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The Statutory & Commercial Framework THE POWER OF ACTION
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THE POWER OF ACTION

What is TNU0S?

————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

Transmission Network Use of System (TNUo0S)
Charges ~ £1600m

* Recovers the costs of installing and maintaining infrastructure
assets

* £/KW Tariff set annually ex-ante

________________________________________________________________________________________________________________________________

Balancing Services Use of System (BSUo0S) Charges
~ £1.24/MWh

* Recovers the cost of operating the system

Connection Charges ~ £140m

 Recovers cost of users connection assets
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THE POWER OF ACTION

Who is charged?

£/kW tariff calculated to recover total GB allowed revenue:

Generators (27%) ~ £430m } Revenue split originates
SUppIiers (73%) ~ £1170m from privatisation

Charged to generation based on Transmission Entry Capacity

£90m
h ‘

£340m
M Local + Offshore
O Generation wider
B HH demand

B NHH demand
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THE PCWER OF ACTION

How big is the TNU0S pot?

M, = PR+ PT +IP;-k .+ [OTHER TERMS]
Where:

e M, = Maximum Allowable Revenue
- PR, = Base transmission revenue

« PT, = Pass through

1P, = Incentives

« K = Over/under recovery from previous year
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HOW |S TNUOS Chargedf) THE POWER OF ACTION

Cost reflectively
Facilitates competition

Developments in the transmission business

Other objectives:

* Transparency
« Simplicity
 Stability

* Predictability



What does this mean for nationalgrid
generato rs’) THE POWER OF ACTION

Generation TNU0OS
Annual liability = Chargeable capacity * Final tariff

Final tariff = Sum of Local and Wider components

P

> Local

MITS } Wider
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What does this mean for demand?

Demand TNUO0S
Annual liability = Chargeable capacity * Tariff

Two types of customers HH and NHH and they are
charged independently:

« Half-hourly (HH) metered demand
(large industrial and commercial customers)

¢ Non-half-hourly (NHH) metered demand
(small commercial and domestic customers)
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THE POWER OF ACTION

TNUOS Tariffs

Dem

£/KW
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THE POWER OF ACTION

Calculating TNUOoS tariffs — Transport model
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Underpinning principles

Cost reflective licence objective

1993/4 Investment cost related pricing
Introduced

Investment driven by the Security and Quality
of Supply Standard (SQSS)

SQSS identifies investment is largely driven by
requirement to meet peak demand
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How tariffs are determined

Transport model

« Used to calculated the pricing signal
(sets the differentials between users)

« Calculates the locational component of a users tariff

Tariff model

« Used to ensure correct revenue recovery
(ensures 27/73% split and total recovery)

« Calculates the residual component of a users tariff
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Transport model methodology

Run a system peak base study

Inject extra 1 MW at each node and look at the
Impact on investment

Extra investment can be + or —ve



Transport methodology nationalgrid
aSSU m pt|onS THE POWER OF ACTION

Assume linearity

 Demand and generation equal
* Large increment has a proportional effect - ignores lumpiness

Generic cost information used
No spare capacity

 Circuit ratings not considered
« Unsecured

Reinforcement Is on existing routes based on
existing technologies
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Transport model input data

Network is modelled using nodes and branches

Seven Year Statement (SYS) data used:

 Forecast demand
e Circuits

* Generation background

Investment cost information



Investment cost proxy

nationalgrid

THE POWER OF ACTION

One measure of investment cost information is MWkm

Relative costs of circuits referenced to 400kV

Overhead line (OHL)

Expansion Constant Parameters

Projected Relative Cost of Asset |NGC SP SSE

400KV cable factor 224 224 224
279kV cable factor 224 224 224
132kV cable factor a0.2 a0.2 278
400KV line factor 1.0 1.0 1.0
279KV line factor 1.1 1.1 1.1
132KV line factor 2.0 2.8 2.2

l.e. If 100MW flowed down a 275kV 10km line,
=10 *100 *1.1 = 1,200MWKm



Worked example nationalgrid
Step 1 - Create base case THE POWER oF ACTION

Scale generation uniformly to equal demand

Gen = 650MW Node Node \ Gen = 845MW
Dem = 100MW A B Dem = 50MW

Gen = OMW
Dem = 1000MW

Demand Generation | Scaled Generation |Het at node
Mode &, 100 Bal =00 400
Mode B =il 545 B30 E00
Mode C 1,000 0 0 -1,000
Total 1,150 1,495
izeneration =caling factor 077




Worked example
Step 2 — Solve load flow

nationalgrid

THE POWER OF ACTION

Using superposition

Impedance = 2X

+400MW injection <

+600MW injection

S0MW
450MW

Impedance = X

550MW

Impedance = X

-1000MW injection

Hodal Het | [Line |[Line Impedance Hode A |Hode B Hode C Totals
Hoide A 400| |AB 2 100 -150 ] -4l
Hode B GO0| JAC 1 300 1500 ] 4500
Hode C -1,000 |BC 1 100 4500 0 5400




Worked example |
Step 3 — Calculate total network nationalgrid
Mka COSt THE POWER OF ACTION

Sum for all lines: Power flow on line * Relative cost of line

3km 275kV OHL

S0MW
450MW  550MW

<

2km of 400kV cable

10km of 400kV OHL 6km of 400kV OHL

Expansion Constant Parameters

400kV cable factor 10

400KV line factor 1

275kV line factor 2
Line Calc Relative cost Power flow  MWkm
AB a2 B =0 300
AC 10*1 10 450 4 500
B 241046 26 el 14,300

Total MWEm 15,100




Worked example nationalgrid
Step 4 — Calculate nodal costs epouER oracTion

Inject 1MW at node C, remove at reference node (A)

Gen = 650MW Node Node \ Gen = 845MW
Dem = 101MW A < B Dem = 50MW
50.25MW
449 25MW 549.75MW
Gen = 1MW
Dem = 1000MW
Line Relative cost  [Power flow MWEm
AB 2] S0.25 a02
AC 10 449 25 4 4973
BC 26 54975 14 294 Node C
Total MWEkm 19,087.5 Margina| cost
Original MWEkm 19,100.0
111§ 125
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THE POWER OF ACTION

Calculating TNUOoS tariffs — Tariff model
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Tariff model methodology

Tariff model converts MWkm into a tariff £/kW

 Same methodology for generation and demand
« Takes weighted MWkm from transport model
o Convert into £/kW

« Calculate 27/73 revenue split between generation and
demand

« Calculate residual to ensure correct total recovery



Step 1 — nationalgrid
CaICUIate We|ghted Mka THE POWER OF ACTION

Unadjusted Transport Zonal Wtd Marginal (km)
Transport model produces nodal MWkm

Nodal MWkm are grouped together into zones

Calculate weighted zonal MWkm

* l.e. In previous example, assuming all nodes were in same
zone, the weighted zonal MWkm =-10.4

Hode Demand Hodal MWEm  Demand * MWEm

A 100 0 0

B a0 11 550
C 1,000 125 12 500
Total 1,150 ~11 850

Weighted Zonal MWkm -10.4



Step 2 - nationalgrid
Convert We|ghted Mka Into £/kW THE POWER OF ACTION

Unadjusted Zonal Tariff (E/kW)

Take weighted zonal MWkm then:
Unadjusted Zonal Tariff (E/kW)= MWkm * EC * GLSF/1000

Where:

« Expansion constant (EC) represents the annuitised value of
400kV OHL transmission infrastructure capital investment
required to transport 1MW over 1 km

* Global Locational Security Factor (GLSF)  represents the
extra build needed to allow for faults (e.g. lightning strikes)



Mikm

Step 3 — nationalgrid
COrreCt Fevenue Sp“t - 27% / 73% THE POWER OF AGTION

Re-referenced Transport Zonal Wtd Marginal (km)

Add a fixed constant ¢ onto weighted MWkm to
ensure that the tariff recovers 73% of revenue
from demand and 27% from generation

Unadjusted zonal Mwkm Adjusted zonal MWk

1,000 - 1,000 5 —Demand_

— aEneral Eion
SO0 =00
i &00 -
e0n Impact of C
- —
400 400 A
=00 + 200
E
a = ] ; ; . : ; ; . ; ; ; ; .
= 1 2 3 4 5 & =] 9 1o 11 12 13 14
-200 A 200
-400 + 400
Rewvenue recover v
-500 -500 A
£140m -
-500 7 800
5on E £120m A
-1,000 - £300m - -1,000 - £100m -
£200m £30m A
£100m A £60m -
£0rn 4 £40m -
-£100m £20m
-£200m - £0m
GEeners tion - 127%% Demand - -27% GEneration - 27%%: Dernand - 73%:




Step 4 —

Calculate generation local charges

nationalgrid

THE POWER OF ACTION

7

MITS

} Local substation

<

> Local circuit

Wider

Final generation tariff is the sum
of all components:

* Local substation
* Local circuit
* Wider tariff
Local circuit tariff calculation

methodology identical to wider
tariff



Step 5 —

Add fixed residual component

nationalgrid

THE POWER OF ACTION

Final Zonal Tariff (E/kW)

Locational component only recovers
~ 20% of total revenue.

Add a fixed constant (residual) onto
all tariffs to ensure correct overall
revenue recovery

‘Flat’ (i.e. non-locational) constant
calculated by dividing missing
revenue by charge base:

Demand = £18.56/kW
Generation = £3.48/kW

&
@

1,600 -
1,400 -
1,200 -
1,000 -
800 -
600 -
400 -

200 -

Total
Allowed

EE



Step 6 — nationalgrid
CaICUIate NHH tarlff THE POWER OF ACTION

£120m - .
NHH Tariff = NHH revenueequired
NHH Demandbase

£100rm [ \

£50m -

> —NHH revenuegequired

£60m -

Zonalrevenuaequired= <
Total Zonal Demandt Edlm 1
Zonal Tariff

J —_

£20m -

. HH revenui =
£0m \ ) HH Demand* Zonal Tariff

South East Zonal Revenue
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THE POWER OF ACTION

Final TNUOS Tarliffs
EIKW
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Scenario modelling
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THE POWER OF ACTION

Introducing the DCLF

Excel model with 3 important worksheets:

e Transport:- calculates locational component
« Tariff:- ensures correct revenue recovery

« LocalAssetCharging:- identifies local assets for transport model

Customer version aggregates charging base data
to avoid publishing as confidential customer
iInformation
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Transport model overview

NGC Official GB DCLF TNUoS Transport Model - Wider Charging

|Flnan<inn Canstant Paramearers | |

b B i Wl e s st 1) Calculate DCLF & MWkm
@9 % ¥alidakERussinay Calculate BusBar Order Mumbers [

Sum Dema Cat A1 CatB C
#4484 S526TE on 5 o
DC Load Flow — Scenario Definition

Nodal Input q nn
Bus ID Bus Na¥oltage Deman Cat A(Cat B(C  y/5lidation Message Scenatio Description

r Scenar Scenaria

Demand

Wider

Local

Nodal INPUT d:

Outpuk bo news scenario v
Ovverwribe existing scenario [ j

— Expansion Conskank Parameters
Separate EC For MEC, SP & 55E
Pure GE {Global)

Nodal OUTPUT data

o]

TICE=T T 1) 1) T

Zancel Calculate




Adding a new 100MW generator —  nationalgrid
NOdaI |nforma‘t|0n THE POWER OF ACTION

DC Load Flow
Modal Input Modal Calculations
F =
u E £ = y = “u"u'ul
= g 2 & 4 O = = = £ =/
N ® o E U O 3O s g = m E
- - - - - B L 2 = -
2 8 R EEEEEE n
=] =] = S (I I [y [ M B o Y - = = =] =]
S18 WWEY2A 275 0 0O 0O 0 15 11
INDIAN 512 wwEv4a 400 0 0O 0 0 18 11
QUEENS &z0 wwEY4E 400 0O 0 0O 0 18 11
21 WYLF40 400 63 980 0O 0 11 &
g2z WYMO4D 400 278 0 0O 0 14 9
SZ3¥GAR4A 400 0 0O O 013 6
gz4 YWER4A 400 0 O 0O 013 &
S25 MODE40 400 0 100 O 0 20 14

NODE40
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THE POWER OF ACTION

Adding a new 100MW generator —
Circuit information

Table B.1c - NGET In
o -'E o
Site Code sit S = g w T
HUTT Hutton ‘G c L E [~
IMPP Imperial F - & = e = TR " -
INCE Ince o 2 un T 4 £ = £ B
INDQ) Indian QL b= =) == = 4 - o (' - I -
IROA Iron Acto MGC ABHA4A EXET40 0.1 1.0 48,9 1390 4333 OHL Mo
IRCHA Iron Acto p)GC AEHA4SA LANG40 0.1 05 246 - 1390 AS3D OHL Mo
iﬁgﬁ EEEEET NGC ABHA4E EXET40 0.1 1.0 492 - 1390 AG79 OHL Mo
TVER e NGC ABHA4E LANG40 0.1 05 246 - 1390 ASFF OHL Mo
MEC ABTHZ20 COWEZ4 0.0 05 120 - 1350 BS21 OHL Mo
MGC ABTH20 PYLE20 0.2 1.4 346 - 1140 B329 OHL Mo
MEC ABTHZ0 TREMzZ0 0.3 2.1 47.0 - 625 B854 OHL Mo
MEC MODE40 INDQ40 - 1.0 100 - 999 ¥001 OHL Mo
MEC MODE40 IMNDGQ40 - 1.0 100 - 999 ¥002 OHL Mo

NODE40

Two 10km OHL circuits

Outaged

2R s L=
(R Y T T o T T o R R



Adding a new 100MW generator —  nationalgrid
Running the model THE POV OF ACTION

Click “validate network”
Click “calc DCLF & MWKM”

Remember to tick calculate busbar ordering

Click “calculate tariff”

Impact on generation tariff

1,400
1 e [EEEET
1 T TELGETTTEFFPPEEREPRRES SRR
R0 SRR UUR |
D60 === e e e e e

E/ kW

R S USRI |
D20 d-mm e e e

.00 T T T T T T T T T T T L | T T T T T
gzpd oo A4 s 6 78 8 10 11 1z 13 1% 15 18 17 I ___ 19 &0 =l

-0.40
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Publicly available information

NGC Long term forecast of tariffs - Condition 5

http://www.nationalgrid.com/uk/Electricity/Charges/gbchargingapprovalconditions/5/

Seven Year Statement (SYS)

Explanatory note with tariff publication
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Current charging issues
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Offshore charging regime - nationalgrid
ImpaCt 0] resldual THE POWER OF ACTION

Original TNUOS revenue requirement

Total TNUOS revenue  £100m Final TNUOS revenue requirement

Generation (27%) £27m Total TNUOS revenue £200m
Demand (73%) £73m Total generation (27%) £54m
Offshore generator £80m
Oftshore TO revenue Total onshore revenue  -£26m
| aid by onshore + offshore generators
Offshore TO revenue  £100m (paid by ) )
. Demand (73%) £146m
. Socialisation 20% —
\\\\\ /{);__x a) L(Tcal Circuit N — Demand Tariis
\Q\\TZ\\ . ,,\{/ \\
\ North - \::'\'\ Q\\ﬁ“\\\_,_, /// \\—- Norwich \‘I‘"\ 73%
\\ \:':'{;\_\ e Main /Y Residual
\:‘\'i;:\\ d) Residual / v”\*f




Offshore charging regime -

Forecast OFTO revenue streams

nationalgrid

THE POWER OF ACTION

Variable High Central | Low Distribution
limit limit type

OFTO Revenue

Cost of Capital (% of ETY) 12% 8% 4.5% Triangular

Operating costs (% of ETY) 8% 5% 3% Triangular

Go-Live date movement {months) 1 0 a Triangular

Socialisation

mocialisation level (%) 40%

28%

Triangular

/Forecast comes from GB\
ECM21. Note high cost of
capital, therefore revenues
on right are likely to be

overstated.

\ /
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Impact of Beauly-Denny Reinforcement

By upgrading the Beauly-Denny
route more renewable energy can
flow to the south of Scotland

As this energy takes a shorter route,
the upgrade will have the effect of
reducing charges in North Scotland
by ~£1/kW

In 2011, other factors have a greater
effect leading to a forecast net
Increase
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Investment for Anglo-Scottish Transfers

== Series Compensation
=== Various Onshore Upgrades
w  Offshore HVDC

Reinforcements as identified through
the Electricity Network Strategy Group

Various onshore reinforcements
including:

I Upgrading existing overhead lines
Series compensation devices
Offshore HVDC links

generation in Scotland (export

] Facilitating ~11GW of renewable
capability ~8GW)
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THE PCWER OF ACTION

GB ECM25 Intermittent generation

Creates two sets of wider

generation tariffs, one for

Intermittent, another for all
other generation.

Dependent on the parallel
SQSS change and Ofgem
approval.

Target implementation for
2011/12 tariffs
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OverV|eW Of Ca” for EVldenCe THE POWER OF ACTION

Scope

Electricity, Gas & CCS charging and connections

Objective

Arrangements must facilitate a “timely move to a low
carbon energy sector whilst continuing to provide safe,
secure, high quality network services at value for
money for existing and future consumers.”



Electricity Issues — Significant nationalgrid
Change THE POWER OF ACTION

Existing arrangements predicated on a system of:

conventional generation with high load factors (low plant
margin) and peak load deterministic investment;

passive and onshore network technology.

These arrangements have served customers well to date, but...
...Society faces a huge environmental challenge.

Future arrangements must be robust for a system of:

large proportion of renewable generation (high plant margin) and
Increasing proportion of year round cost/benefit investment;

HVDC and ‘smarter’ as well as offshore network technology;

market integration with Europe
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The Changing Generation Mix

Transmission connected generation (GW)

2030

~

Sustainability

2020
Afferdability
2010
0 20 40 60 80 100 120
Security of :
supply MGas MWCoal HECCS BWind BOther Renewable [ENuclear B Interconnectors

National Grid Gone Green Scenario
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THE POWER OF ACTION

Electricity Issues — Cost Reflectivity

Review likely to focus on principle of cost reflectivity

<—m | im—— >

' | '
Postage Stamp; Existing TNUo0S + Nodal Marginal
All Costs Socialised Socialised BSU0S Pricing

Increased cost-reflectivity could reinforce T investment
justification, but may not promote necessary G investment

Decreased cost-reflectivity would facilitate more northerly
generation (not necessarily renewable)

Decreased cost-reflectivity would require alternative

mechanisms to evaluate T investment and could lead to
Increased SO costs
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Any questions?

http://www.nationalgrid.com/uk/electricity/

or
William Kirk-Wilson, Warwick 01926-655424
William.kirkwilson@uk.ngrid.com




Secured - SECULF

Seculf best fit example

nationalgrid

THE POWER OF ACTION

SECULF best fit example

2000 4

-1000 -

-1500 -

Unsecured - DCLF

1000



Offshore charging regime - nationalgrid
OffShore generator THE POWER OF AGTION

Onshore component

* Wider + local (ie as normal)

Offshore component

« 1styear charge prorated by connection date

» Offshore tariff sum of offshore substation and subsea cable
elements

« Offshore tariff based on OFTO revenue requirement and ratio
of original project build spend



Offshore charging regime -
Offshore generator

nationalgrid

THE POWER OF ACTION

Subsea cable element
Single circuit
* Pays for TEC
CableRating

Double circuit

« Pays for cable
(capped if cable rating > 1.8* TEC)



Offshore charging regime - nationalgrid
OffShore generator THE POWER OF ACTION

Offshore substation element
Divide into transformer, switchgear and platform costs

Transformer and switchgear costs prorated by rating

TEC
Rating

Platform costs prorated by

TEC
min(SwitchgeayTransforme)




- nationalgrid
Where does TNUO0S sit in the legal

framework?

Connection and Use of System Code — CUSC

Provides the contractual arrangements for connection to and use of the
transmission system

Obliges Users to pay relevant charges e.g. TNU0S

Grid Code

Primarily sets out the technical standards that parties connecting to or
using the transmission system must adhere to

Balancing and Settlement Code - BSC

Sets out the commercial arrangements for trading in the electricity
market



Transport model — Nodal input nationalgrid
data THE POWER OF ACTION




Transport model — Circuit input nationalgrid
data THE POWER OF ACTION
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Transport model — Local input data
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Transport model — Nodal output
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Transport model — Circuit output




Adding a new 100MW generator —  nationalgrid
Local CerUlt |nf0rmatlon THE POWER OF ACTION

NODE40
Local circuits



