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1. Introduction 
This research aims to cover a trending topic manifested in the asphalt production industry, namely the 

emissions during production. To ensure the continuation of this industry, it must comply with the 

legislation set by the Dutch government.  This industry must be sustainable, circular, and still meet the 

client’s requirement of high-quality products.  

1.1  General background 
A good road is indispensable as it continues to contribute to economic prosperity and societal 

advancement [1]. Infrastructure, especially roads, are the foundation for these advancements and with 

growing population there is a constant need to expand and manage them. To construct these roads, 

asphalt mixture is needed, which is made in asphalt plants. The enormous demand for new asphalt and 

aggregates is leading to their resource exploitation. Therefore, due to this increased demand for asphalt 

pavement, restricted binder and aggregate supply, the use of recycled asphalt pavement (RAP) has drawn 

significant attention in pavement engineering from the environmental and economic perspectives [2], 

propelling this industry toward a more sustainable and circular way of doing business [3]. 

The usage of used pavement materials is crucial for the circularity within this industry [4]. However, 

the production of new as well as recycled asphalt is currently not emission free. To limit these emissions 

the production is regulated by certain laws. Measurements are performed to confirm that the Activities 

Decree's emission standards are being followed [5]. This decree started to be adopted on January 1, 

2016, and regulates the general emission requirements for air for all types of installations in the 

Netherlands and is set by the government [6]. Before, the Netherlands Emission Directive (NER) Air 

laid out the criteria for asphalt plant emissions [7]. It obliged the asphalt plants owners to conduct 

measurements of odour, dust, nitrogen oxide (NOx), sulphur dioxide (SO2), and total hydrocarbons on a 

yearly basis. With the adoption of the Activities Decree on January 1, 2016, this has changed. From that 

time on, stricter criteria for polycyclic aromatic hydrocarbons (PAH), and benzene applies. In a 

relatively short period of time, the standards for benzene emissions were reduced from 5 milligrams/m3 

to 2.5 (in the NER) and then to 1 milligram/m3 in the Activities Decree [7].  

The above-mentioned regulations require asphalt plants to be tested on different types of emissions. The 

main ones being formaldehyde, specific hydrocarbons (including benzene), and polycyclic aromatic 

hydrocarbons (PAH) [8].  

What are PAHs? 

Organic pollutants known as PAHs are widely dispersed in the environment because of both man-made 

incomplete combustion of fuels like gasoline, diesel, and coal as well as natural occurrences like 

volcanic eruptions and wildfires. In the atmosphere, PAHs can travel great distances in gaseous and 

particle forms, affecting soil, vegetation, and people [9]. Due to their numerous sources of combustion 

and the presence of molecules that pose health hazards, PAH are regarded as representative dangerous 

substances [10]. PAH are present in bitumen fumes and vapors generated as emissions due to the high 

temperature processing of bitumen in refineries (up to 288 °C) and bitumen-contained compounds (such 

as asphalt) [11].  

Increased negative impacts on human health have been attributed to exposure to PAH and benzene [12] 

[13]. Numerous PAHs have been linked to several cancers and are thought to be human carcinogens. 

Key non-  carcinogenic health impacts of PAH exposure in humans include neurodevelopment, 

respiratory disorders, cardiovascular disorders (CVDs), effects on reproduction, and endocrine 

conditions. Furthermore, decreased IQ, impaired cognitive development, decreased pulmonary function, 

hypertension, preterm birth, and delayed foetal growth corroborates the connections of PAH exposure 

[14].  
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The US EPA has appointed sixteen of the PAHs out of the more than 30 parent PAHs [9] [15] as priority 

pollutants for health hazards [9]. To produce asphalt these 16 PAHs are identified as emission from 

conventional bitumen, the main binder in asphalt [11]. However, in the Dutch asphalt industry there is 

still a discussion between PAH-8 and PAH-16.  

Benzene 

Another hazardous substance is benzene, which among others is produced out of crude oil. Crude oil is 

just one of the many substances that naturally contain benzene. The manufacture of asphalt relies heavily 

on crude oil, which makes benzene a possible threat [16]. Because bitumen is processed during the initial 

phases of manufacturing, benzene detection is necessary in the manufacturing of asphalt. The 

manufacturing of asphalt must be monitored with the appropriate technology to protect workers because 

the processing of this component may result in the emission of benzene gas [16]. 

Besides the effect these substances have on the planet’s health, they are also harmful for humans. The 

first human case of benzene-induced cancer was documented in the late 1920s [17]. Furthermore, a study 

conducted in 2020 revealed that after an asphalt plant was built, residents experienced a 25% increase 

in cancer rates. The study location is a community close to an asphalt mixing factory [18].  Therefore, 

the emissions in plants must be limited to a certain amount. These substances are released as emission 

in an asphalt plant predominantly in the drying and heating phase of the production process, especially 

when RAP is used [19]. 

1.2  Problem statement 
For the asphalt industry to become circular, RAP must be used. However, RAP is, among others, one of 

the materials that have been linked to excessive PAH and benzene emissions [19]. Several asphalt plants 

who have been unable to comply with the emissions limits set by the legislation, were forced to close 

their operation [20] [21] [22]. 

In the past few years, a set of measures have been implemented to reduce emissions and costs on asphalt 

plants. Some of those include the production of warm-mix asphalt (WMA) [23] and cold-mix asphalt 

(CMA) [24]. Some of the outcomes of these measures are cost [25] and CO2 emissions reductions [26]. 

However, most of these measures have been primarily implemented to reduce CO2 emissions, whereas 

no research has thoroughly been conducted on measures to reduce PAH and benzene at asphalt plants 

in the Netherlands. Hence, the problem statement is identified as follows:  

There is a lack of measures provided to reduce the emissions of PAH and benzene substances 

at asphalt plants in the Netherlands, that considers the asphalt mixture components and the production 

technology. 

Depending on the set up of the asphalt plant, there can be multiple drums where drying and mixing are 

separated [27]. Therefore, the whole asphalt mixture production process must be scrutinized. 

1.3  Research objective 
Based on the problem statement, the following research objective is formulated: 

To provide recommendations on retrofitting solutions and operation conditions of asphalt 

plants to reduce PAH and benzene emissions in compliance with the environmental management activity 

decree (Activiteitenbesluit Milieubeheer) in the Netherlands. 

The overall goal of this research is to contribute to render the production process of asphalt mixtures at 

the asphalt plants more sustainable with respect to the PAH and benzene emissions. 
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1.4  Research scope 
The research scope is set to make this research feasible, therefore the following is applied: 

• Only the emissions of PAH and benzene during the production of asphalt mixtures are analysed; 

Other emissions will not be considered in this research. These substances are analyzed in the 

production process, therefore at the asphalt plant. The production of asphalt mixture for 

infrastructure and the associated direct emissions serves as the foundation for this study.  

• Furthermore, the research is built on a case study of an asphalt plant, namely the Asphalt plant 

Twente (ACT).    

1.5  Main research question and sub-questions 
The  research objective stated in the previous section can be achieved by answering the following main 

research question: 

How can asphalt plants in the Netherlands operate sustainably, by reducing the PAH and 

benzene emissions in compliance with the norms and standards in the environmental management 

activity decree (Activiteitenbesluit Milieubeheer)? 

This main question is supported by the following sub-questions: 

1. Which current Dutch legislation regulates the PAH and benzene emissions at asphalt 

plants?  

a. Which of the PAH types are subject to regulation?  

b. What are the regulatory maximum values that the emission of these substances 

can reach?  

2. How does the asphalt mixture composition affect PAH and benzene emissions at ACT?  

3. How do the asphalt plant set-up and technologies affect the PAH and benzene 

emissions?  

4. How excessive are the current PAH and benzene emissions at ACT?  

5. What technical and operational solutions/strategies can be installed/adopted to curb the 

excess of emissions?  

2. Research methodology 
By achieving the research objective, the implementation of the provided recommendations should 

enable the asphalt industry to comply with the Dutch legislation on emissions of the substances PAH 

and benzene. The idea is that the recommendations are to be applicable to any asphalt plant with the 

same production technology to any given production volume. To provide these recommendations, the 

research questions as stated in section 1.5 are to be answered. To answer these, several methodologies 

are to be used, which are presented in this chapter’s sub-sections. Each sub-section provides the 

methodology to answer the sub-questions in section 1.5, leading ultimately to the answer to the main 

research question, in the last section of this chapter. An overview of the research methodology is given 

at the end of this chapter.  

2.1  Research question 1 
This first research questions considers the non-technical side of this research, the (Dutch) legislation on 

the production of asphalt mixtures. This is important as it defines the constraints/conditions for the 

asphalt plants on emissions produced. The legislation defines which emissions to test on and their 

maximum values. Literature research will identify the PAH types subject to regulation and the maximum 

values of the substances PAH and benzene.  
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2.2  Research question 2 
This research question considers the composition of asphalt mixtures. A thorough understanding of the 

composition of asphalt mixtures is needed as background information before analysing the asphalt 

mixture in relation to emissions. This understanding is provided by literature research. Furthermore, 

literature research provides a general relation between the different components in asphalt mixtures and 

the effect of increasing or decreasing such a component, on the emissions produced [28] [29].  

The next step entails the case study of ACT, where two sets of data are collected. The first set contains 

the emission quantities during asphalt mixture production for the PAH and benzene substances. The 

second set contains the component (aggregates, RAP, bitumen, and filler) input quantity and the time of 

the input.  

It is necessary to specify that the components in the asphalt mixture are expressed in ratios against each 

other (by weight against the total weight of the mixture), thus conveying the components in percentages. 

This will be the unit for the components in the asphalt mixture. These percentages are established in the 

lab and are therefore the theoretical values. The practical values are the ones related to the emissions. 

These are the ones that will be used during the data processing. 

To analyse the relation between the asphalt mixture composition and benzene, it is necessary to integrate 

the beforementioned data sets (the emission data and the component input quantity). This data 

integration will be a batch processing one, implemented by python as ETL tool (to extract, transform 

and load data) [30]. The data set for benzene emissions reveals time against the emissions quantity, 

whereas the data set for the mixture composition prevails at what time the components are added to the 

drums. To establish a relation, these two data sets can be integrated on their common parameter, time, 

creating a time-bound data integration. This way a correlation between the component and the emissions 

quantity can be analysed. This will be done for each component (aggregates types, RAP, bitumen and 

fillers). Finally, the output of this integration will establish the relation between the asphalt mixture 

component against the benzene emissions produced, implementing causal inference [31] [32]. This can 

be done through a regression analysis. A linear regression analysis can be conducted for each component 

as independent variable and the emission as dependent variable. The formula for this is: 

𝑦 = 𝛽0 + 𝛽1𝑋1 + 𝜖 

Where: 

• 𝑦 = the dependent variable, the emission 

•  𝛽0 = the constant or the y-intercept (value of y when all other parameters are set to 0) 

•  𝛽1 = the regression coefficient 

•  𝑋1 = the independent variable, the different components 

• 𝜖 = model error (indicates how much variation there is in the estimate of 𝑦) 

The individual relations between components and emissions provide insights into which components 

are related to the highest emissions, leading to possibly tracing the cause. The linear regression analysis 

provides insights between the emissions and the individual components. By conducting a multi-linear 

regression analysis it can be determined which component relates to the highest emissions. However, 

the linear regression analysis can also be used to indicate this, when comparing the regression 

coefficient. Additionally, this relation complemented by the beforementioned literature research 

(secondary data) provides opportunities for strategies to be implemented to reduce benzene emissions. 

To analyse the relation between the asphalt mixture composition and PAH, the collected data from ACT 

is studied. PAH are mainly found in bitumen and bitumen fumes. However, there still lies uncertainty 

in the contributions of the other mixture components to PAH emissions [28]. Based on the model of 

Ventura et al. (2015), where PAH stack emissions are modelled for a HMA asphalt plant for Life Cycle 

Inventory (LCI), this study continuous to relate PAH to the asphalt mixture. The difference lies in the 



Research proposal – PAH and benzene emissions reduction  

 

5 

collected data, where Ventura et al. used a standard produced gravel asphalt mix design, this study is 

based on the collected data throughout the years at ACT where RAP is a component added in the 

mixture. The mixture components can be extracted in ratios weight against the total produced asphalt 

weight, where one of these components will be the dependent variable namely the PAH emission. The 

differences, but also the similarities, in mixtures and measured PAH emissions can establish a relation.  

The relation between mixture component and PAH emissions in this analysis establishes which 

components contribute the most and therefore creating opportunities for strategies to be implemented to 

reduce this emission. 

Data collection 

Benzene is measured daily at the ACT for each batch of asphalt mixture made, at 15 second intervals. 

This is done using a benzene measuring device, namely Ion Science Titan [33], which measures benzene 

emissions solely in the chimney. These measurements are presented in a table with four important 

columns containing time in the first column, the temperature for the ‘black’ drum (drum for heating 

RAP), the temperature for the ‘white’ drum (drum for heating aggregates) and the last column containing 

the total benzene emission.   

 The measurements are automatic measurements, where data gathering is performed without human 

intervention, providing accuracy [34]. There is no measurement available for benzene per production 

process (i.e., drying, heating, or mixing). Benzene emission data collected for the year 2022-2023 will 

be studied, as the Titan was installed in April 2022, therefore only data from this point on is available. 

Additionally, this is the most recent year and therefore will provide the most up-to-date measurements 

[34]. Furthermore, a year data provides diverse emissions considering dry and wet season, but also cold 

and warm seasons. This is important as these seasons affect the moisture content, therefore the heating 

and drying processes in time, resulting in effects on emission [25] [26]. It is noteworthy that 2022 was 

not the year for optimal production1. Nevertheless, the produced asphalt mixtures during this year do 

provide an overview of the most produced mixtures in the different seasons and through the optimal 

production years.  

PAH is measured twice a year per asphalt mixture made – on a specific day and time, by TAUW, a 

specialized contracted firm, on the instructions of ACT. Additionally, in order of the environment 

service Twente (ODT), annual measurements on PAH are performed by environment service region 

Arnhem (ODRA). PAH measurements take place for one produced asphalt mixture, three times each for 

30 minutes. Therefore, providing three measurements for one asphalt mixture, out of which the corrected 

average is presented. This value is then measured against the norm. The emissions are measured per 

mg/m³o 17 vol %, meaning the results are calculated at normalized conditions (0 [°C], 101.3 [kPa], dry 

waste gas, with actual oxygen and an oxygen content of 17 [vol.-%]). Due to these periodic 

measurements, data on PAH emissions require a wider time scope. However, the measurements on PAH 

started in 2022 with the above-mentioned frequency. Before this it was measured once every four years. 

Furthermore, due to management transition, available data ranges from 2017 to 2022.  

2.3 Research question 3 
The third research question focuses on the production process of asphalt mixtures. It considers the 

processes within the production of asphalt mixtures, therefore the plant set up and the technologies used, 

where PAH and benzene are released. These processes are specific to the plants, as each plant may differ 

in set up, in terms of technology or machinery used. Therefore, a literature review is necessary, as it will 

provide an overview of the different types of existing asphalt plants, in relation to emissions [35]. This 

provides background information for the next step to answer this research question.  

 
1 The detailed background explanation is given in chapter 6.2 
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This next step entails the case study of ACT. To get an understanding of how the asphalt mixtures 

production processes (drying/heating, mixing) affect benzene emissions, a link must be made between 

different production processes and the emissions. However, in the asphalt plant the emissions are 

measured at the chimney, therefore, separate emission measurements per process are unavailable. To 

bridge this gap the data collection of one of the data sets in research question 2 is used, namely the data 

set where the emissions are provided per time for both the white and black drum. The temperature of 

these drums provide the time when this drum starts heating. Since these drums are not turned on 

simultaneously, the emissions can be tracked separately, by extracting them. To analyse the emissions 

during mixing, a time bound data integration is necessary. This will result in spikes during some minutes 

in the benzene emissions column, as the batches are mixed within a time span of a minute. Therefore, 

the data sets from research question 2 will not only provide the relation between emissions and asphalt 

mixture components, but also the production process, as in this plant the different components are 

processed in different drums. This relation, complemented by secondary data from the aforementioned 

literature research,  provides opportunities for operational strategies, plant set-up and technologies to be 

implemented to reduce emissions. This research question is limited to ACT as case study and to the 

emission benzene, as the data measurements to establish this relation are only available for benzene at 

ACT.  

2.4  Research question 4 
The fourth question focusses on the excessiveness of the emissions. To determine this, the emissions 

from the plant are measured against the norm. The primary data from question 2 and the quantitative 

output of question 1 provide the necessary data to establish how excessive the emissions are at ACT. 

The output of this question will help determine the reduction in percentage and will therefore be a 

guideline for finding the suitable strategies or solutions to recommend.  

2.5  Research question 5 
The fifth research question discusses the most suitable strategies and solutions for curbing excessive 

PAH and benzene emissions at asphalt plants. Literature research (secondary data) will be used to 

provide strategies. However, to make the strategies implementable, certain conditions must be met. The 

strategies can have many input angles. Therefore, to remain in the scope of this research, implementable 

strategies will be evaluated in terms of asphalt mixture components and technology (machinery) used, 

thus technology and mixture elements that are applicable to the plant set up of the researched asphalt 

plant, ACT. The second condition is focussing on state-of-the-art strategies for asphalt mixture 

components and technology to curb excessive emissions. The last condition for these strategies is that 

they must be able to reduce the excessive quantity of emissions established in research question 4. To 

validate the strategies on the last boundary, an analysis will be conducted to determine how changes in 

components and used technology within the plant set up affect the emission of PAH and benzene 

substances. This will be done with a regression analysis. Because the target variable (emission) is 

possibly dependent on multiple variables, a single or multi-linear regression can be used [28]. A multi-

linear regression can prove valuable to determine the dependent variables' values under a specific 

condition for each of the independent variables. Through this analysis the impact of the strategies can 

be evaluated. The formula for a multiple linear regression is: 

𝑦 = 𝛽0 + 𝛽1𝑋1 + ⋯ + 𝛽𝑛𝑋𝑛 + 𝜖 

Where: 

• 𝑦 = the predicted value of the dependent variable (emission) 

• 𝛽0  = the y-intercept (value of y when all other parameters are set to 0) 

• 𝛽1𝑋1  = the regression coefficient (𝛽1) of the first independent variable (𝑋1 ; the impact 

of increasing the independent variable's value on the anticipated y value) 
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• … = the other independent variables (components of the mixture) 

• 𝛽𝑛𝑋𝑛= the regression coefficient of the last independent variable 

• 𝜖 = model error (indicates how much variation there is in the estimate of 𝑦) 

Because of the different independent variables in the context of a multi-linear regression analysis, this 

analysis is done through an ETL tool. Therefore, python is used. Through this analysis, the strategies 

are within the research scope and reduce the emissions below set values by Dutch legislation.  

2.6  Main research question  
 The recommendations to be given at the end of this thesis are based on the case study of the asphalt 

plant ACT. They must comply with Dutch legislation, which is accounted for in research question 1. 

The case study provides the relation between the asphalt mixture components, production process 

(asphalt plant set up and technologies), and the emissions, which are revealed through answering 

research questions 2 and 3. The output of these relations alongside the literature research (secondary 

data), will provide opportunities for strategies to reduce the emissions. The number of excessive 

emissions at the plant (research question 4) against the quantitative answer from research question 1, 

provide the necessary reduction of emissions for finding strategies or solutions (research question 5). 

The opportunities for strategies (research question 2 and 3) combined with the strategies from research 

question 5 provide the recommendations to answer the main research question. An overview of this 

research is presented in figure 1. 

Figure 1 Overview of the research methodology 
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3. Expected Contributions 
This chapter explains the relevance of this research. The relevance of this research is assured in 

contributions to science and to the practitioner, therefore the two sub-sections. 

3.1 Contributions to science  
PAH and benzene can contribute to many health hazards as explained in chapter 1. Therefore, the 

quantities established by law must not be surpassed. Within the asphalt industry, the excessive emissions 

are topical as they have caused several operational closures [8] [22] [21]. This research addresses this, 

by providing recommendations to reduce these emissions, to comply with the Dutch law and therefore 

prevent closure of the plants in the Netherlands. To the best of the author's knowledge and based on a 

search of peer-reviewed databases, no prior work has empirically investigated the reduction of PAH and 

benzene emissions at asphalt plants, through establishing relations between asphalt composition, 

production process and PAH and benzene emissions based on time-bound data integration. Therefore, 

this research will fill in this gap.  

3.2 Contributions for practitioners 
The implementation of the recommendations will help asphalt plants reduce PAH and benzene 

emissions in compliance with the law. This helps the practitioner to comply with the evolving legislation 

in the Netherlands and therefore avoiding imposed fines and closure, resulting in financial profitability. 

It will also contribute to a healthier environment for personnel at the plants and  neighboring residents. 

By improving the sustainability of the asphalt plants through this research, the reputation of the 

practitioner may improve. Finally, this research does not only contribute to the Dutch asphalt industry, 

but also to the national health agenda, as the outcome of this research provides better air quality in 

surrounding neighborhoods of the plants. 

 

4. Risk management 
This chapter presents the potential risks and how to mitigate them. For this research three potential risks 

identified. 

1. Expected limitations as this research will be built on two case studies, namely ACT. The 

recommendations will be based on the typical set-up and production processes of this plant, and 

therefore the emission quantities too. For this research, this plant will be assumed “standard” 

plant. Also, the goal is to keep the recommendations specific to the PAH and benzene emissions 

based on asphalt mixture components and operation specifics.  

2. Possible data deficiencies; from PAH-8 to PAH-16. The data will be analyzed using measured 

data of PAH-8 as this is the PAH measured at the asphalt plant. PAH-16 was only tested from 

2023 onwards. The recommendations will be based on strategies applied on reduction of PAH-

8. However, literature research provides insights into which of the PAH’s from PAH-16 and 

PAH-8 have the biggest effect on health hazards. Therefore, these results can be accounted for. 

3. Unavailability of emission quantities per phase of the production process at each asphalt plant. 

In this case, the overall production of emission per different asphalt mixture will be studied.  

4. The deficiency of continuous measurements of PAH at ACT. In this case the available data will 

be used to only establish a relation between emissions and asphalt mixture components. 

Furthermore, literature research will be used to fill in the gaps for establishing relations. 

5. Overabundance of strategies. Research on the reduction of emissions, shows there are many 

measures that can be taken. To mitigate this risk the state-of-art recommendations for emission 

reduction on asphalt plants will be explored within the literature and not just emission reduction 

in general.  
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5. Background information 
The final chapter provides the (theoretical) background of the current legislation on emissions on an 

asphalt plant. Furthermore, the production of ACT is presented for the last decade.  

5.1 Legislation 
The Environmental Management Activities Regulation outlines the specific "recognized" requirements 

for the actions during the asphalt production to comply with the Activities Decree's target articles [36]. 

A target regulation is a standard in the law that companies must adhere to (the activities decree), whereas 

the activities regulation state the measurement to achieve these standards. 

Predominantly PAH was not part of the emissions to be tested on, but Article 5.46, first paragraph, under 

a, of the Activities Decree on Environmental Management about the emission requirement for 

polycyclic aromatic hydrocarbons deems it necessary [37]. Therefore, even if the asphalt plants meet 

the quality requirements of BRL 93202 they will also be tested on PAH. 

The US EPA has appointed sixteen of the PAHs out of the more than 30 parent PAHs [9] [15] as priority 

pollutants for health hazards [9]. These are also known as PAH-16 Table 1 PAH-16 as per US EPA. 

These 16 PAHs are identified as emission from conventional bitumen [11].  

Table 1 PAH-16 as per US EPA [9] and PAH-8 as per Article 1.1 of the Activities Decree 

Nr. PAH as per US EPA PAH as per Art. 1.1 

1 naphthalene (NAP) naphthalene (NAP) 

2 acenaphthylene (ACY)   

3 acenaphthene (ACE)   

4 fluorene (FLO)   

5 phenanthrene (PHE)   

6 anthracene (ANT)  anthracene (ANT) 

7 fluoranthene (FLA)  Fluoranthene (FLA) 

8 pyrene (PYR)  

9 benz(a)anthracene (BaA)   

10 chrysene (CHR)   

11 benzo(b)fluoranthene (BbF)  benzo(b)fluoranthene (BbF) 

12 benzo(k)-fluoranthene (BkF)  benzo(k)fluoranthene (BkF) 

13 benzo(a)pyrene (BaP)  benzo(a)pyrene (BaP) 

14 dibenz(a,h)anthracene (DahA)   

15 indeno(l,2,3-cd)pyrene (IcdP)  indeno(1,2,3-cd)pyrene (IcdP) 

16 benzo(g,h,i)perylene (BghiP) benzo(g,h,i)perylene (BghiP) 

 

According to Article 5.46 of the Activities Decree3 [5] , and norm of BRL 93204  [38], the municipality 

of Hengelo declares to have tested the asphalt plant Twente on PAH-8. However, per February 2023 

this municipality now wants to conclude that, in accordance with Section 2.5 Activities Decree, they 

must additionally test for, other chemicals and appropriate compounds to PAH-16, based on national 

new findings [39]. On the contrary, according to the Environmental Management Activities Decree 

 
2 This assessment guideline relates to the certification of asphalt's bituminous bonded materials' environmental 

hygiene performance and attributes [42]. Furthermore, this guideline also refers to the CROW publication 210, 

whereby tar-containing asphalt is to remain outside the recycling circuit [35] 
3 In this article the permitted value of  emissions are stated for asphalt plants. For specifics visit: 

https://wetten.overheid.nl/BWBR0022762/2022-09-21/#Hoofdstuk5_Afdeling5.1_Paragraaf5.1.6_Artikel5.46  
4 kiwa norm for Environmental performance and properties of bituminous bound materials; see 

https://www.kiwa.com/nl/nl/services/certificering/brl-9320-milieuhygienische-prestaties-en-eigenschappen-van-

bitumineus-gebonden-materialen/  

https://wetten.overheid.nl/BWBR0022762/2022-09-21/#Hoofdstuk5_Afdeling5.1_Paragraaf5.1.6_Artikel5.46
https://www.kiwa.com/nl/nl/services/certificering/brl-9320-milieuhygienische-prestaties-en-eigenschappen-van-bitumineus-gebonden-materialen/
https://www.kiwa.com/nl/nl/services/certificering/brl-9320-milieuhygienische-prestaties-en-eigenschappen-van-bitumineus-gebonden-materialen/
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Article 1.1, there are 8 PAH listed, as seen in Table 1 PAH-16 as per US EPA. Therefore, declaring 

PAH-8. 

5.2 Data collection 
To collect the data of emissions for the case study, a year should be selected for benzene. This year must 

predominantly contain diverse emissions considering dry, wet, cold and warm seasons. This is important 

as these seasons affect the emissions value [25] [26]. However, there are more factors that contribute to 

the chosen year, which are: 

1. Historical trend: considering the production fluctuations in the past decade [41].  

2. Representative data: Choosing a year that best reflects the asphalt plant's regular operations, 

considering elements such as mixture types. 
3. Compliance with regulations: Considering environmental regulations that affect the chosen 

year. Selecting a year that coincides with important changes in operating permits or 

environmental rules can offer information about compliance and environmental impact. 

4. Long-term goals and aspirations. For trend analysis or future planning it could be advantageous 

to select a recent year to collect the most recent data that may reflect the current operational 

conditions.  

Taking into account the above mentioned factors, the production data of the past decade has been 

depicted. Table 2 Annual production ACT 2011-2022 displays the annual production from the years 

2011 until 2022 for ACT. Error! Reference source not found. corresponds with table 2. The trendline 

in this figure shows the linear annual production. The years closest to this line are less fluctuating. These 

are 2012, 2013, 2016, 2018 and 2020. To get the most representative data based on the plant’s operation 

and considering future plans, the most recent years should be taken into account. Therefore, the years 

2016, 2018 and 2020 should be chosen for data collection. However, there is only available data sets for 

the year 2022. This year has the lowest production, but the produced mixtures correspond to those of 

the optimal years. Because the emissions are not measured (cumulatively) per total production, but per 

batch mixed, the total production does not affect the model.  
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