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Introduction

Craig Dyke
Gas Network Development Manager
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Stakeholder Expectations

* Impact of IED on industrial users

* Flexibility in NTS — security of supply x v' Use of scorecard to present
* Cost for IED x v' impact of options
* Impact on gas distribution networks (and gas
distribution impact) — want to contribute to answer
* Flex demand x
» Scale of problem, milestones — 2023 and 2015 Further detail on legislation
milestones x v"including timing. More detail on
* NTS impact v’ options
* How to present this data to different audiences v N/A  N/A
* Impact on gas emissions — may have bigger impact x v' Deeper dive on legislation and
on emissions due to nature of the way compressors BAT
are operated, i.e. on and off rather than constant
running — impact on sustainable policy?
» Interactions with network flexibility x
» Cost effectiveness x
* Network capability v' Deeper consideration of

options against scorecard
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B |ntroduction

® Network Evolution Story

B System Flexibility

Coffee

B L CP compressor options

Lunch

B OCC tool introduction

® Additional elements of IED Legislation
Coffee

B |PPC potential sites

B Close
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Network Evolution Story

Chris Wood
Operational Delivery Manager




nationalgrid

Network Evolution — First Gas, the early days

1964 — Natural gas arrives in GB 1976 — Rapid grid expansion and
LNG from Algeria uprating for new St Fergus flows

& %

New compressor stations
built to meet rising demand,
uprating and pressure drops
due to extensions

N &7
&7 &7 P
BritishGas

Scunthorpe hop Auckland

Canvey Island LNG Churchover

Chelmsford
Cambridge
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Network Evolution — Command and Control

Super Gas Highway — St Fergus to the

south
égg\";?ergus

St Fergus

Expansion at St Fergus and
Barrow complete

Avonbridge

Carnforth

‘ Huntingdon 3
Aylesbury

Yy



. nationalgrid
Network Evolution — Towards the modern

Commercial world

2010 — New LNG importation and
further interconnection to Europe

St Fergus

v Teeside
N
A\ Easington

Theddlethorpe

Bacton
2 To Netherlands

To Zeebrugge

Isle of Grain
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How we run our compressors - Scotland

Site
(avg annual usage
per site)
St Fergus Dependant on flows
St Fergus (11,500 hrs) through terminal
Med — High St
Aberdeen Fergus flows,
— ot Fergus/ (2,073 hrs) maintain low
pressures
Avonbridge Support Scottish
Aberdeen (1,996 hrs) LDZ pressures
Kirriemuir Kirriemur High St Fergus
23 ( ) flows, North to South
/H High Transmission
Avonbridge Wooler Flows, reduce
@, (1,430 hrs) Scottish linepack to
g(\ \ Wooler avoid constraints
Moffat NN Moffat High Scottish north
{ \ (<734 hrs) to South Flows
~ Ma
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How we run our compressors — North & Midlands

Carnforth/
Nether Kel

Warrington
Alrewas
Milford Haven
Felindre .
Wormington
o g

Teeside

V7

:;snd =
0N

P’Borugh

Churchover

Easington

Site

(avg annual usage
per site)

Peterborough
(4,501 hrs)

Use

Transmission of gas south,
East and West and system
flexibility

Carnforth / Nether

High flows north to South-

Kellet : :
(4,011 hrs) High Easington flows
Hatton Used for System Flex, high
(3,550 hrs) Easington, high IUK export
Alrewas System Flexibility for MH
( ) flows
, High MH flows/Low MH (East
Wormington
( ) to West) flows to support
Welsh pressures
Churchover | 0L cupport weih
(1,331 hrs) P
pressures
Bishops Auckland . : .
(371 hrs) High Teesside/ Easington gas
Warrington Specific activities e.g.

(17 hrs)

Maintenance, resilience
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How we run our Compressors — SW and SE

Site
(avg annual Use
usage per site)
Huntingdon Flows South to SE
| (2,416 hrs) and SW on high
Bacton inc demands
IUK Kings Lynn High-low Bacton, IUK
. (1,163 hrs) east, to west
Kings Lynn
’f.r — Locker South West Pressure
Wisbech ( y) support during high
demands
Hunt'don : o
Wisbech High Transmission
- ( ) Flows, back up to
C'Bridge Peterborough
/ Diss High Bacton Flows or
(223 hrs) high SE demands,
Aylesbury low Grain
Lockerly , South West
Aylesbury .
‘::? (212 hrs) Pressures, high
demands
Chelmsford .
(131 hrs) High Bacton Flows
Cambridge . .
(171 hrs) High Grain flows
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Compressor Running Hours

Running hours for Compressor Sites (2009-2013)
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Running Hours

IED Impacted Units
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Running Hours for IED Non Compliant Compressor Sites (2009 - 2013)

m

I

Aylesbury

Carnforth

Nether Kellet

Hatton Kirriemuir Moffat

Compressors

02009 ®2010 @2011 O2012 m2013

StFergus

[,

Warrington

Wisbech
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Summary

B \We use our Compressors for a variety of reasons

® Transport Gas
®m System Flexibility
B Meet Exit pressures

B Qccasional use to facilitate maintenance etc

B Some Supply/Demand patterns occur more then others

® Within day Swing now prevalent on the network
® |n some circumstances causes compression use increase

B Operationally Plan our network for peak Winter demand
B Requiring use of more compression

B |ncentives to improve efficiency and reduce costs

15
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System Flexibility

Eddie Blackburn
Gas Network Capability Manager
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How do we define System Flexibility?

3 key components

“Within-day
Linepack
variation”

“Geographic
Supply & “Adaptability/
Demand Configurability”

Distribution”
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What do we mean by System Flexibility?

The ability of the system to cater for....

“Within-day Linepack “Geographic Supply & “Adaptability/

variation” Demand Distribution” Configurability”
... varying daily supply ... supply and demand ... changes in the
and demand profiles scenarios which occur geographic
and imbalances away from the 1-in-20 distribution of supply
through variations in peak demand and and demand which
system linepack and maximum supply result in changes in
pressures levels the direction of gas

flow
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What do we mean by System Flexibility?

The ability of the system to cater for....

“Within-day Linepack variation”

... varying daily supply and demand
profiles and imbalances through
variations in system linepack and
pressures

Linepack = Pipe volume x pressure
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What do we mean by System Flexibility?

H
"i,g:' — (Gas transmission system

“Geographic Supply & TS &
Demand Distribution” 7 Sk 7,

... supply and demand scenarios
which occur away from the 1-
In-20 peak demand and
maximum supply levels

Continent
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What do we mean by System Flexibility?

The ability of the system to cater for....

“ Adaptability/

Configurability”

... changes in the geographic
distribution of supply and
demand which result in
changes in the direction of
gas flow
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How do we plan for System Flexibility?

“Within-day Linepack “Geographic Supply & “Adaptability/

variation” Demand Distribution” Configurability”

DN flex bookings and = Scenario analysis to = Scenario analysis

assumed direct identify capability and = Equipment
connect profiles constraints assessment and
design

Design Margin
Operating Margins
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Within-day/Linepack Flexibility

We are working with Direct Connect Flow
Variation (mainly

our consultants Power Generation)
Baringa to quantify
the 3 components of
within-day/ linepack
variation

Supply variation —
response to
demand changes
(forecast error) and
supply changes
(losses)

DN Flow Variation —
NTS Exit (Flexibility)
Capacity utilisation

Linepack is managed through adherence to contractual rules (flow change notice periods) when
required.

Enforcement of the rules (rejection of offtake profile notices) has occurred and may be more frequent in
the future.

We recognise that customers value freedom to exceed limits.
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System Flexibility

“Within-day Linepack
variation”

“Adaptability/

Geographic S&D Configurability”

Distribution”
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System Flexibility

B Stakeholder
Engagement

Working with Baringa to quantify extent of within-day issue

BGTYS

B UNC Tx
Workstream
“Adaptability/Re- . IED Events
B Bespoke
e Events

SSes

® RIIO mid-period
review
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Questions

B Does this match your understanding of System
Flexibility?

B Are there any areas or issues that we have missed?

® Do you have any specific requirements that need to be
captured?

® How would you like to be engaged with on system
flexibility?



Coffee Break

nationalgrid
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LCP Compressor Options

James Whiteford
Gas Network Strategy Manager
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Session Aims
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Available Options
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Options being considered

B Retain Units
B Retain units and use derogation
® Lifetime limit of 17,500hrs until 2023
® 500hrs/yr — must be applied for by the end of 2015
B Replace units
B e.qg. replicate capability of existing machines at site

m Capability requirement based on forecast flows, operating strategy and legal
obligations

® Procurement process allows manufacturers to tender to meet these
requirements

® May not be same number of machines as currently due to technology
changes

31
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Options being considered

® Due to new emissions limits for new technology, the operating
range of compressors could be significantly reduced

Pressure lift Pressure

Flow Flow

B This can be addressed through the installation of multiple smaller
units

32



nationalgrid
Options being considered

B Decommission Units plus one or combinations of the
following:

B Improve resilience elsewhere on the network
B Reinforce the network elsewhere
B Manage commercial risk through long term contracts

B Manage commercial risk through locational buy and sell actions
on the day

B Manage commercial risk by reducing baselines

B Change the UNC rules to manage constraints

33
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Extremity Options




Do Nothing Option

nationalgrid

nationalgrid
Fﬁ Fergus
I:P Key
-I:I
Aberdeen - IED (LCP) non-
compliant unit
[A[B]cTDIE]~
izl IED (LCP) compliant
. unit
[ATB]cTo] oo
Avonbridge F
- =] Bishop Auckland
offat

A Carnforth
[m ] o Nether Kellet
ton

latton.

A
A
-Wisbech
i - e .

i Peterboroughi)

=

e o

g O

& 2
ol

Churchovel
(=] 5
" Huntingdon O,
poci o
e . gl
Wormington - -Chelmsfard
Aylesbury A
[
Lockerley

Do Nothing option defined as
removing all of the non-
compliant units from the
network

Decommissioning multiple
sites and reducing capability
at other sites
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Do Nothing Option

Criteria

Sensitivity analysis beyond FES
supply and demand scenarios

Exit Capacity Obligations (incl
impact down the curve for DNs)
Current Utilisation (Capacity,
Pressure and Flexibility)
Future Flexibility (Profiling and
balancing behaviour)
Resilience (incl. Maintenance
outages & pipeline inspections)

Encouraging new investment
(removing barriers)

Future Proofing (including stricter
emissions legislation)

Gas Quality

Importance (from 1 to 10)

nationalgrid

Yes

Key Question

Does the Do Nothing option allow the network to be
operated in sensitivities beyond FES?

Can National Grid meet Entry Capacity obligations
considering the Do Nothing option?

Can National Grid meet Exit Capacity obligations
considering the Do Nothing option?

Does the Do Nothing option allow National Grid to
retain current capability?

Does the Do Nothing option allow National Grid to
meet future flexibility requirements?

Does the Do Nothing option represent an appropriate
level of resilience on the network?

Does the Do Nothing option have a negligible impact
on customer charges?

Does the Do Nothing option remove barrier for
encouraging new investment?

Does the Do Nothing option allow the network to be
operated under a broad range of Gas Qualities?
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Like-for-Like Replacement

nationalgrid @ The Like-for-Like replacement
r option considers that each
—— S IED (LCP) non-compliant unit
AIE[CIoE] oo will be replaced by a similar
sized unit
Fﬂ Wooler
- This will cost in the region of
- =] Bishop Auckland
[aIe] £650m
A ‘Camfnrth . .
fry e The impact of this on the end
-t consumer bill is £0.70 per
A B —I:I A f
i e annum (from a gas
"W ne transmission total of £17 per
o IR in }h annum, ~4% increase)
Wormington - -cw elmsford
Aylesbury ' N
R
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Like-for-Like replacement

Criteria

Sensitivity analysis beyond FES
supply and demand scenarios

Exit Capacity Obligations (incl
impact down the curve for DNs)
Current Utilisation (Capacity,
Pressure and Flexibility)
Future Flexibility (Profiling and
balancing behaviour)
Resilience (incl. Maintenance
outages & pipeline inspections)

Encouraging new investment
(removing barriers)

Future Proofing (including stricter
emissions legislation)

Gas Quality

Importance (from 1 to 10)

nationalgrid

Yes

Key Question

Does like-for-like replacement allow the network to be
operated in sensitivities beyond FES?

Can National Grid meet Entry Capacity obligations
considering like-for-like replacement?

Can National Grid meet Exit Capacity obligations
considering like-for-like replacement?

Does like-for-like replacement allow National Grid to
retain current capability?

Does like-for-like replacement allow National Grid to
meet future flexibility requirements?

Does like-for-like replacement represent an
appropriate level of resilience on the network?

Does like-for-like replacement have a negligible
impact on customer charges?

Does like-for-like replacement remove barrier for
encouraging new investment?

Is like-for-like replacement future proof?

Does like-for-like replacement allow the network to be N/A
operated under a broad range of Gas Qualities?

38
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Example Sites
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Specific Site Example - Hatton

B Hatton compressor station is

Specific Site Example —

e required to maintain pressures
== below safe operating limits at
wirriemuir Il . .
Easington supply terminal and
e also to support South West
\ Tocer and South East pressures to
\
B e ensure they are above safety
- 1 and contractual limits
“ammmn - :\‘ thor
Arewas -— mbe;mngsmn
i i -fmmmge .
=5 frisstny .cxelms
&;(— !Oc eeeee : q\,/wg
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Hatton - Context

® Hatton consists of 4 compressor units

St Fergus and was constructed in 1989:
|
Averdeen [l
wirriemuir [0 .
® 3 *RB211 25.3 MW machines
=~ (installed in 1989, units A, B and C) -
e IED non-compliant
| :
e S . m 1*VSD 35 MW machine (yet to be
3 fully commissioned and proven, unit
o el D) - IED compliant
e Y " ——— Running Hours
peterboroughifil] ]
v 2009 2010 2011 2012 2013
o s B S=iil 5371 [5207  [1169 [ 1705 [ 2936
Milford Haven | - sy A

Isle of Grain

!ockeﬂefv
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Hatton Capability Requirements - Entry

B Hatton is required to manage high input flows into the
Easington terminal as well as high levels of storage
Injection into the network in the surrounding area.

Peak Easington Scenarios (mscm/d)
140 -

120 - ®
100 A — b/
—_—
80
eo-’ X

40 A

20 A

0 A

00/01
02/03
04/05
06/07
08/09
10411
14115
16417
1819
20/21

22/23
24125

12413

Range of Scenarios mmmmm Easington Sold Capacity

¢  Easington Actual e Easington Obligated Release
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Hatton Capability Requirements - EXxit

St Fergus

averdeen [

Kirrlemuir .

Hatton gy
Arewas ) e
Peterbos
Chmchwer.
Wormington Hus a e s q)i‘s
Felindre [ ]
|
A Chelmsford
!ockcfk-y

Hatton is required to support the
suction side of Peterborough
compressor and support the southern
Feeder as well as towards the South
East of the system — specifically to
support low Bacton/low Isle of Grain
flows or IUK exporting into Europe

Hatton can also be required to
transport gas across the trans-
pennine pipeline due to the North
West storage filling however use of
Hatton to transport gas down the East
coast is preferred to West coast
transmission due to the uncertainty of
North West filling (unexpectedly
changing from filling to injecting into
the network within-day)

43
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Hatton Capability Requirements - Resilience

B Under Certain scenarios Hatton is

St Fergus required to act as back-up for
L] .
el compression at Peterborough
uir B
bridge
:noder
Moffat -
Ishon-Auck ]
Bari
comfor M@
¢ E
ﬂa“‘“gt‘. Hatton . Theddlet
N
wm,,,n;: rrrrrrr B tingdon|
il - " ([ bridge-o
Milford Haven o .Avlesburv -Ch eeeeeee
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Hatton Capability Requirements - Resilience

St Fergus

Averdeen [l
wirriemuir Il
Avonbridge o
Wooler
L]
o
Moffat Bishop Auckland
1ITOW
camfor M
Nether Kallet
“arringl ‘
Hatton gy Theddlethorpe
t
Alrewa: Kinge byt
peterboroughifil] L
churchwer.
Wormington Huntingdon il W Cambridoe .
Felind: L
Milford Hav e .I o
Aylesbury Chelmsford
!ockeﬂev

If units A, B and C are all
decommissioned and no new units
are installed there will be no back-up
to unit D, which does not allow for an
appropriate level of resilience on the
network

If the lead unit at a site is forecast to
operate into the future for more than
500 hours then the remaining units on
site that offer back-up should not be
restricted to 500 hours.

45
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Hatton Capability Requirements - Flexibility

St Fergus
Averdeen [l
Wind
kirriemuir [l Generation
Avonbridge o
Wooler
]
Time
cha: Bishop Auckland Thelevel of wind &
Teesside e level of wind Generation
=) ® on the electricity network
increases significantly
Barrow
Camfcrtl-. -
Nether Kellet h
FS
Point of Ayr > o o Easington

farrington

ﬂ * - — Theddlethorpe

Hanm- heddlethorpe

Wisbech Bacton
Arewas [l o .Kings Lynn
Peterboroughiffi]
Churchover a
Huntingdon{ill
ieinton Il Cambridge q)lss
Felindre (|
O
Milford Haven LS .AI ’
ettt Chelmsford
Isle of Grain

qockerley

B Component 1 of Flexibility —
Within-day linepack variation
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Hatton Capability Requirements - Flexibility

St Fergus
Aperdeen [l
Gas fired
irriemur Generation The level of Gas fired
Generation decreases
rapidly to balance in
’ response
Avonbridge |
Wooler
] | e
Time
|
Siokat Bishop Auckland It is the power stations in the
North East (north of Hatten
=] compressor station) of the
gas network that respond
Barrow
Camfortf-. -
Nether Kellet
FS
of Ayr » 1 Easi
“arringtnn .
Hation gy Theddlethorpe
Wisbech Bacton
Alrewas [l ™ -KingsLynn
Peterboroughiffi]
Churchover O
i Huntingdon.
Worrinaton Wl Czmbridge q,lss
Felindre a
Milford Haven L= - ]
Ariesbuy Chelmsford

Isle o

!ocker\ey

® Component 1 of

Flexibility — Within-day
linepack variation
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Hatton Capability Requirements - Flexibility

Milford Haven

® Component 1 of
e Flexibility — Within-day
linepack variation

Avonbridge |

e Thereis abuildup ~ Pressure
o of “linepack”
aroundthe
Easington terminal
a duethis decrease
Bishop Auckland  in demand

] Teesside

Moffat

Time

If action was not
taken,upper
Barrow
Barrc pressure limits at

the terminal could
Carnforti-- be breached
Nether Kellet
FS
Point of Ayr . Easington
“arringlon h
Ham‘.' Theddlethorpe
Wisbech Bacton
Alrewas [} =@ Kings Lynn
Peterborougiifi]
Churchover 2
Wormington Huntingdon [l W Corrinice q)lss
Felindre |
O
| - [ ]
QaiesN Chelmsford

Isle of Grain

qncker!ev
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Hatton Capability Requirements - Flexibility

® Component 1 of

Flexibility — Within-day

St Fergus
|
Aberdeen [l
= . . .
Today we could manage this
wirriemuir situation by switching on an I I I e a( : Varl a I O n
extra unit at Hatton
Hatton station
Pressure lift operating
envelope
Avonbridge L | ~—
Wooler
.
. \
s Bishop Auckland 'y
a /
Barrov —_— 2
Camfom-. Flow
Nether Kellet
Point of Ayr
ﬂarringtnn
Hetton g Theddlethorpe
. . Wisbech Bacton
Alrewas | | .Kings Lynn
PeterborougHiil]
Churchover a
Wormingtn Huntingloplll [l Cambridge q)lss
Felindre |
| - | [ ]
G Chelmsford

Milford Haven

Isle of Grain

!ockerley
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Hatton Capability Requirements - Flexibility

St Fergus
[m]
Aberdeen [l
irriemuir I
Avonbridge L]
Wooler
NW Storage =] Hatton can be reconfigured to
injection discharge along the trans-
pennine pipeline to support
NW storage injection
et Bishop Auckland
Teesbide
Barrow
camfort M I
Time Nether Kallet &
Point of Ayr \ Easington
Thelevel of NW Storage
injection increases Theddlethorpe
unexpectedly - Hatton | | > e
i Wisbect Bacton

There is a depletion =TS -. . specl Knaotenn !

up of “linepack” peterborouahill] | [ ]

around the NW

Churchover
area due this | Huntingdonfill
increase in demand Wormington untingegs W Combridge %iss
Felindre L]
fe!
Milford Haven Ll |
) B Aylesbury Chelmsford

!nckeriev

® Component 2 of

Flexibility — Adaptability/
Configurability
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Hatton Capability Requirements - Flexibility

® Component 3 of
o Flexibility — Geographic
Supply and Demand
Distribution

avonbridge high flows at the Easington
Wooler terminal at Summer Demand
[ ] levels. At these conditions

flows through Hatton will be
higher than on a Peak 1-in-20

Demand da
Hhotiat Bishop Auckland Y
o Teesside
Barrow
Camfor\?-.
Nether Kellet
Point of Ayr Easington
*arringtnn
Hatton gy Theddlethorpe
. . Wisbech Bacton
Alrewas | ™ -Kingsumn
peterboroughifil]
Churchover B
Wormi Huntingdon [l
AL Il Cambridge q)lss
Felindre a
Milford Haven | - .AI .
Uitk Chelmsford
Isle of Grain

!ockeﬂefv
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Hatton Capability Requirements - Scenarios

aulleseg
adioyls|ppayL
-Vv1ads
aulleseg
adioyis|ppayL
—ead dS

auljaseg
uolbuise3 — v1a dS

auljpseg
uolbuise] — yead dS

yead AlAllIsuas
Anoede) 1x3

uolbuiseq
UbIH - vIa ds

uolbuiseq
UbIH —>ead dS

Aesd dS

Aesd 99O

490 395 490 395

522

490 490 395
v v v v v v v
v v v v v v v v v

450

National Demand
(mcm/d)

X

X

Hatton A/B/C
(bulk duty)
Hatton A/B/C
(backup)
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Hatton Options e e

Key Questions

Does this option allow the network to be
operated in sensitivities beyond FES?

Can National Grid meet Entry Capacity
obligations considering this option?

Can National Grid meet Exit Capacity
obligations considering this option?

Does this option allow National Grid to
retain current capability?

Does this option allow National Grid to
meet future flexibility requirements?

Does this option represent an
appropriate level of resilience on the
network?

Does this option have a negligible impact
on customer charges?

Does this option remove barrier for
encouraging new investment?

Does this option allow the network to be
operated under a broad range of Gas

nationalgrid
No

Bishop

Importance (from 1 to 10) 500 hours Decommission  Auckland
Reversal

2 Large new 3 Medium
units new units

Qualities?
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Hatton Options - Costs

!
!

500 hours

*

£0m £20m £50m £100m
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Discussion

nationalgrid
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Specific Site Example - Warrington

St Fergus
Pressure
Aberdeen
ﬁe preed®
Kirriemi L
Time
bride L
Wooler
L]
o
Moffat Bishop Auckland
|
Pressure
/
—————— < Bar
/\ Camfulth-
. i
[ATE]
Point ¢ .
ﬁrringt
Hatton [ ] agle
A‘ i Wisbech
ings Lynn
Peterborough [l "
Churchover ™
o Hunting \gdon .
Wormington B-zmbridge -Duss
Felinds =
Milf i = E .
Avlesbury. R elmst ford
Isle ¢
Pressure
\/ !ockerlw
—————— <
Time

®m Historically, Warrington has

been required to support
assured pressures at North
West, West Midlands, East
Midlands and South Wales
offtakes and maximise St.
Fergus and Barrow Entry
capability
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Warrington - Context

®  Warrington consists of 2 compressor

units and was constructed in 1983

St Fergus
L]
s K ® 2 *RB211 22.3 MW machines (units
s ) A and B) - IED non-compliant
Avonbridge o .
e Running Hours
Moffat .
Elsho:uckland —
| [2009 [ 2010 [ 2011 | 2012 [ 2013
N e SEFFFEN 91 25 51 16 13
Pomtv:rff;wer . . Easington
o Hatton g Theddlethorpe
Wisbech Bacton
Alrewas [l - B ™ -Kingsl.ynn
Felindre e a .Hunﬂngdm. Ry .DiSS
Milford Haven |/ - i L
Isle of Grain
aulfe
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Warrington - Context

nationalgrid

St Fergus

Aberdeen
Kirriemuir L
bride o
Wooler
L]
o
Rt Bishop Auckland
|
Camfulth--
her Kellet
ﬁrrington
Hatton gy !
Al Wisbech
rrrrr ings Lynn
]
peterborough [l -K
Churchover o
Huntingdon [l [ |
Wormington tambrid-ge Dl
Felinds L |
Aleshury, elmsfo
!uckerlev

B Since the installation of Warrington in

the network, entry flows have
significantly decreased from St.
Fergus and Barrow (the baseline has
significantly reduced following a
review in 2007) and the Milford Haven
terminal has been constructed. There
has also been a number of storage
sites added to the North West of the
network, south of Warrington that will
provide support for Exit in the area on
high demand days. This has
considerably reduced the requirement
for compression at Warrington
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Warrington Capability Requirements - Entry

B Due to the decline in flows from the St. Fergus terminal
and the Barrow terminal, Warrington is not required to
support Entry capability on the network.

Peak Barrow Scenarios (mscm/d)
90 -

80-_\

70 4

ol I

50

NIETR

30 — — -

20
10
0

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
FFFFFFFFFFFFFFFFFFFFFFFFFF

Range of Scenarios s Barrow Sold Capacity

+  Barrow Actual === Barrow Obligated Release
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Warrington Capability Requirements - Entry

Peak St. Fergus Scenarios (mscm/d)
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Range of Scenarios s St Fergus Sold Capacity
¢ St Fergus Actual e St Fergus Obligated Release
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Warrington Capability Requirements - Exit

®  Warrington is not required to support

o Fergus Exit due to new storage sites in the
] area supporting Exit points at high
g 1 1 demands and the new LNG terminal
warienic at Milford Haven
Avonbridge o
Vgoler
Moffat .
Elsho:uckland
" H‘;amfurth-.
Point of Ayr N Easington
Hatton g Theddlethorpe
Wisbech - _= Bacton
Alre:s h- tatorougi I
warmingm:rc nW.Hu"ﬂﬂt;mcsl1. B aocoe -Diss
Felindre .
Milford Haven u - .Aylesbufv u
- Isle of Grain
L .
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Warrington Capability Requirements - Resilience

St Fergus

Aberdeen
Kirriemuir L]
bride o
Wooler
L]
o
Moffat Bishop Auckland
o |
Camfvlth--
r Kellet

ﬁtringlcn

Hatton g ddletf
Al Wisbech
ings Lynn
peterborough [l L) .K
Churchove o

Wormington Huntingdon [l Biicge -Diss

Felinds L |

M 1H L ] B
Alesbury = ehelmst ford
Isle
!ockerlev

®  Warrington can be used to support

Inline Inspections of the pipelines in
the area by creating a favourable flow
pattern

Warrington is not required to act as
back-up for any other compressor site
on the system
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Warrington Capability Requirements - Flexibility

EEEEEEEEEEEEEE

Wisbech

hhhhhhhhh

® \Warrington is not required to

meet current or future
predicted unexpected and
expected within day changes
at any supply or demand point
on the system

Unexpected changes in
storage behaviour at the
storages sites south of
Warrington can be supported
by Carnforth, Nether Kellet
and Alrewas
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Warrington Capability Requirements - Scenarios
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Warrington Options Yes ey N0

500 hours + Decommission
. Reduce St. .. + Reduce St. .
Key Questions Importance (from 1to ]_O) 500 hours Fergus Decommission Fergus 2 new units

obligation obligation

Does this option allow the network to be
operated in sensitivities beyond FES?
Can National Grid meet Entry Capacity
obligations considering this option?

Can National Grid meet Exit Capacity
obligations considering this option?
Does this option allow National Grid to
retain current capability?

Does this option allow National Grid to
meet future flexibility requirements?

Does this option represent an
appropriate level of resilience on the
network?

Does this option have a negligible impact
on customer charges?

Does this option remove barrier for
encouraging new investment?

Does this option allow the network to be
operated under a broad range of Gas
Qualities?
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Warrington Options - Costs

i

i

500 hours

£0m £20m £50m £100m
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Additional Elements of IED Legislation

Neil Dawson
Environmental Engineering Manager
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Aims and Objectives

1. Provide an overview of key legislation
2. Introduce new emission

3. To explain the current emission limit values and how
they apply
4. Environment Driven Projects



1. Overview of Legislation nat|0na|gr|d
Current and Forthcoming Legislation

I Domestic Legislation
¢ England & Wales

I European Directive Environmental
I :uropeanBAT Reference Permitting (EP)
UK Pollution
UK Integrated Prevention
Pollution Control Control (PPC) PPC continuesin
(1PC) Scotland
1991

Industrial
Emissions
Integrated Pollution Directive (IED)
Prevention and Control ‘ I I l m
(1PPC) Large Combustion Plant
(LCP) Medium CombustionPlant
(MCP)
Large Combustion BREF New Large Combustion BREF

i | 1 |
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1. Overview of Legislation

IED all encompassing

&<
— | -«

+ other directives

+ other directives

BREF 235?
2006




2. New Emission Limits

Applicability

nationalgrid

LCP limits in IED >50MW

MCP limits 1 — 50MW
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2. New Emission Limits

Applicability

LCP limits in IED >50MW

-

-

-

-

-

\

17 unit
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Applicability

iIssion

2. New Em
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MCP |
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2. New Emission Limits

Applicability

nationalgrid

LCP limits in IED >50MW

MCP limits 1 — 50MW
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3. New Emission Limits

Current Status

LCP limits in IED >50MW BREF
(IN STATUTE) 15+ MW
(DRAFT)

MCP limits 1 — 50MW
(DRAFT)

1
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3. New Emission Limits

LCP

LCP limits in IED >50MW

Plant N[@)' CoO
Existing 75 100
New 50 100

®  |arge Combustion Plant limits are implemented in
the IED Directive — sets targets for new and existing

. In statute plant

. In draft 78
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Limits

iIssion

BREF

2. New Em
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3. New Emission Limits

MCP

i
-
.

-
§

e
i

A
.
e
&

o
.
T
B

S o
o SRR

MCP limits 1 — 50MW

Plant Nox

Existing 150
New 50

®m Draft MCP sets limits for new and existing plant
m 5-—20MW limits for GTs are key for NG

B nstatute m Limits will be implemented via site permits

- In draft 80



3. New Emission Limits

Summary

nationalgrid

LCP limits in IED >50MW

Plant N[@)' CoO
Existing 75 100
New 50 100

MCP limits 1 — 50MW

Plant Nox
Existing 150
New 50

BREF
15+ MW

NOx (daily) 50
NOx (yr) 35
CO (yr) 40

®m QOverall picture is complex and discrepancies exist between
BREF and LCP/MCP emission limit values

. In statute B Significant uncertainty over applicable operating range...
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3. New Emission Limits

Applicable Operating Range

® MCP / LCP emission limits only apply over 70% MCR of
the gas turbine

B Therefore MCP / LCP emission limits may not apply all of
the time, but EA/SEPA have stated that deliberate running
under 70% to avoid compliance with limits is illegal

® But IED introduces the term ‘normal operating range’ in
determining when BREF limits are applicable...so what
applies and over what power range?
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3. Current Emission Limits

Where we are now

nationalgrid

100% |

70%

MCR

0% L 4

50%

“Normal Operating Conditions

IPPC

NOx

Site
Specific
Permit
conditions

co

Site
Specific
Permit
conditions

® Applies to all site in aggregate
>50MW input (all gas turbine
compressor installations)

B \We are regulated under the existing
site EPR permits ¢ 55 — 100% MCR

B Permit set site specific ELVSs, which
range from 75 to 400mg/Nm3 NOx
and up to 2000mg/Nm3 for CO!
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4. Environment Driven Projects

IPPC & IED

RIIO-T1

Emission Reduction PrOJects
IPPC reduction of NOx via

Network Review

Industrial Emissions Directive
Non Compliant LCP
replacement

L 4
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4. Compressor Project Strategy

What future could look like

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026

RIIO-T1 RIIO- T2

L 4

>50 MW Opt Out into LLD
17 Units

>50MW Opt Out <500 hrs

BREF >15Mw

Draft Not BREF Compliant , derogation may be poss Units ?

MCP <50MW i
Sratt >5MW non compliant Units ?
<500hrs
BREF Adopted BREF
compliance
MCP Adopted End of LCP LLD mcp

compliance
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IPPC Potential Sites

Neil Sorrell
Lead Gas Transmission Network Analyst
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IPPC Phase IV

® |[ED also includes the IPPC legislation

B As part of the May re-opener we will also request
funding for 3 units under IPPC Phase IV

® |PPC is about reducing overall emissions at a site

88
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Aims

B Provide an overview of current compressor usage

B Show expected reductions following IPPC Phase I-llI

B Agree the next 3 sites for submission under IPPC
Phase IV

89
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5 year running averages — all sites
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NOXx levels - all sites

a3praqwe)
uolduliiepn
pJojswisyd
YaaqsiMm
AingsajAy
ssid
puepany doysig
SETeIeJV\
uuAl sduny
Janoyainy)
10N
semalJ|y

usapJaqy

93plaquony

19|[9) JOYIBN 8 Y1I0juIe]

350 |

300

250

200

150

100 -

UO13UIWJIO AN
uop3ununy
JINWIBLIITY
ysnouoq.aiad
uoney

sngia4 1S

91



L 4

nationalgri

400

350

300 -
250
200 -
150 -
100 -

puepany doysig
uoiduriiepn
Janoyainy)
STl
93praqwe)
Yaagsim

1BHON
pJojswiByd
93plaquony
u9pIaqy

ssid

SemaJ|y

uuAq s3uny
Jinwiaaay
Aingss|Ay
u013UIWJIO AN
uone
uop3uipuny
BI#Y BYISN B yriojuie)
y3noi0q.a19d

sngJ1a4 1S

CO levels - all sites

92




Units within scope

nationalgrid

Those shown in red are non-
LCP compliant

The blue and green units are
electric or LCP compliant units

Peterborough and Huntingdon
are part of IPPC phase Il

® Will replace the current
parallel operation duty

Those in orange are all IED
exempt but fall into the scope
of IPPC phase IV
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Impact of previous IPPC phases

B St Fergus
B The 2 electric drives will take most of the duty for the existing 25MW RB211's

® The RB211’s will remain on site with the 5 Avon’s that are used for start-up,
single operation and back-up

®  Kirriemuir

® The new electric drive will take most of the duty for the 25MW RB211

® The RB211 remains with the 3 Avon’s used for single operation and back-up
® Hatton

® The new electric drive will take most of the duty for the site

® The 3 25MW RB211's on site fall under the scope of the Industrial Emission
Directive

B Peterborough & Huntingdon
® Wil provide most of the duty for parallel operation once commissioned

B The 6 remaining Avon’s will continue to provide single unit operation, back-up
and are required to hit other points on the envelope
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Adjusted 5 year running averages
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Adjusted NOx levels — In scope units only

90.0

80.0

70.0

60.0

50.0

40.0

30.0

20.0

10.0

UuAq ssuny

93plaque)

uolduliie

plojswWisyo

ssIQ

Semal|y

Jinwiatany

uopsununy

U013UIWIONN

ys3noioqJaiad

sngdJa4 1S

96



L 4

nationalgri

Adjusted CO levels — In scope units only
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Network Development Process

The charts showed the average usage over the past 5 years

To ensure we maximise the reduction in emissions we need to take
account of factors that could impact running hours in the future

As assessment was completed on each site to determine if we predict an
increase, decrease or continued trend

This assessment looked at
® What the site is used for, Entry, Exit, Bulk Transmission
® Changing supply patterns
® New demands
m Asset health issues
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Network Development Process

nationalgrid

B The assessment indicated the trend for all sites would remain consistent except
Wormington

®  Wormington running hours are expected to reduce due to:
® The commissioning of Felindre — this would then be the preferred unit under

high Milford Haven scenarios

® We are unable to run units A and B during the summer due to high ambient
temperatures

B Increased confidence in unit C — the electric drive now being the lead unit
® | ow Milford Haven flows during the winter

®  The table below also shows a significant reduction in running hours over the last 2
years at units A & B

Wormington

A 283 2561 2 585 44k 33 1,184

B 173 1,185 2 4500 55 43 790

C S07 1055 2021 561 Sk 1183
Total 1,362 4 544 7 070 1 802 1,005 3,157
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Recommended Site Selection

® St Fergus and Peterborough — These have the highest running
hours and emissions

B Wormington is 3'9 however it is expected that the running hours will
reduce

® Huntingdon is 4" but recommended to be included in phase IV
because:

®m Will give increased cost efficiency if combined with phase Il

® Due to backup policy if phase Il unit is lost we would lose the
benefit

® Expected to be 3" highest running hours going forward

® Once BREF note released other units existing units could
potentially be limited to 500 hours

® \What are your thoughts on our recommendation?
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