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Research topic and topicality 

The concept of environmental sustainability is now essential to many sectors of industry as well as 

science and is the result of decades of development. This approach argues that current generations 

should live in a way that does not compromise the ability of future generations to meet their own - future - needs. 

Environment, society and economy are the three pillars of sustainable development. They derive 

from the classic concept of the 1980s (Report of the World Commission on Environment and 

Development, (1987)). According to the report, these pillars need to be addressed and coordinated 

together to ensure that a project, a business or even society itself is sustainable, ensuring long-term 

balance and development. These three pillars have since become an integral part of the concept of 

sustainability and a guide to environmental and social responsibility. Nowadays, however, we must realise 

that striving for a balance between the three pillars is no longer enough, and that economic interests must be 

subordinated to the dominance of environmental concerns. To reduce environmental pressures and achieve 

environmental sustainability countries around the world, particularly in Europe, have taken 

significant steps in recent years. The European Union's commitment to sustainable development 

(see Article 3(3) of the Treaty on European Union (2012)) is underlined by the introduction of 

environmentally sustainable standards and the financing of investments. A good example of this is 

the Operational Programmes (OPs) aimed to promote smart, sustainable and inclusive growth, 

which the Hungarian European Commission describes as follows: 

"Over the seven-year planning cycle 2021-2027, the five policy objectives set by the European Union (a 

more competitive and smarter, a greener, a better connected as well as a more social and receptive Europe 

and a Europe closer to citizens) and the overarching strategic objectives agreed in the Partnership Agreement 

will be translated into investment priorities and then into concrete actions through Operational Programmes 

(OPs)." 

Sustainable infrastructure investment, development and the promotion of green transport 

infrastructure play an important role in several operational programmes. For example liveable 

settlements, green-blue infrastructure, cycle paths, 4- and 5-digit road improvements, support for 

sustainable urban strategies, green solutions, the transition to a circular economy, support for 

energy efficiency measures, the promotion of clean urban-suburban transport and more sustainable 

and safer road mobility are all important parts of the different operational programmes in Hungary 

(Nagy, 2022).  

It is well known that the pollutants generated by the production, construction, and operation of 

transport infrastructure such as greenhouse gases cause significant emissions impacting the 

environment. To overcome this issue challenges political leaders and decision-makers, as well as 
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private investors and planners.  In addition, today's worsening energy and climate crises are forcing 

all industry players, including those in the transport sector, to face up to these challenges and do 

their utmost to minimise the predicted negative impacts in the future. 

At present, minimising land use and wildlife disturbance, appropriate noise and air pollution 

mitigation measures, and environmental impact assessments are playing a more important role in 

infrastructure design than in the past. Although the conservation of natural resources in the design, construction 

and operation of road transport infrastructure is a much-discussed issue - especially since the introduction of the 

European Parliament and Council's Climate Change Act 2021, which changed the EU's interim 2030 emissions 

reduction target from forty percent to at least fifty-five percent - the full potential of the available methods is still not 

exploited. 

The so-called “Fit for 55” package of legislation (European Climate Law) highlights the importance 

of emissions trading, national emissions reduction targets and transport emissions, among others, 

yet significant changes in the construction sector are also needed to meet the targets.  Therefore, 

the Hungarian industry has also started to prepare decarbonisation plans, where the two key 

elements are the reduction of emissions and energy consumption, and the dissemination of 

technologies that reduce the use of natural resources. 

In summary, by contributing to green road infrastructure, we can create a more sustainable mode of transport in the 

long term, which will have a positive impact not only on the environment but also on people's quality of life. In 

addition, several other EU programmes and strategies - such as the National Environment 

Programme, the National Climate Change Strategy, the National Adaptation Strategy, etc. - as well 

as other national measures are intended to promote environmental sustainability, which illustrates 

the complexity of the task. In order to meet environmental and climate change targets it is essential to identify 

the different components and consider how conventional systems can be replaced by more environmentally friendly 

solutions. 

Within the complex system of infrastructure engineering, I investigated the design and construction 

of the various elements of road infrastructure, as well as the civil engineering options for the 

deployment of electric transport, to move the industry towards a more environmentally friendly 

routine.  
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Objectives and study methods  

Nowadays, many people are starting to make conscious choices, such as reducing meat 

consumption, buying plastic-free and using solar and geothermal heating in homes to achieve 

environmental sustainability and climate goals. While these actions are great examples and it is 

encouraging for many other people to act similarly they alone are not enough to bring the desired 

changes. 

The construction industry, considering the extraction and transportation of building materials, 

construction processes and everyday operations, is the sixth most polluting industry in the World. 

Transport is responsible for about one fifth of greenhouse gas emissions (Climate Trade, 2023). 

As part of my research, I have been looking at different solutions that can contribute to the achievement of 

environmental sustainability goals in different areas of infrastructure engineering.  

Construction activities affect many elements that have a significant impact on our environment. 

For example, the ecological footprint and landscape-forming consequences of raw material 

extraction, the interconnecting network role of infrastructure lines, the habitat-disrupting effects 

of wildlife, and the emissions of pollutants from the construction process and transport. I therefore 

explored a comprehensive and multidisciplinary approach to integrate sustainability solutions and promoting green 

construction technologies. To increase the efficiency of Hungarian building practices and to promote 

long-term sustainable strategies, the use of sustainability-based assessment and rating systems or 

national sustainability indicators could be a significant step forward in achieving the desired 

environmental goals. Furthermore, experience with sustainability-based rating systems confirms 

that design is key to integrate green construction processes and operations. The objectives of my doctoral 

research were, therefore, to understand national design and construction practices, to identify the rating systems 

currently in use as well as their assessment criteria and to determine which system fits best to the Hungarian 

construction practices and expected sustainability goals. I have used the TOPSIS "Technique for Order Preference 

by Similarity to the Ideal Solution" mathematical method developed by (Hwang & Yoon, 1981).  A total of 12 

criteria were defined (K1-K12), and compliance with each criterion was assessed on a scale of 1-5 

according to a pre-established rating system. The criteria examined were as follows: 

• K1—Accessibility 

• K2—Clarity and comprehensibility 

• K3—Scope of applicability at different stages of projects 

• K4—Availability of required data 

• K5—Availability of required documentation 
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• K6—Internationally applicable experiences 

• K7—Training and development 

• K8—Importance of energy efficiency 

• K9—Importance of environmental awareness in relation to the material and track structure. 

• K10—Importance of environmental awareness in relation to water and the ecosystem. 

• K11—Importance of accessibility and equality in the project development. 

• K12—Promotion of innovation. 

The initial matrix for the calculation can be constructed from the results obtained. 

Secondly, I looked at the energy requirements of the different structural options and determined which solutions 

required the least energy investment from raw material extraction to the end of construction phase, in accordance with 

the specified traffic load class “R”. In Hungary, the material of the constructed road pavements is largely 

asphalt. The primary reasons for this are the preference of well-known technology and construction 

practices, the initial construction costs and the strength of the asphalt industry. However, the 

demand for concrete or composite roads and highway construction is increasing due to increasing 

axle weights, resilience, and renovation needs. My initial assessment involved a comparison of conventional 

asphalt pavements (HMA) and concrete pavements, constructed with ordinary Portland cement (OPC, CEM I) 

materials. Although pure Portland cement concrete pavements are now rarely used in road 

construction, the determination of the energy demand of the basic technology was used as a basis 

for further investigations and was therefore essential in this research. I then looked at asphalt and 

concrete technology solutions that have been shown to have lower environmental impact and energy requirements than 

conventional methods. To determine the energy requirements, I used the cradle-to-gate model and 

examine the processes from raw material extraction, through production, to construction. The aim 

of the research was to identify the energy requirements of different pavement structures and mixes 

whilst highlighting the importance of optimising energy consumption at the design stage to reduce 

environmental impact. 

As the third main research area of my dissertation, I investigated the methods that can contribute to the development 

of electric road transport and how they can be integrated into the Hungarian transport infrastructure. One of the 

main challenges to the expansion of electric transport is limited battery capacity. This is a major 

obstacle not only for private transport, but also for freight and public transport. One promising 

solution to overcome this is the use of dynamic charging systems. The aim of the research was to assess 

which system has the least environmental impact over the lifetime of the road. I used SimaPro life cycle assessment 

software to compare the environmental impacts of the electrified roads designed with overhead line, conductive track 

and contactless inductive power transfer (IPT). The model developed examined the environmental impacts 
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from the extraction of raw materials to a 20-year use period. End-of-life processes were not taken 

into account.   

Electric public transport creates the potential for modern and innovative transport solutions that 

can be more flexible, more comfortable and more efficient than traditional diesel or petrol vehicles 

(Vehviläinen, et al., 2022). By doing so, electric public transport can help cities improve their 

transport infrastructure and the travel experience for their citizens. The kg based energy density of 

diesel and petrol is however significantly higher compared to battery solutions 

(Greentransportation, 2018). This, in addition to the financial disadvantages, results in the need for 

large batteries to achieve the desired range, which means both space and weight requirements, 

taking up space available for passengers in public transport. I therefore investigated the impact of replacing 

a busy bus route in downtown Budapest with electric buses with the support of static inductive charging technology 

and calculated how much battery size reduction could be achieved without changing the timetable or route.  
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New scientific results, theses  

The new scientific findings of the dissertation are summarised in the following theses. 

 

Thesis I  

I have found that sustainability-based rating systems can be used to analyse and 

determine, utilizing a complex set of criteria, how road infrastructure elements meet the 

functional requirements of social development and economic growth over their life cycle, 

and to what extent they reduce negative impacts on the environment and the use of natural 

resources. On the basis of the established criteria in my research, using the so-called 

TOPSIS mathematical decision-making method, I found the Envision rating system to be 

the most suitable system for the Hungarian characteristics among the systems examined. 

Related publications: 1. (Nádasi, 2018) 2. (Nádasi & Tóth, 2019), 3. (Szpotowicz & Tóth, 2020), 4. 

(Szpotowicz, 2021) 

 

Thesis II  

A comparison of the energy requirements for the production and construction of "R" 

(extremely heavy) traffic load class pavements designed and constructed in accordance 

with Hungarian national regulations indicates that concrete pavements made of ordinary 

Portland cement (CEM I, OPC), which are very rarely used today, require approximately 

60 percent more energy than traditional asphalt pavements (HMA). This is primarily due 

to the energy requirements of the Portland cement. It should be noted that the calculation 

did not include an analysis of the life stages following completion, namely the use phase 

and maintenance needs. Moreover, the calculation did not consider the potential use of an 

additional 5% of alternative materials that could be incorporated into the cement. 

Related publications: 5. (Szpotowicz, 2020)  
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Thesis III  

My research about the potential of energy savings in the production and construction of 

concrete pavements demonstrates that, by employing the maximum permissible fly ash 

and granulated blast furnace slag ratio in accordance with the prevailing Hungarian 

standard, the energy requirement calculated using CEM II/A-V with a fly ash content of 

10 per cent can be reduced by 7 per cent, while the utilisation of CEM III/B with 80 per 

cent slag has the potential to reduce the energy requirement by almost 50 per cent in 

comparison to OPC pavements, for the recommended pavement structures to the "R" or 

"extremely heavy" traffic load class. This leads to an energy requirement that is nearly 

equivalent to that of the production and construction of conventional asphalt pavements 

(HMA) used in the “R” traffic class. 

Related publications: 6. (Szpotowicz & Tóth, 2024)  

 

Thesis IV  

I have found that the energy savings  resulting from the production temperature difference 

investigated at average mix-temperatures for pavement structures corresponding to the 

"R" or "extremely heavy" traffic load class, compared to the production of hot mix asphalt 

(HMA), can be reduced by up to nearly 20 percent in the case of warm mix asphalt (WMA) 

made with foamed bitumen technology mixes and by more than 23 percent for low energy 

asphalt (LEA) mixes. If the pavement construction is taken into account as well, the 

difference between WMA (11 percent) and LEA (13 percent) is observed to decrease, 

indicating that both technologies can be considered equally effective environmental 

choices for industrial companies. 

Related publications: 7. (Nádasi, 2015), 8. (Szpotowicz & Tóth, 2024) 

 

Thesis V 

I investigated the applicability of an inductive energy transfer system with static charging 

solutions at public transport bus stops in the Hungarian capital city of Budapest. I have 

quantified the expected daily and annual CO2 emission reductions and the potential 

reduction in battery size and concluded that the expected environmental benefits are not 

significant based on the results at currently feasible charging rates. Increasing charging 
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time is essential for the transition to all-electric transport, to achieve higher battery charge 

levels and to reduce battery size. Since it is not economical to make significant changes to 

bus routes or schedules, such as adding stops or charging breaks, it is advisable to use 

dynamic charging solutions. Using SimaPro life cycle assessment software I have 

quantified the environmental impacts of the possible technical solutions for electrified 

roads, i.e. overhead line, conductive track and contactless inductive power transfer 

systems. My calculations show that, in terms of climate change impact, the conductive 

track solution is the least environmentally damaging, as it is built without copper cables. 

The negative effects on the environment are still much higher, on average three times 

greater, for this system compared to roads without charging units 

A tézishez kapcsolódó saját publikációk: 9. (Nádasi, 2017), 10. (Nádasi, 2017), 11. (Nádasi, et al., 

2017) 
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Practical applicability and further development possibilities of 

scientific results 

Changing construction practices and adapting to a new sustainable way of working is essential to 

achieving carbon neutrality targets. From design to operation, my research has looked at different 

solutions that can contribute to increasing environmental sustainability and reducing energy 

demand and emissions in transport infrastructure. It is important to emphasise that an 

environmentally conscious approach and consideration of environmental sustainability aspects in 

the design and construction phase of investments is crucial. 

Several countries and regions, including South Korea, India, Malaysia, Indonesia, Iraq, Italy, several 

US states, and Latin America, have recognised that an integrated national assessment or rating system that 

takes into account environmental, economic and social factors can contribute significantly to the success of projects, 

helping not only to create a more environmentally conscious building culture, but also a more liveable, modern and 

resilient transport infrastructure. Following the example of these countries, I propose that Hungary should 

also give priority to the use of this type of evaluation system in the field of infrastructure construction. For this 

purpose, based on the criteria I have established, using the so-called TOPSIS mathematical decision 

analysis method, I have found the Envision system to be the most appropriate system for the Hungarian situation. 

In order to develop a widely accessible and widely usable rating system based on the Envision 

methodology, more in-depth interviews and analysis involving political elites, business leaders and 

researchers are needed to define the criteria and weights of the rating system. In addition, it may 

be worthwhile to apply investor or political pressure for the application of the systems and to 

develop educational programmes on their correct use and evaluation. 

It has been demonstrated that the future sustainability and environmental impact of a transport 

facility is already determined at the design stage and that externalities can only be mitigated or, in 

the worst case, increased during implementation and operation. A thorough assessment and 

definition of the energy demand of the different pavement structures is essential for 

environmentally conscious decision making, in particular to achieve climate neutrality targets. 

Therefore, I propose an energy-based comparison of pavement structures of different load classes with different 

asphalt and concrete mixture designs. The results of this databank can help the designer to select and design conscious 

and sustainable structures. 

In my dissertation, I investigated the energy demand reduction that can be achieved by using 

concrete pavement structures made with blended cements or warm and low energy asphalt 

mixtures produced at lower temperatures. I propose to extend this investigation with the potential for recycled 

reclaimed asphalt and concrete, as well as other secondary materials. In addition, the future extension of the energy 
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comparison of asphalt and concrete pavements to include in-use phase and end-of-life processes may be useful for a 

full life-cycle comparison. The extended comparison could be made not only in terms of energy use, 

but also in terms of carbon emissions and life-cycle costs. The results can be further refined by 

investigating the use of Continuously Reinforced Concrete (CRC) pavements and the use of 

composite pavements. In consideration of the increasingly limited availability of blast furnace slag 

and the resulting higher costs, it is advisable to explore the possibility of replacing blast furnace 

slag partially with limestone. If the results of the studies are favourable, it would be appropriate to 

include this option in the regulation. 

Moving away from fossil fuels is essential to achieving carbon neutrality. However, the transition is a complex 

task that will challenge national leaders as well as researchers and industry experts. Technological 

improvements and infrastructure development are essential. The European Union's priorities 

include the full electrification of urban, suburban and long-distance rail transport, making it more 

sustainable and competitive. However, the development of flexible road mobility is also important. 

The expansion of the charging infrastructure is necessary for the development of electric road transport, which is a 

priority not only for private transport but also for freight transport. In Hungary, the development of static, 

contact-based charging points has dominated so far. Nevertheless, to optimise international transport 

and travel, it will be important in the future to introduce dynamic charging solutions. There are no systems that are 

fully available to users yet, so Hungary has the opportunity to become a leading player in this field in Europe or 

worldwide. However, this requires a network-level examination of the initial investment processes, 

planning and research activities. It also requires the involvement of stakeholders from the 

automotive and energy sectors, as well as an in-depth study of the chosen technology. Based on 

my results and considering the importance of environmental considerations, I propose the use of 

the conductive track solution for long-distance transport. 

For the implementation of a fully electric public transport system in metropolitan areas, where long distances do not 

occur, but congestion makes battery-powered transport difficult, the implementation of dynamic charging solutions for 

bus lanes are advisable. To make the transition to all-electric transport, to achieve higher charging 

levels and to reduce battery sizes, it will be essential to review the bus and transport network, to 

identify the optimal location of dynamic charging sections and to define their characteristics. 

It is important to note that the integration of renewable energy sources, the development of their 

technology, as well as the optimisation of energy storage and grid stability are essential to make 

electric transport and the electricity needs of production, such as asphalt and concrete mixing, 

sustainable.    
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