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Abstract  

Fuel consumption and 𝐶𝑂2 emissions have been a topic of interest in the last decades. Not only 

environmentalists but also governments are taking rapid action to reduce emissions of 

pollutants. The measures imposed by governments involve, naturally, all stakeholders in the 

logistics sector, from road authorities and logistic operators to truck manufacturers.  

The improvement of traffic conditions is one of the perspectives in which the reduction of 

emissions is being addressed is. Optimization of traffic flow, avoidance of unnecessary stops, 

control of the cruise speed and coordination of trips in an energy efficient way are necessary 

steps to remain compliant with the upcoming regulations. In this study we measured the fuel 
consumption in heavy-duty vehicles while traversing signalized intersections and we 

examined the differences between various scenarios. We found that in good traffic conditions 

avoiding a stop translates to a 0.12 𝑙 fuel saving.  
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1. Introduction  

Road transportation is not only one of the main causes of 𝐶𝑂2 emissions, but it is also the main 

component of the logistic costs. Furthermore, a large percentage of it takes place in specific 



 

  

  

  2  
  
作者/Author  所属机构/Company or Organization   日期/Date  第 16 届国际重型车辆运输技术大会  
Deschle, van Ark, 

van Gijlswijk                                                                                                                                                         16th INTERNATIONAL SYMPOSIUM ON   
and Janssen   TNO        4-7 September 2021  HEAVY VEHICLE TRANSPORT &  
  

  

  

  

  

  

corridors where most of the freight traffic takes place. Aiming to reduce the emissions and fuel-

usage in these specific corridors can have a huge economic and environmental impact.  

1.1 Fuel Consumption and 𝑪𝑶𝟐  

Depending on the degree of development of the country, domestic logistics costs account for 

5% to 20% of a country’s GDP of which about 60% are transportation costs (Havenga and 

Pienaar [2012], Ittmann and King [2010]). Although the global road to rail modal split ratio is 

estimated to be 60:40, this varies significantly from one country to another. Specifically, in 

Latin America and China, the percentage of rail transport is below 25% and it is under 40% for 

the United States (Kaack et al. [2018]). The European Union is more heterogeneous and the 

estimations of the road-rail modal split vary between 17% (Blauwens et al. [2006]) and 34% 

(Kaack et al. [2018]). Rail dominates in a few countries that share certain characteristics, i.e. 

they span large areas with a very irregular population distribution, such as Australia, Russia and 

Canada. Furthermore, in the last ten years the share of road freight activity has been shown to 

be increasing compared to rail freight worldwide (Kaack et al. [2018]). At the same time, the 

transport industry is a significant source of greenhouse gas emissions  such as 𝐶𝑂2. As of 2015, 

the transportation sector was responsible for 7% of the total 𝐶𝑂2 energy related emissions 

(Kaack et al. [2018]). Furthermore, freight transport which is highly dominated by trucks, 

constitutes 25% of U.S. total 𝐶𝑂2 emissions (Ang-Olson and Ostria [2005], Hwang and Ouyang 

[2013]). Altogether, these figures call for urgent action in road transportation so that logistics 

can expand to allow for economic growth with smaller impact on air quality, as described in the 

emissions goals of the European Union. The last two decades have shown a shift in freight 

transport research towards sustainability and safety, affecting heavy-duty transport vehicles in 

a number of ways. Different options have been and are being explored at different levels, 

ranging from different energy sources to automation and coordination. The changes in the 

transport of goods could be classified as follows: vehicle energy consumption and efficiency, 

control of emissions, and finally automation and coordination both between vehicles and with 

the network infrastructure.  

1.2 Emissions and Traffic Control  

Reducing the number of stops made by vehicles can lead to a drop in travel times, fuel 

consumption and undesired 𝐶𝑂2 emissions, while at the same time increasing safety on road 

(see Peters et al. [2009] and the references therein, for example: Barth and Boriboonsomsin 

[2008]). Although initially aimed at reducing travel time rather than increasing sustainability, 

methods to maintain a steady flow in main roads have been around since the implementation of 

the green waves, which have been studied since the late 1910s (Guberinic et al. [2008], Tully 

[1976]). Further steps in this direction were green waves influenced by induction loops where 

the fixed or manually adjustable schedule was replaced by a dynamic algorithm with the traffic 

flow at specific points as input. The application of induction loops for traffic control was 
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introduced in the 1960s (Klein et al. [2006]) and has been under development since then. Some 

traffic controllers based on induction loops that are widely used are SCOOT (Robertson and 

Bretherton [1991]) and SCAT (Sims and Dobinson [1980]). In the Netherlands these systems 

are known as VECOM and VETAG and have been in use since the 1970s (Meyer [1975], 

Middleham [1976], Ros [1986]). Since then, diverse efforts have been put into developing 

communication systems between vehicles, infrastructure and traffic management centers. These 

technologies are now widely referred to as intelligent transport systems (ITS). PROMETHEUS, 

probably the first European research program on ITS, dates back to the 1980s (Festag [2014]). 

It was around the same time that the Interstate Surface Transportation Efficiency Act (ISTEA) 

in the United States issued the theme of ITS (Roess [2011]). In the early 2000s, the ubiquitous 

availability of Global Positioning System (GPS) devices and wireless communication boosted 

ITS technology developments and resulted in Cooperative-ITS (C-ITS) systems such as the 

intelligent traffic light control systems (iTLC). On the one hand, iTLCs receive information 

about the traffic in advance, both from induction loops and from cell-phone applications, 

allowing to coordinate the traffic reducing the number of stops.On the other hand these systems 

also communicate bidirectionally, sending back information to the vehicle or the driver, being 

able to concede priority and determine the optimal speed based on real time data. iTLC systems 

provide with an opportunity to contribute to achieving the environmental goals by optimizing 

traffic while minimizing emissions.  

 

2. Methods  

The current study employed physical measurements of emissions, fuel consumption, speed and 

position of a group of the vehicles. After identifying the location of the traffic lights, the data 

around the crossing was selected to study the different speed and emission profiles and in 

particular, the differences in emissions of different approaches. Furthermore, the data were 

subjected to a process of filtering, analysis and enrichment. The following subsections are 

dedicated to explaining the data; first, the physical measurements and the properties of the 

vehicles employed; second, the pre-processing and enrichment of the data acquired and third, 

the analysis which includes filtering and reference to the statistical methods used. 

2.1 Setup 

The measurements have been done on five Euro VI DAF trucks with engines with power 

between 320 kW and 355 kW. The acquisition of the data took place during the Integrator 

project [URSA MAJOR neo – Integrator Connected Truck Trials]. The total weight of the 

vehicles was also estimated by means of the truck features and their kinematics over all the 

dataset. The mean and standard deviation of the weight of the vehicles including all trips were 

25.75 t and 9.05 t, respectively. The data were acquired during 2019, while the trucks realized 

their normal operations (naturalistic behavior) in The Netherlands.  



 

  

  

  4  
  
作者/Author  所属机构/Company or Organization   日期/Date  第 16 届国际重型车辆运输技术大会  
Deschle, van Ark, 

van Gijlswijk                                                                                                                                                         16th INTERNATIONAL SYMPOSIUM ON   
and Janssen   TNO        4-7 September 2021  HEAVY VEHICLE TRANSPORT &  
  

  

  

  

  

  

2.2 SEMS system  

On board measurements have been done by means of the Smart Emissions Measurement 

System (SEMS) developed by TNO. This system provides a simple and easy to-use yet robust 

and reliable emissions monitoring solution. It has been tested extensively since its development 

in 2012 (see for example, Kadijk et al. [2015, 2017], Vermeulen et al. [2012]) and there is an 

ongoing project to develop its industrialization and large-scale deployment (Heepen and Yu 

[2019]). SEMS consists of a variety of measurement sensors that are installed in the vehicles 

which is supplemented with data that is obtained from the existing vehicle electronic and 

communication system. The first group encompasses a GPS receiver as well as sensors to 

measure NOx concentrations, O2 concentrations, NH3 concentrations, and exhaust gas 

temperature and pressure. The sensors were mounted near the end of the exhaust line, in 

threaded bushes welded through the wall of the tailpipe. Regarding the second group, data from 

CAN-bus was acquired, such as velocity, throttle position and rotational speed of the engine. 

All data thus acquired was gathered in a data logger located in the cabin. This small computer 

was set up to start (stop) acquisition when the ignition was turned on (off). A built-in data 

transmitter uploaded the data periodically to a server. A computer running a scheduled pre-

processing task picked up the data from the server, performed checks, corrections and 

calculations on the data and wrote it in a dedicated SEMS database.  

Data as collected from sensors generally needs pre-processing to remove illogical values and 

spikes that cannot be explained by the conditions. Furthermore some signals need calibration 

based corrections. The CAN-bus signal implementation variation among manufacturers is 

another reason to perform checks and corrections. 

The pre-processing of the SEMS data is preformed automatically on a server, although some 

pre-emptive checks have been done already within the SEMS itself. 

The following tasks are performed during pre-processing: 

- Calibration; sensor data are corrected using a function based on calibration of the 

particular sensor in the lab. 

- Speed signals from GPS and vehicle are compared and combined to produce a good 

and continuous signal. 

- Raw cleaning; check for negative values, filter some signals for spikes, remove signals 

when the engine is not running, and to fill small gaps in the data if possible. 

- Time alignment; align signals related to emissions to signals related to the engine. 

- Ammonia correction; correction of NOx concentration signal for ammonia, based on 

ammonia sensor values. This is necessary, because the NOx sensor is cross sensitive for 

NH3. 

- Mass flow calculation; emissions in grams are calculated by calculating the flow of 

exhaust gas, and multiplying it with the concentrations observed. 
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The result is a set of clean 1 Hz signals that can be used for further calculations, e.g. of emissions 

per km. 

 

2.3 GPS Data Preprocessing  

In order to enrich the data with information from the infrastructure, the time series of the GPS 

data needed to be connected to the road network. For each trip the trajectory was map-matched 

using the Open Source Routing Machine (OSRM) (Luxen and Vetter [2011]). The result of this 

is a new time series where each point is a node on Open Street Maps (OSM) (OpenStreetMap 

contributors [2020]) from where any information present on it can be added to the original data.  

2.4 Data Enrichment and Selection  

Once the data were linked to the map, we could identify all the points in the data in which a 

vehicle is crossing a signalized traffic light (based on traffic light locations as in OSM) and the 

respective segment of the road of equal length before and after the intersection. In this study 

only intersection passages at provincial roads (80 km/h) were considered. We identified the start 

and end point of segments of 2 km length centered on the intersection crossing and also the 

vehicle action on the intersection i.e., the maneuver. This 1000 m has been chosen based on the 

typical deceleration of a heavy-duty vehicle that can take up to 1 km (Ligterink [2016], Maurya 

and Bokare [2012]). The result is a series of N intersection passages. The total number of 

passages measures and identified in the analysis was N = 11087, from which only those with 

straight maneuver were picked, resulting in a smaller set with N = 4972. Taking into account 

the correlation between turn radius and vehicles’ velocity, the analysis of the turns is 

significantly more laborious and the interpretation of the results is cumbersome; hence it was 

not carried out in this work and remains to be explored in future research.  

 

2.5 Analysis  

Three different clusters were defined from the speed profiles with a set of simple rules. These 

clusters represent different scenarios to be analyzed, a scenario in which the vehicle does not 

stop at the intersection and does not change its speed significantly; a scenario in which the 

vehicle has to stop completely at the intersection; and an intermediate scenario in which the 

vehicle significantly decreases its speed before the intersection but does not stop. Throughout 

the rest of the paper, we refer to these clusters as non-stop, stop, and slow-down; and we 

associate them with the colors green, red and amber, respectively. The clusters are based on the 

mean velocity of the vehicle in two main subsegments; the immediate 600 m before the 

intersection and the 400 m section between 1000 m and 600 m from the intersection. A detailed 

graphical representation of the rules that define the clusters is shown in Figure 1. The clustering 

defines disjoint sets that do not necessarily include all the passages, as is the case in our current 

work, where the number of passages included after the clustering was further reduced to N = 

902 distributed as shown in the table 1. 
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Table 1 Number of clusters in each passage. 

Cluster Number of passages 

no-stop 378 

slow-down 349 

stop 175 

 

 

  

3. Results  

The results of the clustering are shown in Figure 2. The solid lines represent the median speed 

of each cluster along the 2000 m segment whereas the shaded areas represent the standard 

deviation. In green the non-stop cluster seems to keep a constant speed with relatively small 

deviation, in amber, the slow-down cluster decreases its speed when approaching the 

intersection but does not stop. Finally, on the median of the stop cluster it can be observed that 

the speed of the vehicles decreases significantly at the intersection. The reason why the median 

speed does not reach a value of 0 km/h is because the vehicles do not all stop exactly at 0 m. 

Because of queues, many vehicles stop before the zero point (somewhere along the approach 

lane). It is also worth noting that the standard deviations for all the clusters are smaller on the 

Figure 1  Graphical explanation of the definition of the different clusters. The approach to the intersection is split in several parts: the first 

400 m and the remaining 600 m o the approach are split in 200 m segments. All the clusters need to have a mean speed in the first 400 m 

greater than 60km/h. On the next 600 m, for a vehicle to be included in the stop cluster it needs to stop at least once in the segment; keep 

the average speed on each subsegment of 200 m greater than 60km/h to be included in the non-stop; and to be included in the slow-down 

cluster, the vehicle mean speed in at least one of these 200 m subsegments needs to be smaller than the mean speed computer in the first 

400 m, but should always keep an instantaneous speed greater than 30 km/h. 
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approach than after the intersection. This can be explained by the way the clusters are defined, 

where the rules apply to the approach but not to the segment after the intersection. The final 

speeds of the clusters also differ, which we will address this point in the Discussion section.  
In Figure 3 the instantaneous fuel consumption over the entire 2 km passage can be seen. We 

note that stop and slow-down clusters look similar. The slopes immediately after the stop are 

close to each other, which is to be expected if we assume that both vehicles accelerate at full 

throttle after the intersection. For the slow-down cluster, the peak is smaller: if the target speeds 

are the same, this cluster of vehicles has a higher initial speed and then, need to accelerate for a 

shorter time. Finally, the green curve represents the non-stop cluster. Its median, although more 

constant than those of the other two clusters is not as flat as we might have expected. We will 

discuss this further in the Discussion section.  

 

Finally, in Figure 4 we show the box plots for the median fuel consumption of each of the 

clusters. The big difference emerges for the stop cluster as compared to either of the other two 

clusters, and the differences are statistically significant for p-value = 0.01. The difference of the 

medians between the stop and non-stop is 0.12 l of fuel or 0.32 kg of 𝐶𝑂2.  

 

4. Discussion  

The results show that avoiding stops can save an average of 0.12 l of fuel at each intersection, 

without taking into account traffic, as the two clusters (stop and non-stop) are two cases in 

which the vehicles approach and leave the intersection without being affected by traffic. In cases 

Figure 2 Solid lines represent the median instantaneous speed of each cluster and the shaded area its 

standard deviation. As indicated in the legend, green represents the non-stop cluster, amber the slow-

down and red the stop one. 
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where traffic plays a role, the difference can only increase as we found when analyzing the fuel 
consumption for all the passages that have been excluded in the clustering. This is an important 

result in times where reducing 𝐶𝑂2 emissions while also keeping logistics costs low is key to 

achieving emission reduction goals and at the same time not having a negative impact on 

economy. In a time of emerging C-ITS, this offers a flexible and low-cost option for the 

governments to improve the efficiency of freight transport and to reduce the forthcoming 

emissions. 

 

 

The results have been obtained using a large dataset and the results are statistically significant, 

for the equipped DAF trucks in The Netherlands, where gradients on the routes are few and of 

a very small degree. Naturally, several things remain to be improved and further explored. In 

our analysis, the clustering focused only on the approach to the intersection. This results in 

deviations of the speed profiles after the intersection to be relatively high and furthermore, the 

final median speed for the different clusters is not the same. This introduces a bias in our results, 

making the difference between the clusters smaller. We performed an analysis of this last part 

of the segments, and we found that the difference did not increase more than 0.01 l (i.e., the 

0.12 l difference could be 0.13 l) which does not affect the main message of our work. 

Another important point to consider are the variations of the fuel consumption prior to traversing 

the intersection. We propose that this increase in fuel consumption (preceded by a small 

decrease) is of a behavioral nature. Drivers might release throttle when approaching the 

interaction up until the point in which they are certain that they are able to pass the traffic light 

in the green phase and then  accelerate again. This is particularly relevant because this is a 

behavior that can be avoided with C-ITS technology that provides priority at the traffic light 

and/or a speed advise, enabling them to keep a constant speed.  

Figure 3 Median fuel consumption in [l/s] for the three scenarios. In green the non-stop 

scenario, in amber the slow-down and in red the stop scenario. For the sake of clarity, the 

standard deviation regions were not included. 
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