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Abstract 
A component of Environmentally Sustainable Transportation (EST) is global emission 
which is correlated to fuel consumption. In the transport sector, the concept of 
sustainable development is promoted as one of the key solutions to environmental 
and energy problems. The focus of this study is the recording and analysis of 
microscopic data (velocity, acceleration, longitude and latitude, fuel consumption per 
second) and the introduction of fuel consumption criterion in the evaluation process of 
traffic management strategies in the country. To demonstrate the use of an on-board 
instrument and the introduction of fuel consumption criterion in the evaluation process 
of traffic management strategies, a case study on the comparison of a signalized 
intersection and a U-turn scheme is presented. 
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1.   INTRODUCTION 

 

The growing number of motor vehicles in major cities around the world has presented a number of 
environmental problems. The rising automobile population has led to the decrease in available land 
for use in transportation and environmental degradation. Finite energy resources are rapidly nearing 
extinction. Motor vehicles have become one of the chief sources of harmful emissions that endanger 
not only our health, but the very existence of the next generation. The threat of global warming is now 
inevitable. In reaction, all sorts of counter-measures are applied and new ones are thought up all the 
time. Sustainable development is one of the trends that will help combat energy problems and global 
warming. Sustainable development has come a long way since its conception. Now, even transport 
systems and management strategies can be assessed in the hopes of making it more efficient. The 
concept is to apply the concept of sustainable development in designing and/or evaluating transport 
systems and strategies. Factors that take priority are fuel consumption and efficiency which can be 
translated into lower emission levels. The U-turn traffic scheme aims to free up an intersection from 
queuing up behind traffic lights. It intends to increase the flow rate by applying U-turn slots a bit ways 
from the intersection itself. In effect, vehicles will have to constantly move in order to pass an 
intersection. Vehicles must make more maneuvers including left or right turns and lane weaving. In 
unison, no left or right turns are applied since parts of the intersection are closed in order for the U-
turn scheme to work. The traditional signalized intersection scheme utilizes traffic lights in order to 
manage the order of lanes passing thru the junction. A certain amount of time is set for the green 
cycles of each lane. Queue length is the main factor that affects a green cycle’s duration. The 
research was conducted to show the difference in fuel consumption between the two traffic 
management strategies. This study is limited to the investigation and quantification of fuel 
consumption confined in the selected study areas. This research also focused on the effects of traffic 
management schemes which influence the fuel flow of the test vehicle that was used in both study 
areas. This in turn, presents the comparison of fuel consumption between the selected areas of study. 
 
 



 
 
 

1.1. Concept of Sustainability 

 
To date, there are over 60 definitions of sustainability, but the idea contains at least one of the 
following important components: concern with the long-term health of the environment; apprehension 
about the welfare of future generations; condemnation of rapid population growth and awareness over 
the possibility to maintain economic growth in the face of resource scarcity. Despite the variety of 
ideas on sustainability and broad discussions on the perspectives of economic growth, general 
meaning of sustainable development supposes economic development to be within certain ecological 
limits (Van Kooten and Bulte, 2000). Sustainable development is development that meets the needs 
of the present without compromising the needs of future generations to meet their own needs 
(Brundtland, 1987). According to Dr. Jean-Paul Rodriguez, the concept of sustainability can be divided 
to three points: (1) Social equity; (2) Economic efficiency; and (3) Environmental responsibility. Social 
equity relates to conditions favoring a distribution of resources among the current generation based 
upon levels of productivity. Economic efficiency pertains to conditions permitting higher levels of 
economic efficiency considering resource and labor usage. Lastly, Environmental responsibility is 
concerned with the supply of resources and the different forms of wastes. 

1.2. Concept and Definition of Sustainable Transport System 

 
A sustainable transportation system is one that allows the basic access needs of individuals and 
societies to be met in a manner consistent with human and ecosystem health, and with equity within 
and between generations; is affordable, operates efficiently, offers choice of transport mode, and 
supports a vibrant economy; and limits emissions and waste within the planet’s ability to absorb them, 
minimizes consumption of non-renewable resources, limits consumption of renewable resources to 
the sustainable yield level, and minimizes the use of land and the production of noise (Centre for 
Sustainable Transportation 2002). Transportation is linked to sustainability. Sustainable transportation 
considers the economic, social and environmental impacts of a country and develops parameters and 
criteria to create an efficient transportation system. “Sustainability in the transport sector optimizes the 
use of the transportation systems to achieve economic and related social and environmental goals, 
without sacrificing the ability of future generations.” (Qureshi & Huapu, 2007). 

1.3. Travel – related Factors to Fuel Consumption 

 
Fuel consumption is highly dependent on many different traffic characteristics. Speed and 
acceleration are significant factors affecting fuel consumption rates. Generally, fuel consumption rates 
increase as speed and acceleration increases. Also, fuel economy is somewhat poor at lower average 
trip speeds due to frequent accelerations and stops. Also, fuel consumption rates are reduced by 
engine friction, tires and accessories such as power steering and air conditioning at low speeds and 
are dominated by the effect of aerodynamic drag on fuel efficiency at high speeds [Ahn, 1998]. There 
are three major that can be considered in fuel consumption studies; driver, vehicle and environment 
related factors. Driver related factors deals with driving behavior. Vehicle related factors include 
engine type and condition, model, weight and tire pressure. Environment related factors include 
geometry, weather and traffic condition. 

1.4. Energy Demand Statistics of the Philippines and the World 
Energy demand in the transport sector covers fuel consumption. Petroleum products like 

gasoline, diesel and fuel oil are commonly used in the transport sector. Dependency of oil in the 
Philippines can be seen on transport use (Salire Jr., 2007). The transport sector accounts for the 2nd 
largest share in total energy demand. 

 



1.5. Development of On-Board Diagnostics (OBD) 

 
A modern OBD system in motor vehicles is capable of monitoring a number of sensors to determine 
whether they are working as intended. It can detect a malfunction or deterioration of various sensors 
and actuators, usually well before the driver becomes aware of the problem. The sensors and 
actuators, along with the diagnostic software in the on-board computer comprise the On-Board 
Diagnostics or OBD system. In California, On-Board Diagnostics I (OBD I) was California©s first set of 
OBD regulations that required manufacturers to install OBD systems that monitored some of the 
emission control components on vehicles. Although OBD I systems were required on all 1991 and 
newer vehicles sold in California, these OBD I systems were not particularly effective because they 
only monitored a few emission-related components, and they were not calibrated to a specific level of 
emission performance. In addition, the computer software coding and the OBD connection hardware 
were not standardized (Bordoff 2003, CARB 2003). Because of limitations, California Air Resources 
Board (CARB) developed a new set of OBD standards by utilizing a 16-pin Data Link Connector 
(DLC), with each pin corresponding to specific function. In response to the federal Clean Air Act 
Amendments of 1990 in the USA, all cars manufactured in the United States since January of 1996 
were required to abide by OBD II standards. In this study, OBD was used to monitor and record 
velocity, acceleration, rpm and fuel consumption at a per second rate. 

1.6. Global Positioning System (GPS) 

 
The Global Positioning System (GPS) is a satellite-based navigation system (24 in operation and 3 
backup in case one fails). The U.S. military developed and implemented this satellite network. GPS 
was originally intended for military applications, but in the 1980s, the government made the system 
available for civilian use. GPS works in any weather conditions, anywhere in the world, 24 hours a day. 
There are no subscription fees or setup charges to use GPS. (GARMIN) 

 

Land-based applications are more diverse. The scientific community uses GPS for its precision timing 
capability. Surveyors use GPS for an increasing portion of their work. GPS offers an incredible cost 
savings by drastically reducing setup time. It also provides amazing accuracy, basic survey units offer 
accuracies down to one meter, and more expensive systems can provide accuracies to within a 
centimeter. (GARMIN) 

 

 
2.   METHODOLOGY 
 
The study demonstrates the evaluation of existing and alternative traffic management strategies with 
primary consideration to fuel consumption. An on-board monitoring system was set-up by combining a 
OBD II and a Global Positioning System (GPS) portable unit. 
 
The study presents two cases on the comparison between a signalized intersection and a U-turn 
traffic management strategy. The first case was conducted at Quezon Avenue – Araneta Avenue (U-
turn) intersection and Aurora  Boulevard – Araneta Avenue Intersection (Signalized Intersection), and 
the second case at E.Rodriguez – Araneta Avenue intersection (U-turn) and V. Mapa – Old Sta. Mesa 
intersection (Signalized Intersection). Geometry and traffic flow are the primary considerations in 
choosing the study areas. Secondary data were gathered from Metro Manila Development Authority 
(MMDA) on the area’s traffic characteristics such as highway geometry and traffic flow. Data obtained 
from the OBD II were extracted using a laptop connected to the device with a software application. 
These log files were exported to Microsoft Excel.  Coordinates from Holux GPS were extracted and 
plotted using a GIS software.   
 
 
 
 
 
 



 
 
3.   RESULTS 
  
 
The data on fuel consumption can be related to different variables which the researchers identified as 
time duration, velocity, total weight, driving behavior and RPM. Data obtained from the instrument 
were exported into Microsoft Excel for statistical analysis. Graphs were also formulated for 
interpretation and visual presentation using GIS software. Results from the comparison between the 
two schemes were used to validate information from the previous studies. 
 

 
 

Fig. 1 Time Duration per Run 

Figure 1 show the trip duration between the two study areas on each case. Case 2 resulted to 
average has average trip duration 234.4 seconds and 81.6 seconds for U-turn and signalized 
intersection respectively. The U-turn scheme resulted with much longer trip duration due to the 
distance covered and the idle times occurred. This observation is true for both Cases. 
 
 

 

Fig. 2 Fuel Consumption per Run 

According to the data gathered, the fuel consumed on u-turn schemes are higher than in a signalized 
intersection scheme. The factors that caused these results are the distance traveled and trip duration. 
The result validates U-turn scheme promoting higher fuel consumption rates. 
 
 
 
 



 
 
 
 
 
 
 
 
 
 

 
Fig. 3 Effect of Velocity on Fuel Flow Rate (U-turn) 

It can be observed in Figure 3 that the velocity spikes is consistent with the fuel flow rate spikes at a 
given time interval. The direct relationship of velocity and fuel flow rate is presented.  
 
It also shows that in order to increase velocity, acceleration is required. Acceleration requires more 
amount of pressure to be applied to the acceleration pedal to have higher revolution per minute. The 
increase of RPM will result to higher fuel consumption.   

Table 1 Drive Cycle Factors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The tabulated data above show the different factors derived from velocity of U-turn and signalized 
intersection runs.Table 1 show that fuel consumption is affected by the changes of both acceleration 
and deceleration. As the frequency of the acceleration and deceleration changes, increase or 
decrease of fuel consumption occurs. Frequency of the U-turn runs as compared to the signalized 
intersection runs is noticeably higher. U-turn introduces a greater number of maneuvers and also it 
gives much longer distance to be traveled which induces acceleration and deceleration that affects 
the fuel consumption compared to the signalized intersection wherein a single left turn is maneuvered 
at a shorter distance. 

Factor U-turn Signalized 
Intersection 

Drive Cycle Factors Case 1 Case 2 Case 1 Case 2 
Average Speed (m/s) 3.92815 3.49485 2.86133 3.24081 

Average Running Speed (m/s) 5.48940 5.40952 5.79888 3.90493 

Average Acceleration (m/s2) 0.58236 0.10402 0.61010 0.09907 

Average Deceleration (m/s2) 0.64617 0.12927 0.61829 0.13683 
No. of Acceleration Changes 29 125 12 47 
No. of Deceleration Changes 21 110 7 48 

Idle Time (ss:ms) 84.73 143.56 91.03 47.73 
Acceleration Time (ss:ms) 73.33 48.60 27.83 19.91 
Deceleration Time (ss:ms) 45.13 42.89 14.33 19.94 



 
Acceleration and deceleration are present in u-turn slot approach, queue approach and when weaving 
maneuvers, the complex trip route gives a higher number of acceleration and deceleration changes. 
Since all of these maneuvers are seen on u-turn slots, it gives a higher amount of fuel consumption as 
compared to the signalized intersection which only experiences a stop once or twice and maneuvering 
a single right or left turn during a green cycle. 
 
The time proportions are important in the fuel consumption. The first factor for time proportion is the 
acceleration and deceleration. Earlier it was mentioned that changes in velocity affects the fuel 
consumption. Therefore, the larger time proportion for both acceleration and deceleration means that 
the greater amount of fuel is consumed. The presence of driving maneuvers highly affects the 
acceleration and deceleration. The route of signalized intersection requires fewer maneuvers than the 
u-turn route. The results gathered from the analysis of the data proved that more time is consumed on 
a u-turn route than a signalized intersection. 
 
Another factor of time proportion is the idle time. As for the design of the u-turn route it has a longer 
distance than the signalized intersection. The longer the duration of the idle time the higher amount of 
fuel is consumed. In the intersection idle time is usually present on once or twice upon red cycle 
compared to the u-turn aside from the red cycle vehicles also experiences additional idle time upon 
joining to a major road coming up from a minor road. U-turn slots offers limited amount of lanes. 
Therefore, when coming up from a u-turn slot and joining the main road vehicle stops and slows down. 
Idle time occurs. 
 
Even though acceleration and running speed have major effect on fuel consumption, the variances of 
the results between U – turn and signalized intersection are shown to be small that they appear to be 
almost equal. Therefore, these results have the least priority in terms of analysis. 
 
Comparing Case 1 to Case 2, the results showed that in U-turn scheme much higher acceleration 
values are obtained which means it consumes a greater amount of fuel under the U-turn scheme than 
the Signalized Intersection. The data of the idle time of the researchers were different from the 
previous study because the idle time of the previous study states that Signalized Intersection has a 
greater time that U-turn while in the researchers’ data U-turn has a greater idle time. More idle times 
occur in U-turn scheme because many turns are involved. As the researchers mentioned an idle time 
in U-turn doesn’t only occur upon red cycle, it is also present upon entering a U-turn slot and joining to 
a major road. Not at often times entering a u-turn slot is fast. Building up of vehicles is present 
because vehicles have to reduce speed or stop before joining the major road. 

 

 
 

Fig. 4 F-test results (U-turn) 
 
 
 



 
 

Fig. 5 F-test results (Signalized Intersection) 
 
The figure 4 and figure 5 illustrate the correlation between the fuel consumption to the different 
variables considered these are the total weight, velocity, RPM and driver’s behavior. It shows that of 
the 4 variables the velocity has the strongest correlation to fuel consumption for both the U-turn and 
signalized intersection.  Case 1 and Case 2 produced similar results with the exception of RPM. The 
study produced contradicting results in terms of RPM due to the difference in level of service of both 
study areas. For this reason, the runs were limited to low average trip speeds. 
 
The following figures present the generalized data for both u-turn and signalized intersections in terms 
of fuel flow rate. 
 

 
 

Fig. 6 Generalized Run for U-Turn Data Case 1 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig. 7 Generalized Run for U-Turn Data Case 2  



 
Figure 6 and figure 7 showed the variation of fuel flow rate at the u-turn route. The change of color 
presents the fuel flow rate of the vehicle used along the u-turn slot. Green box represents the location 
of low flow rates while the red presents the high flow rate points. Both cases produced small fuel flow 
rate at entry points of U-turn schemes. 

 

 
 

Fig. 8 Generalized Run for Signalized Intersection Data Case 1  
 

In the figure 8 shows that fuel flow rate at the beginning of the runs is experienced with a small 
amount by the vehicle. The change of color explains that there is an increase in flow rate from the 
start to the end of the run. 
 

 

Fig. 9 Generalized Run for Signalized Intersection Data Case 2  
 
The figure 9 presents the variation of fuel flow rate on the signalized intersection. Case 2 produced 
similar results with Case 1.   
 
4.   CONCLUSION 
 
The two traffic schemes were compared and assessed in terms of fuel consumption rates and other 
factors. Factors like time duration, velocity, RPM were correlated to fuel consumption. One primary 
factor that affects the outcome is the trip duration. The U-turn scheme was found out to have longer 
run duration. Another factor is the distance traveled. U-turn runs covers 870 meters while the 
signalized intersection covers only 256 meters.  Acceleration and deceleration factors highly affected 
the fuel consumption. Inconsistent driving maneuvers created more acceleration and deceleration 
variation which results in much higher amount of fuel consumed. The number of changes in 
maneuvers in U-turn compared to signalized intersection is more frequent and accounts to larger fuel 
consumption rates.  Analysis revealed that the U-turn promotes higher fuel consumption rates than 
the signalized intersection scheme. 
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