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The short answer...

® Datal
B Andt
B Andt
B Andt
B Andt
B Andt

he problem...
he people factors...
Ne processes...

ne reliability requirements...

ne time pressure...

B But mostly the data — so I'll concentrate on that.

(Actually, we do use an Optimal Power Flow, but only in
planning and system design, not in operations).

“IEMS” = Integrated Energy Management system
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The Logical Data Flow network...
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Adding a transformer at Elland 275kV substation
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Revised Operational S
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ubstation diagram
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Revised Operational Circuit diagram
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Tabular Displays: Power System
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Adding an SGT into SCADA
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[ Find changes }

Check for
errors

Check for
cross-refs
(Anal & Dig)

Break links &
make changes

[ Re-make links }

Change

SCADA lay-out
to match SCS

|

Check for
display locks

|

[Update displays}

ANO [ Check displays }
v

[ Emulator test }

[ User check }
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Network Analysis displays

RELLA2(4.146 CME) [1 of 1]
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Adding an SGT into Network Analysis

Similar process to SCADA, but with added data, eg:
B Tap range, thermal limits and impedances

B Bus section numbering scheme

B Create points for State Estimator output and calculated values
(eg MVA)

® Create points for voltage selection scheme

® Add MW, MVAr and MVA calculations into summations

B Update contingency list

® | ine End Open calculations

® Data for external interfaces (EFS, Data Historian, Scottish
TOs, DNOs, Coreso, ENTSO-E, Swissgrid, BM)

® Video wall display.
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World and Videowall Views
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And Safety....
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Changes made in adding SGT

200 Status Points for GI74 (3-5 times more for IEC protocol).
30 Analogue Points. Co L .

1 Synchrocheck Assignment. g
1 GI74 RTU layout

Complex changes for
Network Analysis

4 Calculations
4 CME Points
Data transfer to external systems

So all in all:

~10 days work over 4 weeks
® Almost the same amount of work to back out the change
(displays backed out for delay >1 week; database changes >1 month)

This is why we have 32 people working on real-time data management...
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IEMS “Commit” room

Data changes are made on a separate instance of the IEMS and
tested with an emulator.

Then commit to Active first, followed by Standby the next day.
Changes being committed 9+ hours per day, 5 days/week. (A full
substation takes about 2%2 hours)



So what ki
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nd of data problems do we have?

I’ll focus on:

® |[EMS State Estimator
(which to be fair Is a form of optimal power flow)
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Real-Time Metering deficit

= _ — " . |
SSE | m We don'’t have enough metering on DNO
Outstation networks
DNO = ®m As well as causing difficulties for state
< estimator convergence, it significantly
- Inhibits our renewables forecasting capability
- '[_.-E“;'r-i__:.. SP : : :
- /- _ B There are projects underway to improve this
| =114 Outstation 4 e fiiitGonige AT > R
== I
= h England and _____??ﬁ%ﬁng'mnm-""-- / \
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Bad data handling

I% Redltime SGADA 'k * kGener R
[Tﬂ

"--.___ IEhﬂS — —lls T:‘p'
gint.config A (incCTMand | ....,.....Ej_:,. -
AN N i

/ Sutsan x
J = ____.--jr L. ) ."I
SCADA and contrets ™ S _— o o

; { 4 |
ra & A \ N\. Flﬂet 4 f
IV | P, - /
Vool "-I Ay i
| RN f
| oYY \ e
\ %

State Estlma*/r Files

P41 )

i
Online yﬁ J/
Stability V4
Analysis V4

\_ State Estimam’r Results

.f

® “Error dumplng eg on generator auxiliary loads or The Great West Weybridge
Circulation

B Ok for a loadflow, but doesn’t work in a stability program!
® Now solved by a fix from GE

B Hand dressing delays/errors for switch states or manual over-ride of bad data
B DNO network without metering; wind farms with zero or reversed metering

B Generators solving just above Pmax; problems for the stability program.
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No system is designed to be a master repository

B | egacy situation: each system just holds its own data

® Often with its own naming convention and modelling approach.
B We are using the IEMS as a master in some respects

® 50,000 data points added for new balancing system model (EBS)

® EBS needs to know about small generators that IEMS doesn’t care about
®m CIM transfer was harder than we expected!

0 Enterprlse Serwce Bus belng deployed

- — b ,i o
\Instructions & Redeclarations =
(via EDL) | S0-S0 Jrades - —
| \ \ e
h WPSi maybe \ MC.HP T
P14 Generanon |me.rconnect|on summary (pass thru) FATE ay \ \
D d replaced by \ |
i A (inc CTMand |__ \ /1 call ondata
[ PNA) \ AN .
| - J 4 ". Instrucy
7‘ e Reaktime. meter data r&]u\ency \ / / -1
i 3 ’\ 'A Meler data; Paits; Network Model (CIM) ~Erequency. Tlme Error \ \ N
H\stoncal valu\es {Qofdays) N N, | YA
sllmat/r Fies |1\ \ ~ > &( ‘( ‘ Y V k/j’- '-.‘y
/ / \ ~ " Balancing Mechanism (BM) (lo be EBS) |
/ \ . N yd SPICE, SORT \
\ Curr‘e
A Wstrucllo
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Load values (‘59\} N g to fin Dnn Mapping (Manual N \‘ - oLt
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Various delllng |ssues
N \ /
RS Raatime SGAD} N '\ | ~Gener TEEEET
[F==|, Imjl Al P14 I —
i T N
B N, ___Point.config A (ncCTMand | | = . e
- ASPTHIN »  PNA)

| scabaand contreis

State Estim cr Fil

(Par_ //

AR : Online J/
| \pdiacs Jyri Stability /
| - Analysis /
g § \__State Estimater Results

- VAN =N s e :
® Mutual impedances; very hard to import from the off line anaIyS|s suite
B SVCs: metering is at LV, but the model is at the HV.

® The slope correction has proved problematic...

B [ntertrips that create islands can be troublesome

B The Voltage-Dependent Load Model in OSA doesn’t work well for high
voltages
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Process Issues
o E I% RE'HTHFF]E SGADA "\ * k@,ene; ﬁ%ﬁ:
. IEMS —= [T
LN oint.config A (incCTMand | ,........Eg_‘,,. asort
ﬁﬁém > PNA L
5 y | o /
f SCADA and coniiols ---_--/ e FFFM — - mmy
State Estlma/r ples |1\ \\ N —;.
. ,r'f ' ngmmn
Pl S/ 1E-: !
Online / ~ a
Stability / s
Analysis / ) .
\_ State Estimam’r Results I~ ﬁ
K- ,;,g,h_,:*ffx.._ Ll . e L —

® The contlngency Ilst includes multiple versions of faults, for example with
and without intertrips or reactor switching.

® This helps the control engineers decide which intertrips to arm etc.

® But if you just export the contingency list into an optimiser, it will try to
secure the most onerous version of the fault, even if that is not the

prevailing condition.
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The problem itself isn’t straightforward...
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Pre-fault % Post-fault ...7

Time

® \When does “post-fault” become
“pre-fault” again? How long do |
have before the system must be
re-secured?

If you run an optimiser immediately
after a fault, it will try to secure the
system again straight away, which
IS equivalent to securing the
system to N-D-D or N-1-1.
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The problem itself isn’t straightforward...
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The problem itself isn’t straightforward...

= Master: Last updated 18/04/17

( Week 03: Tuesday 16" January

Winter Ratings for SHETL, SP Cables and OHLs

In high wind conditions, with a
BMU inside an active Constraint
Management Zone (“ANM” or {
Active Network Management
scheme):

If we iIssue an economically
optimal instruction to pull back the
BMU, the ANM scheme will
replace its output from another
wind farm.

=> costs have been incurred with
no net effect

A similar situation arises if we start
a STOR generator inside an active
CMZ.
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The people factor...

® Does it tell me something | don't
already know?

Is it easy to use?

Does it explain why it's done what
it's done?

In terms | can understand?

Can | trust it?

Is it quick?

Is it always available?

Is the advice usable?

Is the advice stable?

m | don’t want a different answer
every five minutes...

User confidence is essential.
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Time Is a constrained commodity...

h R Master: Last updated 18/04/17

Week 03: Tuesday 16" January

Week 03: Monday 15" January 2018

Winter Ratings : ;
g . Winter Ratings for SHETL, SP Cables and OHLs
o e : )|
=l JE— st o
crprcros
A — - pe— 6 : ;
s wooooemim, - Hawick 1326V 2o S e 1} X
St 008 atindicated tima o B ok SSENWEX4
; = i b JE—
| — mawou Soumt L cxremon s i
= e & ruoun gelos =
pu ] | SHEDEX2 i

SSENWEX9 o s
/ SSENWEX2 " Sensier
s
SSHARN3
washay S_—
o
* 2l e BRECHN  opom
¥ =% %% =0
RAHILL
Rl
kY (3] 9} .mﬁ»
wronor
e
g

s m/

rockomLe () H [
DRIVE .2 3 1
—
==
o
scsushossil ] |
ol o o7 s
g
R B
' DEVONSIOE GLENNISTON
C R
oo
_
— -
s :

D
.
Auvemoscorr 5 f— ——
P (] a0 0r =0, | S L) LX)

o ma s

) o)
oc

oulFREs

GALASHIELS

o arer 132
GALLEX sl

SCOTEX

——— Voc-00s 18/US 28




nationalgrid
But the good news is...

Master: Last updated 18/04/17
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... after years of chipping away at the problems, and with a
full-time person monitoring and tuning the State Estimator,
its availability is >99%. (And OSA is pretty reliable too ©)
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