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 Welcome
 ffwd issue 2/16 • The customer newsletter of ABB Power Grids • Subscription newsletter available as printed or electronic copy. Subscribe online at abb.co.uk/ffwd Contact and feedback [email protected] • Publisher ABB Limited, Power Grids division, Oulton Road, Stone, Staffordshire ST15 0RS. Phone 01785 825 050
 4 Mobile transformer oil processing truck
 ffwd 2 |16
 Dear Reader,Substations are at the forefront of my
 mind at the moment, from the perspectives of both capital projects and service.
 I’m glad to report good progress on major substation projects at Connah’s Quay (page 12) and Spittal (page 30), where we are delivering a new substation to connect the alternating current grid in Caithness with the northern end of the Caithness Moray HVDC transmission link. Plus, on page 10 you can read about our major new contract to upgrade ScottishPower Energy Networks’ Kilmarnock South substation.
 In terms of service, our transformer team has recently celebrated a major achieve-ment at Lynemouth Power Station. After a major failure on a generator transform-er, ABB remanufactured the unit to better than new within 30 weeks. Read the full story on page 32.
 I’m particularly pleased with the warm reception that our transformer oil process-ing service has received (page 4). Since we introduced it at the start of the year, our mobile plant has been busy at customer sites all over the country. The biggest ben-efit of the plant is that it has created more capacity in the UK market for oil processing, leading to greater availability and flexibility for project managers and operators.
 Lastly, at ABB we always have an eye on helping our customers with the next big trend in technology. Now that battery tech-nology is becoming mature at an industrial scale we are focusing on energy storage and its capability to provide frequency response services for the grid (page 24).
 Please get in touch if you’d like to find out more about how ABB helps its customers in the UK.
 Best wishes,David Hughes
 Power GridsABB’s Power Grids division is the world’s leading supplier of power and automation products, systems and service solutions across the power value chain of generation, transmission and distribution serving utility, industry, transportation and infrastructure customers directly and through channel partners. The division is focused on addressing key areas such as the integration of renewable energies, growing network complexity, grid automation, and microgrids. The division also offers a full range of consulting, service and asset management solutions based on a lifecycle approach.
 David Hughes, Director of Marketing and Sales at ABB’s Power Grids business in the UK
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 itself. Oil processing is required at the start of a transformer’s life when oil is first delivered. It may also be required during the life of the unit to extend its life by reducing a build up of moisture.
 For the largest transformers, oil process-ing can last several days until the required
 News
 Mobile transformer oil processing plant hits the road
 Since it was introduced in early 2016, ABB’s mobile oil processing plant that eliminates moisture from insulating transformer oil has generated a great deal of interest. It has already been deployed by ABB’s Transformer Service team for customers throughout the UK, and some order enquiries have been received from around Europe.
 Generally, the new unit is intended to support the installation of new transformers, However, it can be used on a remedial basis to help enhance the condition of existing transformers.
 Transformer oil plays a key role in insula-ting and cooling transformer windings. Moisture content in the oil will reduce the oil’s dielectric strength and therefore will reduce its effect as an insulator, as well as reducing the operating life of the transformer
 Self-contained plant and technicians remain on site 24/7
 The significant size of GCBs makes their replacement complex
 Reliable output for Heysham and Hartlepool
 moisture level is achieved. Expert tech-nicians must monitor the plant regularly throughout this period. Because of this, ABB’s oil processing plant takes the form of a truck containing the oil processing equipment and a trailer with live-in accom-modation for the technicians.
 ABB has completed a project to replace a generator circuit-breaker (GCB) that was approaching obsolescence at EDF Energy’s Heysham 2 nuclear power station with a state-of-the-art HECS model. The new breaker has significant advantages in terms of long life and low maintenance
 requirements. The success of the replacement at Hey-
 sham 2 persuaded EDF Energy to ask ABB to replace three further GCBs. These include a second unit at Heysham 2 and two units at Hartlepool. The upgrades mean that the power stations will continue to supply
 reliable power until their planned decom-missioning in 2030 and 2024 respectively.
 Richard Moore, Manager for ABB’s High-Voltage Service team in the UK said: “Our success in replacing the first GCB at Heysham 2 gave EDF Energy the confidence to extend the project to replace a further three units. During the project we overcame the challenges of the size and complexity of the removal and installation procedures to hand over the new GCB within the power station’s planned outage.”
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 News
 Apprentice scheme gains IET accreditationABB’s apprentice scheme for budding power engineers in Stone, Staffordshire has been accepted by the IET as one of its approved schemes.
 Celebrating 125 years in SwitzerlandOne hundred and twenty-five years ago, Charles Brown and Walter Boveri founded BBC in Baden, Switzerland. The company developed into today’s ABB, a global player with subsidiaries in 100 countries.
 To mark the anniversary year, a Rhaetian Railways’ Allegra train is carrying ABB’s special branding that displays a timeline of facts and graphics highlighting historic milestones of ABB’s history in Switzerland and throughout the world. During the World Economic Forum (WEF), the train shuttled between Landquart and Davos and is now being used on other Rhaetian Railways routes as well.
 Additional events and celebrations throughout the year are showcasing ABB’s deep bond with Switzerland. Among other things, ABB was a prominent guest at the opening of the new Gotthard Base Tunnel – the longest railway tunnel in the world – at the beginning of June (see article on page 36).
 When Charles Brown and Walter Boveri founded their company in 1891 they viewed electricity as the pacesetter for a new age. ABB’s predecessors successfully imple-mented this vision with astonishing speed – and at an early stage in the railway sec-tor as well. In 1913 BBC supplied the first locomotives for the Albula line. BBC was
 one of the driving forces behind the elec-trification of the Swiss railway network and was involved in the electrification of the Gotthard line between 1921-1924 as well.
 In 1988 BBC merged with the Swedish company ASEA to form ABB. In the power and automation technology portfolio of the group, electrical systems for trains as well as for railway infrastructure still form a core part of the company. Thus, the Allegra trains are equipped with an energy-efficient drive package from ABB, which generates electricity while descending gradients across the network for trains climbing back up the mountains.
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 News
 Utilities want Internet of Things to keep closer tabs on their assetsWith delivery networks that stretch across vast distances, utilities view the Internet of Things as a welcome solution for managing their widespread assets more easily. This is the key finding of a global survey of over 200 senior executives at electricity, gas and water utilities conducted on behalf of ABB in collaboration with Microsoft and market research firm Zpryme.
 Some 80 percent of respondents stated that the integration of IT and Operational Technology (OT) was valuable for asset management. Among the benefits of such integration, they ranked better long-term planning as the highest priority, along with (in descending order): increased staff productivity, improved safety and better use of capital.
 Nearly two-thirds of respondents (58 percent ) either have, or are planning to put in place, a strategy to use the Internet of Things (IoT) for asset management. Over half (55 percent ) reported that the impor-tance of asset management has increased over the past 12 months.
 According to Massimo Danieli, Manag-ing Director for Grid Automation – which spearheads ABB’s own Internet of Things, Services and People (IoTSP) activities – the survey suggests that utilities see the need to bring together once disparate technolo-gies and systems to better understand their increasingly complex asset base. Moreo-ver it indicates an acknowledgement that the insights gleaned from the integration of IT and OT need to be shared around the organisation to improve planning, produc-tivity and safety.
 Visit register.e.abb.com/it-ot-survey to download the survey report, ‘Bridging IT and OT for the Connected Asset Lifecycle Management Era’.
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 News
 ABB is supplying 40 specially designed transformers to MHI Vestas Offshore Wind for the Walney Extension Offshore Wind Farm in the Irish Sea. MHI Vestas is supplying 8 MW rated turbines to DONG Energy for the project.
 ABB will supply the 9.7 MVA, 34 kV transformers that will be installed inside the turbine tower along with low-voltage products. The transformers meet stringent electrical and mechanical requirements to ensure availability of the turbines in the offshore environment. ABB has created a customized design for the application using state-of-the-art materials and components to create a transformer that weighs around 30 percent less than a standard model. Custom design is 30 percent smaller than standard
 Transformers for world’s most powerful wind turbines
 Ten-gigawatt transmission lines planned for ChinaABB will upgrade two long-distance UHVDC power transmission links in China to deliver increased power while reducing environmental impact. Under a series of contracts worth $300 million, ABB will supply advanced converter transformers to enable the transmission links to transport up to 10,000 MW of power at the 800 kV voltage level.
 Setting a new world record in terms of capacity, this is a 25 percent increase in power compared with recent 800 kV UHVDC links, through the same narrow transmission corridor. The boost in the power transmis-sion capacity of UHVDC links is a result of recent advances in key technologies such as the 509 megavolt ampere (MVA) con-verter transformers.
 The l inks being upgraded are the 1,609 km Ximeng-Taizhou and 1,231 km Shanghaimiao-Shandong 800 kV trans-mission links. They are part of a project to transmit power out of Inner Mongolia via long-distance transmission lines, rather than transporting millions of tons of coal to distant generating sites.
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 Substation projects
 Overcoming Victorian challenges at Kensal Green substation
 Kensal Green is the site for a brand new 400 kV substation with a total of nine circuits connecting to St John’s Wood, Willesden and Wimbledon. Being adja-cent to the Crossrail tracks, it is also the location for two supergrid transformer feeder circuits for the new railway. Fol-lowing a competitive tender process, National Grid appointed ABB as princi-pal contractor to deliver the substation and Crossrail connection, construction started in 2012.
 Our scope of works covered design, engineering, construction and commission-ing of equipment for the new Kensal Green substation. This included supplying ABB equipment such as transformers, 420 kV ELK gas insulated switchgear (GIS), cabling and control equipment to be housed in a new substation building. We also supplied SMOS Light (Structure Mounted Outdoor Switchgear Light) for Balfour Beatty to install for the Crossrail feeder substation.
 Tom Smith, ABB’s Project Manager describes the special measures required when delivering two substation schemes in London’s Kensal Green.
 Space on the site was tight as it is located between the Grand Union Canal and the Great Western railway line with only a single site access point. In addition, ABB was responsible for making space available for the Electricity Alliance East, which was delivering cable works, and Costain, which was driving tunnels 30 and 45 metres below ground, including the shafts and head houses for the London Power Tunnels project.
 Another challenge was that the site was formerly a Victorian gasworks, with the implication of contaminated land. Plus, being in the London Borough of Kensington and Chelsea, ABB had to take account of planning restrictions and wider sensitivities. One of these was the presence of the Kensal Green cemetery on the other side of the canal. The cemetery is of national importance as it is the final resting place for many famous people from the Victorian era, including Isambard Kingdom Brunel and the father of computing, Charles Babbage.
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 Contaminated landWith a history as a gasworks dating back to 1845, the site had absorbed the waste and by-products from the industrial coking process, which was used to produce coal gas until production ended in around 1970. Careful monitoring had to be done before work could proceed. Before the project, National Grid had found clusters of cyanide, arsenic, a benzene derivative which was carcinogenic, coal tar and asbestos. So when ABB started on site, we brought in a team of surveyors who dug a more extensive series of boreholes and trial pits across the site to establish ground conditions. However, they couldn’t survey every metre and when the groundworks team started in 2003, we regularly found isolated pockets with high levels of contamination. We might dig ten square metres of earth and find nothing then come across an isolated pocket of arsenic, cyanide and coal tar at a depth of four metres.
 To overcome this, the team adopted special measures. These included air qual-ity monitoring equipment and kitting out operatives in hazmat suits with breathing apparatus to protect them against toxic fumes. We also hired a full-time scientist to carry out analysis after every five or six cubic metres of excavation. Space on-site for storing and sampling earth was extremely limited but earth couldn’t be sent to waste before analysis, so the scientist had to carry out rapid sampling to keep the site clear.
 Construction measuresContaminated land was not the only issue encountered during construction. The site is elevated above the neighbouring railway line and the existing wall had come to the end of its life – so we constructed a new reinforced concrete retaining wall that is four metres high and 700 mm thick.
 But before building it, we had to call in a specialist to eliminate a colony of Japanese knotweed that was discovered. The plant was first introduced to the UK in 1850 and is classified as one of the world’s worst invasive species. Because it can damage retaining walls and foundations it must be disposed of as controlled waste. Whereas it is usually poisoned over a long period, the programme did not allow the time for this so we had to dig deep to remove it completely.
 Another challenge was the site’s pres-tigious location. The London Borough of Kensington and Chelsea set out a series of conditions when it granted planning per-mission to National Grid. One of these was the inclusion of special architectural fea-tures on the buildings that house the GIS, control equipment and head works for the London Power Tunnels. These features take the form of expanded metal profiles on the roofs, meaning that ABB had to take account of unusual construction techniques to deliver the complex features.
 Energized on programmeAfter overcoming all of the unusual chal-lenges at Kensal Green, ABB connected the new substation to the St John’s Wood and Willesden circuits on programme in August and September 2015 before energising the two Crossrail feeders for testing over 24 hour periods to ensure they are ready for the Crossrail link. We have completed most of our work at the site now but will return to support National Grid when it is ready to energize the Wimbledon circuit in 2017/2018.
 Looking back at lessons learned, more thorough surveying would have helped us to prepare for the unusually high levels of contaminated land – but no amount of trial pits and boreholes could have identified every pocket of contamination before we started work.
 Substation projects
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 Substation projects
 Upgrading Scotland’s Kilmarnock South substation
 ABB’s ELK switchgear is modular and flexible
 ABB has won a contract to upgrade SP Energy Networks’ (SPEN) 275-kilovolt (kV) Kilmarnock South substation in East Ayrshire, Scotland. During the project, ABB will deliver 13 bays of gas insulated switchgear (GIS) to replace the existing air insulated switchgear (AIS).
 The £12 million upgrade will increase capacity in the region, which in turn will allow new renewable energy sources to be connected to the grid. This includes windfarms with a capacity of 480 MW that have already been approved as well as proposals for a further 1,011 MW.
 The existing substation at Kilmarnock needed to be upgraded to meet growing demand. However, it was not possible to extend the existing AIS so SPEN turned to ABB to design, supply, install and com-mission a new 13-bay GIS substation. Redundant elements of the existing AIS will be dismantled after the new GIS substa-tion have been energized and the circuits transferred.
 ABB expects to complete its scope of work in 2017, with SPEN’s overall project due for completion in 2019.
 “We’re looking forward to continuing our relationship with SP Energy Networks through this upgrade. The project will rein-force the grid in Scotland and bring more power to residents in the region,” said Jon Downs, Managing Director of ABB’s Grid Integration business unit in the UK and Ire-land. “This focus on service, upgrades and lifetime support is a key element of our Next Level Strategy.”
 ELK series GISThe design of Kilmarnock South substation will be based on ABB’s modular ELK series GIS. The ELK-3 GIS is well proven in applications around the world at up to 550 kV.
 The main benefit of ELK switchgear for this application is its modular architecture. This means that it is suitable for almost any application and gives scope to be modified or extended in the future to meet growing demand. Standardized connections allow for all possible configurations such as double busbar, ring or 1½ breaker arrangement. It can be integrated into existing buildings or as part of new buildings.
 From an operational perspective, the design of ELK-3 GIS has fewer components than previous generations of switchgear. This simplifies operations and reduces maintenance requirements.
 The switchgear will also play a role in future-proofing the Kilmarnock South substation as it meets the IEC 61850 smart grid communications standard. This will ensure interoperability of the switchgear with protection, monitoring, control and automation equipment.
 Building on past successThe Kilmarnock project builds on ABB’s successful track record of delivering projects for SPEN. These include an agreement to supply protection and control equipment for the FITNESS project, which will see SPEN deliver the UK’s first live digital substation at Wishaw (see page 14 for details).
 SPEN was the first operator in the UK to install the compact version of ABB’s ELK-3 rated at 420 kV, which is one third smaller in size than standard switchgear.
 A total of 15 bays were installed between 2013 and 2015 at SPEN’s brand new Hunterston and Wishaw substations, as well as an upgraded substation at Torness. The switchgear has the potential to reduce land and building costs by as much as 40 percent and an entire bay can be transported on a skid as a single unit. The switchgear was installed to integrate wind generation in the south of Scotland and to strengthen the transmission grid.
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 Substation projects
 Safety is key to successful delivery for Connah’s Quay substation
 ABB has installed 28 bays of 5000 A rated ELK-4 GIS
 Connah’s Quay is National Grid’s replace-ment for the previous 1960s vintage Deeside air insulated switchgear (AIS) 400 kV substation that had reached the end of its asset life. The new substa-tion, scheduled for completion in 2018, will play a vital role in the reinforce-ment of the high-voltage transmission infrastructure in northwest England. In particular, it facilitates the connection of new high-voltage direct current (HVDC) power links, such as Eirgrid’s East West Interconnector between the UK and Ire-land, which came on line in 2012, and the Western Link.
 A number of possible upgrading and replacement options were considered for the site. Eventually it was decided to construct a new gas insulated switchgear (GIS) substation offline with circuits migrated over on a staged basis.
 The core of the project, which started in 2011, has been the construction of the massive building to house 28 bays of ABB’s ELK-4 GIS in a special 5000 A rated version to cater for high power flows together with 4.6 km of GIB (gas insulated busbar). To give an idea of the scale of this building it is longer than an international football pitch – with catwalks and support steel alone weighing in at over 400 tonnes. Striped cladding has been applied to the outside of building in different shades of grey that are designed to visually break up the building and help it blend into the background.
 Neil Coates, Lead Project Manager updates on progress as ABB’s largest ever UK substation project passes the five- year mark.
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 Substation projects
 Environmental protection was important at the riverside site
 The GIS building has been successfully completed and energized together with the delivery of the bay protection and control systems housed in three of ABB’s state-of-the-art portable relay rooms (PRRs). However, that was only one part of the project, as ABB’s scope also included the supply and installation of three new Super Grid Transformers (SGTs) and the repositioning of an existing SGT together with extensive XLPE cable works.
 Currently, three of the four SGTs have been commissioned, four overhead line (OHL) circuits have been transferred and two high voltage cable circuits completed. We are about 80 percent of the way there now on the main project, and the focus over the next two years is on completing the customer connections as well as the demolishing and recycling of the old Deeside substation.
 One of the main challenges we have faced during the project has been the level of civils and building works. And even on this massive site we required staged delivery of equipment as there just wasn’t enough room to store it all.
 Planning and coordinationThe emphasis on planning and coordination has definitely been the main theme on this
 project. With so many different stakeholders such as National Grid, International Power, SP Energy Networks, EirGrid, EON and Local Authorities as well as around 20 subcontractors we simply couldn’t have succeeded without effective l iaison between them all. That has required a real commitment to building relationships and sharing experience on all sides. The result has been a high level of discussion and interaction to address issues and solve them before they could cause difficulties.
 One seemingly small issue was the immense amount of wood we had coming on to the site as packaging. So we hired a local company to turn it into wood chippings for easy handing and recycling. In another case we used material that would otherwise have needed to be removed from the site as infill to create access to the OHL towers.
 Care for the environment and consider-ation for neighbours has always been high on the agenda as we are close to an SSSI (Site of Special Scientific Interest) and a number of badger sets. We have created special wooden fences to act as screen-ing to reduce noise disturbance for nesting birds. We have also made power supplies available as quickly as possible to opera-tors on site to reduce the need for noisy diesel generators.
 Don’t look the other way – safety philosophyThe most important aspect of the project has been in creating a shared vision on health & safety, embracing ABB’s ‘Don’t look the other way’ philosophy so that every member of the team took personal accountability for the safe delivery of the project and was aware of the potential risks associated with: major excavations, working at height, major plant movements, control of multi work fronts, lifting, demolition works and underground services.
 This commitment and refusal to com-promise on any aspect of safety was vital since at peak times we had up to 150 peo-ple on site. To date we have carried out over 3,000 site safety inductions. We also visited local schools to raise awareness of the project and the importance of safety.
 The focus on safety meant that in April 2016 we reached 950,000 man hours without a single LTI (Lost Time Incident). This resulted in the Connah’s Quay 400 kV substation project being awarded ABB’s inaugural CEO safety award for the UK in the Project Safety Performance category. And on behalf of the team, I was delighted to receive the award from Ian Funnell, ABB Country Managing Director.
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 Digital substations
 FITNESS project to create digital substation
 REC650
 RTU560
 REC670
 IEC 61850 Station Bus
 IEC 61850 Process Bus
 MicroSCADA Pro SYS600C Monitoring and Control Hardware
 with implemented software
 Relion® family Intelligent Electronic Device
 (IED) for Protection and Control
 UniGear Digital The innovative solution for MV
 Switchgear based onIEC 61850 and non-conventional
 instrument transformers
 ELK CP sensor Non-Conventional Instrument Transformers (NCIT) for GIS
 Free Standing (FOCS -FS)
 Disconnecting Circuit Breaker (DCB) with integrated FOCS
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 Digital substations
 ABB Power Grids, GE Grid Systems and SPEN (Scottish Power Energy Networks) are collaborating on the FITNESS (Future Intelligent Transmission Network Substation) project to deliver the UK’s first live digital substation monitoring, control and protection systems at the Wishaw 275 kilovolt (kV) substation in Scotland. The project, funded by Ofgem as part of the RIIO NIC (Network Innovation Competition) programme will show how digital communications over fibre can replace traditional copper connections to protect, monitor and control transmission networks. The benefits of this innovative approach will be reduced substation project cost, risk and environmental impact as well as increased flexibility, controllability and availability.
 The FITNESS project will be running for four years from April 2016 with the aim to demonstrate a fully integrated multi-vendor digital substation solution both for retrofit and new build projects. The main driver is that substation control and protection requirements need to change significantly as low carbon generation and HVDC (high voltage direct current) interconnections increase, and these changes present new challenges for traditional network control and protection functions. In addition, conventional substations allow little flexibility to adopt the necessary new monitoring, protection and control functions – especially where these are to be linked with external measurements and information systems such as WAMS (wide area monitoring systems).
 Wishaw substationThe project will equip two bays of the existing Wishaw 275 kV substation with new fully integrated digital controls. The site has been selected as it is in an area of special interest with a large wind power infeed that presents challenges in terms of variability and inertia. The digital systems will be run in parallel with more conventional technology for a trial period and will then be operated independently. The project will also trial new sensor technologies for voltage and current measurements. The substation will be designed with digital communications using fibre optic cables – instead of analogue signals using copper cables –from switchyard to control building. Both ABB Power Grids and GE Grid Systems are supplying IEDs (Intelligent Electronic Devices) for the project with the specific objective of ensuring that the equipment is interoperable within a multi-vendor solution.
 Projections show a 10 percent saving in substation costsThis ground breaking UK project will demon-strate how digitising communications within a substation can increase control-lability, reduce environmental impact and improve substation safety while enabling faster deployment where network improve-ments are needed. Projections indicate the possibility for 10 percent saving in overall substation costs while the footprint can be reduced by around 15 percent when digi-tal technology is adopted as the UK norm.
 Providing confidence in the digital approachThe industry has already seen a widespread adoption of IEC 61850, the standard that defines substation communication protocols and the need for interoperability of systems. But there has so far been a slow uptake in the associated standard 9-2, which under-pins the true digital substation, since it requires a significantly different approach to substation architecture, design and con-struction. One of the main reasons for this is uncertainty over the technical maturity, performance, reliability and robustness of the equipment, especially because there is limited experience within the industry of demonstrating how a full IEC 61850 digital substation will work. The key benefit from FITNESS is in providing the industry with confidence in the new systems.
 Danny Lyonnette, Head of Business Development & Innovation for ABB Power Grids Automation & Control, outlines the FITNESS project that will see ABB and other vendors collaborating to demonstrate the first multi-vendor digital substation solution that replaces copper cabling with fibre optics.
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 Switchgear technology
 AirPlus offers an eco-efficient alternative to SF6 switchgear
 SF6 is a man-made gas developed in the early 20th century which, due to its excellent properties for electric insulation and arc interruption is used extensive-ly as the dielectric medium in high and medium-voltage switchgear. In addition to enabling safe and reliable operation, it has also made it possible to significantly reduce the size of switchgear installa-tions, and SF6 will remain as the main insulation medium for years to come.
 However, SF6 is a greenhouse gas and its lifecycle management requires careful handling and can entail substantial costs, particularly when decommissioning aging substations. As the demand for electrici-ty rises worldwide, especially in emerging countries, demand for high-voltage switch-gear is also rising. That is the main driver in the search for alternative gases to SF6 for reduced environmental impact.
 A new fluoroketone-based gas mixtureABB achieved a recent breakthrough with a new alternative to SF6 by commissioning the world’s first high- and medium-voltage gas-insulated switchgear (GIS) bays with a new eco-efficient gas mixture – ‘AirPlus’. This fluoroketone-based gas mixture is a chemical compound developed for switchgear applications in collaboration with 3M. The GIS bays for 24 kV and 170 kV voltage ratings were installed in a pilot substation in Zurich operated by leading Swiss utility Ewz, which was inaugurated in August 2015.
 This new AirPlus gas mixture contains: – Fluoroketone (C5-PFK), carbon dioxide (CO2) and oxygen (O2) for high-voltage GIS
 – Fluoroketone (C5-PFK), nitrogen (N2) and oxygen (O2) for medium-voltage GIS
 For decades, sulphur hexafluoride (SF6) has been the predominant insulation medium for switchgear due to its technical properties. However, with global warming and climate change becoming worldwide concerns ABB has been active in the development and deployment of alternatives to this greenhouse gas.
 Molecular model of the fluoroketones C5F10O
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 The fluorinated molecule has a chemi-cal composition that decomposes under ultraviolet light in the lower atmosphere. Therefore the molecule’s atmospheric lifetime is extremely short (less than 15 days versus 3,200 years with SF6) and it decomposes into negligible quantities of CO2 that are not harmful for the environ-ment. Because of this, its Global Warming Potential (GWP) is less than 1, even lower than CO2 (GWP=1). In addition, the fluor-inated molecule is practically non-toxic, non-flammable and neither the substance itself nor the effects of decomposition will deplete the ozone layer.
 This GWP is almost 100 percent lower than that of SF6, without any compromise on equipment quality and reliability. The new gas mixture is the only one available so far that meets the performance criteria after being type tested according to IEC standards and has a GWP <=1. In addition, as per the lifecycle analysis (LCA) of the product, deployment of high-voltage GIS with this new gas mixture can lower CO2 equivalent emissions by up to 50 percent through the lifecycle of the equipment, the other half being attributable to raw materials, manufacturing and thermal losses.
 145 kV GIS with alternative gas mixture
 Material SF6 losses Energy losses
 0%
 145 kV GIS with alternative gas mixture
 145 kV GIS with SF6
 20% 40% 60% 80% 100%
 Lifecycle Analysis (LCA)According to ISO 14040, the LCA takes among others three major contributors into consideration: – Materials – Insulation gas leakage ( SF6 losses) – Energy losses (at 50 percent rated current flow over 30 years)
 Boundary conditions: – Lifetime of equipment: 30 years – Assumed gas leakage rate: 0.1 percent p.a. accumulated over a period of 30 years, 1 percent loss during handling, 1 percent loss during decommissioning
 SafeRing AirPlus
 AirPlus rangeBuilding on the success of the trial instal-lation, ABB has now launched the world’s first AirPlus gas-insulated switchgear range
 Bruno Melles, managing director of ABB’s Medium Voltage business, said: “This is a great example of ABB innovating to deliver its ‘Better World’ promise. We are using an SF6 alternative gas mixture as the insulation medium for our switchgear that has a GWP almost 100 percent lower than SF6. Moreover, we retain the quality and reliability and compact footprint that our customers expect from a market leader.”
 The first two switchgear products with AirPlus will be available in 2016. ZX2 AirPlus is the new primary distribution switchgear available in an IEC rating of up to 36 kV, with 31.5 kA short-circuit and 2,000 A nominal current. SafeRing AirPlus is the new secondary distribution ring main unit (RMU) available in IEC ratings up to 24 kV with 16 kA short-circuit and 630 A nominal current. The good technical performance of AirPlus made it possible to retain the same compact dimensions of ABB’s well established medium-voltage GIS. Both new products are based on proven and widely-accepted existing switchgear designs with the same level of safety and reliability.
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 Connecting the world’s largest offshore wind farm
 Denmark’s worldwide leader in offshore wind DONG Energy has appointed ABB to deliver a 220 kV high-voltage cable system to connect the Hornsea Project One Offshore Wind Farm to the UK grid. The project builds on ABB’s past successes with DONG Energy, which include the Burbo Bank Extension and Walney Extension links in the Irish Sea.
 ABB will supply the 220 kV AC submarine cable
 When it is commissioned in around 2019, Project One will be the world’s largest capacity offshore wind farm. It will generate up to 1.2 GW of renewable energy, which is equivalent to the supply for well over one million UK households. The far-from-shore wind farm will be located 120 km off the coast of Yorkshire in the North Sea over an area greater than 400 square kilometres.
 To connect Project One to the grid, ABB will supply 220 kV AC cable to carry power 120 km to shore, where it will be injected into the grid.
 The project will be a significant step towards the UK Government’s target to meet 15 percent of the UK’s energy demand from renewables by 2020, as well as achieving energy security and carbon reduction objectives.
 “High-voltage cable links are playing a key role in transmitting clean power to millions of people, efficiently and reliably” said Claudio Facchin, President of ABB’s Power Grids division. “This is another example of how ABB technologies enable the integration of renewable energy and lower environmental impact, a key element of the company’s Next Level strategy.”
 “Hornsea Project One is record-breaking in terms of scale of energy production, physical size and its distance from shore, and we have worked together with ABB to find the best technical and commercial solutions. This joint approach has helped create the right solutions for this large and challenging project and has also enabled us to drive the lifetime costs in the right direction for the next generation of offshore wind sites” said Duncan Clark, Programme Director for Hornsea Project One at DONG Energy. “We look forward to continuing to work together with the ABB on the safe and timely execution of the project.”
 ABB has an extensive track record in connecting offshore wind farms. Cable systems are significant components of sustainable energy networks, transmitting vast amounts of electricity over long distances, underground or underwater. With over 130 years of experience in the cable business, ABB is a global leader in high-voltage cable systems across numerous applications and has commissioned hundreds of links around the world.
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 ABB’s cable system will connect the world’s largest offshore wind farm to the grid, delivering renewable energy to about one million households in the UK.
 Hornsea Project One will cover
 400km2That’s larger than the Isle of Wight.
 ABB will supply a total length of
 almost 300kmof high-voltage AC (alternating current) submarine cable.
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 Rail
 The FSK II+ has achieved more than 10,000 operations in testing
 ABB’s FSK II+ is the only vacuum insulat-ed trackside switchgear to have achieved PADS (Parts and Drawings System) Approval from Network Rail. Because it is vacuum insulated, it supports the drive to eliminate SF6 gas from track-side installations. The FSKii+ also has the advantage of simplicity – it is easy to install, connect and has high reliability. ABB supplies it either as a standalone product or integrated into pre-manufac-tured and tested modular switchgear assemblies called SMOS Light (Struc-ture Mounted Outdoor Switchgear Light).
 In some cases, the FSKii+ switchgear is installed inside containerized trackside substations alongside control equipment and wiring.
 Since introducing FSKii+, ABB has sup-plied a total of more than 2,000 FSKii+ units for rail applications across the UK, including standalone and SMOS Light installations.
 Vacuum insulated medium voltage switchgear supports drive towards SF6-free trackside substations.
 Carl Sawyer, ABB’s business manager for medium voltage apparatus said: “Being vacuum insulated, FSKii+ switchgear eliminates the potential for release of SF6
 gas in harsh trackside environments.”
 Well-proven technology The FSK II+ vacuum breaker is built on the 10-year success of its predecessor, the FSK II. It uses a combination of a magnetic actu-ator and electronic controller and is robust, reliable and maintenance-free, making it ideal for the harsh conditions that can be experienced on the rail network.
 The breaker’s design includes externally bolted HV terminals and polymeric insu-lators. It has achieved more than 10,000 operations during testing, which is equiv-alent to a service life greater than 20 years in a typical railway application.
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 Rail
 The FSK II+ circuit breaker in situ at an outdoor substation
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 ABB Wireless communications take site security to the next level for Pen y Cymoedd substations
 Vattenfall is in the final stages of devel-oping the 76-turbine Pen y Cymoedd Wind Energy Project in South Wales. Due for completion in July 2016, it will be the highest capacity onshore wind farm in England and Wales, delivering up to 228 MW.
 As part of this innovative project, ABB is supplying a wirelessly connected CCTV security solution for two new substations it is building. Once running, the hillside turbines will feed into the Pen y Cymoedd substation, which will step up the voltage from 33 to 132 kV, while the second substation at Rhigos will step up the voltage from 132 to 400 kV, ready to feed into a brand new 400 kV National Grid substation.
 Pole-mounted CCTV cameras around the perimeter fences of both sites will be connected into a highly resilient wireless mesh network using ABB Wireless routers. The two sites will be linked by optical fibre, and connected to a control station with a
 network video recorder (NVR) to provide recording and monitoring.
 As well as being much less costly and quicker to install than a wired solution, which would require trenching for cables, the ABB Wireless based solution is much more secure both in terms of its resistance to tampering, as there are no data carrying wires to be cut, and in its resilience: if one wireless link goes down, the others in the mesh automatically take over.
 Pen y Cymoedd grid connectionAt Pen y Cymoedd, ABB is responsible for providing the grid connection and supplying the related electrical transmission infrastruc-ture. ABB has designed, and is currently building, the two new substations, which are linked by 9.2 km of underground cable. Key equipment includes compact 132 kV PASS (Plug and Switch System) switchgear and STATCOM (Voltage Source Converter based reactive power compensation) units to support grid voltage stability, plus 33/132 kV
 and 132/400 kV transformers and IEC 62850 compliant substation automation, MicroSCADA control and Relion protec-tion equipment.
 One significant aspect of the project is that it is the first UK project in which ABB’s state-of-the-art substation protection and control systems, working in combination with a STATCOM solution, will be used to control and regulate the output of the wind turbines to ensure they remain within Nation-al Grid’s rigorous power quality standards.
 The CCTV solutionFor the CCTV solution, ABB is installing an ABB Wireless 6320 wireless router alongside each camera, with a Power over Ether-net (PoE) connection to minimize cabling. The routers are connected via an AFS660 switch at each site and the already-provid-ed FOX615 network to the central network video recorder (NVR). The ABB Wireless routers will be connected using a mesh topology to create a highly resilient wireless
 ABB is providing a secure wireless communications system to connect closed circuit television (CCTV) cameras at two new substations under construction for Vattenfall’s Pen y Cymoedd wind energy project.
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 network with high throughput and scalability.The CCTV cameras feature excellent
 image quality, with 800x600 resolution, 65° – 25° view, multiple H.264 streams, PoE connections and outdoor IP66 rating. The NVR provides recording and monitor-ing for up to 24 IP cameras, and up to 16 TB of storage. The solution can be easily expanded by adding routers to the exist-ing system to provide monitoring for up to 120 cameras. It has eight hot-swappable drive bays, advanced RAID configuration and a redundant power supply to ensure high availability.
 ABB Wireless backgroundThe two main areas of application for ABB Wireless are smarter/micro-grids and smarter cities infrastructure. The solutions include networks of routers and directional radio systems, arranged in a mesh or grid structure, along with the architecture and network management to support them.
 These networks can handle an assort-ment of applications. In the energy sector, these include Advanced Metering Infra-structure (AMI), demand management and response, distribution automation and con-trol, outage management, mobile workforce applications, distributed generation and
 TropOS 6320
 Mobile worker
 802.11 a/b/g/n
 Alternative wired/wireless
 Wired Collector
 video security. A key feature is that there is no restriction to a single application vendor, giving customers the freedom to choose and manage the applications that suit them. It’s possible to run any application over an enterprise IT network or the internet.
 Because every router in an ABB Wire-less network is intelligent, data is routed efficiently to where there is capacity. This
 minimizes delays and gives customers real-time visibility and control of their assets.
 Physical and Cyber security is critical for utility communication networks. With an IP67 rating and tamper-evident casings, ABB Wireless routers are designed to cope with almost any physical challenge, a neces-sity when routers are routinely installed in outdoor locations in the field. Each device is equipped with multi-layered cyber secu-rity, including VPN, WPA2 encryption, AES encryption and support for multiple VLANs. Networks also feature software alarms and authentication and security measures to restrict unauthorized access.
 Networks are also scalable, meaning that customers can choose to start small and grow when needed. As the network grows, each smart router will automati-cally reconfigure itself, making expansion relatively simple. The mesh network design offers inherent reliability, as the network can handle any outage by redirecting data intel-ligently and seamlessly.
 While there are other providers of wire-less mesh networks in the market, only ABB Wireless has a track record in delivering end-to-end solutions of this type for utili-ty applications and distribution networks.
 ABB fixed and mobile routers can be used for securely operating a wide range of services

Page 24
                        

24 abb.co.uk/ffwd Power Grids
 Battery energy storage
 As the UK moves away from large cen-tralized coal-based generation and older nuclear power stations are decom-missioned, the delays in getting new large-scale nuclear and gas generation on stream are causing major concerns within the power industry. On 9th May of this year, the UK moved a step closer towards renewables when the contribu-tion from solar energy exceeded that from coal for the first time, and coal power reduced to zero several times during that week.
 Energy storage is an integral element of the microgrid deployed for AusNet in Australia
 Stuart Grattage, General Manager for Transmission & Distribution Infrastructure and Grid Integration Solutions at ABB, explains the growing role for energy storage on the grid.
 Renewable power is important for the generation mix, but it is highly intermittent and, crucially, does not offer the spinning mass and inertia of the kind provided by traditional, large steam turbine-based power generation – which has historically enabled the UK power grid to maintain its frequency within the tight limits essential for stability.
 This means that as traditional large generation capacity is taken out of the UK power network, there is a growing risk of frequency instability.
 Bridging the UK’s inertia gap to deliver vital grid frequency support
 Balancing supply and demandMaintaining grid frequency within the tight limits required for stability (50 Hz plus or minus one percent) requires a balance between generation and demand. Should the frequency stray outside those limits the consequences are severe: at 47 Hz the grid will shut down, whereas at 52 Hz generators start tripping.
 The speed of the change in frequency is dependent on system inertia, which has been provided mainly by thermal generation plant, which has a lot of rotating mass that
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 is locked to the grid frequency.However, by 2020 there will be profound
 change in our energy mix. National Grid anticipates a reduction of some 7 gigawatts (GW) in coal-fired plant while the penetration of wind power will increase by 28 GW. This switch to renewable power is vital to our plans for carbon reduction but unlike like steam turbine-based power generation it does not offer spinning reserve and spinning inertia.
 This means that as traditional genera-tion capacity is taken out of the UK power network, there is growing risk of frequen-cy instability. To quantify the scale of the situation, a presentation at National Grid’s System Operability Framework Event in November 2015 estimated that by 2030 there will be a ‘300 – 400 percent increase in frequency response needed for all sce-narios and new providers required’.
 Minding the gapOne solution is to use grid-connected Bat-tery Energy Storage Systems (BESS) to deliver the required very fast sub-second response that will support grid frequency until additional generation assets, short term operating reserves and/or more hydroelec-tric power can be brought on stream and synchronized to the grid.
 The performance and cost of large-scale battery systems have improved to the extent that they can be used to provide grid support at capacities from megawatt level upwards, with response times within a fraction of a second.
 BESS installations are particularly suitable for EFR (Enhanced Frequency Response), a proposed new service to improve pre-fault management of the system frequency. It is defined by National Grid as being a frequency response that achieves 100 percent power output within 1 second of registering a ±0.1 Hz frequency deviation from 50Hz. This contrasts with existing primary and secondary frequency response services which address a potential fault of ±0.2Hz deviation from 50Hz and which react fully in 10 seconds and 30 seconds respectively.
 The key to performanceLarge-scale batteries with the right capac-ity and power capabilities are available from several suppliers in a number of dif-ferent technologies. However, the key to performance and reliability – especial-
 ly in enhanced frequency response – is to integrate these batteries with the right power control systems, power converters, switchgear, transformers and overall man-agement system.
 ABB has experience of delivering BESS solutions for grid stabilisation around the world, whether in standard containerized form or fully customized to the application. Our approach to the batteries themselves is to be technology agnostic, so we work with selected battery manufacturers to deliver the optimum battery for each installation.
 Another important aspect of EFR is managing the state of charge of the BESS
 It is housed in three factory-tested con-tainers: two containing lithium-ion (Li-ion) batteries, and a third accommodating power conversion and energy manage-ment systems. The facility helps maintain grid stability through frequency regulation, enhances power quality and provides pow-er to meet peak demand.
 Looking back, ABB installed a BESS for Golden Valley Electric Association in Alaska, USA in 2003. At the time it was the world’s most powerful battery, capable of providing 27 MW of back-up power for 15 minutes or 46 MW for 5 minutes. Over the years it has proved its capability to provide continuous
 Gas 29.8
 Nuclear 9.9
 Oil 0.88
 Wave & Tidal 3.8
 20.4 Coal
 4.4 Interconnectors
 4.1 Wind Offshore
 2.9 Wind Onshore
 26GW2020
 7GW2020
 Power Supply Projection to 2020 – National Grid Webinar 11 December 2015
 Generation Breakdown in GB – Total 76.18 GW
 on a 24/7 basis for several years with high (≥95 percent ) availability. ABB has devel-oped proprietary control algorithms to achieve this.
 Drawing from a decade of experienceWhile EFR is currently the most significant UK application, ABB has more than 10 years’ experience in delivering BESS solu-tions for applications such as time-shifting of wind and solar power, capacity firming, load levelling, peak shaving, power quality control and stabilisation.
 One recent installation for power utili-ty Enel Distribuzione at its Contrada Dirillo distribution substation in Sicily, Italy can deliver 2 MW of power for up 30 minutes.
 voltage support during normal operation as well as ‘spinning reserve’ – minimising customer interruptions for the utility.
 Similarly, Switzerland’s EKZ chose ABB to supply a pioneering battery ener-gy storage system; the largest of its kind in Switzerland and the first in Europe. The BESS can provide 1 MW of power to the grid for 15 minutes. It has been integrated into EKZ’s power distribution network and is being used for frequency regulation, peak load balancing, renewables integration and grid optimisation.
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 System studies for satisfactory surge arrester deployment
 When a lightning surge enters a substa-tion, reflections occur and oscillations are set up due to the capacitance of the apparatus and the inductance of bus-bars and connection leads. For steep incoming surges, the difference in volt-age shape and amplitude at different locations in the station is significant as illustrated in Figure 1.
 Since a substation is designed for a low probability of failure, it is only steep incoming surges which are of interest to us. This means that protecting a substa-
 Fahd Hashiesh, Head of Power Consulting for Power Grids in the UK, explains how offline system studies can help optimize lightning surge protection for substations.
 tion against lightning surges is not only a question of choosing the correct arrester. It is even more important to determine the right number and location of the arresters.
 For a full treatment of the problem we need to consider many parameters relat-ed to probability distribution of lightning currents, station layout, power frequency voltage, grounding, shield wires, protec-tion levels and connection leads of surge arrester, insulation levels to name a few.
 Lightning overvoltages are fast front overvoltages with times to crest from 0.1 to 20 µs caused by:
 – Strikes to the phase conductors (shielding failure)
 – Strikes to the line shielding system which flashes over to the phase conductor (backflash)
 – Strikes to ground in close proximity to the line, which induce overvoltages in the phase conductors (induced voltage)
 Lightning induced voltages are generally below 400 kV and are important only for lower voltage systems. The incoming surges caused by the backflash are more severe than that caused by shielding failures.
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 Figure 1: Voltage shape and amplitude can vary significantly at different locations in the substation
 The selected reliability criterion deter-mines the characteristics of the incoming surge. The calculation method we use is based on the mean time between failures (MTBF).
 For strikes close to a substation, light-ning overvoltages between phases have approximately the same magnitude as those for phase-ground.
 Backflashes usually occur on a phase with power frequency voltage that is oppo-site in polarity to the surge voltage.
 MTBF reliability criterionThe most commonly used reliability criterion for lightning strikes is the MTBF (Mean Time between Failure).
 Because the consequence of failure within the substation is greater than the consequence of a flashover of an over-head line, we set a reliability criterion for it that is higher than the line by a factor of 10. In addition, transformers, other wound devices and equipment with non-self-re-storing insulation may be arrester protected against failure.
 Different criteria are usually applied to air- and gas-insulated stations. For example, the MTBF for air-insulated (AIS) substations varies between 50 and 200 years, while for a gas-insulated (GIS) substation, the MTBF is set from 200 up to 800 years. The basis for this increase is because the consequence of failure in a GIS substation may require significant outage and repair times.
 Case studySimplified calculations show that surge arresters can protect equipment in a range of up to 30 metres. However, at a number
 of substations the distance between the protection device and the furthest point of the busbar can be well over 120 metres. ABB’s Power Consulting team was recently asked to investigate a special case at a sub-station where the 275 kV GIS equipment was connected to two OHLs (overhead lines). The connections were through 80 metres of GIB (Gas Insulated Busbar) making the location of the line entry surge arrester well outside best practice. A detailed study and simulations were carried out to determine the actual extent of the protection zone to understand if new sets of surge arresters closer to the GIS switchgear were required. The assessment and study was based on probability of failure. For sensitive high voltage (HV) GIS equipment a rate of failure between 200 to 800 years per failure is recommended. The probability rate of failure determines the most dangerous incoming
 surge characteristics, which is a surge with 1310 kV crest magnitude and a gradient of 804 to 2857 kV/µs.
 Due to the short wavelength (high fre-quency) of the incoming surge, a detailed distributed model of the GIS and GIB was employed. The behavior of the line entry surge arrester was modelled by a frequen-cy-dependent mode. Other equipment such as CT (current transformer) and CVT (voltage transformer) and connections (i.e. dropper and earthing tape) were simulat-ed by a lumped model. Different scenarios were studied to consider future GIS devel-opment and bus-section CB (circuit breaker) conditions.
 During the study three level of probability were considered. – Lightning point at tower TP34: 1 event per 255years
 – Lightning point at tower T33: 1 event per 410years
 – Lightning point at tower TP32 (immediate tower): 1 event per 900years
 The study showed the first two cases were easily protected by the surge arrester, and the third case (lightning at TP32) was marginally in the acceptable range as well.
 The most important parameters which extended the surge arrester’s protection zone from 30 metres to more than 100 metres were the combination of the OHL’s surge impedance with surge impedance of the GIS/GIB.
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 Introducing the Offshore Engineering Centre
 Resolving issues before the cable ship leaves port saves on costly offshore operations
 Grant Mackay, ABB’s Marketing and Sales Manager for offshore wind grid connections in the UK, introduces the Offshore Engineering Centre (OEC), which is a team of experts in civil, marine, offshore and dredging engineering that can reduce the risks for offshore cable installations.
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 The OEC’s work de-risks cable laying
 We launched the OEC in 2012 anticipating growing developments in far-from-shore wind, subsea interconnectors and ulti-mately a super grid. The centre is based in Rotterdam, partly because of the port’s proximity to the North Sea, which is home to many subsea cabling projects, but also because of the facilities and expertise in and around the city.
 The centre combines ABB’s knowledge of high-voltage cable manufacture with expertise in all phases of the subsea cable lifecycle from surveying and front-end engineering design (FEED), through installation to after-sales service.
 Marine surveying Hugely important in the planning phase of subsea cable projects, marine surveying identifies the optimum cable route. This is achieved through detailed surveying and analysis including bathymetry, which is the term for mapping of the sea bed, as well as profiling and sampling to determine the geology of the sea bed and its features.
 Burial assessmentSurvey data not only identifies the best route but also the best method of cable burial, which then helps find the best tools and contractors to support installation.
 During the survey phase, ABB also investigates the likelihood and risk level of potential unexploded ordnance, which is a common feature of the North and Baltic Seas after extensive and poorly recorded mine laying during the world wars.
 Route engineeringOnce the route is identified, the OEC will then analyse potential hazards and threats to fine tune the cable route, either to take special measures to protect the cable at a particular site or re-route the cable to run around a feature on the sea floor.
 Conditions such as steep slopes, unsta-ble sections of sea bed and boulder fields can lead to damage during installation. In addition, it’s important to know the where-abouts of existing subsea cables and use addition protection. Other human activities can also represent a risk during installation and the operational life of the cable. These can include fishing trawlers, anchor sites and wrecks.
 So while the route of a cable at a macro-scale may seem like a direct run from A to B, at a local scale, the cable may have many micro-deviations to avoid threats. The
 high cost of offshore operations means that route engineering pays off. Engineers at the OEC estimate that re-routing during offshore installation will be a factor of eight times more expensive than if the issue had been identified and resolved beforehand, during onshore studies and route engineering.
 Data management and chartingAnother important aspect of subsea cables is the quality of data recording and man-agement. Data includes geographical and technical information about subsea and land cables and their routes. It plays an important role at every stage of the asset lifecycle and informs the design process, as well as costing, installation and service. It includes development of as-built charts of the cable route for the client, subcontrac-tors and government agencies.
 Metocean analysisAnother activity is delivery of metocean stud-ies of wind, wave and climatic conditions, as well as hindcasting (or backtesting). This uses predictive modelling based on existing historic data on the weather and sea con-dition to evaluate the range of conditions.
 This is valuable in identifying the lim-itations that will be experienced during installation by the offshore team. Wave and wind conditions, water depth and temper-ature can all impact the performance of a cable laying vessel and other equipment. This work helps to mitigate risks from the earliest stages of a project.
 Installation and protection engineeringCombining the survey, route evaluation and metocean analysis, we can then carry out design and engineering of cost-efficient solutions for cable protection. At this stage we go into detailed planning of cable crossing design, rock placement, trenching design and dredging engineering as well as cable burial and route clearance.
 During and after installation, our experts analyse cable dynamics to establish the success of the installation, identify any areas that might be prone to damage, such as free spans and evaluate the need for remedial actions.
 Support competenciesSupport during installation is three-pronged and includes project documentation such as method statements, procedures and plans and monitoring, plus a trained offshore representative with practical experience.
 An Offshore Reporting and Analysis Tool (ORAT) stores and structures data to support daily reporting and real-time pro-gress updates, identify trends help with cost analysis, create as-built documenta-tion and track project progress.
 Project management support comes from experts in installation, risk manage-ment, quality systems and health, safety and environment, who compile reports and provide installation plans
 Lastly, we deliver workshops to increase understanding of offshore cable installation and the lessons learned from past expe-rience. Interactive sessions focus on the knowledge, skills and behaviour of project teams and workshops are themed around offshore standards and regulations, selection of cable burial techniques, oceanography and the application of quantity surveying to offshore projects.
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 Gavin Pritchard, ABB Project Director for the Caithness Moray project, updates on progress on the £500 million contract with Scottish Hydro Electric Transmission (SHE Transmission) to provide a high-voltage direct current (HVDC) subsea power transmission link across the Moray Firth. The 1,200 MW connection will be a major reinforcement of the transmission network serving the north of Scotland to accommodate the planned expansion in wind, wave and tidal generation.
 Caithness Moray project
 Progress continues apace for the Caithness Moray project
 One of the key elements in the project is the DC land cable, manufactured by ABB in Karlskrona, Sweden that will connect the converter station at Spittal to the transition point at Noss Head where it will be joined to the subsea cable. So far we have installed about 85 percent of this cable, a length of some 25 km and it will be completed early this summer.
 To mark out and section off the wayleave for the cable we installed around 29 km of fencing and constructed 29 km and constructed access roads. The project has required 11 HDD (horizontal directional drilling) operations to cross areas along the route such as roads, railways, rivers and watercourses where it was not possible to carry out normal open excavation. We have also undertaken jointing to connect together the individual 1.1 km long cable bays.
 The Noss head transition point will connect the land and sea cables
 As the land cable has neared comple-tion our focus has been on reinstatement, backfilling trenches and removing access roads and fencing. Essentially we are mak-ing sure that the route, which has been
 mainly through farmland, will look just as it did before work started.
 In May 2017 ABB will install the 120 km subsea cable across the Moray Firth. We have prepared for this by carrying out some technically complex drilling from the shoreline out to the bay, ready to feed the cable in.
 We are now starting a similar exercise on the other shore to connect the seacable from its landfall at Port Gordon to the second HVDC converter station at Blackhillock.
 One of the main challenges of the project has been the elements. Cold and wet con-ditions were anticipated, but we have had to deal with exceptionally heavy rainfall in a short period. The rocky ground also required close attention to water management by building a network of pumps and drains.
 The second major element has been in starting work on the Spittal converter station
 A key element is the DC land cable
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 er station in a neighbouring compound in Spittal. There is also provision for a future extension of eight bays.
 Spittal is located around 25 miles from John o’Groats, the most northerly point on the UK mainland. The team has been challenged by high winds, heavy rain and blizzards, as well as special water mitigation measures, rock excavation and earthworks.
 Environmental protection has also come to the fore due to the presence of protected species including wildcats, pine martens, bats and nesting birds.
 The substation building is close to completion and ABB is planning to start installation of GIS (gas insulated switch-gear) in August 2016, with the first circuit due to be energized in May 2017.
 500 cubic metres of concrete have been poured at the Spittal converter station
 itself. GRAHAM has been appointed as the construction subcontractor. After starting on site at Easter 500 cubic metres of concrete have been already been poured, together with 150 tonnes of steel reinforcement to create the foundations for the converter building and transformer bays. Fabrication work has started on the structural steelwork for the buildings and they will start to be erected in September.
 In common with all ABB projects, Health and Safety is our main consideration for the Caithness Moray project. With over 300,000 man hours already completed, the rele-vance of ABB’s ‘Don’t look the other way’ philosophy has never been clearer. This is especially true for surveillance and moni-toring of procedures, especially the correct use of PPE (Personal Protection Equip-ment). Furthermore, because we have lots of small groups of people working in remote locations within relatively tight spaces – the wayleave for the cable is only 25 metres – we have also on the safe coordination of movements of people and machinery.
 Spittal AC substation taking shapeIn a separate contract, ABB and its con-sortium partner Balfour Beatty are making steady progress on the new Spittal 275 kV (kilovolt) substation near John o’Groats, which is currently under construction for Scottish Hydro Electric Transmission (SHE Transmission). Once complete, the new substation will connect the local trans-mission and distribution grid with the new Caithness Moray HVDC link.
 The new 275 kV substation will include 11 bays of 275 kV GIS (gas insulated switch-gear) and five bays of 132 kV GIS that will connect to the distribution grids in Mybster and Thurso as well as the HVDC convert-
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 Transformers
 Rapid return to full output for Lynemouth Power Station
 ABB arrived on site within 24 hours to evaluate the transformer’s condition
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 Transformers
 When Lynemouth Power Station on the Northumberland Coast experienced a major failure on one of its three gener-ator transformers, it called in ABB to refurbish the unit in around half the time required for procuring a new transformer. The transformer was completely reman-ufactured to ‘better than new’ condition with a modern energy-efficient design.
 The loss of the 135 megavolt ampere (MVA) 132/24 kilovolt (kV) generator transformer could have had significant implications for the 420 megawatt (MW) facility, with its loss reducing the plant’s output by one third.
 Fast responseWhen the transformer failed, Lynemouth Power Station called in ABB’s transformer service team which had carried out a pre-vious rewinding project. Within 24 hours the team was on site to carry out tests and advanced diagnostics that confirmed the specific phase and winding where the problem had occurred.
 Since the existing transformer was an ageing 1970s unit, a brand new replacement was considered. However, the 12-month lead time was simply too long to wait for the power station so its engineers approved a scheme to transport the 70 tonne unit to ABB’s specialist facility in Drammen, Norway for a complete remanufacture.
 Transformer workshop in Drammen, NorwayAt Drammen, the transformer was de -tanked, stripped down and its core and windings replaced to create a modern lower-loss unit based on ABB’s Trafostar design. The opportunity was taken to fit new bushings as well as online monitoring.
 The fully refurbished transformer was then shipped back to site for reinstallation and commissioning. Retaining the exist-ing tank offered an important advantage
 Only 30 weeks after Lynemouth Power Station lost one of its generator transformers, ABB helped it return to full power output with a refurbished and uprated unit in ‘better than new’ condition.
 as no modifications were required to the mounting plinth.
 ABB’s transformer facility in Dram-men offers a new lease of life to ageing or faulty power transformers and shunt reactors, enabling them to be completely rebuilt and returned to as-new condition or even upgraded to a higher specification. It is possible to change the voltage rating of a transformer or a complete re-design to a higher power rating. Other upgrade possibilities include enhanced cooling or rewinding coils with Nomex® high tempera-ture insulation material. This boosts power as well as offers improvements in lifetime and reliability.
 Transformer IntelligenceThe transformer is the first unit in the UK to use ABB’s state-of-the-art CoreSense and TEC monitoring technology that provides real time online transformer intelligence. The CoreSense sensor continuously mon-itors hydrogen levels in transformer oil to
 The remanufactured transformer returning to its plinth
 provide an early warning for most incipient transformer problems as well as monitoring moisture levels. ABB’s TEC (Transformer Electronic Control) collates the information and presents it on a user friendly dashboard display as well as optimising the transform-er’s cooling and load profile for maximum energy efficiency.
 “In this case, time really was money for Lynemouth Power Station as the timescale required to specify, order and deliver a new transformer would have taken them beyond the winter period,” said Craig Carrington, ABB Sales manager for Transformer Service. “Once again, ABB’s fast-track refurbishment service has saved the day, helping to get the power station back to full power in half the time, and with a unit that now incorporates the very latest technology.”
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 Rogowski coils key to savings Conventional MV switchgear makes use of current and voltage transformers to enable measurement and protection. These are housed in sizeable cast resin blocks that weigh up to 30 kg and must be specified individually for each application. There are hundreds of potential options made up of different voltage ratios and number of coils.
 In UniGear Digital, ABB has replaced traditional current and voltage transformers with Rogowski coils. These are about the size of a drinks coaster, therefore saving on the installed footprint while being easy to handle and install. This was important to the customer given the limited space available in the existing switchroom.
 Standardisation Another benefit of Rogowski coils is stand-ardisation. The sensors can be configured during installation to meet the customer’s specification. They can also be altered dur-ing the life of the switchgear to adapt to changing requirements – for example when uprating the size of a motor.
 This means that customers can order a standard rather than bespoke design, which represents a saving of several weeks lead time when ordering new switchgear. It also has potential for customers to streamline their purchasing and spares inventory.
 Rogowski coils and voltage dividers are also more efficient than traditional current and voltage transformers, this supports the drive towards improving energy efficiency.
 Smart grid communications The customer is also future proofing its installation as UniGear Digital integrates smart grid communication modules that comply with the IEC 61850 protocol to sup-port remote monitoring, as well as ABB’s state-of-the-art Relion relays for protection and control.
 Medium voltage
 First UK installation for UniGear Digital switchgear in Tunnel
 ABB has completed the first UK instal-lation of its UniGear Digital medium voltage switchgear in a road tunnel. Seven new panels of 11 kV UniGear 550 Digital switchgear have been sup-plied and installed to replace 40-year old equipment that was causing main-tenance concerns due to lack of spare parts. The new switchgear controls pow-er for ventilation equipment that ensures high quality air and safety in the tunnel.
 UniGear Digital integrates the latest protection, control, measurement and digi ta l communicat ions into ABB’s popular and well-proven UniGear medium voltage (MV) switchgear. Benefits of the new switchgear include compact size, higher energy efficiency and future proofing to the integration of smart grid communication. The UniGear 550 design has enabled the customer to retain the benefits of withdrawable pattern switchgear while keeping the overall length of the switchboards within the restricted space available in the existing switchroom.
 UniGear Digital installed in the tunnel
 Medium-voltage switchgear reduces footprint and lead time, boosts flexibility and supports drive towards energy efficiency.
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 Medium voltage
 ABB has received a notice of conformity (NOC certificate 1118) from the Electricity Networks Association (ENA) for the its state of the art SafePlus 36 kV secondary switchgear on UK power networks.
 SafePlus is a compact, metal enclosed SF6-insulated medium voltage (MV) switch-gear system for secondary distribution applications from 6 up to 36 kV. The switchgear has a unique flexibility due to its extendibility and the possible combi-nation of fully modular and semi-modular configurations.
 Typical applications for SafePlus switch-gear include: compact secondary substa-
 SafePlus 36 kV switchgear
 tions (CSS), light industry, wind power plant, buildings, hotels and shopping malls, mining, airports, railways, underground installations.
 Dave Knapper, General Manager of ABB Medium Voltage Systems in the UK said: “Receiving the ENA notice of conformance for our SafePlus 36 kV switchgear is the culmination of an extensive approval process. The compact flexible design of SafePlus has established it as a leader in markets across the world, and now with the ENA approval we are set to open up the UK market.”
 State-of-the-art 36 kilovolt (kV) switchgear has
 won approval by the Energy
 Networks Association (ENA) for deployment on
 the UK’s power networks.
 ABB receives ENA approval for SafePlus MV secondary switchgear
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 International projects
 ABB technology helps to make history in the Swiss Alps
 In early June Switzerland opened the world’s longest railway tunnel, the 57 km Gotthard base tunnel through the Alps. As part of the official opening ABB inaugurated special pavilions at the tunnel’s north and south portals to highlight our contribution to what has been described as the “project of the century”. Among those present at the ribbon-cutting ceremony were ABB Chairman Peter Voser and CEO Ulrich Spiesshofer.
 The pavilions at Rynächt and Pollegio highlight the solutions that ABB has pro-vided for the tunnel. We supplied the major electrical components for the entire 50 Hz power supply of the tunnel infrastructure, as well as the power supply and control systems for the ventilation system, which at 15.6 megawatts (MW) is the most pow-erful in the world.
 The pavilions also showcase ABB’s contribution to Switzerland’s rail tunnel infrastructure for more than a century, as well as our long association with the Swiss Federal Railways (SBB). ABB’s Swiss predecessor company, BBC, elec-trified the original Gotthard rail tunnel, completed in 1882, as well as the Simplon and Lötschberg tunnels at the start of the 20th century.
 Medium voltage switchgearBack in 2008, ABB received an order from Balfour Beatty Rail to supply all of the medium voltage (MV) switchgear required to power the infrastructure of the Gotthard Base Tunnel: 50 Hz technology that supplies power for the lighting, signalling and safety systems, the communications, ventilation, and air conditioning systems, and the safety doors. Balfour Beatty Rail is part of the Transtec consortium which was awarded the contract to install the railroad infrastructure by the owner, AlpTransit Gotthard AG.
 Just six years later, the project teams met at the installation site in Schattdorf (Uri Canton) to celebrate the delivery of the very last two MV switchgear units in the lot, numbers 898 and 899.
 Fine particulates and pressure fluctuationsEach of the tunnel’s two parallel tubes measures 35 miles in length. The two tubes are connected by 44-yard cross-cuts, at a distance of 355 yards apart. In every second of these connecting tunnels, which primarily function as escape routes, electrical supply systems are installed. For these, we have supplied type ZX0 gas-insulated MV switchgears which have been adapted to the difficult conditions in the railroad tunnel. This included the fine dust from the abraded
 materials from rails and contact wires as well as the enormous pressure fluctuations in the cross-cuts created by express trains passing at 155 mph – which leads to over- and underpressures of up to 10 kPa.
 Intensive testingThe type ZX0 switchgear is manufactured in Ratingen, Germany. In addition to the standard gas-tight welded high-voltage part of the switchgear, the accompanying local control cubicle has been designed in order to withstand the environmental con-ditions, according to the IP65 Protection Rating: The cubicle is dust-tight and pro-vides protection against water jets. This was successfully tested using prototypes in the Hagerbach Test Gallery, situated in the east of Switzerland.
 For the purposes of pressure strength testing, the Swiss Federal Laboratories for Materials Science and Technology (Empa) subjected the ZX0 switchgear, including the control cubicle, to 200,000 load cycles of increasing and decreasing pressure over 47 days. These continuous load tests have demonstrated that the system is optimally suited for exacting environmental conditions.
 Since the cross-cuts double up as escape routes, there were considerably stricter requirements for arc fault protection and arc resistance than in a restricted-access substation. Although an arc fault is highly unlikely to occur in gas-insulated switchgear, the safety of passengers still had to be ensured. The special ZX0 pressure relief system eliminates all risk to human safety in cross-cuts in the event of hot gases caused by an electrical arc.
 ProtectionTo protect the electrical equipment ABB delivered more than 400 REF542plus feeder terminals – a single device for all applica-tions. This multi-stage remote protection enables rapid detection of fault types and locations, which makes it possible for any faulty parts of the network to be selectively switched off. And the remote service func-tion that comes with the REF542plus allows stored programs and protection data, not only to be accessed remotely, but also to be corrected and completed.
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 International projects
 Creating the ‘missing link’ between German and Danish offshore wind farms
 The interconnector will provide a capac-ity of 400 megawatts (MW) between Denmark and Germany, equivalent to the energy requirement of more than 400,000 households.
 This critical infrastructure development is co-financed by the European Union and will represent a significant step towards Europe is renewable energy targets. In addition to allowing the integration of more renewable energy into the grid, the inter-connector project will provide enhanced power security and offer additional oppor-tunities for energy trading.
 As part of an order worth $140 mil-lion from transmission system operators Energinet.dk in Denmark and 50 Hertz Transmission in Germany, ABB will design, supply and install an HVDC (high volt-age direct current) converter station in Bentwisch, Northern Germany. The first of its kind in Europe, the HVDC Light ‘back-to-back’ converter station will allow the connection of the asynchronous AC pow-er grids of Eastern Denmark and Germany.
 ABB will provide the complete HVDC station including transformers, convert-er valves, cooling systems, control and
 protection and other related equipment at the converter station. HVDC Light pro-vides sophisticated features to the network such as the ‘black-start’ power restoration capability and exceptional power control, to regulate the system with changes in the wind speed.
 The project adds to a 2015 contract which will see ABB deploy a AC subsea cable system to connect Kriegers Flak to the Danish mainland grid. As Denmark’s largest offshore wind farm, Kriegers Flak will help increase the country’s wind power capacity to over 40 percent.
 According to the European Wind Energy Association (EWEA), there were 84 offshore wind farms in 11 European countries in operation or under construction in 2015. Total investments for building and refinanc-ing offshore wind farms and transmission assets reached a peak at €18bn last year. New offshore wind power capacity con-nected to the grid during 2015 increased by 108 percent over 2014 – the biggest yearly addition to date.
 HVDC converter station to integrate renewable energy grids and enhance Europe’s energy security.
 ABB has become a key technology provider to the world’s first offshore interconnection, the ‘Kriegers Flak combined grid solution,’ linking the future Kriegers Flak wind farm in Denmark with Germany’s existing Baltic 1 and 2 offshore wind farms.
 400 000households
 Provides electricity equivalent to the consumption of
 Strengthensthe grids in Denmark
 and Germany
 Kriegers FlakHVDC Lightconverter stationThe world’s first connection of an offshore wind farm to two a synchronous power grids
 Enables trade of renewable energy
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 Claire Warman, HSE (Health, Safety and Environment) Manager for ABB working on the North Sea Link Project (NSL) explains how ‘Charter Moments’ are keeping a focus on the safe delivery of the project.
 The NSL project is underway to deliver a 1,400 MW capacity interconnector linking electricity markets in the UK and Norway, this will increase the security of supply and help both countries meet their renewable energy targets.
 The link is planned for completion in 2021; the project is being jointly led by National Grid (UK) and Statnett the Norwegian transmission system operator. ABB’s role in this is to deliver the high-voltage direct current (HVDC) converter stations in Blyth Northumberland and Kvilldal in Norway.
 The NSL project is open, honest and has an inclusive approach; it brings together multiple company cultures, national cultures and languages along with different regula-tions and ways of working.
 The Charter is used at all project meet-ings as a polite and non-confrontational way to identify cultural differences and the small niggles that arise from different ways of doing things, by doing this at the start of each meeting everyone is fresh, it airs issues if any and diffuses any problems
 whilst aligning back to our char-ter and moments.
 In terms of ABB’s progress on the project, we have been surveying both converter station sites and are now in the design phase, an important aspect of this is designing risk out to avoid exposing construction, commissioning, maintenance and operational staff to dangers.
 ABB’s Ludvika team has won the Swedish Paradis HSE
 award. In addition, we’re creating an envi-ronmental plan and factoring in the planning conditions from the local authorities so that we are ready to start construction works in 2018.
 Health and safety
 Charter moments on the North Sea Link
 From the very start of the construction phase, the NSL team have all embraced the importance of health, safety and envi-ronmental protection.
 With strong leadership from the cus-tomers and contractors there is a very clear understanding that safety impacts the bot-tom line. At the start of construction the NSL project team ran a safety workshop combining the client and all of the contrac-tors working on the project who signed a project charter.
 This workshop emphasized again how important safety and good communication is for the project. This included the point raised by ABB that no project has ever come in on time and on budget without a good safety record.
 A high-voltage direct current converter station valve hall
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 of the world’s modern techno-logical achievements as well as icons from the past. But it’s the engineers I get to meet that fas-cinate and inspire me the most; creativity, can-do attitude and a humble desire to simply make things better are the common traits I so often discover.”
 ABB is continuing its spon-sorship of the Sustainability category because it celebrates innovations that meet the needs of the present generation without compromising the ability of future generations to meet their needs.
 Nominations have opened for the 2016 IET Innovation Awards. The awards cele-brate the very best science, engineering and technology innovations from around the world across 15 categories.
 This year’s celebrity host is Rob Bell, a mechanical engineer turned TV presenter who made his screen debut in 2012 on the BBC Two series ‘Engi-neering Giants’.
 Rob said: “I’m very lucky through my television work to gain access to some
 Events
 Looking to the future of transmission and distribution
 ABB is planning to attend the Low Car-bon Networks & Innovation Conference from 11th to 13th October in Manchester. The annual conference and exhibition is organized by Energy Networks Associa-tion to bring together the power industry to explore the latest developments in trans-mission and distribution.
 The exhibition is a showcase for the latest in electricity and gas networks. ABB will
 IET Innovation Awards open for entries
 ABB offers a range of training cours-es in innovative and high technology areas of electrical transmission and distribution. The courses are designed to give in-depth knowledge and skills in electricity transmission and distribution infrastructure, as well as get to grips with new tech-nologies that are supporting the transition from centralized thermal to distributed renewable generation. For more information contact Fahd Hashiesh, Head of Power Consult-ing, [email protected].
 Innovative technology courses include: – Introduction to voltage control and reactive power, and FACTS solutions
 – Offshore wind connections systems and technology
 – HVDC technologies – Introduction to smart grids and communications in intelligent networks.
 High technology courses are: – Overvoltage and insulation coordination
 – Grounding systems – Power transformers – Transformer life management – Diagnostics and maintenance of transformers
 – Protection of electric power systems
 – Protective relay adjustment and setting
 – Design of power substations: electromechanical and civil
 – Design of power substations: ancillary services and control
 – Maintenance of electrical substations
 send a team of experts to talk about recent projects and state-of-the-art technologies.
 David Hughes, Director of Marketing and Sales at ABB’s Power Grids business in the UK said: “By attending the exhibition and conference, ABB is demonstrating its commitment to the UK’s energy industry and will showcase its innovative approaches to technology and project delivery.”
 Power Consulting training courses
 11 - 13 October 2016Manchester CentralExhibition Opportunities
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Power on the move?
 Certainly.
 ABB Power Grids DivisionTel. +44 1785 825 050E-mail: [email protected]
 ABB’s mobile substations provide you with electricity wherever you are and whenever you need it. Mounted on skids, trailers or containers for rail and road transportation, these substations come in the form of ready to connect, complete assemblies and are designed for grid code compliance and easy mobility. Our domain knowledge and global experience enables us to provide turnkey solutions and a worldwide presence ensures customer support throughout the lifecycle of the substation. ABB is the world’s leading supplier of air- and gas-insulated substations covering a range of voltage levels up to 1,100 kV, with a vast global base of installations. www.abb.com/substations
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