Actual Trends in Development of Power System Protecti on and Automation

/> 01 June — 05 June 2015, Sochi
257/
Ve
weigre

// Russian
National
Committee

The Azerbaijani experiencesin Digital Substation deployment. How Process Bus and
| EC 61850 addresses Utility requirements

Saeid Shoaringjad Jorge Seco, Jorge Cardenas
Araz Energy, Azerbaijan GE Digital Energy, Spain

KEYWORDS

Digital Substation, IEC 61850, Process Bus, PrarcRelay, Substation Automation System (SAS); IED
(Intelligent Electronic Device), PM (Predictive Ni&&nance)

Abstract

IEC 61850 has become the Standard to be used iretdd8ubstations due to the multiple advantagesithat
brings to the different stakeholders involved dgriaubstation lifecycle. There are many examples of
substations using IEC 61850 IEDs (mostly protectielays) and many papers from several manufactasls
from different users at various locations have adsediscussed about the multiple advantages ofgutiis
Standard. This paper will show the experience @zAEnergy using a Process Bus Solution in fourK\{(as
retrofitted projects) Substations in Azerbaijan.

Araz Energy proposal to BEG (Baku Electric Gridttisalocally called “Baki Elektrik Shabakasi/ BES#A)as
based on the Hard Fiber Process Bus system madgehgral Electric-Multilin (as part of General Eléct
Digital Energy). The use of the Process Bus Syssekay as it brings all the benefits of a DigitalbStation and
regular SAS (some vendors call it “DCS” for SubistatAutomation) and implies changes in the way a
traditional substation is being designed, builtyeed and maintained. The experience describedisnpaper is
based on the feedback gained and lessons learoed dil perspectives in practice from four different
substations where the same concept was appliede Shen the use of Digital Substations has become a
landmark in the way Substations should be desigmgerated & maintained.

Process Bus Ar chitectur e:

Primary equipment has traditionally been connetbedrotection and control devices using copper svif@is
traditional way of making the connections leadsatsignificant engineering effort, as thousands iffent
cables needed to be routed, installed, commissianddnaintained.

Process Bus Standard, as described in IEC6185(8HK2s reducing dramatically costs and engineesfifgrts
during installation and maintenance, resultingéassl costs and enhanced security. Process Bus &tésithe
need for thousands of different copper cables dntrols & analog signals and substitutes them ¥atter fiber
optic ones (Plug & Play) . Figure 1 shows this @picDigitization of primary equipment can be agki with
the use of a Process Interface Unit (PIU), insthtilose to the primary equipment in the substeatiitchyard.
This PIU converts the analog signals of the primegyipment into digital signals. No need to dugtkcsignals
or use interposing transformers.

Digital Substation:

In order to get all the benefits that a full digisambstation brings, special attention must be pai§ubstation
Design, because this decision affects all aspddiseoproject. The most evident sections are Stibstéayout,
number of P&C panels, size of control room, the hanof copper cables, the type of the required mgant
and related sections’ change. It will also charge way project engineering is done from the Praiec&

Control and generally SAS aspects. Engineering ggtoes, interconnection drawings, panels’ shop itgav
(such as wiring connections, terminal list, cabddexlule, etc.), configurations, maintenance, ocbrmsom

design and size, cables’ routes, trays and canalalso done in a different way. This fact is ptaipahe most
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important driver for utilities to change their mgwénd designs (especially inside cities where lendo
expensive) concerning building Substations in assital/ conventional way. A radical change in staff
philosophy (such as their knowledge in working wittmputers, software, etc.) is required in ordegrbrace
this new way of conceiving Substations.

Process Bus System

Owerlapping zones:
* Merging units and
associated primary
equipmenit

+* Interconnections Merging Units

Figure 1

For many utilities, this change of philosophy ie ttesign of substations’ is a challenge that mashuercome
through the involvements of manufacturers, instalnd end users in the transferring of knowledgh the
aim of an economical, appropriate and suitable atfmr and maintenance ( including Predictive Maiatece)

of substation assets. Likewise, and due to theimamis development of new products with increased
capabilities of communication, safety, security aelhbility, it is important to design substatioinsa way that
equipment expansion (e.g. adding a new bay) andtapdould be possible in a quick and cost-effettive
manner

Process Bus architecture used for Daglig substasiatepicted in Figure 2 PIU/Bricks deployed togethvith
hardware and software interfaces are shown onrtheidg.

Opportunity description

In 2008 BEG / BES opened the project to retrofit@®AQ substation (except power transformers). DAGL$

a distribution substation with different voltagedés (110/35/10 KV) consisting of two incomer lings110kV,
two 40MVA power transformers, and 53 medium voltéggeders (35 & 10kV). The local power company, BEG,
wanted to retrofit the substation due to its age.

The first approach to this job was to substitutd efjuipment with new one, following the same clzasi
approach. This meant changing the old P&C equipmeétit new digital relays, updating old schemes and
following the same principles originally used.

Retrofitting of this substation was framed in tHtéors of the power company in updating their fdigik and
thus reduce CAIDI & SAIDI rates. In addition, thesmas an interest in finding a solution to the gnogvheed to
find new ways to act more quickly and effectivetythe event of occurrence of any electrical failunerease
the safety of its personnel, drastically reduceetiamd the costs of construction, operation and khaselution
that would allow the easy expansion of the faeiiti
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Solution to be adopted should address the currahfigture challenges of the utility, being the miosportant
ones:

« Cost of installation & maintenance

« Time required to complete the job

* Number of utility staff required to be involvedtime project

« Future proof design

« Easy to be upgraded / interoperability

« Level of autonomy to make simple changes

« Safety of the maintenance crew / time requiredetdgosm routine tests

« Remote controlling by SCADA center through gate{Rgotocols IEC 101, 104 where fiber optic cable or
OPGW werelare available instead of adding RTU, hadirsg rack, etc.)

» Saving control room building size and the relatesits for new substations

» Considerable saving with deleting BCR (Bay ConRobm) inside switchyard in substations with regula
SAS

* Minimizing power downtime during Process Bus eguémt and system installation for existing/under
operation substations that is very critical pdamtthe regions with high density loads and/or imgot
consumers/facilities

e Overall saving in time

The proposed solution was the substation completigliyal using all the potential of the IEC 6185taiglard
advantages. Initially, electric company was relotten this solution due to the absence of monitpramd
automation in substations and lack of technicdlsski IEC 61850. Finally, due to the quantifialidenefits that
the full digital substation proposal brought, malde utility order a pilot project to Araz Energyhaild a proof
of concept substation. Target was to evaluate ficshhand all the advantages that the new dediguld carry.
Araz Energy proposal was backed with its extensixgerience building substations and the technigppart
from GE Digital Energy.

Transmission & Distribution Substationsin Azerbaijan

Majority of Transmission & distribution substatioirs Azerbaijan are of old technology. Most of théwave
more than 40 years old and are based on the ateetimanical technology. Since the first installatisome of
them have been upgraded using a variety of diffaemmhnologies and manufacturers. The resultldhe is an
old installed base combined with newer protectietays from different manufacturers and technolagies
Engineering, Operation & Maintenance staff stillldas the same old approach to run the installation
however, the staffs’ mentality has considerablyngfeal after operation of those substations.

Araz-GE proposal & challenges

Solution proposed was, as mentioned before, aligltal Substation. The use of Process Bus was ikey
achieving many of the proposed targets as it edailge savings. As the utility had no real expexeim using
IEC 61850, Araz Energy leaded this projectEagineering, Procurement and Construction company (EPC),
being. BEG took the responsibility of building P&@nels, cabling and installation manpower.

Dagliq Substation’s voltage level is 110/35/10¥Wnumber of 8 hard fiber PIUs/Bricks were used totgct
the HV section of the Substation. Hard fiber PIUsravconnected to the line, CTs, PTs and powerfoensr
protection relays, using fiber optics, avoiding mafsthe traditional field wiring. Fiber optic cad were in turn
connected to patch panel installed inside the obptanels located in the Control building and rdute the
corresponding protection relays. Substation Sihgle Diagram is depicted in Figure 2.
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Figure 2

The way PIUs and relays are connected is verygstifarward and allows the use of the same signdbto
different protection relays. Synchronization of gdes is always ensured because of the four indepeiigital
cores that the PIU has. This feature allows a demable saving in hardware as one PIU can sharglsam
between four different IEDs. Sampling is indeperideneach core and it is managed by every praiaattlay.
This system avoids the need for using network merginit and solves the main technical issue of samp
synchronization w/o need of an external synchrditmadevice. All connections to the PIUs, betwedd B the
patch panel and between relays & the patch parelésiPlug & Play”, i.e. the related cables andramtors to
PIUs, the patch panels and relays are all preparétke factory and not in the site with no way tmoect to a
wrong female terminals on the PIUs, the patch maaal relays, that makes huge saving in time aitigdk
labors during installation and commissioning.

The scope of this project included also a compBA& for this Substation. Araz Energy designed mplete
Automation System maximizing IEC 61850 benefitsl fAlr substations with Process Bus have gatewdy, G
UPS for redundant servers, monitors and printekDC/LVAC panels, 120 VDC batteries and redundant
chargers; and the last three of them have 68" Dd.Ifhanitor for the single line diagram of the sutistg real
time values, breakers’ status (provided by GE Pmwéiware package for Substation Automation) andrso

Proposed Solution advantages

The implementation of a full Digital Substation égcsome challenges but also brought many beneftisth
the EPC and the utility.

Most of the challenges faced during this first Piwoject were related to the use of new tools andew
engineering concept, different from the conventi@pgroaches for regular SAS that we had sevep@@nces
in that since 2000. New skills were required, pritgeby the protection engineers, as the develogréa new
concept of standard substation needed to be MAsltan example, the old interconnection schemes were
substituted by using digital signals that the défe protection relays can interchange between tHehis is
being achieved by GOOSE messages that IEC 6183flesna&Change from “hardware” to “software” world
required engineers to be trained in the new sofiwapls and its capabilities. The use of digitadl$oto
substitute hardware brings many benefits in terfideaibility, material cost saving and much lesamahours
during substation construction than conventional eegular SAS. These benefits are also presennglihie
operation of the substation, as reliability of neystems has been enhanced. The use of digitallsignags
also benefits in safety as there is less need perators to work with live parts (in reality, suisins with
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regular and Process Bus SAS package could be simpiyanned). Also there is a huge improvement in
reliability and time required for maintenance arid Bs the SAS checks continuously “System Healthd an
stores periodically measures, events, profiles, Rigital relays allow a better analysis of fauligh retrieving

the stored Oscillographies, Sequence of Eventsanding faults’ details to the remote operator &ntenance
experts in their headquarter with hugely savingniaintenance & restoring costs and the experts fjas all
utilities have shortages in such experts worldwidgte)analyzing the faults, symptoms & remedies, ifiigd
reliable ways to fix the faults/problems and qujckdstore the substation & grid with no need togitslly go to
the substations Outage time is therefore reduc#ddsaiving considerable money for utilities.

The use of Process Bus technology resulted in gatine (big time) especially for retrofitting theisting
substations, because less time and resources erizad:

» Installations were made easier as there was no toeeetange existing trenches outside and
channels and inside the control room

» Less P&C panels were needed

» Big reduction in testing and commissioning the wehiolstallation

For the first installation, it was required to addconventional mimic diagram on the P&C panels af, w
because this was a new concept for them and wamteel sure that they would be able to operatertstaliation
in a traditional fashion (see figure 9). Manual @en of switchgears was also possible. This ifaateased the
number of cables (conventional) and extra panates@esulting in additional costs). The advantdgasd with
this new technology, reduced costs and saving itintieis project, convinced BEG to use the samenteldyy in
the new substations that were to be built for ohéhe most important events celebrated in Azerbaijéth
international relevance, the Eurovision Song cdrtested in Baku during May 2012.

This first substation was not only used as a pobabncept, it, also, was the base for the stanslalodtations to
be built in the next future in the area.

The new Digital Substation and the use of Processdinplify and eneblesto make standard designs#mbe
easily replicated in different substations thamkid flexibility. This fact reverts in additionabst reductions in
the construction of new installations, easier amatter maintenance and higher security to utiligve

A comparison between the traditional and the P8es solution is summarized in table 1:

Traditional Hard-Wired Copper Solution Presented Process Bus Solution

Materials » Multiple small, individual materials are procured | * Materials become finite set of standard congmts, with

and installed as customized individual componerjts a small number of each type

of the system * Materials common across all zones and stations

Material quantity and type requirements vary from « Vast majority of physical system can be assemsied i

zone to zone and apparatus to apparatus due to| controlled environment

variability in wiring « Higher initial material cost for initial zone indtad, with
material costs greatly reduced for adjacent zones

 Control buildings greatly reduced in size due tmilation of
most bulky copper cables, terminal racks and ACR@d-T
type test switches on relay panels.

Engineering « Variability in engineering design largely in phyaic| ¢ Physical interfaces between merging unit and IED
copper connections standardised
« Different applications require specialised designs ¢ Only minor physical variability in mapping origiasid
cater for different apparatus, different topologies| destination of sighals and information
» Design changes require significant manual labour « Majority of variability transferred into softwar@wfiguration
to implement changes in the details of the coppef « Firmware, settings and other engineering toolsraple as
connectivity today
Drafting « Significant manual labour is required to documert « Only documentation required for copper connectieris
Labour individual copper connections throughout the primary apparatus which can be standardised tpetrit
system type and specified as deliverable as part of pwelod
» Modification or addition to the connectivity apparatus
requires manual revisions to a potentially large | ¢ Documentation of connectivity vastly reduced amdpdified
number of drawings to single point-to-point fibre connections that ¢emn
» Manual drafting is error prone and requires summarized in tabular form
extensive, labour-intensive crosschecking and « Facilitates automatically generated system and ection
errors are often missed. documentation
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Traditional Hard-Wired Copper Solution

Presented Process Bus Solution

Construction

« Time-consuming manual labour has to be done i
situ where labour rates are generally higher and

productivity generally lower, and is susceptible tq

errors

Some improvement can be realized with the
concept of pre-constructed, pre-tested control
buildings but the variability with the terminatiof
field cables persists

n-e Construction effort vastly reduced for copper cartioais —
virtually eliminated where merging units are inkadlby
apparatus manufacturer

» Chance for errors vastly reduced through standaydipal
connectivity

« Faster installation of pre-constructed control dinijs through
simplified interface point to switchyard

Commissioning

Integrity of each copper signal path via copper
cabling needs to be verified between switchyard
and [ED

Errors in the physical wiring, regardless of the
source, require troubleshooting and rework

» Continuous monitoring of architecture reduces mtide
misoperations from incorrect isolation or restamatiollowing
protection testing [5]

« Construction errors limited to provisioning of comnication
between origin and destination of information

* No high energy signals (AC or DC) present in thetam
building for greater personnel safety when workamg
protection and control systems

Ongoing
Maintenance

Maintenance activities currently risk-based or
calendar-based, except in the event of spontane:
failure or misoperation

Routine testing requires isolation of high-energy
signals from primary apparatus

Isolation and restoration of individual test/isaat
points across multiple panels error-prone and ris
misoperation of protection

 Continuous self-monitoring of all hardware and redant

pbusmeasurements allows maintenance to be conditioeebas
(event-driven, e.g. run-to-fail)

» Continuous monitoring of architecture reduces mtide
misoperations from incorrect isolation or restamatfollowing
protection testing [5]

* No high energy signals (AC or DC) present in thetam
building for greater personnel safety when working
protection and control systems

Switchyard
Modifications

Changes to the switchyard normally require
significant addition or modification to existing
control cables and wiring

Time needed to make these changes and the
associated costs are directly related to the numb
and variability in copper connections

Reduced outage impact and complexity through
reduced number of copper connections to be cut|
over.

» Multiple cores in a merging unit allow for additedrzones to
make use of unused capacity within the merging unit

» Each zone can be conveniently engineered, instafied
commissioned individually without impacting adjateones

er until final testing is to be performed

Project » Amount of manual labour results in long project | ¢ Procurement, engineering, construction more staliskt
Management pipelines for design, construction and with fewer handoffs and increased productivity
commissioning  Up front decisions for material planning simplifietétailed
» Many hand-offs between stages in project result jn design work can be done without complete physietdits of
many potential bottlenecks installation
Operations * Periodic testing of protection and automation » Redundancy and self-monitoring reduces or elimmte

systems required

Troubleshooting and replacement of failed
components result in long Mean Time To Repair
and potentially extend outage duration

need for periodic testing

» Connectorized cabling, no internal settings on tnergnits
facilitate fast replacement without requiring lamgtages to re-
commission protection and control systems

Table

1

After the construction of this pilot substationdgérmore Transmission & Distribution substations ewuilt
using the same technology to leverage all the adgas described earlier and take the full advantagiee new
possibilities that Digital Substations bring.

Araz Energy signed EPC contract for all three satists at the end of July 2011, and commissionethtim the
following dates: Bayil in Oct. 2011, 227 in DecemB@811 and DARNAGHOL in January 2012

Reduction in time achieved in the execution ofrtiaén tasks is resumed in the following table andp@r:

Task Process Bus Regular SASway Difference (in days)
Engineering (Detailed & complete

Design) 50 days 90 days 40
Panels' production & wiring 30 days 90 days 60
Installation and cabaling 30 days 60 days 30
Test and commissioning 30 days 90 days 60
Relay configuration 45 days 30 days -15

Total 185 360 175

Table 2
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|- Engineering
10%

Drafting
4%

- Construction
7%

Materials
42%

[\

Commissioning
13%

Savings
25%

Figure 3

*Note: Above-mentioned specific statistic data [ggband figures) is based on following parameters i
Azerbaijan that would be different in other cousdrilbased on local requirements, regulations, Speidns
and layouts, manpower’s’ rate of performances disletc. :

1. Manpower (culture, efficiency, expertise, etc.)

2. When the customer asks for Process Bus system gausentional mimic for manual
controlling as well; otherwise, installation andliag will decrease from 30 days to 15 days,
test & commissioning from 30 days to 15 days amalyreonfiguration from 45 days to 30 days

3. Coordination with the other disciplines (switchyaglipment, canals for cables, constructions
of structures, control room, etc.) in the country

4. This table is for the substations under retrofd aenovation, so it would be different for a new
substation (much less time is required)

5. Configuration time decreases over more practicesuoh less than required times for regular
SAS substations because of modularity and typicalit the Process Bus System. So the
showed numbers are average, and we do believe utdwme 20 to 25 days for our future
project (depends on the size substations, numbiafs, number of bays, etc.).

6. All mentioned percentages on the tables 2 andd3gaaphs of 4 & 5 will definitely vary with
voltage level, number of bays, incoming and outgdaeders, switchgear configurations, and
S0 on.

Overall savings with using this new Digital SubtatProcess Bus design: 49% (as per above-mentiooted
and facts).

Conclusions

The use of IEC 61850 Standard in substations miedanging clear advantages compared to the traditiomy

of designing, operating and maintaining Electrib&ations. Although Process Bus reinforces the ratdges
found with IEC 61850, but its adoption by utilitides been slow. Electric utilities used to arguat time

technology was not mature enough, even though GEhiechnically working solution since 2008 withttes of

installations working worldwide. The main reasorhibe this slow adoption is that this new concepjuiees a
disruptive change in utility mindset. A considembffort is required to understand, train and imq#at changes
to adopt the old hardware-minded structures amntl thiaking in the advantages that this new tecbgplbrings

to all the stakeholders. A special effort must baalin continuous training in order to keep updated get the
maximum benefit from the new technologies. Full éféa of the new technologies are only gained ifityt

engineering, operation and maintenance crew areettan a regular basis and time by time.

Summary of the benefits perceived and measured thémproject by the utility:
Time reduction:

e Standardization 44% time reduction in Substatiotaled Design and shop drawings

e Wiring : 67% less time needed for wiring works

e Cable trays and canals/trenches: 70% less codiraacheeded for cable trays’ installations and mgki
canals/trenches for the cables
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Installation: 50% less man-hours during installatieorks (this will decrease a lot over time aftesren
practices)

Start-up: 67% less time needed for commissionimd) tasting(this will decrease a lot over time after
more practices)

Configuration : 50% more time needed for IED ses$(tlps will decrease a lot over time after more
practices)

Documentation (e.g. “As Built Drawings”): 65% leisie needed for documentations because of the
system’s modularity and typicality

Number of cores of CT and their burdens would bereesed including its costs

Less P&C panels (much lower costs for making andngipanels in Process Bus System versus
conventional and regular SAS)

Less civil/ construction costs of control room wergonventional and regular SAS substations

The overall time reduction is close to 50%. Theyoaspect where more effort was required was during
configuration stage; however, the configuration etigets less and less after more practices because o
modularity and typicality. We have to note thatsthime can also be drastically reduced if subgtatio

configuration is standardized.

Difference in material cost is very similar if wernpare the regular SAS versus the Digitized Subsidtvith
Process Bus). Switchgear Costs are lower in thevertional substation, while the Digital Substatioith

Process Bus uses less copper and less hardwasdEIBs, no DI, no DO, no Al and no AO on the relayd

their related wirings in the control panels, lesees in CTs, no BCR, etc.).

Taking into account the different aspects involvadthe lifecycle costs, advantages exceeds draatigtic
disadvantages in all aspects, being economicsrapkinentation time, only 2 of them. Some of the @atages

found are listed below:

e Flexible. Changes and upgrades are easily madeghreoftware

« Enables standardization. Same configuration camsbd in similar installations

e Open. IEC 61850 makes it possible to use equipfemt different vendors

e Scalable. Process Bus and the concept of IEC 610&8Ke it easy to make a design based on
building blocks, easily expandable

» Safer. Digital systems avoid the use of live wied enhances crew safety

»  Future proof. IEC 61850 has been designed to aauept and nowadays’ versions of primary
equipment of substations to maximize backwards etiifity

- Easier maintenance & applying full PM. Digital s#sts check continuously the status of the
connections and the health of the different IED$s,lalso, possible to keep historic records ef th
installations and to save pre-fault status to makeot cause analysis. Also, the system is easily
maintainable (just replacing PIU with a new oneimlyirless than 30 minutes, changing power
supply and CCU cards inside the relays during lfiubais, and so on)

* Leaving existing cables of conventional substationsthe trenches/ canals as are to save more

costs concerning under retrofit/renovate substatigmen the case is urgent
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