gap between
private and social cost of vehicle travel and r@sgiinegative externalities
such as air pollution, noise pollution and produittiloss. According to Faiz

et al. (1996) and Chen et al. (2007) the emisstels depend heavily on
traffic-flow characteristics, such as average flspeed, the frequency and
intensity of vehicle acceleration and deceleratitve, number of stops, and
vehicle operating mode. De Vlieger et al. (200Q)d&s the environmental
effects of driving behaviour and congestion by eadesng passenger cars.
According to this study an intense traffic congastican increase fuel
consumption by 20 — 45.
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Barth and Boriboonsomsin (2008) found that traffiengestion induced
transportation plays a significant role in carbdaxdle (CO2) emissions.
Eliasson (2008) evaluated environmental effecti@pilot test of congestion
charging in Stockholm and found that possible ewmmss reduction by

changing the scenario was reduced 2 to 3%. Hartgeh Fields (2009)

examines the impact of congestion on accessildikey employment centers
and destinations within an urban region while Sawkid Alam (2010) study
the relationship of traffic and emissions in a dyiaurban traffic condition

in Delhi. They found high emissions level duringe@erations. Maparu and
Pandit (2010) found the delay in minutes on th&ednt corridors of Kolkata

to range from 20 minutes to about 60 minutes irtdigaa considerable
congestion on the roads of Kolkata.

Anas and Lindsey (2011) discuss the major negaéxeernalities of
transportation such the costs of greenhouse gasems, air pollutants, noise
pollution and accidental costs of congestion. W@€11) studied the impacts
of low-emission zones (LEZs) areas on air pollutiand the spatial
substitution effects in green versus dirty vehicl2anielis et al. (2011) and
Cerruti (2013) analyze the impact of a vehicle yiadin charge on nitrogen
oxides concentration in Milan. Carrillo and Mallk(13) estimated the impact
of driving restrictions on vehicle flows and carbmonoxide emission. Viard
and Fu (2014) evaluate the environmental benefit aconomic cost of
Beijing’s driving restrictions. According to thisusly air pollution falls 19 %
during every-other-day and 7 % during one-day-peekwestrictions. Bento
et al. (2014) discusses the welfare effects of mpaffic congestion while
Song et al. (2015) developed the delay correctiadleh(DCM) to predict
emissions from buses traversing intersections basedraffic variables.
Rodriguez et al. (2016) studies the influence ofinly patterns on vehicle
emissions using data from Latin American cities.

The review of previous literature shows that reseain this area are
numerous and number of researchers have usededifféechniques and
methodologies to measuE®, emission of road traffic congestion. However,
it is clear that most of these studies have tendedimply analyzeCO,
emission using secondary data in more sophisticaitels in developed
countries. Therefore, these studies have only geavlimited information to
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make appropriate policies on road traffic congestiodeveloping countries.
This study will partly attempt to fill this void ithe literature by estimating the
CO, emission of road traffic congestion in Kandy aiging survey data in Sri
Lanka.

M ethodology

The method used to estimate cost of excess fuesucoption and C®
emission is primarily based on the methodology thperl byKakouei et al.
(2012) andAli et al. (2014). For estimating the cost of exscigel consumption
of the traffic congestion, we first separated hé vehicles into four groups
namely diesel (d), petrol (p), hybrid (h) and electWe found 14 vehicle
categories for diesel vehicles, 7 vehicle categdoepetrol vehicles, 5 vehicle
categories for hybrid vehicles and 2 categoriesetectric vehicle’s. Then
within diesel vehicles, different type of vehiclémainly based on engine
capacity) is identified. Accordingly we have iddmtil 19 vehicle types for
diesel vehicles while the number is the same féropand hybrid vehicles.
Then total number of vehicles entering to the icitgach three hours time slots
under each vehicle type is recorded. After sortingthe vehicle type, we first
estimated the fuel expenditure for each vehicleetypr travelling one
kilometre in each road corridor under the free flge following Equation 1
is used for this purpose.

FEFF, =TFC XD....c.ooovvriirrciccn, (.):

Where, FEFFis the fuel expenditure (Rs.) that is neededdwdira specific
distance on a road corridor for a particular vehadtegory (i) under free flow.
TFGCi is the total fuel cost (Rs./per Km) of the ith hiede category and D is
the total travel distance(number of Km) in a speabrridor.

TFC, = 3 (FC, XNOV, )-rvveervveeeereeenenen (.1
t

Where FGis the fuel expenditufe (Rs/per Km) of the t vehicle type in a
specific vehicle category and NOW the total number of vehicles entering

18 Electric vehicles were dropped from the analysithay did not use petrol or diesel.
17 Fuel expenditure is estimated for each vehicle .tfgme this purpose we first estimated
number of liters (quantity) required to travel omen distance using the standard
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to the city in a specific time period in t vehidige. We next estimated the
fuel expenditure to travel the same distance undegested situation. Total
fuel expenditure due to the traffic congestion (EGf ith vehicle category

in a specific transport mode can be estimated usitmving Equation 3.

FETC :(FEFE JXATI] ............................. (..):
TFF

Where FEFHs the time (in minutes) that is needed to travgbecific distance
on a road corridor for a particular vehicle catgg@yrunder free flow, TFF is
the average number of minutes taken to travel #meesdistance of a road
corridor under free flow and ATTs the total number of minutes taken to
travel the same distance of a road corridor undsfi¢ congestion by
vehicle category. Accordingly, total extra fuel tq&FC) of I" vehicle
category of a specific transport mode due to taffongestion can be
estimated by using Equation 4.

EFC = FETC —FEFF, oo 4).(
Using estimates taken from Equation 4 extra fuakoonption quantity due to
traffic congestion can be estimated as follows.

EFQ = B G e (5).
FP,

Where EFQis the extra fuel consumption quantity (litter§}twe ith vehicle

category and FRs the fuel price per litter (Rs.) of j fuel typadiesel or petrol).

The estimation of the extra fuel consumption qugns done for the each
vehicle category in each time slots of a given #aythe different fuel

types as well as corridors separately. Finallyltetataken for the three
corridors.

This study estimates the total fuel expenditure ttuelelay related to the
deviation from actual time taken from free flow.efhthese cost components
are converted into liters of different fuel typa.drder to estimate totélO,
emission, CQEmissions Footprint Calculator used by Kakoueale{2012)

is used. Accordingly, burning a litre of diesel gnoes around 2.64 kgs of

(recommended) fuel consumption rate. Then the dwaist multiplied by average (survey
period) fuel price to identify the fuel consumptiexpenditure per Km for each vehicle type.
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carbon dioxide, whereas petrol has lower carbontecdnand produces
about 2.392 kg& Accordingly, CQ emission by ith vehicle category (&©
metric tons) is estimated by multiplying extra sejuantity consumed (by
each vehicle category) from emission per liter ngrof petrol or diesel and
dividing by 1000,000. This is given in Equation 6.

CO. = FQ, x Emission( per / liter); ©)
N 1000x 1000 e

This study will use primary data along with secaydiata. Primary data were
obtained from two surveys. First survey was thel rmanitoring survey while
second survey was the time monitoring survey. Dallacted from the vehicle
monitoring survey covering three road corridors tbé Kandy city in
November and December 2018 is mainly used to ifjetite number of
vehicles entering the city each day. Also, a tinmitoring survey carried out
during the same month is used to estimate the deteey (different between
the actual time taken and regulated time) for easthicle categories.

Results and Discussion

The details of those three main corridors are givedable 1. Table 2
summarizes details about the number of vehicle=iagtto the city from three
main corridors. According to the Table 2, totainier of vehicles entering
from 3 main corridors between 6.00am and 6.00p®B2i987 per day and
approximately 45 % of the vehicles enter the aityrf corridor 1 while 29 %
and 26 % enter from corridor 2 and 3 respectivéiurther out of different
vehicle categories cars (23 %), three wheel (20af6) motorcycles (29%)
show relatively higher percentages. The presencggpiificant amount of
motorcycles, three wheel and cars is mainly duentmnvenient public
transport system prevailing in Kandy.

8 1n general 1 liter of diesel weighs 835 g and ingiets for 86,2% of carbon, or 720 g of
carbon per liter. In order to combust this carltm@©,, 1920 g of oxygen is needed. The sum
is then 720 + 1920 = 2640 g of &er diesel. Further, 1 liter of petrol weighs(7§. Petrol
consists for 87% of carbon, or 652 g of carbonlpper of petrol. In order to combust this
carbon to C@ 1740 g of oxygen is needed. The sum is then 66246 = 2392 g of C&lliter

of petrol.
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Table 1: Details of the Corridor

Name Details

Peradeniya Town and Kandy Clock Tower / Hospital
Corridor 1 (C1) 6.5 Km- Free flow 13 minutes

Katugasthota Town and Kandy Market Station
Corridor 2 (C2) 5.4 Km- Free flow 14 minutes

Thennekumbura Bridge and Kandy Market Station
Corridor 3 (C3) 6.0 Km- Free flow 16 minutes

Note: Corridor 1 is a part A1 and AB42 while Comi? is a part of B70 and A9. Corridor 3
includes a part of A26

It is evident that during 6am and 9am 32 % of te&licles enter the city and
further between 12 noon and 3pm approximately 28 %&hicles are entering

to the city. Accordingly, these two time slots danconsidered as the peak-
hours in the city area.

Table 2: Number of Vehicles Entering from Three M@&iorridors
Corridor1  Corridor2  Corridor 3

Category (%) (%) (%) Total
Bus 50.46 26.44 23.11 3,484 (6.58)
Lorry 44.14 33.44 22.43 1,953 (3.69)
Truck 38.26 37.83 23.91 230 (0.43)
Bowser 39.68 14.29 46.03 126 (0.24)
Car 48.85 26.57 24.57 12,265 (23.15)
Cabs 52.01 33.17 14.81 621 (1.17)
Jeep 41.78 29.57 28.66 1,982 (3.74)
Wagon 52.38 28.51 19.11 1,638 (3.09)
Van 37.10 35.26 27.64 4,356 (8.22)
Ambulance 44.07 30.51 25.42 59 (0.11)
Three wheel 50.48 25.43 24.09 10,543 (19.90)
Motorcycle 38.62 32.42 28.96 15,625 (29.49)
Others 41.90 37.14 20.95 105 (0.20)
Total 23,801 15,537 13,649

(44.92) (29.32) (25.76) 52987

Note: Under the brackets of last column gives tiie@ntage of each vehicle category out of
total number of vehicles. Brackets of the last raports the % of vehicles coming from each
corridor.
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Large numbers of schools, hospitals, governmentesffare located along the
road sides of these three main corridors. Duhisofact a significant number
of office vans are also seen frequently during peakrs which carry school

children and office workers from the residence &evant schools or

workstations. Total number of vans entering todityis around 4,356 which

account approximately 8 % of the total vehicle flaith 12 hours in a given

day.

The average time to travel one kilometer distarare mainly depend on the
vehicle type as well as the time of the day. Uride flow average time taken
to travel one Km along Corridors 1, 2 and 3 are.®, and 2.7 minutes
respectively. Table 3 reports the average numbarimutes taken to travel
one Km distance during a particular day betweef@a&r0and 6.00pm along
these three corridors. It was clearly observethftbe table the bike (except
ambulance) has lesser delay while bus as wellakdrhas largest delay with
respect to the reference speed which in mainlytduleeir size.

Table 3: Average time taken to Drive along the @aons (minutes/ per Km)

Vehicle Category Corridor 1 Corridor 2 Corridor 3
Bus 9.69 10.42 8.00
Lorry, Truck Bowser 9.31 10.60 7.13
Car, Cabs, Jeep, Wagon 8.00 8.69 6.58
Van 8.46 8.29 6.54
Three Wheel 5.35 4.35 3.83
Motorcycles 3.58 4.54 3.42
Ambulance 2.88 2.73 2.54
Others 9.15 9.35 7.96

Note: Ambulances are exceptional as they arexpected to follow the rules applied to
drive on the road.

As the next step of the analysis we estimated dte tosts of extra fuel
consumption due to traffic congestion per day. the purpose, we divided
all the vehicles into diesel, petrol and hybrid.ddneach fuel type different
types of vehicles based on average fuel consumgtiwh engine capacity
were identified. This information helps to identiflye total fuel cost of a
particular vehicle type that is required to runpedfic distance of a road
corridor. Then the required fuel cost is estimatader free flow and actual
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time taken. The different between those two gisetha fuel cost due to traffic
congestion. The estimated fuel cost under diffetene slots as well as
different vehicle categories are given in Table 4.

Table 4: Estimated Value of the Extra Fuel Consumnpt

Vehicle Diesel Petrol Hybrid

Category Vehicle Vehicle Vehicle Total
2,538,722
Bus 2,538,722 (39.19)
Lorry, Truck 686,511
Bowser 686,511 (10.59)
Car, Cabs, 2,066,806
Jeep, Wagon 477,363 1,230,903 358,539 (31.90)
65,3876
Van 464,876 182,899 6,100 (10.09)
1,778
Ambulance 1,778 (0.03)
315,337
Three Wheels 315,337 (4.86)
170,667
Motorcycles 170,667 (2.63)
43,909
Others 43,909 (0.67)
4,213,161 1,899,807 364,640
Total (65.04) (29.33) (5.63) 6,477,609

Note: Under the brackets of last column gives thecgntage of expenditure out of total
expenditure for extra fuel consumption. Brackettheflast raw reports the % distribution of
extra fuel expenditure among different fuel type.

The information given in Table 4 represents théed#ince in cost taken to
travel a given section of roadway during free flamd real time. It is evident
that the estimated cost of extra fuel consumpt®oRs$.6.47 million per day
which will be Rs. 194.10 million per month and Rs36 billion per year for
one direction travel delay (only entering to thig)ciThe analysis also finds
that approximately 65 % of the total excess fuat€ds coming from diesel
vehicles while others contribution is approximat8fy %. Also combined
effects of bus, lorry, truck and bowsers are mtwant50 % of the diesel
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vehicles. The total combined costs of car, cadep jand wagon which are
mostly privately used vehicles appear as 32 % @tdkal costs.

Table 5: Total Extra Fuel Consumption (litters)

Vehicle Diesel Petrol Hybrid

Category Vehicle Vehicle Vehicle Total

Bus 21,484 21,484 (42.06)

Lorry, Truck

Bowser 5,809 5,809 (11.37)

Car, Cabs,

Jeep, Wagon 4,039 8,385 2442 14,867 (29.11)

Van 3,934 1,245 41 5,221 (10.22)

Ambulance 15 15 (0.03)

Three Wheels 2,148 2,148 (4.21)

Motorcycles 1,162 1,162 (2.28)

Others 371 371 (0.73)
35,654 12,942 2,484

Total (69.80) (25.34) (4.86) 51,080

Note: Average diesel price per liter was Rs. 11&d@ average petrol price per liter was Rs.
146.79 in 2018.

As the next step of the analysis extra fuel congionps estimated and these
estimates are given in Table 5. Average fuel comdiom quantity of
classified modes and their proportions are alseavaho same Tables. Total
extra fuel consumption by all vehicles are 51,0B6rd in a given day.
Accordingly, the estimated extra fuel consumptiammfities due to the
existing traffic congestion are 35,654 liters ads#l and 14,426 liters of petrol.
Contribution of 3,484 buses for the total fuel aamption is 42 % while the
combined effects of 16,506 car, cabs, jeep and w&@9.11 %. Increasing
fuel consumption on the road mean emissions ineraas air quality will
only get worse. Therefore, as the final step ofahalysis we estimated the
extra CQ emission due to road traffic congestion. Thesenasés are given
in Table 6.
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Table 6: Total Extra CO2 Emission due to Road Teaffongestion (MT)

Vehicle Category Diesel Petrol Hybrid Total

Bus 57.15 0 0 57.15 (43.38)

Lorry, Truck

Bowser 15.45 0 0 15.45 (11.73)

Car, Cabs, Jeep,

Wagon 10.75 20.06 5.84 36.65 (27.72)

Van 10.46 2.98 0.10 13.54 (10.28)

Ambulance 0.04 0 0 0.04 (0.03)

Three Wheels 0.00 5.14 0 5.14 (3.90)

Motorcycles 0.00 2.78 0 2.78 (2.11)

Others 0.99 0 0 0.99 (0.75)
94.84 30.96 5.94

Total (71.99) (23.50) (4.51) 131.74

Note: These€0, emission estimates are only for the delay of #igiale that are entering to
the city.

Given the standard emission rates, @@ emission caused by excess fuel
consumption due to congestion is estimated. Tla@0t, emission weight is
estimated 131.74 tons per day which is 48,085 pamsyear for the 3 main
corridors when considering the vehicles that atererg to the city during 12
hours a day. Approximately 43 % of the total entisss contributed by the
bus while combined effects of car, cabs, jeep aagon is more than 36 %.
As shown in Table 6, about 93 % of @), emissions in Kandy are produced
by 9 vehicle categories which includes bus, lotryck, bowser, car, cabs,
jeep, vegan and van while the three wheel and mttas has lower CO2
emission than other vehicles. Furthermore, it igntb that the structural
characteristics of the city such as number of éngseoads, the number of
vehicles parked along the roadsides, crossingtnaks, closer location of
schools, hospitals, temples, availability of numbesmall temporary shops
(small hut-type shops) along the roadsides, narcoessing bridge and
availability of main junctions have resulted in ri@asing traffic congestion
significantly in the study area.
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Conclusions and Policy Recommendations

The main purpose of this research is to estimateafextra fuel consumption
and extra C@emissions of road traffic congestion using sumyata in Kandy
city in Sri Lanka. Data collected from several yw covering in November
and December 2018 is used to estimate cost of é&x¢taconsumption and
CO, emission due to traffic congestion in the studgaamResults show that
approximately 53,000 vehicles are entering to thedy city area during 12
hours (day time) of a day from three main corriddtgs can be approximately
doubled when considering total number of vehidias &re entering to the city
as well as exiting from the city. Accordingly thetienated extra fuel
consumption quantities due to the existing traibogestion are 35,654 liters
of diesel and 15,426&s of petrol for 12 hours duration per day. The vabtie
extra fuel consumption due to existing traffic cestion in the city area is Rs.
194.10 million per month. If we convert extra fumnsumption intaCO,
emission the total CO2 emission is estimated 3t862 per month in the city
area. Approximately 72 % of the total emissionastdbuted by the diesel
vehicles. The contribution of bus, lorry, truck anowser to the totatO,
emission is approximately 73 % while combined d@fex car, cabs, jeep and
wagon is more than 37 %. These figures can be appabtely double if
entering as well as exiting vehicles are taken atoount in the study area.

This research finding will contribute to pay immaii attention for this issue
(which is hidden) while achieving environmental noyement in the urban
areas in Sri Lanka. In the long term for reduct@, emissions from the
transportation sector, policy makers should payr thgention to introduce
more efficient vehicles and the use of alternafingds. In terms of alternative
fuels, many carbon-neutral options are availabllayo In general, results of
this study will provide an opportunity to make nesary policies that provide
incentives to protect urban environment that gdeeragional as well as
global benefits in the future.
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