Aktivity CIGRE SC B3  "Elektrické stanice" roce 2008

vypracovala Ing. Kopejtková, ČEPS, a.s.
Přednostní témata na generálním zasedání CIGRE 2008 v Paříži – SC B3 "Elektrické stanice" 

PS1    Poznatky získané z optimalizace využití majetku stanic

1.1 Obnovy, výměny a strategie údržby zařízení stanic

1.2        Vliv dynamického zatěžování na údržbu a chování zařízení 

1.3
Snižování provozních nákladů (nákladů za doba života) stanic (rozvoden) 

1.4 Výhody monitorování ve funkci podpory pro rozhodování

PS2    Nové výzvy v el. stanicích  

2.1 Vliv “chytrých” sítí (Smart Grids) na konstrukci primárních a sekundárních systémů stanic (digitální komunikace, automatizace, řízení a provoz)

2.2 Připojení nových obnovitelných zdrojů 

2.2 Konstrukce a řešení pro snížený vliv na životní prostředí 

2.4 
Nové konstrukce a upořádání zvyšující provozní pružnost, překonávající místní překážky 

             a omezení, apod.

Přehled titulů jednotlivých referátů je uveden v příloze 1.
Poznámky z diskuse – informace a inspirace:

Správa majetku,  řízení rizik :

· součásti řízení rizik - analýza nákladů za dobu života využívající statistické modely spolehlivosti

· vážení rizik, tj. jednotlivých komponent indexu zdraví (např. stáří 30%, udržovatelnost=dostupnost náhradních dílů a zkušeného personálu 15%, zatěžování během provozu 20%, zkušenosti z provozu 15%, fyzický stav 20%) a indexu důležitosti (podíl na nedodané energii 50%, podíl  na frekvenci přerušení dodávky 25%, kritičnost odběratelů 25%), hodnocení schémat zapojení rozvoden

· výpočet a hodnocení rizik (struktura rozpočtu, rozhodovací matice)

· organizace údržby, udržení know-how ve společnosti, údržbové strategie založené na řízení znalostí (RTE a RED Electrica)

Nová konstrukční řešení (koncepce a strategie) :

· praktický příklad použití plynem izolovaných zapouzdřených vedení pro zaústění venkovního vedení v Německu. Bylo zvoleno jako alternativa ke kabelovému zakončení venkovního vedení 400 kV v blízkosti letiště Frankfurt.

· řešení připojení větrných farem k vedení v Itálii.
Přehled aktivit a publikací  SC B3 „Elektrické stanice“ 

Overview of SCB3 "Substations" WGs activities from 10/2007 to 09/2008

Prepared by Dagmar Kopejtkova in August 2008 

Task:

Design, construction, maintenance and ongoing management of substations and electrical installations in power stations (excluding generators)

In Electra No. 239 from August 2008 there is published an overview of 5 years SCB3 activity.

It is planned to run an interactive discussion forum on Cigre web.

	SC B3 recent meetings


· 5th   SC B3 meeting on 11th  September 2007 in Berlin together with  B3 Symposium "Sustainable and reliable electricity supply using modern substation technologies" and Panel (13th to 14th September)

· 6th   SC B3 meeting on 26th August 2008 during CIGRE Paris Session 

· 7th   SC B3 meeting in the week 17th to 21st August 2009 in Cape Town/ South Africa together with  SCA3 and A2 annual meetings and regional CIGRE conference
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	Advisory area AA1
Concepts &
Developments

(H.-E. Olovsson)
	
	Advisory area 

AA2


GIS

(P. Glaubitz)
	
	Advisory area AA3


AIS

(A.M. Sahazizian)
	
	Advisory area 

AA4
Substation Management

(A.Wiersma)
	
	Advisory area 

AA5
Secondary Systems

(F. Baldinger)


TAG “Procedure for tutorial management” document issued by SC B3 TAG (published on web) 

Next tutorials : Cape Town, 17th August 2009 (regional CIGRE conference and SCB3 and A3 meetings)

Advisory area AA1 - Concepts & Developments :

· WG B3-01 “Substation Concepts” (J.S.Finn, UK; TF03 F. Gallon, BE; TF04 M. Osborne, UK)

· WG B3-11 “Combining Innovation with Standardization” (H.-E. Olovsson, SE)

· WG B3-12 “Obtaining Value from Condition Monitoring” (A.J. Mackrell, UK)

· WG B3-13 “Reducing Replacement Time of HV Equipment” (F. Gallon, BE)

· JWG B3/C1/C2-14 “Circuit Configuration Optimization” (G.Lingner, DE)

Advisory area AA2 – GIS :

· WG B3-17 "GIS Residual Life Time" (K. Pohlink, CH)

· WG B3-18 "SF6 Tightness Guide” (S. Stangherlin, CH)

· WG B3-20 "Mixed Technologies Switchgear" (W. Degen, DE)

· JWG B3/B1-09 “Application of Long High Capacity Gas Insulated Lines in Structures” (H. Koch, DE)

· WG B3-22 “Technical  requirements for substation exceeding 800 kV” (T. Yokota, JP)

Advisory area AA3 – AIS :

· WG B3-15 “Cost Reductions of AIS” (Koji Kawakita, JP)

· WG B3-21 „Turnkey Substations“ (T. Kertesz, Ca)

Advisory area AA4 – Substation management :

· JWG B3-06 “Substation Management”  (J. Smit, NL)

Advisory area AA5 – Secondary systems :

· WG B3-10 "Primary/Secondary system interface modeling for total asset performance" (F. Baldinger, NL)

CAG together with TAG prepared "Guideline for Preparation of Questionnaires" (commented also by some WGA3-06 members)

	Advisory area AA1 - Concepts & Developments


WG B3-01 “Substation Concepts”

Work is almost finished – topics :

 TF03 “Compacting Substations through Insulation Reduction” – calculation of lowest possible insulation levels and clearances,  insulation characteristics, environmental impact, existing standards updating – There is prepared  35 pages document (focus on more surge arresters installation serving simultaneously as support insulators and overvoltage protection) - shorter version will be published in Electra 

 TF04 “Multi-functional Substations” – "The Impact of New Functionality on Substation design" - Brochure is finished and prepared for publishing (topics as  FACTS, HVDC, Custom Power, MTS, non-conventional IT, reactive compensation, distributed generation /integrating wind farms, substation automation /protection, diagnostics, condition monitoring, increasing capacity and active power control /GIL,QB/)

Publications: 

· Electra paper and Brochure “Compacting Substations through Insulation Reduction” (summary of tutorial presented in during SC B3 Colloquium in Tokyo 2005)–  2009 publication 

· Brochure “Impact of New Functionalities on Substation Design”-  submitted for publishing

WG B3-11 “Combining Innovation with Standardization”

Work is almost finished – topics :

to investigate benefits of innovative (new technologies and arrangements) and conservative (proved standardized designs) approaches and to try to find ways in which the benefits of these two apparently contradictory philosophies can be combined in the design of the substations of the future : 

· Identification of benefits from innovation and from standardization (questionnaire autumn 2006 – 38 usable responses – Analysis contains : overview of external/internal standards, identification of conflicts, definitions, feedback from industry, new drivers/constraints, process control /how to introduce innovations, risk management, location, timescale, training/, integration of innovative solutions into  next generation of standards)
· Analysis of commonality and conflict between the two philosophies
· Recommendation on combination of the two philosophies and on methods for dealing with the perceived conflicts.

Publications: 

· Report "Combining Innovation with Standardization – Results of Questionnaire", Electra No. 237, April 2008 

· Brochure  "Combining Innovation with Standardization" - final draft available, publishing at the beginning  of 2009
WG B3-12 “Obtaining Value from Condition Monitoring” 

Topics :

to investigate condition monitoring systems currently available (stand alone as well as integrated in protection and control systems)  and to analyze factors for optimum solution for an individual Utility (taking into account the improved reliability and availability of modern plant) :
· Gathering experience (questionnaire issued in 2007 – 45 usable responses  / Main areas : Drivers/ Performance , Value/ R& D/ Strategy, Quantity/Application, Data handling, Benefits

· Analysis of currently available monitoring systems in terms of benefits for maintenance and outages reduction and life extension, Cost effectiveness analysis ,Recommendation on optimum solutions

Brochure will answer the following questions : What are the problems/goals that utilities are dealing with and would like to avoid/achieve? Can condition monitoring help solve the problems/goals and if yes, how? If monitoring can help is it economically effective? What is available in the field of condition monitoring systems? How to choose from what is available to get the best value? How to organize the data resulting from condition monitoring?

Running on-line web site communications within the WG.

Publications: Brochure – end of 2010

WG B3-13 “Reducing Replacement Time of HV Equipment” 

Topics :

to investigate engineering concepts, equipment assemblies and working methods to reduce considerably outages for HV equipment replacement (de-regulated market requirements) – two approaches : a) How to replace economically an existing equipment, b) What and how a new equipment to install so that it will be possible to replace economically in the future

· Identification of trends (HV equipment replacement policies, staff skills, repair cost versus replacement) – Questionnaire released in summer 2007 (so far 30  responses with 1:1 participation of users and manufacturers)

· Identification of engineering concepts which may facilitate the replacement in the future 

· Identification of present equipment concepts (AIS,  GIS, Compact, modules) to  provide facilities for complete or partial replacement in the future.

· Identification of working methods (for example live working, by-passes, pre-outage work, testing on-site, removable equipment, additional civil work,..) in order to optimize the outage time and the associated intervention cost

Publications:  Results of questionnaire (2009), Brochure 2009-10

	JWG B3-C1-C2.14 „Guideline for selection and optimization of circuit configuration“


Topics :

The aim  to develop a guideline to support the process of circuit optimisation for new, extended and refurbished HV substations and to provide a tutorial in existing arrangements :

· Description of all parts of a substation -  definitions of terms to be evaluated (e.g. acc. to IEC), description of circuit configurations (summary of s/s properties, single line diagram x technology, alternative configurations, extension and  refurbishment, examples for selecting circuit configurations) for AIS, GIS and MTS

· Present trends analysis : a) common sinle line diagrams, b) examples of successful optimization c) IT for diagrams availability calculation

· Recommendations on : a) Requirements analysis, b) diagram design, c) diagram evaluation

· Detail analysis of selected diagrams (security, availability, accessibility, operability)

Publications:  Brochure 2010

	Advisory area AA2 – Gas Insulated Substations


WG B3-17 "Residual life concepts applied to HV GIS" 

Topics:

·  "GIS Evolution into 21st Century" – work completed
· “Residual Life Concepts Applied to HV GIS” – maintenance, repair, refurbish, retrofit and replace aspects – materials, design, monitoring, diagnostic, operating duties and environmental conditions impacts – decision on end of life and procedures for end of life treatment - case studies, implementation of "health index" 
Publications: 

· Brochure "GIS Evolution into 21st Century" is prepared for publishing  – end of 2007 – still not published

· Brochure “Residual Life Concept of HV GIS” (parts : “Factors which determine the expected residual life” and “Methodology and case studies” ) – 2009/10 

WG B3-18 "SF6 Tightness" 

Topics:

· “SF6 Tightness Guide”  - requirements from Standards will be critically reviewed, the functional description of the testing procedures and test methods with achievable limit values will be addressed and recommendations will be issued

· collaboration with SC 17A MT 39 (revision of IEC 61634 “Use and handling of SF6 in HV Equipment” – new Technical report IEC 62271-303 completed – sent for publication; IEEE K1 TF3 is adapting CIGRE Brochure No. 276 "Practical SF6 Handling Instructions" into IEEE document

· follow-up on the EU-F-gas regulation -  Europe T&D TF on SF6 issued the 1st  version of the "Guide for Manufacturers of HV switchgear containing SF6 & Production and testing processes of components using SF6, and servicing" (including end-of-life). Two more guides are under preparation. They contain details about the F-gas regulation and its detailed implementation. The 1st one is addressed to customers (deadline: end of July); while the 2nd  one will contain more general information.

· participation in Ecofys study (under IPCC) study on world wide SF6 emission

· monitoring (watch dog) of all world wide activities on SF6 

Publications: 

· Brochure 276 “Guide for the Preparation of Customized Practical SF6 Handling Instructions”, description ELECTRA 221, August 2005

· Brochure and Electra paper “SF6 Tightness Guide” -  2009

WG B3-20 "Mixed Technologies Switchgear MTS"

Topics : 

· “Set-up description of Mixed technologies substations MTS” -  AIS, GIS, Hybrid IS and Compact and Combined Switchgear based on component-bay-substation technological solutions (external and internal insulation, multi-installed and multi-functional components)

· “Evaluation of different Substation Technologies (AIS, MTS, GIS)“ – discussion and comparison of advantages and disadvantages of AIS/MTS/GIS solutions (substation location, design, manufacturing, engineering, configuration, construction, environment impacts, testing, operation, time demands, flexibility, availability, safety and LCC)

Publications: 

· Brochure “Evaluation of Different Switchgear Technologies (AIS, GIS, MTS) for Rated Voltages of 52 kV and above” 2008-9 (final draft will be ready for B3 commenting by the end of 2008)

JWG B3/B1-09 “Application of Long High Capacity Gas Insulated Lines in Structures” 

Work is finished – topics :

· Collection of information on existing GIL installations in structures (tunnels, bridges, etc.)

· Identification of issues that need to be considered when installing GIL in specific or shared structures (road and railway traffic, piped services, other utilities)

· Information how to handle large scale projects and  to define what “long GIL” means 

Considerations : mechanical and thermal design, Ambient conditions, Laying, installation, and gas handling, Testing, commissioning, and Quality control, Repair process, Safety risks, Life cycle analysis.

Publications:  

Brochure “Application of Long High Capacity Gas-Insulated Lines in Structures” – ready for publication since June 2008

WG B3-22 “Technical requirements for substation exceeding 800kV” 

Topics :

· Designs, configurations and layouts of substations exceeding 800kV – AIS, HIS, GIS overview and comparison, field experience from different projects, new solutions

· Specific design, configuration and layouts requirements – e.g. seismic qualification, pollution, ....

Publications :

· Paper “Technical Requirements for UHV Substation Equipment” CIGRE/IEC symposium on UHV in Beijing in July 2007

· Paper A3-211 „Technical requirements for UHV substation equipment“ Cigre Paris session 2008

· Brochure and Electra paper „Technical requirements for substations exceeding 800 kV” 2009
Close collaboration with WG A3-22 (technical specifications) and new WG within C4 (insulation coordination)

	Advisory area AA3 – Air Insulated Substations


TF B3-15 “Cost Reductions of AIS”

Work is finished – topics :

Set of guidelines for effective and efficient design, construction, and commissioning processes to minimize re-designs, re-works, and multiple checks and to present cost reduction opportunities achieved by using pre-engineered, pre-fabricated, pre-tested integrated equipment and installations typical for AIS. 

Scope :

· Identification of  improvement opportunities for AIS in the design, construction and commissioning phases - TF prepared in 2006 a questionnaire “Optimizing Engineering and Construction Cost of AIS Substations” (distributed to a peer group for reviewing) – design, construction processes and cost reduction methods

· Presentation of case studies for cost reductions in AIS
Publications: 

· Brochure 300 "Guidelines to an optimized approach to the renewal of existing air insulated substations", summary paper Electra No. 227, August 2006
· Brochure 354 “Guidelines to Cost reduction of Air Insulated Substations", summary paper Electra No. 239, August 2008
	WG B3-21 „Turnkey Substations“ 


Topic :

Discussion and recommendation on different aspects of turnkey substation projects (covering all technologies):

· Definitions and description of full turnkey projects and a transition from in house to turnkey projects – optimization of the process (network availability and cost)

· Requirements on : contractors' qualification and certification, tender documentation and bidders' evaluation, project execution and a project closing

· Overview of experience – typical case studies

Publications: 

Brochure "Turnkey substations" 2010 

	Advisory area AA4 – Substation management


JWG B3-06 “Substation Management” 

Topics:

· "Maintenance and Organization" (outsourcing) 
·  “Integrated Process for Substation Equipment Replacement ” (LC evaluation,  methodology and case studies, flow chart of a decision making process – 10 steps of higher integrated asset management process)
· "Practical Application of Information Strategies"  (word wide survey, analysis ready for 2009 publication in Electra - data sources, storage and evaluation databases, data treatment and management, acquisition tools)
Publications:
· Brochure “Practical Guide for the Outsourcing of Utility Services”  draft  since 2005 will be updated and published in 2009

· Electra paper “Integrated Process for Substation Equipment Replacement ” publiseh in 2009

· Electra paper "IT Strategies for Asset Management – Survey results" published in 2009
· Brochure “General Principles for Asset Management Information Strategy” - 2010
Note: Associated topics with C1 : WG C1.11 "Asset Management – Performance benchmarking",

WG C1.16 "Transmission Asset Risk management"

	Advisory area AA5 – Secondary systems


WG B3-10 "Primary/Secondary system interface modeling for total asset performance" 

Topics (INTREFACE focuse) :

· Summary for reasons for change from conventional to digital secondary system

· Life time assessment of digital  secondary systems compared to primary plant life, with special emphasis to on the conventional interface of the two systems

· Development of new concepts for the interfacing – interface principles remaining constant during primary plant life – possibility of secondary upgrading - process bus architecture and IEC 61850 application

· Improvement on interface reliability and reduction of outages

· Improvement in primary equipment utilization and life time extension

Publications  : 

Brochure "Primary/secondary System Interface Modeling" and Electra paper - 2009

	New WG TOR's and  future activates


Advisory area AA1

· Substation design for off-shore wind farms (to the land connections, reactive compensation, site limitations, maintenance, etc.)

Advisory area AA2

· SF6 analysis for equipment condition assessment

· IS extensions

· Interaction between GIS and connecting parts (VFT)

· Cost comparison of GIL and HV cables

Advisory area AA3

· Upgrading of AIS 

· Substation design for long cable lines

· Savings through sustainment (asset management)

· Cost effective lightning protection as a function of an environment

Advisory area AA4

· Smart grids

Advisory area AA5

· Commissioning of secondary systems (reduction of primary part outage and on site tests time)

· Performance tests & specification for the process bus (coordination with B5)

	Main SCB3 Collaboration 


· CG B3/B5/A3 "Co-operation Group SCB3/CSB5/SCA3” (secondary systems co-ordination) – there is a request on A3 to collaborate more actively

· JWG D2/B3/C2-01 "Security for Information Systems and Intranets in Electric Power Systems"

· WG C6-13 “Rural Electrification”

· WG A2.33 "Fire safety of transformers"
· Activities on UHV : participation in Joint IEC/CIGRE UHV co/ordination group

· JWG B4/A3/B3.43 : Brochure No. 337 "Increased System Efficiency by Use of New generations of power semiconductors", summary paper Electra no. 235, December 2007
· new JWG B2/B3.27 "Live line maintenance : a management perspective" (to provide Top Management, Executives, Regulators, Asset Owners and Asset/Facility Managers for a Live line Maintenance, Refurbishment, Uprating or Upgrading  Program of Transmission Lines and Substations)

· IEC, IEEE, CIRED
CIGRE B3 Paris Session 2008 – Preferential Subjects

PS1    Lessons learned on Substation Asset Use Optimization

1.2 Refurbishment, renewal and maintenance strategies

1.2        Influences of dynamic loading on maintenance policy and asset performance  

1.3
Substation lifecycle cost reduction

1.5 Benefits of condition monitoring for decision support

PS2    New Challenges in Substations  

2.3 Impacts of future network concepts ("smart grids") on substation design, primary and secondary (digital communication,  automation, control and operation)

2.3 Connecting new renewable generation including offshore substations

2.4 Coping with major growth, e.g. megacities and metropolitan areas

2.5 Designs for least environmental impact 

2.6 Innovative designs/layouts to increase operational flexibility, overcome site constraints (including financial consequences), etc.

2.7 Impact and experience of the process bus on the substation as a whole

	SCB3 meeting & Regional CIGRE conference in Cape Town in August 2009 


THEME :  “Addressing the challenges for reliable, efficient and sustainable supply of electricity - now and into the future” – call for papers : abstracts till 30th September 2008

CONFERENCE OBJECTIVES

The objectives of the conference are to address the constraints, challenges and opportunities facing the industry at present such as: 
Progressive urbanization and electrification, Megacities, Economic dynamics, Skills and capacity shortages, Peaking and base stations, Transmission and distribution, Aging infrastructure, Regulatory pressures, i.e. issues as : reliability and availability management (condition monitoring, layouts, spares, maintenance), new technologies application (modular, mobile, MTS, flexible, compact), UHV applications.

B3 tutorials suggestions : UHV substations issues, Busbar switching arrangement, Substation designs for very high fault levels at distribution voltages. B3 colloquium topics suggestions : residual life assessment, timely & efficient replacement/refurbishment, spare parts strategies & equipment re-use

Applying innovative and new technologies would be pivotal to finding solutions to these issues

Joint colloquium A2,A3,B3 will be held on Thursday 20th August 2009. 

CIGRE B3 Paris Session 2010  Preferential Subjects 

PS1 : New techniques/new design of substations:

· Substations in case of stronger constraints with respect to footprint and environment (severe climatic conditions and public amenity) 

· EHV/UHV substations

· Design and construction of substations for offshore wind farms

· GIL as a solutions for megacities, offshore connections and in large structures as bridges and tunnels

PS2 : Existing substations, new challenges:

· Residual life estimation – Risk assessment, replacement or refurbishment options 

· Uprating of substations and existing equipment to increase network capacity

· Technical solutions for extension of substations on already existing footprint

· Reducing the impact of substations on the environment and vice versa 

PS3 : New secondary systems challenges in substations:

· Experience with the shorter lifetime of secondary equipment compared with primary equipment 
· Impact of smart grids on substations design
Příloha 1 
Přehled referátů v rámci SC B3 „Elektrické stanice“
PS1: Lessons learned on substation asset use optimization

· B3-101 Asset management plan for a distribution electricity business, C. DAVEY, D. PRITCHARD, N. RIDINGS

· B3-102 The specialized maintenance of substation at RTE,C. BINDER, B. ANSOUD, A. MAGNANI

· B3-103 Substation Life cycle cost management supported by stochastic optimization algorithm,M. HINOW, M. WALDRON, L. MÜLLER, H. AESCHBACH, K. POHLINK

· B3-104 Optimized asset management of high voltage substations based on life cycle cost analyses integrating

· reliability prognosis methods, K. LASKOWSKI, M. SCHWAN

· B3-105 New asset management practices for T&D utilities within deregulated power markets, D. GALVAN PEREZ, G. LUENGO HURTADO, M.A. DEL-REY DE LA TORRE

· B3-106 Advanced maintenance technology against deterioration of metal enclosed equipment, T. KOBAYASHI, K. KAWAKITA, T. SATO, T. YOKOTA, K. SASAMORI, M. OHNO

· B3-107 Maintenance strategy based on knowledge management, X.O. SOTO BOUZAS, A. MAHOU, J. FEIJOO MARTINEZ

· B3-108 Case study : the effect of “ Open Conductor Fault” of 69 kV OCB SY-6022 at Sipraya substation, S. BUAKAEW, T. ONGKAWAT

· B3-109 A practical application of substation insulator maintenance in a steel mill factory in south of Iran, M. REZAEI, M. OSKOUEE, M.R. SHARIATI, S. AGAH, M. RASTI

PS2: New challenges in substations

· B3-201 Designing substations for offshore wind farm connections, J.S. FINN, M.A. KNIGHT, C.E. PRIOR

· B3-202 Coping with major growth – implications for substation design, T. KRIEG, M. STEINDL

· B3-203 Urban substations evolution related to the big cities growth, A. FERNÁNDEZ, R. ADOBES, P.D. ANAYA

· B3-204 Environmental benefits of AIS substations with disconnecting circuit breakers, C.E. SÖLVER, M.N. OLOFSSON, P. LARSSON, P. NORBERG

· B3-205 Complete methodology for selecting optimal substation solutions, K. KUTLEV, U. ANDERSSON, L. TANG, R.M. REYMERS

· B3-206 Application of long high capacity gas insulated lines in structures, H. KOCH

· B3-207 Hybrid solutions: an attractive option for modernisation and retrofit of AIS substations, D. FUECHSLE, W. PAUL

· B3-208 Substation designs for the least environmental impact in Japan, H. IMAGAWA, T. KOBAYASHI, T. SATO, K. UEHARA, T. SHIMOMURA, A. OKADA

· B3-209 Unconventional duties for the transmission grid resulting from the connection of wind farms - a view from the Italian side, E.M. CARLINI, D. FALORNI, V. IULIANI, E. COLOMBO

· B3-210 Gas insulated lines – reliable power transmission towards new worldwide challenges in hydro and wind power generation,H. KOCH, D. KUNZE, S. PÖHLER, L. HOFMANN, C. RATHKE, A. MUELLER

· B3-211 Secure substation networks: implement for today; design for tomorrow, T. WITHAM

· B3-212 Substation automatic restoration system achieving drastic outage time reduction by optimized procedure, T. SATO, T. TAIRA, K. KAWAKITA

· B3-213 Impact of recent electrical field exposure criteria on Air insulated Substation design - 800 kV case G. TRÉMOUILLE, S. KAPOOR, S.P. HAMBARDE, L. ROYER

· B3-214 The analysis of the electric and magnetic field distribution inside a recently rehabilitated substation belonging to Romanian TSO company, C. DIACONU, I.T. POP, C. MUNTEANU

· B3-215 Critical role of timing and synchronization in substation automation, R.C. SANTAREM, L.E. GONZALEZ

