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Should last for approximately about 60 min

Questions via slido #NGG3

All callers will be placed on mute

We will circulate the slides and a recording of this webinar

We will be moving into breakout groups using the additional log in details

National Grid



o Innovation Strategy through to 2050

Innovation Process for RIIO-2

e RIIO-2 Key Themes & Activities

RIIO-2 Innovation Roadmaps - Breakout groups

e How to get involved?
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Our Strategy for RIIO-2: The Foundation
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ENA Strategy Links
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Optimised assets
and practices

£

Ready for Decarbonisation

Focusing strongly on how
the NTS will transport a blended
mix of ‘green’ gases and focus
on future technology to better
manage the assets we own.

Decarbonised Energy System

Working predominantly on
hydrogen, we'll explore how the
gas will interact with the NTS,
how trading could be managed,
and whether direct offtakes
for hydrogen can support the
transport and commercial
markets.

Fit for the Future

Safeguarding and preparing
our assets for the challenges
in operating for the next
50 years and towards a
decarbonised future.

Consumer vulnerability

Ensuring that everyone can experience the benefits
of energy transitions

NETWORK Net Zero and the energy system transition

INNOVATION Facilitating and accelerating the UK's transition to
OBJECTIVES Net Zero greenhouse gas emissions

Optimised assets and practices

Industry leading techniques for optimising assets
and practices for energy networks

Flexibility and commercial evolution
Increasing the flexibility, transparency and efficiency of the energy system

Whole energy system

Joined up and efficient approaches across multiple
aspects of the energy system

Principles and outcomes

Customer benefit, Collaboration, Carbon impact,
Data and outputs, Scale up and roll out

Slido.com #NGG3



Safeguarding and preparing our
assets for the challenges in operating
for the next 50 years and towards a
decarbonised future
Fit for the
Future




Fit for the Future (2021 - 2030)
Safeguarding and preparing our assets for the challenges in operating for the next 50 years and towards a decarbonised future.

Sub Topic Description BAU Innovation Allowance Innovation

Modernising Our Ensuring Nalional Grid is operaled ulilising The lales! in soltware and hardware » [nnovative modules and addilions o exisling . l‘!l[?|»§3[l;(?ll1[ new syslems specilic 1o he
gas industry

Systems

y i H p T ¢ 1 i y \ it . p
across all ils business functions. This also includes advances in wearable soltware packages

technology & smart PPE. Assel dala colleclion lechniques » Bespoke analytics sofltware

corrosicn monitoring e New methot f

and Advanced advanced analytics. Innovative solution: sollect huae quar i » Slorage solulions and dala caplure * Sludies inlo the effect hydrogen could have
Analytics high quality data and analyse it to provide business insight. = Core systems updated on the NTS

System Readiness Embedded systems require a feed of rich data, leading to the ability to drive

* Drone applications * Smart drawings
Asset Integrity Confirming and maintaining the integrity of the National Transmission System « Monitor-leaks from aircraft or drones * 'In-field’ data capture and visualisation

Management (INTS) as the move towards a decarbonised enerav svstem beain i
g (NTS) as the move towards a decarbonised energy system begins. * New methods of removing hazardous * Digital twins and shadow control rooms

Migrating the materials from sitc. * Resecarch and trials into the latest prever
Digitisation and viigrating the
Digital Twin GSO into a digital format to facilitale more efficient interrogation. Inv
part artificial intelligence can play in digitalisation.

software

¢ Swann Robaotics

« Tools that remain in the network
Cyber and

¢ Autonomous robotics on site, in-pipeline repair
Infrastructure

Protecting National Grid from the threat ot cyber terrorism to all its operations.
lworks capable ol nolifying when a le:

rrng

Robotics el ¢ 2 iemote monitoring of emissions using Al
& ' olutions

Leak Detection
and Emissions
Monitoring

lcaks on the network and cffe
across the network.

: ontrolled and efficient decommissioning of redundant assets. Effective
Decommissioning  ise of decommissioned assets to aid in the understanding of the NTS and

decision-making tor its future.




will transport a blended mix of ‘green’
gases and focus on future technology
to better manage the assets we own

- Focusing strongly on how the NTS
@

Ready for
Decarbonisation
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@ Ready for Decarbonisation (2025 - 2050)

Focus strongly on how the National Transmission System (NTS) will transport a blended mix of ‘green’ gases and focus on future technology to
better manage the assets we own.

Sub Topic Description BAU Innovation Allowance Innovation

Compressor Making full use of the existing compressors to handle the changes in flow of * Small scale amendments to the existing * Mobile compressor units

Strategy gases around the NTS and looking towards mobile compressors. compressor strategy * Innovative algorithms

* Data collection lechniques « Al / ML packages

Intelligence (Al) Using machines to automate tasks and making smart devices (Al) and for thom  ® PI’Q_VCH and safe AR equipment for National e Investigating Al solulions to drive equipment
and Machine to It:qrn 1rom_ thc mm;al input of comrnands or information so they can make Grid examples reliability
Learning (ML) ongoing decisions without human intervention (ML).  On site ‘smarl” assels

Artificial

 Further applications of AR in the Utilities
]  Develop 3D printing techniques inclustry
Augmented Reality A g a virtual data source whilst carrying out a task by wearing a device the

AR 5 * Address legalily issues * Embedded sensors / wires on the pipeling
(AR) user can interact with.

e Small scale studies and trials * |ntegrated smart assets and dashboards
Smart Networks Build on the sensaor, robotics and new material industries to create a network that  ® Increased use of Building Information * Printing out in the field
is aware of itself in terms of its operation and integrity. Modelling (BIM). « Self-healing paint
New Materials and Research and Irials into new materials that mimic the strengths of a material bul . Altem_ative and maintenance free pipeling
Printing Parts nore of Ihe_z weaknesses. 3D prinling of parls for Ihe NTS bolh in workshops and materials
oul in the field. « New techniques and materials

Decarbonising Driving down carbon emissions during all stages of consltruction from design, * Digital twins
Construction through build to considering the operation and maintenance once completed. « Usc of hydrogen machinery / generators.

Slido.com #NGG3
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Decarbonised
Energy System

Working predominantly on hydrogen,
we’'ll explore how the gas will interact
with the NTS, how trading could be
managed and whether direct offtakes
for hydrogen can support the
transport and commercial markets

Slido.com #NGG3



Sub Topic

Decarbonised Energy System (2021 - 2050)

Working predominantly on hydrogen: how hydrogen will interact with the National Transmission System (NTS), how trading could be managed and
whether direct offtakes for hydrogen can support the transport and commercial market.

Description

BAU Innovation

Allowance Innovation

Hydrogen Mix /
Blending /
De-blending

Understand the full potential of the NTS in terms of what blend of gases can
be transported, how this will be facilitated, where will it come from and how it
will be extracted.

Impact of
Hydrogen on
NGGT

On a molecular level, hydrogen is very dilferent o nalural gas and ils impact
will need to be fully understood on all aspects of the netwaork. This includes but
is not limited to, gas velocities, energy densitics and impact on clectrical and
mechanical equipment.

Pipeline Safety
Case

Our current safety case to transport natural gas has been established, however
significant investment is required to prove the safety case with hydrogen in areas
such as fracture propagation, thermodynamics and proximity distances.

Whole System
Demand
Forecasting

Operating in a decarbonised energy system will require a full review of demand

forecasting techniques and proceduras. This will cover modelling scenarios with
both hydrogen and natural gas, increased varniability in supply and demand and
nelwork conliguration options into the Tuture.

System Operation
for a Decarbonised
Energy Network

The current Systerm Operaltor (SO) business is based around a nalural gas
market which will be subject to potential changes. This will cover metering, gas
quality sampling, flow measurement, SCADA, billing, software and training.

Hydrogen for
Transport and
Industry

Provide hydrogen or blended gases 1o fuel heavy lransport nelworks such as rail,

air, maritime and haulage induslries. Provide large commercial customers wilh a
direc| supply of hydrogen or blended gases for their induslries.

Future Markets

Play an aclive role in any new gas markels [hal are sel up lo lrade biogases,
hydrogen or carbon dioxide.

Hydrogen for
Compressors
and Power

Use of hydrogen within a compressor lurbine and o power the prime movers
used in compressor unils. Providing hydrogen o power generalion,

Carbon Capture,
Utilisation and
Storage

The process of capturing waste carbon dioxide, transporting it to a storage
location and satfely locking it away to prevent the release into the atmosphere.

 Transportation of a low per cent of blended
gas across the UK

» Extension of allowance funded projects to
up-scale across the NTS

* Small scale sludies inlo lransmission specilic

challenges

» Small scale advances in current modelling
technologies

* Extension of allowance funded projects to
up-scale across the NTS

» Feasibility studies into potential connection
points

» Small scale studies into the impact of new
markets

= Sludies inlo whelher [his lechnology is
available

* Feasibility studies into the impact and
application of this technology.

* Can the NTS be used to transport up to 100
per cent hydrogen

» Allow specific quantities of a blended gas to
be extracted

* Hydrogen conneclion and offllake sludies

* Detailed studies into the effect of hydrogen
within the NTS

¢ Detailed studies that would benefit the wider
high pressure gas transportation industries

» New demand forecasting techniques and
processes

* New modeliing techniques

» Specific studies on key areas that need to
be addressed

» Innovative software advancements for the
SO business

* Mulli-scale rals ol connecling customers 1o
a supply of hydrogen

* Research into ways the NTS could facilitate
the trade of carbon and hydrogen around the
UK or globally

* Pilot schemes 1o tral the lechnology

* Innovative CCS techniques including carbon
mineralisation

e Transport of carbon through the NTS
* CO, removal from the atmosphere.

Slido.com #NGG3
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Innovation
Process for RIIO-2

nationalgrid




Innovation Annual Process

Build a focussed plan for the year ahead and detail the needs and benefits

STAKHEOLDER ENGAGEMENT

DETAILED
SCOPING

Q)
Q
STRATEGY ALIGNMENT £
Q
9
e

PROBLEM & IDEAS
GATHERING SESSIONS O

Projects Kick
Off Annual Innovation Strategy
& Roadmap Review

National Grid 16

Resource &
Budget
Confirmed
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RIIO-2 Key Themes
& Activities
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Innovation Technology Themes

Asset Development
for Risk Mitigation

Maintain, Repair,
Decommission & Replace

Design for remanufacture
Asset integrity

Asset strategies and
investment strategies

Safety and risk analysis

National Grid

Net Zero

Future Grid, HPDG — Heat Hydrogen, Cross Industry Collaboration, Carbon Capture

Automation &
Measurement

Robotics & automation
GQ measurement
GC measurement

Leak detection and
monitoring

Measurement & sensing

Predictive maintenance

Digital Systems &

Simulation

Data analytics and Al/ML

Cyber security and
infrastructure

AR/VR for training and
maintenance

IOT & wearables

Smart Networks

Materials &
Processing

Novel Material development
and application

Manufacture — AM, Casting,
forming etc....

Material repair techniques

Smart materials

Business Process
& Management

Gas Operations
Forecasting tools

Market modelling and
customer engagement

Innovation Culture &
Stakeholder engagement

Slido.com #NGG3




Innovation Technology Landscape

new market

-- -

DOKFOROPPORTUNITIES TO
GROW OUR CORE BUSINESS

DRIVE STEP-CHANGEIN
CORE BUSINESS
PERFORMANCE

Existing tech. / soln. that Existing tech. / soln. that New technology / solutions

National Grid we currently deploy we do not deploy 0
SOLUTIONS EMPLOYED Slido.com #NGG3

TARGET MARKET
market we don’t
serve

market we serve
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RIIO-2 Innovation
Roadmaps
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Gas
Transmission

BREAK OUT GROUPS

Room 1 — Asset Development — Corinna Jones
Room 2 — Automation & Measurement — David Hardman

Room 3 — Digital Systems — Mat Currell
Room 4 — Materials & Processing — Feona Weekes
Room 5 — Business Process — Matt Nevin
Room 6 — Net Zero — Tom Neal

nationalgrid




Asset Development for Risk Mitigation

OPPORTUNITY

H2 Ready
Assets
without

additional

cost

Zero Emissions & Net
Zero Construction

Reduction of time &
/ cost for repairs &
upgrades
Maintaining
operations whilst
upgrading the NTS

Are there any
should be con

TARGET

H2 Ready
/ Resilient Assets
with optimised
repair

/
echnologies we
g as part of asset

developmen

Reduction of maintenance
requirement & improved focus

Reduction of cost through
Standardisation & Resilience

/

e




Asset Development for Risk Mitigation

OPPORTUNITY TARGET

H2 Ready HyNTS FutureGrid HyNTS FutureGrid HyNTS FutureGrid H2 Ready

Assets Asset Assessment Asset Development Online Trials / Re_SI|Ien'[.AS_S€tS

without o e with optimised  /

additional Vented gas capture H21 Collaborative . N2 I'r]lk 1o g|ta " - repair ”

cost & recompression or prQjeet SySIQs Torhsk base

rRadelling 4

USE ,H/Z Ready

; Utilisation of techrologies_across /standards &
. — ) . )

 equipi following roeldmaps to improve procedures

.. asset investments
Zero Emissions & Net \ ; : .
' Risk triven Flexibility of

: Portable pig trap
Zero Construction o
"N doors model Theme team / standards & ease of

: : imteractions update
Reduction of time & Mechanical pipe ey hole

_— cost for repairs & connection maintenance — Cleaning of insultafion Standards devetopmrent-§

upgrades minimal impact g’oints i implementation of
Maintaining : innovation
operations whilst

upgrading the NTS Reduction of maintenance

requirement & improved focus Reduction of cost through

Standardisation & Resilience




Automation & Measurement

OPPORTUNITY TARGET

Robust,

H2 Ready / Accurate &
NTS Sensing Safe

(GQ, Metering Measurement

etc..)
|

Inspection of
unpiggable pipelines Are there any key topics
' should be consic

Improved inspection automatior

accuracy & speed

Novel tools for

Use of robotics to pipeline
improve safety ASSESSMENE Improved leak

detection &

: | ' T e uantification A " o :
Automation of Emissions monitoring q “‘"*-vc\_ Amplified Pipeline surveillance
calibration & Energy Use . using novel tools

Slido.com #NGG3



Automation & Measurement

OPPORTUNITY TARGET

Gas Blend H2 Embrittlement Selillanding - Robust,
H2 Ready Determination measurement  H2 input/output ' Accurate &

NTS Sensing _ measurement o Safe
(GO, Metering TDLAR and QF Multi gas In-situ instantaneous - Measurement

etc..) analysers sensing automated repair '
leekF_’IG systems  Automated Robotic
tracking -
Repair Neutron o cine
Inspection of Automated/Autonomous backscattering '

unpiggable pipelines robotic inspection Fibre optic
’ ] Vibration pipeline state
: : measureme
Improved inspection assessment

accuracy & speed

-

Novel tools for

Use of robotics to pipeline

improve safety assessment Improved leak

. detection &
Automation of Emissions monitoring quantification

L 7 — Amplified Pipeline surveillance
calibration & Energy Use

using novel tools

Slido.com #NGG3



Digital Systems & Simulation

OPPORTUNITY

Smart Linked
Networks
(Whole
System)

Asset & Site live links
to improve comms &
reduce resolution
time

Accessibility of Asset
Data /

Al Supported Risk
Based Models

Complete Defect
Database

TARGET

Accessible
/ Accurate Data
Model of the UK

Energy Network

>
/

Are there any
should be cons
system

echnologies we
g as part of digital
& simutation?

Predictive
Maintenance

Central Digital Data

Source
Complete Asset

Database

Secure Digital Network

/




Digital Systems & Simulation

OPPORTUNITY TARGET

- Twin Accessible
Key data interactions Data/ Digital interconnectivity 4 Accurate Data

interoperability Tortlel] e (o LU /
AR defe : ~ _Energy Network

Smart Linked

Networks _ o
(Whole Network wide digital

System) standards

] : Pata Twin led
'Asset&Site live links ' guipment mainterance” Smart Netwo%

Secure

aVaaValva'
w

to improve comms & ata twin for Predictive
reduce resolution Maintenance Data Twin

time / . access
Smart APIs for : ehine vision for BlédlCtlve

—
' wanitori ontrol room
Accessibility of Asset & data lake defectmanitoring

insights Corrosien.data : :
Data _r Or-lc 140 implementation
/ Pred'Ct'Ve Risk Model asset & twin
_— Maintenance whole life cost

Al Supported Risk - Least functionality principles
Based Models Central Digital Data

Source
Complete Defect Complete Asset Secure Digital Network

Database Database




Materials & Processing

OPPORTUNITY

o~

NTS material
standards &
assessment for
the future

-

Robust in situ repair to
support reduction in
down time

Reduction in Material
Deterioration time

Reduction in cost & time
for Corrosion Repair

Corrosion
Classification

Reduction in
Corrosion

H2 Resilient

Materials .

H2 Ready Processing
(repair etc...)

85ing”?

VOC & Carbon
free materials

TARGET

Robust
/ Materials &
| Processes for
~ the Future

part of materials

>~ Next Generation Processing
to reduce cost

|

Slido.com #NGG3



Materials & Processing

OPPORTUNITY TARGET

_ Assessment of H2 Approval of novel NTS . Rob_ust
NTS material embrittlement -' Materials &

i materials [
standards & Assetmaterial  management of steel Processes for .-
LR  database & data twin : . the Future ¢/
the future inc defects DERT Closed loop repair to - TTE s
In-situ pipeline coating enable robotics
" Robust in sit repair to Soft backiil materials
ust in situ | : L
P materials ; - monitoring
support reduction in AM Repair Cold applied
down time Systems composites for

Automated weld

- corrosion
deposition -

Self healing S

coatings for
reduction in

Reduction in COorrosio
Corrosion

Reduction in cost & time H2 Resilient
for Corrosion Repair Materials

Reduction in Material
Deterioration time

VOC & Carbon | /-
Corrosion H2 Ready Processing free materials 7— Next Generation Processing

Classification (repair etc...) to reduce cost

* Novel materials such as Bio composites, metal matrix composites, core materials etc...

Slido.com #NGG3



Business Process & Management

OPPORTUNITY TARGET

Business

Agile Streamlined Processes
Business Processes Ready for the )

(G35, standards Future of Gas

etc...)
//

Forecasting for a Net /
Zero Future

e —

echnologies we

Improved forecasting

using live data
Future Market &

/ Pathway assessment

Improvements in
Training time & cost

Improved Stakeholder Innovation Culture for

Knowledge engagement in Innovation National Grid
management




Business Process & Management

OPPORTUNITY

Process ease of Resilience modelling

Agile Streamlined use assessment

Business Processes
(G35, standards

etc...)

Application of H2 models and

identified areas for
development

AN

Forecasting for a Net

Zero Euture Smart training

provisions
AR / VR Training

: Stakeholder
Improved forecasting

using live data

Virtual training

reconfigurable-physical

Future Market & interactions

Pathway assessment

Improvements in
Training time & cost

Capture and tracking
of stakeholder needs

Improved Stakeholder

Knowledge engagement in Innovation

management

proved /
problem statements &
opportunities

TARGET

Business
Processes
Ready for the  /
Future of Gas

e —

/Pﬁ/n ovation

competitions
haring of / P

losed loop innovation
from submission to
Implementation

BAU Innovation

Engagement & Roll Out

Innovation Culture for
National Grid




Net Zero

OPPORTUNITY TARGET

Enable the
use of the / Net Zero Ready

NTS into NEES
2050 |

Enable net zero
inputs into the NTS

Enable Net Zero \/
Outputs

Reduce costs seen
by all customers
o y

Support Heat,

Transport &
: " Capture of Carbon across :
Industries transition ., Alternative uses for the NTS
to Net Zero

Reduce impact for
vulnerable customers

Slido.com #NGG3



Net Zero

OPPORTUNITY

Asset assessment &
gap analysis

Enable the
use of the
NTS into

2050 Future Energy

Scenarios

Enable net zero
inputs into the NTS

Enable Net Zero
Outputs

Reduce costs seen
by all customers

/

Support Heat,
Transport &
Industries transition
to Net Zero

Reduce impact for
vulnerable customers

Asset gap
resolution

H2 Ready
standards &

Rationalise
hydrogen
scenarios

Capture of Carbon across
the Network

TARGET

-// Net Zero Ready
NTS

Alternative uses for the NTS

Slido.com #NGG3



Summary of breakout sessions

National Grid

Room 1 — Asset Development

Room 2 — Automation & Measurement
Room 3 — Digital Systems

Room 4 — Materials & Processing
Room 5 — Business Process

Room 6 — Net Zero

34
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Thank you for joining us today

Operating the network
Building skills today for a Net Zero

Reducing methane emissions: opportunities
and barriers

Gas Markets Action Plan (GMaP)
Mapping our hydrogen transition

Net Zero construction2025/26 roadmap
Heating our homes in a Net Zero future
Planning the network

HyNTS FutureGrid

Thu 05" Nov @ 10.30 — 11.30
Mon 09" Nov @ 13.30 — 14.30
Thu 12th Nov @ 11.00 — 12.00

Mon 16™ Nov @ 10.00 — 11.00
Wed 18t Nov @ 14.00 — 15.00
Thu 19t Nov @ 10.00 — 11.00
Fri 20t Nov @ 9.00 — 10.00
Mon 234 Nov @ 14.00 — 15.00
Tue 1st Dec @ 14.00 — 15.00

Register here

Register here

Register here

Register here

Register here

Reqister here

Register here

Reqister here

Register here

National Grid

36
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https://www.eventbrite.com/e/ngg-operating-the-network-tickets-124526601417
https://www.eventbrite.com/e/ngg-building-skills-today-for-a-net-zero-future-tickets-124546494919
https://www.eventbrite.com/e/ngg-reducing-methane-emissions-opportunities-and-barriers-tickets-124527261391
https://www.eventbrite.com/e/ngg-gas-markets-action-plan-gmap-tickets-124544673471
https://www.eventbrite.com/e/ngg-mapping-our-hydrogen-transition-tickets-124535159013
https://www.eventbrite.com/e/ngg-net-zero-construction-202526-roadmap-tickets-124535634435
https://www.eventbrite.com/e/ngg-heating-our-homes-in-a-net-zero-future-tickets-124548535021
https://www.eventbrite.com/e/ngg-planning-the-network-tickets-124545501949
https://www.eventbrite.com/e/ngg-hynts-futuregrid-next-steps-tickets-124546009467

o

How to get
Involved?

nationalgrid




Steps to RIIO-2

Further develop the
opportunity areas
and share these
with external
stakeholders for
consultation &
proposals

National Grid

Work with the UK
Networks to ensure
alignment and

provide strategic
planning for
collaborative
activities

Develop the
Detailed Project
Scope for
Competitive Tender
allowing Kick Off in
April 2020

Slido.com #NGG3



Get in touch

If you'd like to be added to our mailing list,

or have a question or idea you'd like to discuss,
just email box.GT.innovation@nationalgrid.com
Or find us on social media:

@ @nationalgriduk @ box.GT.innovation@nationalgrid.com
@ Innovation at National Grid @ www.nationalgrid.com/gasinnovation




Follow us on

Linked Iin

Innovation at
nationalgrid

Slido.com #NGG3
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