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Consequences: Develop infrastructure to flow important RES infeed 
Challenge: 4. Optimize the development, the construction and maximize the use of new and existing infrastructure
Domain: 4.3 Advanced material and connected technology to maximize use for infrastructure 

Project-specific context
By 2030, the transmission capacity of the Belgian high voltage grid is set to double due to the massive introduction of renewable energies on the network. Faced with this transmission capacity, the current network is obsolete and must therefore be significantly reinforced. To address this issue, and thanks to the combination of analytical, numerical and experimental approaches, the present project aims to demonstrate the interest of S460 steel for the rapid reinforcement of existing tower structures and thus guarantee the reliability of the network.

1) Position of the project in the context of the energy transition
· Europe has committed to the decarbonization of society by 55% by 2030 and by more than 80% by 2050 through the massive integration of renewable energy sources. These climate objectives require a profound transformation of the European energy system focusing on improving energy efficiency, electrifying key sectors (transport and heating) and decarbonizing the electricity system as much as possible.
· On the one hand, the increased electricity production combined with the increase in electricity consumption and the bi-directional nature of electricity requires more electricity transmission capacity; on the other hand, the decrease in conventional energy sources (nuclear, fossil) in favor of renewable energies is leading to the decentralization of the energy system, relocating electricity production from major consumption centers to regions that were previously marginally connected to the networks. This decentralization results in electricity being delivered to consumers over longer distances within the country, but also in an increase in international electricity flows (incoming and outgoing) requiring additional interconnections to ensure greater availability of the renewable part of the electricity mix.
· The reinforcement and restructuring of the Belgian electricity network are two key elements to meet the electricity transmission capacities of the future, to ensure network connections with new production sites and to develop new interconnections with neighboring networks. The development of a robust grid, allowing continuous access to sustainable, reliable and affordable electricity for everyone, is an essential condition for the success of the Belgian energy transition.

2) Underlying problem and objective of the research
· Built between 1969 and 1982, the backbone of the Belgian high-voltage network (380 kV) has undergone very little changes because of a very efficient use of existing installations. The replacement of conductors with higher capacity conductors or high performance conductors and the pulling of additional circuits have so far made it possible to increase the transmission capacity of the network sufficiently by structurally reinforcing existing towers, as far as the structural stability of these towers allows.
· In order to meet the challenges of the energy transition, the transmission capacity of high voltage lines must be doubled in the next ten years. To achieve this, the traditional doubled 621 mm² conductors on the backbone grid must be replaced by four 707 mm² conventional conductors or two 1000 mm² high performance conductors (HTLS). These changes in the number and/or cross-section of conductors have a direct impact on the structural stability of towers. Designed to support a maximum weighted load of 100 T (OM34 type tower) in 1970, the towers must now be able to support loads of at least 180 T for an identical tower and up to 1200 or even 1400 T for exceptional towers, this due to an accumulation of the following load increasing requests:
(1) The applied load by the connected conductors is raising with the increase of the conductor sections, being from 2 x 621 = 1242 mm² towards 4 x 707 = 2.828 mm² or 2 x 1000 = 2000 mm².
(2) Climate change has resulted in a normalization that prescribes > 20% higher wind loads than in 1970.
(3) On top of point (2), the normalization is requesting that the wind condition that needs to be used for design is changed from 50 years in 1970 to 500 years presently for 380 kV lines.
(4) Due to the very high density of buildings in Belgium, new lines or new towers need to be designed up to 20 m higher than in 1970 in order to ensure sufficient safety clearance.
· These loads significantly exceed the acceptable load limit for existing towers and therefore impact their structural stability.
· Currently, all high voltage lattice towers make use of S355 steel. S355 steel was introduced in towers in the early 1960s and is still used in new towers today; this means that the design of the majority of towers is based on a steel quality that is more than 40 years old, a quality that is no longer sufficient to meet the new structural performance requirements in the tangible context of the energy transition.
· Although new and better performing steels have been developed, the lack of evolution concerning their use in electrical pylons is due to the slow evolution of the extremely strict normative context to which the dimensioning, fabrication and production of steel structures (Eurocode 3) and in particular steel structures for overhead electrical lines (EN50341) are subject. This slow evolution of the standards does not follow the rapid evolution of the means of production of high performance steels in the steel industry and therefore does not allow them to be up to date and to cover the dimensioning of structures made with these new high performance steels.
· Among the high-performance steel grades, S460 stands out with a yield strength up to 30% higher than S355. Due to its higher yield strength, for the same structure and tower geometry, an S460 tower could support loads 20 to 30% higher than those supported by an S355 tower. Moreover, for an equivalent supported load, the weight of an S460 tower could be reduced by 20% compared to its S355 counterpart by optimizing the section of the profiles, leading to lighter structures.
· Developing new grid infrastructure takes an average of 10 years, while building a renewable energy generation facility takes between 3 and 5 years. By simply substituting S460 angles for S355 angles, the load-bearing capacity of existing structures could be increased quickly without extensive studies for new tower design (± 6 months). The tower could by this means be upgraded with a perfectly identical structure without any visual impact, which has a major positive impact on the environmental and public impact studies.
· Therefore, the S460 appears to be a promising candidate for the sustainable strengthening of existing towers and for the design of new structures that will contribute to the successful energy transition of the grid. 

Project-specific state-of-the-art/literature review
Elia already possesses a large in-house experience in the design of lattice towers. This project continues onward from the European ANGELHY project in which design rules of interest in the scope of the S460 project have been developed. The ANGELHY project has proven the potential of steel angles in S460 for lattices structures. However  the potential of S460 has been demonstrated and documented for some specific tower designs, and it has still to be shown that they can be applied more generally to other lattice towers, as those designed by ELIA
The implication of Elia experts is requested in order to guide the development of general design rules  for S460 in terms of field of application, but also in compliance with the existing norm EN50341 used nowadays by practice for the older lower steel grades.
Expected impact for Belgium
As mentioned above, this project was launched in order to address the issue of the increasing introduction of renewable energies on the Belgian high voltage grid. The completion of this project will empower that further decarbonization and electrification of society by the reinforcement of the obsolete backbone grid in an agile way. The project has several specific economic, social and environmental effects for Belgium:

· New alternative solution for tower upgrades where assemblies become limiting design factors​
· Significant time saving for the design of the pylons (up to 200 resource-hours per standard tower type), which results in a definite economic benefit and agility, on the one hand, and which has a positive impact on society, on the other hand. The actual benefit is the avoidance of delay in infrastructure implementation, that would in turn cause delay in connecting new RES and a delay in reaching national and EU climate goals. 
· Positive impact on the speed of reinforcement of the electricity grid and the interconnections required for the massive integration of electricity from renewable energy sources by 2030.
· Technology to realize the request of Port of Antwerp on time (-2 years) and with less study cost (-500 hours study cost).
· Slimmer towers compared to S355 steel towers, which results in an improved acceptability for local communities and improves the sustainability of this installations
· Simpler designing details which allow for simpler (more classic) production methods and hence less production costs The ANGELHY project has proven the feasibility, but the present study is needed to create the potential for the Elia grid.

Starting point for Elia
The knowledge from the existing design and the results from the European ANGELHY project form the base and constitute the starting point for Elia. The ANGELHY project involved European partners, including ULiège, which acts as a technical partner in this project. From there, Elia, ULiège and ArcelorMittal will continue to study and test further the implementation of higher grade steel (S460) in the design of lattice structures.
Uncertainties & risks
Within the project there are some inherent risks, which will need to be further mitigated:
· COVID-related timing extensions: open issue.
· Unexpected material failure modes: unlikely, as the manufacturer which is part of the workgroup can adapt specifications if needed.
· Quality issue on bolt deliveries: mitigated by use of standardized DIN7990 bolts.
· Normalization and ratification issue: mitigated by the presence of ULiège, the Belgian representative in the Eurocodes normalization committees, involved in this project.

Project description
In the context of the reinforcement and restructuring of the grid for the ongoing energy transition, it is becoming urgent:
i) to investigate in depth the mechanical properties of S460 steel profiles and their connections as structural elements of electrical pylons
ii) to derive calculation rules for S460 profiles and their connections and 
iii) to establish the manufacturing tolerances and the relative product standards.
To achieve this, the present project brings together the steel industry (ArcelorMittal), an university (ULiège), the tower designers and the network operator (Elia), all players in the chain, with a common objective: to complement and broaden the normative framework regulating overhead power lines in order to integrate S460 steel as a structural material in the most rigorous and precise possible way, thus allowing the rapid and proactive development of a robust power network, achieved in time for the benefit of the community.

The normalization and ratification should not be an issue because the project partners (Arcelor Mittal and Uliège) are members of the normalization committee issuing the new normalization. Therefore, we estimate the risk of non-normalization nonexistent. 

Updating the normative framework to include the use of S460 steel in high voltage electrical towers requires the completion of several intermediate technical and scientific objectives:

· WP 1: Current state from a technical perspective
· T 1.1 – Existing norms and recommendations.
· WP 2: “Butterfly” closed-spaced built-up members with 2 angles L250x250x29 mm in S460
· T 2.1 – Dimensioning of test specimens based on ANGELHY calculation rules
· T 2.2 – Experimental testing of an actual member and characterization of the material properties, the imperfections and the residual stresses, 
· T 2.3 – Numerical model, parametric analysis and comparison with standards and ANGELHY rules
· [bookmark: _GoBack]T 2.4 – Final calculation procedure for “butterfly” closed-spaced built-up members.
· WP 3: Study of lattice connections in S460
· T 3.1 – Classical connections and optimized connections
· T 3.2 – Experimental testing of connections to derive their mechanical properties
· T 3.3 – Development of calculation rules for angle connections and validation through comparisons with the tests.
· WP 4: Stability of angles and buckling lengths ==> if focus is to end this by end 2022, realistically, we plan June 2023
· T 4.1 – Buckling length: Critical analysis of the various European norms, incl. EN-50341 and numerical investigations
· T 4.2 – Experimental tests on S460 members with actual connections at their extremities to investigate their level of stability
· T 4.3 – Derivation of analytical expressions for the evaluation of the buckling lengths to be used in the stability check of S460 angles according to the end connection types.
· WP 5: – Economic interest of S460 in the industrial context ==> WP 5’s planning will depend on WP 4
· T 5.1 – Compatibility of use of the rules in the European normative context
· T 5.2 – Use of the S460 in real life situations, economic interest & recommendations.
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Deliverables
· Design formulae for the evaluation of the resistance under compression of single S460 profiles and closely-spaced built-up members  aligned with prEN 1993-3:2021 and respecting the principles of EN50341
· Experimental results validating the accuracy of the above-mentioned calculation methods and formulas.
· Design formulae for the evaluation of the resistance of connections between S460 members aligned with the prEN 1993-3:2021 (2023) and prEN1993-1-8 (2022).
· Experimental results validating the accuracy of the above-mentioned calculation methods and formulas (2023).


Timeline
2022
· Week 43: rolling of the profiles to be used in the experimental campaign in WP3 and WP4 by the  ArcelorMittal subcontractor
· Week 46: final definition of the test campaign and finalization of testing protocols.
2023
· Weeks 4-8: experimental tests in ULiège lab on members and assemblies (WP3+4)
· Week 13: report on test results
· Week 26: Report containing validated formulae,  in line with European norms, for the evaluation of the resistance of connections and members made of S460 with connections at their extremities


Progress 2022
· Theoretical validation of S460 in a single butterfly profile for usage in the Saeftinghedok project (WP2): completed Q2 2022.
· Experimental validation of S460 in a single butterfly profile for usage in the Saeftinghedok project (WP2): completed Q2 2022.


Partners
· ULiège
· ArcelorMittal 


Summary of project efforts in person months (by work package and by year) 
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