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MODERN ELECTRICAL GRIDS
This work refers to the extension and modernisation of electrical grids and supporting structures in order to improve energy security in member states of the European Union, decrease environmental impact and obtain social acceptance
Suggestions for research tasks
Description and grounds for the task
Economic aspects related to energy security
Unfortunately, a technical condition of distribution and transmission lines in many European countries is unsatisfactory. It has been confirmed in, among others, reports by professional research entities and statistical data. The worst situation has been observed in former Eastern Bloc countries. Meeting obligations for carbon dioxide reduction that were established by the European Union Climate and Energy Package may not be possible without prior improvement to this situation. Available analyses confirm that from the mid-nineties of the last century, disproportion between generating and transmission systems in many countries has been increasing. Underinvestment, especially in East-Central Europe, caused deterioration in the energy security. It has been estimated that demand for electrical energy in 2030 will grow to such an extent that the necessity for extension of the European extra-high voltage electrical grids shall be increased by at least 30% in comparison to the current demand. 

It has been foreseen that the development of electrical grid shall be conditioned by location of new nuclear power plants, wind farms and, more and more common and socially accepted, photovoltaic power stations. Plans for extension of grids should also include the development of a new cross-border network between the European Union countries as well as between the EU and its Eastern neighbouring countries, especially Belarus and Ukraine. The necessity for handling new energy resources coming from currently designed and modernised power plants as well as heat and power stations that utilise conventional fuels, which are still the most popular ones in certain regions of the continent where these natural resources are exploited, cannot be omitted.
Except completion of new electrical grids, modernisation of existing components of the European transmission system is equally necessary. It has been estimated that the average time for operational life of 220/230 kV network is approximately 12 years, while in case of 400 kV network it is about 22 years. Major transmission networks in Europe were built in the 1970s and this is the main reason for scheduling immediate modernisation. Supporting structures, that were designed those days reflect the condition of standardisation of that time.  Constantly changing economical circumstances, especially in former Eastern Bloc countries, forced more frugal engineering that influenced the environmental loads applied to in the designing stage. In comparison to the current environmental loads, which have been determined on the basis of long-standing observations and the latest technological developments that consider more frequent abnormal weather conditions evoked by climate warming, in the 1970s, the structures were designed at the level of 65% of current effective values. Imperfection of standards of that time, intensified by occurrences going beyond engineering norms, has caused many power disasters for the last several years. The age of power networks and equipment, as well as their technical conditions, constitute a significant factor for losses, which occur during transmission, and stability of supplies. Taking above into consideration, modernisation and extension of the grid is necessary for corporate recipients who value safety and stability of supplies. 
Social, health, environmental and functional aspects
Power line influence on environment is multifaceted. Investments in power sector arouse social resistance both at the stage of implementation and operation. During implementation, soils under the networks are damaged and areas for foundation of transition poles are excluded from use. Those factors cause certain economical losses as well as exclusion of those soils from the use by owners. In cases when the networks run through forests, loggings are unavoidable. In the course of operation, power line may cause radio noise, noises or electromagnetic interference to organisms that exist continuously within the range of its influence. Electromagnetic interference from currently used electric tractions has been socially unaccepted. It forces some changes to setting electric lines (including lightning arresters) in the public spaces. In order to reduce the influence of electromagnetic interference it is required to locate these lines within narrower green belts situated along the axis of the network which forces to heighten supporting pole structures. Heightening of these poles, irrespective of their framework, tubular, or other type of construction, is not simple as it demands some new engineering solutions. 
Aspects enlisted above are principal reasons for the resistance from local societies concerning location of aboveground electrical power lines and their run through the fields. General problem is both development area acquisition and completion of all formalities arising from the limitations of the applicable law that are necessary to obtain valid decisions for building permit.  Considering requirements occurring from formal and legal procedures, including necessity to conduct proceedings for assessment of investment impact on the environment and necessity to agree environmental decisions with appropriate authorities, those investments protract for years causing some significant economical losses. 
Social factor plays more and more important role in the process of implementation of huge strategic structures. Investors are forced to search for social acceptance for their activities. It happens in countries where civil societies are highly developed and aware of inevitable application of rules for sustainable development (Scandinavian and North American countries). These are the sources for searching for new aesthetic, architectural and urban solutions that would be accepted both as general solutions applied widely, and unique solutions, adjusted to the conditions that consider specific environment, landscape and topographical conditions. Among substantial landscape issues, applied when planning transmission lines, paying closer attention to concealment of those lines in the fields and minimisation of their negative visibility gets growing importance. It has been achieved by, e.g., painting line components, application of colour conductors, blending lines in with the background through adjusting their routes to the natural shape of fields, flora, forests, etc. As long as bypassing forest complex is not possible, the necessity for decreasing forest paths by application of narrow-width poles, necessity for adaptation of forest paths, and application of high aboveground poles have been pointed out. In intensely urbanised areas, it is necessary to apply compact solutions that decrease the dimensions of poles and narrow the width of lines. As a result it enables applying constructional solutions which allow visual harmonising the poles and the background. One of the most frequent solutions include, e.g., composite insulation, insulation cross-arms, low-overhang conductors or special suspended conductors. Depending on individual needs, integration of a pole into the landscape may be achieved by suitable selection of the type of its construction, which can be provided as compact system with tubular structure or framework system with bizarre shapes (examples may be found in various highly developed countries), or spatial system of „tensegrity” type.  A new category of so-called landscape towers has occurred with its inquisitive constructional and material aesthetic solutions.
As far as framework pole with its non-standard shape or ’tensegrity’ type structures may be found in unique applications, a tendency to apply tubular poles becomes universal. Extra-high voltage electrical grids cover wide fields while framework pole foundation covers unusually huge surfaces at the same time. It involves a necessity to exclude a large area from usage and bear considerable compensatory charges. Application of tubular poles allows decreasing the area covered by the structure which allows for easier acquisition of investment area, lowering labour intensity for foundations or expenditure of labour for erection and position of the pole. It has been estimated that the expenditures that are required to erect tubular pole on the foundation attain level of 20% of those analogous to completion of similar framework-type pole. Tubular poles are also trouble-free during transport and provide with more flexibility during assembly of the pole through easy selection of location of cross-arm fastenings both at various altitudes and in various planes in relation to selected reference direction. Considering periodical controls and maintenances, tubular poles seem to be the most required solutions.
Design aspects
Standards for engineering supporting structures under high voltage electrical grids have been changed repeatedly for the last couple of years both in the range of quantities assumed for climatic loads and in the engineering practice itself. Recent acceptance of the European standards of the EN series as local standards adopted for universal application materialised the recent change. These standards, marked as XX-EN (where XX stands for identification symbol of particular EU member state) have substituted former local standards. Although none of them, in the current legislative status, is mandatory to be applied they are preferred, for the reason of the standardisation of regulations in all member states of the EU, when new constructional investments are designed, especially in case of the projects that include cross-border investments. Application of the European standards is related to a new practice for engineering and the necessity for consequent use of suitable partial factors in order to ensure required construction safety as per limit state design. The values of these factors are dependent on, among others, uncertainty for determination of interactions, strength, geometrical measures, analytical pattern, and type of construction, type of limit state and planned reliability of line components. Engineering stage distinguishes three various levels for reliability that depend on considered period for the climatic interactions return.  
Former experience coming from the engineering of supporting structures indicates certain imperfections in effective procedures and the lack of full compatibility with engineering practice when designing other tower-type constructions. The major differences concern the ways for determining wind interactions and rules for determining the combination with icing load. Initial comparative analyses for determining wind interactions basing on standards for wind load, tower, mast & chimney engineering, and electrical power aboveground lines show that the latter is the most disadvantageous for the provision of suitable construction safety. Similar controversy may be provoked by the approach taken by standard regulations concerning rime load which, as per effective rules, may settle on telecommunication towers & masts and cable railway supports but which is not considered in aboveground electrical grid design. Previous standards required assuming the settling of rime loads on conductors only. According to updated regulations, the impact of the icing of the supporting structure of a pole on the gravitational load of that pole shall not be considered. However, increasing wind pressure surface on an ice-covered pole with cross-arms may be considered and should be determined by the Project Specification. 

In addition, considering the fact that supporting structures collapse frequently, a particular attention should be paid to foundation designs, particularly to problems occurring from seismic and paraseismic activities (mining losses) and other hard field and subsurface & hydrological (landslides, soil creeps, proximity to vessels and water-courses) conditions.

Technical monitoring on high voltage electrical grids

A considerable part of the European power infrastructure attained or exceeded assumed operational life. The application of short- or long-term operational life technical monitoring systems may allow gathering necessary information that could enable taking correct decisions for maintenance, repairs or modernisation of the existing infrastructure. Supporting systems for high voltage transmission lines are characterised by low rigidity and sensitivity to dynamic excitations caused by e.g. wind blasts. Damage to a single component (e.g. the framework structure junction of the supporting pole) has an impact on global rigidity of the structure, whose changes may be recorded. Similarly, additional ice or rime mass perceptibly changes the dynamic characteristic of the structure and influences the increase of loads from wind blasts. The sensitivity of transmission lines’ dynamic parameters to damage, criminal damages or changes in loads predestines the application of vibratory monitoring units to high voltage transmission line supporting systems. The role of such units, except for increasing safe use, is providing data which enable verifying project procedures, data gathering, and detecting unusual structure responses, gathering data for internal loads, detecting damages and providing, in real time, information of the structure’s condition or sending warnings in case of the occurrence of extreme loads .
Stability of supporting systems under high voltage electrical grids in the material aspect

During operational life, high voltage transmission line supporting systems are subject to cyclical loads occurring from wind blasts that create variable stress in bearing elements. It may lead to the depreciation of structure material strength parameters, the creation of microcracks both in the base metal and within connectors (welds, bolts) as a result of low-cycle fatigue. Durability tests that include artificial fatigue in laboratory conditions may define the sources of the problem and determine the necessity to consider fatigue issues for the engineering stage of the structure.

A practical and conscious application of supporting poles in each of the proposed construction alternatives, which takes their uniqueness into account, including indicated technical and material problems, demands careful interdisciplinary research and multi-criterion analyses, with the inclusion of structure reliability issues. 

The schedule for such research including recommendations is the core of the proposed project. 
