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An Introduction to National Grid

National Grid owns and operates the high pressure gas transmission system across England,
Scotland and Wales and the electricity transmission network in England and Wales (as well as
operating the electricity transmission system in Scotland)

The gas natural transmission system comprises approximately 7500 km of buried high
pressure gas pipeline operating at pressures up to 94 barg

Gas compression resources are located across 23 compressor stations and 1 receiving
terminal

The gas National Transmission System typically transports three times more energy than the
electricity transmission system
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Remote monitoring of a National Transmission Network

Solution Requirements

/1 compressors
» 24 |ocations
» Mixed fleet of machinery
- Gas turbines
- Electric motors
- Various OEM & age
» Most locations are remotely operatet

« Continuous monitoring
- Condition
- Performance

Exceedences
Statistical Exceptions
Reboot Log

- Environmental e ot

- Reliability
National Grid
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alert monitoring software
Functionality

» Interface with a wide range of local control systems

« Custom communications protocols, at least 10 second resolution of data points
» KPI reporting

* Real time calculation database

» Live gas composition (required for emissions calculations)

« Digital twin of every machine

« Alarm status on every machine

* Unlimited historian data

« Every tag in the country logged every 10 seconds since 2004

« Common data format

« Statistical calculations to give hourly, daily, monthly and annual reporting figures

» Dashboard displays
National Grid
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KPI Reporting

Compressor Start Probability Produced By: DNVGL, Simon Kidd
(UKT-51) Responsible Manager: John Trounson GGGGAA

» Every start, stop, trip I 5o R0 -5 <o IR 55 ]
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MTTR calculated and
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Real time calculations

Signed in as: alert built-in administrator (Supervisors)  Sign Out

_ I?4 }
Addlng Value to data a ‘e‘r ‘Cmmressurh\apsH Trends H Configuration H Reports H Alarms

= System System NetherKellet UnitB GasCompressor :
= fietherkelet Green =Calculated

GT and compressor i [ oo IR

GasGenerator

performance ot pctue .

GasCompressor Pressure 66.86 barg Pressure 55.03barg
Temperature 28.3°C Temperature 11.8°C
Density 56.30kg/sm* Density 49 56 kg/sm*
F O r exa m p I e - Compressibility 0.869 Compressibility 0.862
Suction T&P, discharge
T&P, flow, gas composition S Fows
PT Speed 9259 rpm Mass Flow 400.5kg/sec
. - ND Speed 23.8ND Inlet Eye DP 450.23 mbar
=>» compressor efficiency fow
Station Flow 45 64 Msm7/D
ND Flow 20732ND
Flow Density 49 6kg/lsm®
Compressor Performance Gas Composition
Adiabatic Efficiency 77.1% Adiabatic Efficiency TT1% Molecular Weight 12.07 kg/kmol
Pressure Ratio 121 Specific Gravity 062(SG)
ND Power 206.5 Calorific Value 39.28 MJ/sm*
Gas Power 11.57TMwW Density 0.766 kg/sm*
Enthalpy Rise 28.89kJkg
Adiabatic Enthalpy 2227 kJlkg
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Live gas composition

» (Gas composition monitored

» (Gas quality & gas properties calculated for standard and operational conditions

"‘ Signed in as: alert builtin administrator {Supervisors) Sign Out
alert O/ M oo o= | i |

Configuration Reports | ‘ Alarms | User Preferences
= System System NetherKellet
Hetherkelet éeﬂenﬂ —
_ reen =Calculate:
[-UnitA Ovenview Gas Composition Valve Timer Blue =Measured
Unit8
Gas Composition Gas Properties (Calculated)
Carbon Dioxide 2149% Molecular Weight 18.07 ka/kmol
Relative Density 0.625 (RD)
Ethane 4971% Mass Density at STP 0.766 kgism®
Hexane 0023% Higher Heating Value 3928 MJilsm®
150_Butane 0.137% Lower Heating Value 46.25MJikg
Compressibility at STP 0.9976
1S0-Pentane 0.037%
Methane 90.069%
N-Butane 0.233%
Neo Pentane 0.000%
Nitrogen 0.916%
N-Pentane 0.037 %
Propane 1428%
Total Gas Composition 100.00%
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Digital Twin
For every key parameter, digital twin gives expected values at current ambient and

operational conditions
Key parameters include instrumented mechanical and calculated performance tags

Allows accurate assessment of any degradation in performance and assessment of the
value of any maintenance interventions (e.g. blade washing)

Provides early warning of any mechanical degradation thus helping improve maintenance
planning

Allows effective condition based maintenance instead of simple time based maintenance

National Grid
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Bearing Temperature - Digital Twin

Temperature deviation reported | Bearing replaced |
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Case Study — Performance degradation, wash scheduling

Wash scheduling traffic light system developed for operator display

Additional fuel usage and costs tracked and displayed

- Current example £387/hour - £9,288/day - £65,016/week - £260,064/month - £3 Million/year
- System tracked £173k extra fuel used when wash required

Wash run hours tracked and next wash estimated

Better planning of wash outages

iy [ b s 1a7ihs
[Fun bowr s o Bast warsh 47324nes
[Fum bour s since wash 999 h
Prodicted tun hour's untll wash (Amber) 551 s
[Prodicted (un hour s wtl wash Redy 48

s
h
Addmisoal tued usage 165 kgt
Fuel cost £ per kg 28
Wash | Cost of additional fuel usage pes how £

Value I1S0Cot BasVal Dev
indot Flare Akflow P 531 %4 & 21
22 951
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Compressor Map

i as: alent bt in administratoe (Separsisoes|

Compressor May

Cogre we | san ey o | B

» Real time and user simulation
options

» Accurate understanding of
compressor performance

» Surge / choke margin tracking

Secson Pressare Decharge Prassy S P SNy peretare s Gas ow Preqsars Rl Ardey! Pressare e Tempe:
Opersting i’"mf 7k 7 9hay 0t not 11 Mgk H3tHertD Topn 13 100%ea 0T 1
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Long term maintenance planning

Accurate age of every machine — using hours, starts and trips

Accurate future operational forecast of different sites based on historical demand

Calculate current hours and expected hours at the end of each year in the future to predict

overhaul periods and budgets and allow setting up of effective overhaul contracts

National Grid
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Environmental reporting

Dashboards give real time values of every reportable emissions parameter (e.g. NOx, CO)
Alarms generated for any predicted hourly limit exceedances

Immediate notification of any permit breaches — e.g. loss of communications

Helps to avoid the severe penalties which can be imposed for deviations from permits

Annual reporting information available in Excel format at click of a button

National Grid
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Historical data assessments

* Following a major failure — how do we know this won’t happen again?
« Big data analytics

* Relevant data already stored and in a common format

National Grid
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Historical data assessments

Fatigue failure assessment

Comparison of life of failed unit to
every other comparable machine in
the fleet

Identify data driven outliers
following failure investigation

Risk assessment of remaining fleet

Data supported discussion with
OEM following “choke” related
failure on a relatively new unit

Followed by assessment of rest of
fleet

National Grid
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Future Research

Trip predictor research

Will a gas turbine start when we need it to?
Will a machine still be running in an hour?
What is our real time risk of failure to supply?

Data available — every start, stop, alarm, trip of every machine for 14 years. Every reading
of every parameter every 10 seconds

Using machine learning to build algorithms to predict trips and failed starts

National Grid
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