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Abstract - Energy efficiency is one of major functions in modern road transport development. The problem of environmental pollution, lack of energy resources and energy efficiency requires research, production and implementation of energy efficient materials that would be the foundation of environmentally sustainable transport infrastructure in road traffic. The application of new materials and technologies in the production of infrastructure elements would lead to significant energy savings, reduced pollution and noise, and finally the economic viability of using inexpensive and renewable energy sources. Various research projects have provided insights how the use of energy efficient materials brings very good results and is an essential prerequisite for sustainable development of the transport system. This article emphasizes the importance of energy saving design and materials in road traffic by presenting some of the latest achievements in construction of sustainable transport infrastructure.
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 Introduction
Road transport is the industrial sector with a huge impact on the environment and with high energy consumption. Modernization of transport system using sustainable design and energy-efficient materials will achieve significant energy savings, less environmental pollution, and ultimately better profitability. The problem of energy efficiency is becoming a more common theme of scientific meetings and conferences aimed at developing and promoting new ideas related to environmentally friendly technology in road traffic. New technologies are mainly related to the development of sustainable infrastructure and use of renewable energy sources. Some innovative technology has already been applied in various road construction projects in Europe and the USA. Wider use of materials that will meet their functional role with the environmental acceptability is a necessary prerequisite for transport planning, geared to the preservation of nature and human health with the financial, economic and environmental acceptability.
relevant features of energy saving design and materials
Transportation allows the movement of people and goods, trade development and job creation. Roads around the world are used by about 700 million motor vehicles, which is ten times more than it was in the half of the last century. [1] Despite the large numbers, they are not available for approximately 80% of world population. According to the representation of the most popular means of motorized vehicles, first is the car, followed by a bus, train, express train and plane. Besides being a symbol of progress, motor vehicles are major polluters of the environment. A quarter of the total world's oil needs are provided for motor vehicles. Motor vehicles contribute to climate change, environmental noise, air pollution and greenhouse gases while transport infrastructure has a great influence on the shaping of relief. In recent years the automobile industry, social institutions and governments are working to enact new policies that would transform road transport into ecologically acceptable form of transport. In order to reduce the environmental impact, the ecological approach to transport planning and selecting materials to be used in construction is essential. Such a sustainable construction is a significant segment of adaptation to global warming and climate change, including the use of materials which are not harmful to the environment and are energy efficient, providing quality design, durability and quality construction.
Sustainable design
The design is practiced and promoted as an activity that is an intermediary between users and subjects and between individual and community, and also as a cognitive technique in relation to users and objects. It is an intellectual and creative interdisciplinary activity that operates within society in order to encourage the mediation of individual identity in the community and identify the individual with the community, within the cultural system. [2] As for sustainable design, it’s a philosophy of designing the material objects, while respecting the principles of social, economic and environmental sustainability.
Architectural and engineering design must deal with climate change and the availability of less conventional forms of energy and gradually adapt to the use of renewable energy sources. This approach is a feature of sustainable design, which is of paramount importance to planning a system with a strong influence on the environment such as road traffic. The principles of sustainable design are often in conflict with economic principles, hence the need to harmonize the relationship between ecological and economic aspects of sustainable construction in order to achieve efficiency and viability of the project. 
The foundation of every construction project is in concept and design stages. Concept phase is one of the major steps in the project lifecycle, as having the greatest impact on cost and performance. In designing the optimal ecological project, the goal is to minimize overall environmental impacts associated with all phases of the project lifecycle. Construction projects such as road infrastructure and superstructure are very complex tasks which consist of the use of many materials and components whose design variables are to be decided at various stages of design. 
In the construction of roads is necessary to satisfy the factor of efficiency in order to avoid cases of congestion of some parts of the road while other parts remained unused after their already busy the area in the human environment. In building the entire infrastructure, it is desirable to use energy efficient materials, which are the result of recent technological developments, aimed at reducing emissions with less consumption of fossil fuels and reduce noise and inefficient energy consumption.
Energy saving materials
Sustainable building materials are those that have the least environmental impact, while still offering the highest level of technical properties. Most construction materials are products of the mining industry: steel, aluminum, cement, clay, sand, stone, etc. Once the raw material for processing into a building material are extracted from the soil, they were finally exhausted and can not be renewed and as such should be found alternative solutions. In addition, excavation of these materials has a significant negative impact on the environment. Converting raw materials in the construction material or product requires extensive manufacturing processes, some of which are energy intensive, while others require varying degrees of technological intervention. In addition, production of materials usually takes place at the source of raw materials, which requires the transport of materials and products to the construction sites.
Sustainable building materials have less impact on the environment, require less energy and technological process, are procured from local sources to reduce use of transport, they are renewable by origin or are highly recycled. Sustainable materials should also have superior properties in terms of stability, thermal performance, maintenance, etc.
Some examples of sustainable building materials include recycled denim or blown fiberglass insulation, timber, trass, linoleum, sheep's wool, a special kind of concrete panels from paper flakes, baked earth, clay, vermiculite, sisal, cork, wood fiber boards, sand with calcium, local materials and stone walls, bamboo, which is one of the strongest and fastest-growing woody plants, and non-toxic glues and paints.
The use of environmental and energy-efficient materials in construction has resulted in the appearance of architectural structures that conserve energy in increasing proportions. From electronic products, through housing, to industrial plants, energy saving is increasingly present parallel with technological progress and spread of awareness about the excessive use of nonrenewable energy sources. In accordance with that, materials that have minimal impact on the environment and minimize waste and energy consumption are used. Choosing the right materials can make a significant contribution to reducing greenhouse gas emissions and energy use, without adding any significant additional construction costs of the project. This can be achieved by using recycled materials, minimizing waste, using materials that do not require much maintenance once they are installed, and informing about the origin of materials. In selecting the components used in the construction of a project, care should be taken of the choice of materials during installation and make sure they do not emit toxins and harmful substances or product unnecessary noise. The installation of materials itself is very important because improper installation and use of materials reduces their duration and functionality.

examples of energy efficient solutions in road transport
Great road surfaces so far have been unused for the purpose of collecting solar energy. But that will soon change by using panels to collect solar energy made of solar cells and glass which will replace the pavement on the roads and parking lots. The project entitled “The Solar Roadway” is the invention that could transform roadways into solar power plants. Turning roads into solar path by installing solar panels would reduce the dependence on diminishing supplies of fossil fuels.
 Specifically, with this new technology, through the use of renewable energy sources, the future road would not provide electricity just for itself, but also for its surroundings like villages, towns and cities Panels designed by the organization “Solar Roadways” contain embedded LED lights that make a smart system while forming the guiding line on the road and having the ability to provide visual information to drivers. At the same time embedded materials for heating panels can prevent the retention of snow and ice on the road.
A large increase in the production of electric cars is expected in near future, which favors the idea that is developed in the Solar Roadways Company, where batteries of electric cars could be recharged from electric road.
In technical terms, solar road would be constructed of three layers: [3]
· The surface layer is solid, durable and transparent glass that lets the suns rays to the solar collector. Protects sensitive electronic technology, and at the same time serves as a route by which vehicles and the heaviest traffic could pass.
· The electronic layer consists of solar cells and a large number of LED lights that can turn into a smart road, by providing visual information. This layer plays the role of storing electricity.
· The base layer conducts electricity, and serves as a network for transmission of signals an data including television, telephony and internet.
Viability of the project is questionable due to the fact that a panel size of 3.6 square meters cost about 6900 dollars. However, each solar panel produces 7.6 kWh per day and a mile of this road can supply 500 households with electricity which is great in long terms savings.
Currently more acceptable project of collecting energy from the road surface is transforming heat energy absorbed by the asphalt surface into electricity through a power transformer installed beneath the road surface. The concept of solar energy absorbed in the asphalt offers an inexpensive way to collect energy as most of the necessary infrastructure already exists. The concept is based on highly conductive water pipes beneath the road surface. Water heated in these tubes could be partly used for heat supply of residential and industrial buildings, and in part to transform energy into electrical energy in thermoelectric generators. Key to the success of this technology is finding the optimal material for the efficient absorption of heat energy. Currently, experiments are made with different types of asphalt and specially designed devices for collecting heat and maximum utilization of thermal energy.
Solar Serpents in Paradise – Project of Swedish architect Mans Tham
The idea of ​​the Swedish architect Mans Tham is a highway converted to a solar power plant so its operation could supply the cities and its structure could receive an additional purpose. In order to accomplish such a project and become a source of energy, it is necessary to cover the space above the vehicle with solar panels. In author’s opinion, if the project could be implemented on the Los Angeles freeway system it would provide energy for the most of the city. Implementation of the project at Santa Monica freeway, which connects Los Angeles with the mainland, could receive up to 150 GW hours of electricity annually. This way the cities would be provided with more efficient and rational use of energy.

[image: solarnaploca_autocesta625]
Figure 1.	The projection of possible look of highway covered with solar panels

Winding road layout would indeed reminiscent of a snake, so it is not surprising that Mans Tham named his project "Solar serpents in paradise". In addition to significant shifts in the ecological approach to architecture, author emphasizes the economic component - creating new jobs.
Finnish project  of Green highway
Green Highway is a Finnish highway project that would support environmentally friendly modes of transport. The project is based on providing stations for recharging electric cars and stations for the cars using bio-fuels. Environmental lighting system would be used along the highway and plants for producing pure energy would be built in the area. The project would be carried out on the section of the European highway E18, which is the main border crossing and customs of the EU towards Russia. The first phase began in early 2010 and was presented at a public forum in August that year. The project is of great importance because it wants to examine the government's model named Sustainable development corridor, that would unite economic development, transport and the environmentally friendly principles. The idea is that the project involved local economy through the production of ethanol from waste and other resources. Solar and wind energy would be used as a power source for cars and the necessary infrastructure. Plans also contain advanced lighting systems and geothermal heat pumps. The project aims to use intelligent technology that could contribute to the efficient and safer transport. The project involves leading energy companies: Fortum and Neste Oil, cities of Loviisa, Porvoo and Hamina and technology company Enste. The preparatory phase of the project is until April 2011. Implementation of the project, whose cost is estimated at 700 million, could begin as early as April 2011 and should be completed by 2016.
Italian solar road
Along with other European countries that try to lead in the use of energy efficient solutions in transportation, Italy aims to become one of the first countries with a highway that uses solar energy. A18 road from Catania to Siracusa, 30 km long branch of Sicilian motorway network, will be equipped with 80 000 photovoltaic cells installed along the highway. Road construction was taken over by company named Pizzarotti & Co. They will use photovoltaic cells which will supply 100% of highway needs, including ventilation systems in tunnels, lighting, road signs, emergency telephones, etc. The project value is 60 million Euros and it will produce 12 million kWh per year, reducing CO2 emissions up to 10 000 tons per year. [4]
Energy efficient road lightning
High quality street lighting at night provides a safer traffic flow and smooth operation of various activities. Outdoor lighting can be divided into road lighting (lighting of roads), urban lighting (light on squares and pedestrian zones) and reflector lights (lighting facades and prestigious buildings). There are two ways of generating artificial light: thermal radiation and luminescent radiation which form the basis of division of the light sources. The basic principle of thermal radiation is passing of electric current through a material until it is heated to a temperature at which we obtain a visible spectrum of light. As for the discharge lamp, the light is generated by principle of luminescent radiation.
High pressure sodium lamps on gas discharge principle proved to be the best solution for efficient road lighting. Lamps on the gas discharge have a higher luminous efficiency, and are mostly used for street lighting. They provide a luminous efficiency of 150 lumens per watt and are used as an economical light source in lighting, because their long lifespan significantly reduce the cost of system maintenance. The 95% of these light bulbs and after 4 years of use in lighting systems. The primary function of road lighting is providing the minimum required value of light traffic, uniform illumination and to reduce the effect of headlight glare. Modern street lighting greatly reduces the headlight glare and provides 70% greater uniformity of illumination.  
An important element of environmental sustainability associated with the public and road lighting is light pollution. Light pollution stands for any useless scattering of artificial light into the space outside the zone that needs to be highlighted (roads, streets, squares, monuments, advertising). It is caused by improper installation and design of lighting fixtures and results in pollution of the sky and surrounding creating the disappearance of night. Light pollution can be avoided by using environmental lighting fixtures that do not scatter light outside the area which should be highlighted.
Environmental lighting fixtures are those that satisfy the following three conditions: [5]
· reduced power consumption compared to conventional lighting body and  therefore reduced emissions and other greenhouse gas emissions,
· appropriate designed lights,
· proper installation of lights.

Non-ecological lighting fixtures are designed to emit light in virtually all directions, and utilization of light emitted to illuminate the desired area is only 10-30%. These are all those lights where the glass bowl or hemisphere is “thrown out” of the lightning fixture’s body. Unlike them, the environmental lighting fixtures are completely obscured, and have the ability to control light emission and do not allow scattering of light in the environment. Such lighting fixtures on the underside have flat glass on the underside and cheaper versions are without glass.
Solar power plant on rijeka bypass
Solar power plant project in Rijeka highway is becoming one of the first European environmental projects which combine planning of road transport infrastructure with energy production. Company Autocesta Rijeka-Zagreb (ARZ) adopted a pilot project to build solar power station on the motorway in which is planned to install solar panels on the special section of the bypass between Mihačeva Draga and tunnel Katarina. It is planned to set up solar panels on the noise barriers construction, which formed an artificial tunnel on bypass that runs close to residential skyscrapers. This part of the highway covered with solar panels is 330 meters long. Permission to generate electricity is one of the conditions on which project could be completed and the solar energy from the road turned into electricity and continues to transform into the Croatian public electric power system. 
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Figure 2.	Solar power plant on Rijeka bypass

The solar power project is worth about 1.2 million euros, of which 0.3 million euros waste at the expense of noise barriers construction, which is already placed on the site. The nine million should be paid-off in the first 10 years of manufacturing and selling of electricity, after which the electricity produced represent pure profit. This is actually a pioneering project on such an infrastructure facility where electricity is sold to the public distribution network. Inside the steel arch structure similar to the tunnel, the vertical part will be filled with aluminum panels for protection from noise, while the curved part of the roof is to be installed with 1155 units of solar panels which will be 196 cm long and 998 cm wide. The total area will amount to 2,300 square meters. Annual plant capacity will amount to 248 000 kWh, and it is estimated that the annual energy gained would be about 217 000 kWh, in which are included losses due to shadowing, etc. One of the most important conditions in building a solar power plant is its location, because efficiency is directly dependent on the factor of total daily insolation, which in Croatia ranges from 0.9 to 1.7 in winter and 5.8 to 7.4 in summer. For example, by the power of the sun, the Northern Adriatic is evaluated favorably, but the Middle and Southern Adriatic have even better results. On the sunny islands the factor is even higher, so it is estimated that the Croatian coast in the future has very good qualities to build solar power plants similar to one on the Rijeka bypass.
V. Conclusion 
The usage of fossil fuels has become an inefficient energy source that has a large negative impact on the environment. For these reasons, should the use of alternative energy sources and development of technology that will enable energy efficiency be encouraged. Energy efficiency is a set of actions and measures intended to use the minimum possible amount of energy so that the comfort level and production rate remain preserved. Simply put energy efficiency is to use a smaller amount of energy to perform the same job or function. 
The negative impact of road transport on the environment and inefficient energy consumption has forced scientists to make appropriate arrangements that will enable the improvement of road infrastructure and its use in gathering the energy needed for the operation of transport services, and wider use. Implementing these solutions requires the use of sustainable design and energy efficient materials so the environmental impact was kept to a minimum.
Projects listed in the paper, most of whom are still at the stage of research, show results that indicate that the roads are great potential for environmentally friendly way to collect energy. The most attention is given to ways of collecting solar energy so as to effectively utilize the vast areas of roads throughout the world.
Some EU countries have already started implementing the latest technological advances in energy efficiency-related road traffic, while also making the decisions related to environmental pollution. These projects are not yet spread to the area of Croatia, but with accession to the European Union, Croatia will have to adjust its traffic system with EU standards and thus move into a new era of road traffic based on ecological and sustainable mode of transport whereas the project of solar power plant on Rijeka bypass is the first step towards energy efficient road transport..
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