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Abstract 

 

Since a hybrid vehicle consumes less gasoline, especially in traffic congestion, it is expected to reduce fuel consumption from 

vehicles in a city like Bangkok. Thus, the reduction in fuel consumption after introducing hybrid car should be estimated to 

understand its impacts. However, fuel consumption is dependent on driving situations, which fluctuate locally and are unstable. 

Therefore, an estimation method using probe data reflecting local traffic conditions should be applied. In this study, a method 

to estimate fuel consumption of gasoline and hybrid vehicles was proposed based on probe information obtained from around 

10,000 taxis and mobile fuel consumption measurement in actual test runs. To represent the local traffic situation, five different 

driving modes (stopping/idling, crawling, accelerating, cruising, and decelerating) were identified. Under the assumption that 

all probe vehicles be replaced by hybrids, fuel reduction impacts are clearly observed in congested traffic. 
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1. Introduction 

 

Traffic congestion results in low average speeds and non-

smooth traffic flow. It involves long times of stopping/idling, 

increased fuel consumption and CO2 emissions [1] because 

each vehicle is basically kept in idle and is still burning fuel. 

Thus, the auto industry introduced a new generation of fuel 

saving and environmentally friendly vehicles, or so-called 

“hybrid car/vehicles (HV)”. However, it is still questionable 

how much fuel the owners can save in different driving 

modes and traffic conditions. This paper aims to estimate the 

fuel wasted by gasoline and hybrid vehicles in various traffic 

conditions in the Bangkok Metropolitan Region. The method 

to estimate fuel consumption of gasoline and hybrid vehicle 

cases was proposed based on probe information from around 

10,000 taxis and mobile fuel consumption measured by 

actual test runs. 

 
2. Literature review 

 

Previous studies indicated that probe data can be used as 

an alternative method for fuel consumption estimation 

depending on driving modes. For example, probe data and 

road detectors to estimate fuel consumption and greenhouse 

gas (GHG) emissions [2]. Furthermore, the impacts of using 

alternative energy, i.e., diesel and a 5% biodiesel (B5) were 

found based on probe data [3]. Also, there are some 

literatures of the impacts of using hybrid vehicles under 

different traffic conditions and road categories over varying 

periods of time [4]. On the other hand, the research of Wang  

et al. [5] considered the impacts of hybrid car in downtown 

and suburban areas. Additionally, Pitanuwat and 

Sripakakorn [6] investigated fuel mitigation using hybrid 

vehicles in actual driving tests in Bangkok. These results 

indicated that introducing hybrid vehicles achieved the 

greatest reduction in fuel consumption on downtown 

arterials during periods of traffic congestion. However, these 

studies used only hybrid vehicles to test the impacts on fuel 

consumption, although they used data from road detectors 

(probe data) to define traffic conditions. 

 

3. Methodology 

 

 The methodology of this study is shown in Figure 1. 

Fractional duration is defined as “Time Sharing of 

Driving Modes” to use probe data in the current study. Thus, 

mobile fuel consumption from two cars in actual driving tests 

considering their fractional duration of driving modes from 

probe data can be used to estimate total fuel consumption. 

This is expressed by Equation (1) for hybrid systems and 

Equation (2) for non-hybrid systems. 

 

𝑭𝑪𝒘𝒊𝒕𝒉𝒐𝒖𝒕 = 𝑭𝑪𝒗𝒔𝒑𝒆𝒆𝒅 × 𝑻𝑺                     (1) 

 

𝑭𝑪𝒘𝒊𝒕𝒉𝑯𝑽 = 𝑭𝑪𝒗𝒔𝒑𝒆𝒆𝒅,𝒐𝒏 × 𝑻𝑺 ×
𝑭𝒓𝒆𝒒𝒐𝒏

𝑭𝒓𝒆𝒒𝒐𝒏+𝑭𝒓𝒆𝒒𝒐𝒇𝒇
             (2) 

 
where 𝐹𝐶𝑊𝑖𝑡ℎ𝐻𝑉 =    Total fuel consumption for 

“With HV”  
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 𝐹𝐶𝑊𝑖𝑡ℎ𝑜𝑢𝑡𝐻𝑉 =  Total fuel consumption for 

“Without HV” 

 𝐹𝐶𝑉𝑠𝑝𝑒𝑒𝑑,𝑜𝑛 
   =  Mobile fuel consumption for 

each speed range when the 

engine is “ON” 

 TS =  Time sharing for each driving 

modes from probe data 

 Freqon,or off  =  Frequency of gasoline engine 

operation 
 

4. Data collection 

 

The Bangkok Metropolitan Region (BMR) was selected 

as a case study. One hybrid and gasoline cars, which are the 

same model year of release, car, and brand, were used to 

measure  mobile  fuel  consumption  in  actual  driving  tests.  

These tests were done during June 11st to 14th, 2016. Various 

conditions were identified as the days of week (weekdays or 

weekends), periods (morning peak (7:00-9:00), off-peak 

(9:00-16:00), and evening peak (16:00-19:00)), and road 

categories (highways, arterials, and minor roads). 

 

5. Results  

 

5.1 Time sharing of driving modes estimation 

 

 Time sharing diagrams of five driving modes, including 

stopping/idling, crawling, accelerating, cruising, and 

decelerating in the inner areas are estimated. Figure 2 shows 

examples of time sharing diagrams estimation of arterials 

during the weekdays and weekends.

 

 
 

Figure 1 Methodology  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Time sharing diagrams in inner areas on arterials 
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From Figure 2, it can be seen that the crawling mode 

accounts for almost 30% of fuel consumption on arterials. 

When only stopping/idling are considered, a few impacts of 

congestion are only seen if congestion percentages are less 

than 10%.  

 The distribution (percentages) of driving modes among 

the road categories and days were compared, as shown in 

Figure 3. It is clearly seen that the percentages of stopping 

and crawling are greater in inner areas than outer areas in all 

cases. Traffic congestion is indicated by this figure. 

 

6. Fuel consumption estimation and reduction by the 

impacts of using hybrid cars 

 

6.1 Fuel estimation  

 

 In the actual driving test, mobile fuel consumption 

(CC/sec) of hybrid and gasoline cars was determined for 

various days of the week, and periods in each driving mode, 

speed range, and indicated time frequency (sec) in case of the 

hybrid system (the gasoline system is inoperative OFF)  or  

operative  (the gasoline  system  is    ON).  

 Tables 1 and 2 summarize the weekday mobile fuel 

consumption by hybrid and gasoline cars during peak hours 

on arterials. 

 

6.2 Fuel consumption results 

 
 By equations (1) and (2), fuel consumption rates (total 

fuel consumption divided by vehicle kilometers traveled, 

VKT) and reduction percentages (difference percentages 

between without HV and with HV rates) are summarized. 

They are presented according to three considerations (area 

and day of the week, road category, and driving mode) in 

Figure 4. 

 From the area/days of week results, the highest 

consumption rate was in the inner areas on weekdays               
by vehicles without HV technology. When road category 

was considered, the highest consumption rate was on 

arterials and minor roads on weekdays. Fuel reduction 

impacts were clearly observed in the inner areas of BMR on 

weekdays, and on arterials on weekdays. Since high 

consumption corresponds to high stopping and crawling 

percentages in the results of time sharing, the fuel 

consumption increases when traffic is congested as measured 

by time sharing of driving modes as found in previous                                                             

study [1]. 

 The most effective driving mode is acceleration. 
However, in terms of fuel reduction, stopping and crawling 

modes were effectively reduced by 87%.

  

  

  
 

Figure 3 Percentages of driving modes on each road category and days in the evening peak 
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Note: WD = weekdays, WE = weekends 

 

Figure 4 Results of fuel consumption rate and percentages of reduction under each consideration 
 
Table 1 Mobile fuel consumption results of the hybrid car 

 

 



Engineering and Applied Science Research October – December 2017;44(4)                                                                                                                                 226                                                                                               

 

 

 

Table 2 Mobile fuel consumption results of the gasoline car 

 

 
 

7. Conclusions 

 

This study aims to determine time sharing of driving 

modes from probe data under a variety of traffic conditions 

to estimate fuel consumption and to study the impacts of 

using hybrid vehicles in BMR. The methodology is 

considered from both Business As Usual (BAU) and 

replacing hybrid vehicles cases in all probe vehicles to 

determine the fuel reduction impacts. 

As a result, the highest fuel consumption rate is in the 

inner area of the BMR on weekdays for non-hybrid systems. 

Driving on arterials and minor roads consumes the most fuel 

on weekdays. This corresponds to long stopping and 

crawling times seen in time sharing calculations in the initial 

analysis. If hybrid vehicles replaced all probe vehicles,       

fuel reduction impacts are clearly observed in the inner    

areas on weekdays, on arterials and minor roads, and in 

stopping/crawling modes. 
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