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Why charge

for networks?

|

The theory of
it all

Trends in
Charging

Universityof

Strathclyde

Engineering

Introducing
the cast:
TNUOoS to

CDCM

The future




Regulated Natural Monopolies
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Huge fixed costs up capital investment
+

Low marginal operating costs

Natural Monopoly

but
Full Monopoly = Complete Market Power

Yo,
Networks are Regulated

Natural
Monopoly

https://www.nap.edu/read/14670/chapter/3#29




What have networks done for us?
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For generators: networks bring reliable access to a market

For consumers: networks facilitate competition and provide
a secure supply

What is the value of the wind turbine to the household?
What is the value of the household to the wind turbine operator?




Only investors know
how much return is
required

Only the network
companies themselves
really know how much

it costs to build and
operate the network

How much do they cost?

Cost of
operating the
network

Cost of
Building the
infrastructure
CAPEX

GB

(2017 / 18
allowed
revenue)
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Scotland

(2017 / 18
allowed
revenue)

. £744 M
.£648M




Setting the allowed revenue o>

Price controls and RIIO | S vau P
- A University of
Negotiation SUEihOvae
between Network companies must:
Regulator and Maintain obligatory service
Network standards :
_ . Network companies
Company: Aim to beat jointly agreed
) get to keep some of
How much in total performance targets . :
, the difference if they
does it really cost Innovate to reduce costs :
deliver at lower cost.
to run my
RIIO-ED 1
2015 2023

Network companies regulated on
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What drives network cost?

Energy Drawn from the
grid in 1 year:

1,600 kWh
(Export: 1,500kWh)

Demand at Peak: 3.7kW

Question:
Which house drives
the largest grid costs?

2P
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Energy Drawn from
the grid in 1 year:

3,100 kWh
(Export: OkWh)

Demand at Peak: 3.7kW




What drives network cost?
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§ Capacity of transformer:
2 x 1I0MVA®
I
>4
. : ,
Simultaneous generation Existing Demand range:
output: 2MW - 9MW

Max : 12 MW
Min : 2MW




What drives network cost?
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Maximum

demand /

minimum Capacity of transformer:
generation 2 x 10MVA®

/\
\

Simultaneous generation Existing Demand range:
output: 2MW - SMW
Max : 12 MW

Min : 2MW




What drives network cost?
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Minimum
demand / peak

. N |
generation zii(plag:\t/lyvz transformer

/\
“\

Simultaneous generation Existing Demand range:
output: 2MW - SMW
Max : 12 MW

Min : 2MW




What drives network cost? 3

E"’Eiratihclyde
peak generation N-1 security firm capacity : 12
constraint MW
. Capacity of transformer:
2 x 10MVA*
> [ ) :
\ P Possible new demand:
( | Reduces the need for network

ﬁ upgrades

Possible new generation:
Increase the need for network upgrades




Cost reflectivity and cost Recovery
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https://en.wikipedia.org/wiki/Accordion
https://www.flickr.com/photos/denverjeffrey/1950409800

Universityof

Strathclyde

Engineering

" Cost Reflective

[ Cost Recovery



Connection Charges vs Use of >V /=
System Charges = -

SR
Transmission Distribution
Connection charges are shallow Connection charges are deeper

Only pay for your own assets up Sometime called ‘shallow-ish

front Pay for ‘sole use assets’
The rest is paid for through TNUoS
year-by-year And contribute to extension assets
But up to 1 voltage level above your
For local part of the transmission point of connection

network — you still pay for the
upgrade




Decisions and trade offs |\~
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All network ﬁ All network

charges on Gen charges on Dem

Charging for use ﬁ Charging for

option to use

Flat charges

Higheranularlty = Fajrness and social = o e

by time
High granularity <= Welfare ? = Flat charges
by location across the system

Charges per kW ﬁ Charges per kWh

Cost Reflective ﬁ Socialised




n, Legacy 2014
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https://commons.wikimedia.org/wiki/File:Curtain Call of Cros
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Pays for:

Components
of charge:

Charged on:

Cost
reflective:

Cost recovery:




Generation TNUOS

Pays for:

Components
of charge:

Charged on:

Cost
reflective:

Cost recovery:

All transmission related costs

Peak demand charge
Year round charge
Residual ‘charge’

Peak demand = Transmission Entry Capacity (TEC)
Year Round Charge = mix between TEC and
Roughly proportional to ‘kWh’ charge

Residual = TEC

Peak demand and year round designed to reflect
contribution of user to network flows.

Residual supports cost recovery, but now wrapped up
with other things (e.g. EU limit on network charges to
generators) so about to go negative

Year Round

(shared) Local substation

Year Round
(not shared)

0

fio T
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Residual
(negative)

£9.97/kW

T



Pays for:

Components
of charge:

Charged on:

Cost
reflective:

Cost recovery:

Generation TNUOS

All transmission related costs

Peak demand charge
Year round charge
Residual ‘charge’

Peak demand = Transmission Entry Capacity (TEC)
Year Round Charge = mix between TEC and
Roughly proportional to ‘kWh’ charge

Residual = TEC

Peak demand and year round designed to reflect
contribution of user to network flows.

Residual supports cost recovery, but now wrapped up
with other things (e.g. EU limit on network charges to
generators) so about to go negative

West Devon and Cornwall
Somerset and Wessex
Oxfordshire, Surrey and Sussex
Essex and Kent

Central London

Cotswold

South Wales & Gloucester
Pembrokeshire

Anglesey and Snowdon

Mid Wales and The Midlands

South Lincolnshire and North...

North Midlands and North Wales

South Lancashire, Yorkshire and...

North Lancashire and The Lakes
North East England

Solway and Cheviot

Lothian and Borders

South West Scotlands
Stirlingshire and Fife

The Trossachs

Argyll

Central Grampian

Eastern Grampian and Tayside
Skye and Lochalsh

Western Highlands

East Aberdeenshire

North Scotland
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-10-5 0 5 10 15 20 25 30

‘ £/kW .



Generation TNUo0S
- N University of @
: . Strathclyde

Pays for:  All transmission related costs

Components Peak demand charge
of charge: Year round charge
Residual ‘charge’

Small Generator Discount

Charged on: Peak demand = Transmission Entry Capacity (TEC) Reduction for 132kV
Year Round Char.ge = mlxl betvx’/een TEC and connected generators less
Roughly proportional to ‘kWh’ charge

than 100 MW capacity in
Scotland.

Residual = TEC

Cost Peak demand and year round designed to reflect
reflective: contribution of user to network flows.

Paid for by flat additional
charge on demand TNUoS

Cost recovery: Residual supports cost recovery, but now wrapped up
with other things (e.g. EU limit on network charges to
generators) so about to go negative




Inverse of demand TNUOoS

Pays for:

Components of
charge:

Charged on:

Cost reflective:

Cost recovery:

Distribution connected generators via their

off-taker

All transmission related costs

Peak demand charge
Year round charge
Residual ‘charge’

Peak demand = TRIAD output
Year Round Charge = TRIAD output
Residual = TRIAD output

Peak demand and year round designed to
reflect contribution of demand to network
flows... generators give negative demand so
equal and opposite contribution

Demand residual designed to recover allowed
revenue from demand. Generators give
negative demand so are paid the residual —
actively works against cost-recovery

é féﬂ' L E
Universityof

Strathclyde
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Peak
Year Round Demand

£-5.45/ kW

Residual v




Inverse of demand TNUOoS

Pays for:

Components of
charge:

Charged on:

Cost reflective:

Cost recovery:

Distribution connected generators via their
off-taker

All transmission related costs

Peak demand charge
Year round charge
Residual ‘charge’

Peak demand = TRIAD output
Year Round Charge = TRIAD output
Residual = TRIAD output

Peak demand and year round designed to
reflect contribution of demand to network
flows... generators give negative demand so
equal and opposite contribution

Demand residual designed to recover allowed
revenue from demand. Generators give
negative demand so are paid the residual —
actively works against cost-recovery

South Western
Southern

London

South East

South Wales
Eastern

Midlands

East Midlands

N Wales & Mersey
Yorkshire

North West
Northern
Southern Scotland

Northern Scotland

1
)]

£/kW

A
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Balancing Use of System Charges
(BSUoS) -

- 4 &\ £
: - Strathclyde
Paid by: | All transmission connected generators and Engineering
suppliers : .

Pays for:  Costs of balancing the system Apr 2015

Components of  Fixed £ / MWHh figure for every half hour.
charge:

Charged on:  MWh generated or drawn from the system in
that half hour.

Cost reflective:  Attempts to assign balancing costs to the half
hour they were incurred

Cost recovery: But flat charges mean costs socialised across all
users in each half hour in proportion to units.

Mar 2016
210

20




Common Connection Charging

Methodology (CCCM)

Pays for:

Components of

charge:

Charged on:

Cost reflective:

Cost recovery:

New connections to the distribution network

Sole use assets and contribution to network
reinforcement up to 1 voltage level above the
point of connection

Sole use assets = 100% funded by generator
Reinforcement = split between generator and
DNO (i.e. passed on through UoS)

Sole use: Cost of equipment and work plus
small
Reinforcement: minimum acceptable scheme

Generator pays what it costs for sole use
1 generator can pay reinforcement
contribution that can then be used by others

Via DUoS

Universityof

Strathclyde

Engineering

Viervion 9.2

SCHEDULE 21 - COMDMON CONNECTION CHARGING
METHODOLOGY

Ineroducrion

L This Schedule 22 sets cut the Common Connecsica Charping Methodalegy (COCM)
The COCM is the whaie of this Schedule 27 exciuding caly this ineodnciony section

Each DNO Paty is obliged by Staadird Licence Coadificn 13 B have a coanection
chasping dailogs in fio ch neecien Charging Mebodobgy). Each
DN Party s obliped by Standand Licenss Condition 13 15 inehade the COCM within
its Conmecrion Charging Methedalony.

3 The DINO Pasry will inchde within the documen commining iss Connection Chasping
Methodology ether mamers which are outside the scope of the COCM

4 The COCM s sphit into twes sections mumibered *1 ' md * and reders o other
sections of the docunsént in which the COCM it 1o be inchided. When each DND
Paty inchides the CCCM within the document containing its Cosnection Chasging
Methodslogy, the TR0 Party ball replace wach caction smbering and ross-
refirensen mith the section sumbers and cross teferences appeopriate for
BocrEnens.

5. Weodifications to this Schedile 22 ane povemed by fhe provisoss of this Agrecsest

6 The ghossary fonmuing par of the COCM contting defimitions of bemis and acvonymss
uedd i e COCML i e cave of any oomflict bestwen e defaved b amd
yeis s out in the COCM {an the tos hand) and the dsfinstuons and nuiles of
etation wet ot i Clvve | of fhis Ageement (on the other), the defimed verms.
and M s out in M OOCM alall pereval for M purposes oF e COCM

Common Consection ¢ asging Methedebogy
Section | - Commen Connection Charging Metbodalogy

Thus Section sets oul ihe Coumen Comection Clurpng Meibodology Sai is inglanenicd o
ezsuire 1 consisteer approach in the way your Comection Charge 5 calosiyied.

Schedale 12 #0

https://www.dcusa.co.uk/DCUSA%20Document%20Pub
lic%20Version/DCUSA%20Schedule%2022%20v9.2.pdf

W e




EHV Common Distribution Charging /
Methodology (EDCM) e

Universityof
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All EHV connected customers (in Scotland Engineering

connections at 33kV and to the 11kV bus bar
of a primary substation)

£7.91 / kW

Pays for:  Forward looking costs associated with
the EHV distribution network

£6.42 / kW

*
*
K £3.30/kw
¥

Components of  Fixed charge per day
charge: Fixed charge per kw (kVA)
Winter week day peak ‘super-red’ per
kWh credit

Charged on: Fixed Charge per day: Site specific
analysis of impact on distribution
network
Super-red credits to non-intermittent
generators when capable of supporting
network at peak

£082 / kW
£0.53 / kW

Some estimates of DUOS costs for
© EHV connected wind farms in S
Scotland derived from publicly

available information

Cost reflective:  In theory “highly”: site specific analysis
used to identify contribution of each
induvial customer to future network
requirements

Cost recovery: Residual charges fully recovered from
demand-only customers
—




Common Distribution Charging

Pays for:

Components of
charge:

Charged on:

Cost reflective:

Cost recovery:

Methodology (CDCM)

All LV (400v) and HV (6.6, 11kV) connected

customers

Forward looking costs associated with the
whole distribution network

Intermittent: flat rate kWh ‘credit’
Non-intermittent: Banded rate kWh ‘credit’
Small fixed charge per meter for HV

Almost entirely kWh output — always a credit

Assumption that DG reduces need for network
upgrade... credit rewards this

Averaged over whole Distribution Area
Generators Charged (or credited) based on
impact at their own voltage level and above
only)

Residual charges fully recovered from demand-
only customers

HV connected Wind

(CF

LV connected Solar
(CF = 10%)

40%)

Universityof
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Engineering

o

5

10 15 20
Annual Credit (£/kW)

25

South West England
Southern England
South East England
London

East England

South Wales

West Midlands

East Midlands
South Scotland
Yorkshire

North West England
North East England
South Scotland
North Scotland

o

10
Annual Credit (£/kW)

15

South West England
Southern England
South East England
London

East England

South Wales

West Midlands

East Midlands
South Scotland
Yorkshire

North West England
North East England
South Scotland
North Scotland
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Elements of charging
that can lead to
Embedded benefits:
TNUoS
BSUoS
Losses

1MW T connected wind farm

T 1MW D connected wind farm

Question: what is the difference in impact on the transmission
network of the D connected wind farm compared with the T

connected wind farm?

Answer: only one thing ... different flows on the transformers!




Embedded Benefits:

Example: TNUoS o

Transmission Generation TNUoS Strathclyde
NG Levies generation TNU0S

National directly on generator

Generator Supplier wraps all costs up into

tariffs for demand customers
including TNUOoS contribution

Grid

Generator pays NG directly
and specifically for TNUoS

TNUoS for distributed Generation

NG Levies demand TNUoS
: . Supplier acts as off-taker for
] directly on supplier o
National 4 PP . N Supply Distributed Generator
e et peak demand ‘TRIAD company T fTT
Supplier pays NG

specifically for TNUoS . .

(but a bit less tﬁf)lanjirt Woglglc have done without DG DG agrees PPA rate with supplier

to offset some peak demand) which included benefit from reduction of

= _supplierTNUOS bepefit |




Embedded Benefits:

lllustration of wh Y &
Stratiu:lyde

Engineering

Generation TNUo0S Demand TNUoS

Year Round Residual for generators
Positive Peak securit Negative
¢ installed 8 TRIAD

capacity

Residual for generators

Year Round

Peak security” |
\ J

| |
Paid by T connected Gen Paid by d connected Gen




The Future

ena

anargynetworks
associaton

Open Networks Project

Charging Issues
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Upgrading Our
Energy System

Smart Systems
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Report
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CMP264: Embedded Generation Triad
Avoidance Standstill
and Bl
CMP2865: Gross charging of THUOS for [ | sme=
HH demand where Embedded .
Genevation is in the Capacity Market | "™

CMP269: Polential consequential
changes to the CUSC as a result of
CMP264

and

CMP2T0: Polential consequential
changes to the CUSC as a result of
CMP2E5
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The Future
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Smart Home

- » ®

.’FFT":"".-
= =P

@ 2 )

oo 15 A
Smart Consumer Flexibility Smart Meters
(Storage, Generator, Shrewd Tariffs
Demand)

e Canny network customers will respond to whatever incentives exist

* Incentives based on assumptions of dumb consumers will drive bad
behaviour

* Need tariffs that really do reward what the ‘system’ needs

https://pixabay.com/en/smart-home-home-technology-

- 2005993/




Conclusion: Cost reflective? Fair?
Annual Use of System charges for a wind farm... | = @
. 5 - . University of

Variation by region of GB for Strathclyde
transmission connection

West Devon and Cornwall

Somerset and Wessex

Oxfordshire, Surrey and Sussex

Essex and Kent

Central London

Cotswold

South Wales & Gloucester

Pembrokeshire

Anglesey and Snowdon

Mid Wales and The Midlands
South Lincolnshire and North...

North Midlands and North Wales
South Lancashire, Yorkshire and...

North Lancashire and The Lakes

North East England

Solway and Cheviot

Lothian and Borders

South West Scotlands

Stirlingshire and Fife

The Trossachs

Argyll

Central Grampian

Eastern Grampian and Tayside

Skye and Lochalsh

Western Highlands

East Aberdeenshire

North Scotland

Engineering

Variation by voltage level in S Scotland

<
0
o & Ny

& ¥ @ & mouss

o

B TNUoS
[ |

- B .
. « Total

Network
Charges

Annual charge per
kW installed capacity (4
o

1
U
(@]

-10 -5 0 5 10 15 20 25 30
£/kwW
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Simon.qill@strath.ac.uk
@ www.strath.ac.uk/staff/qillsimondr/
Thanks! B3 www.linkedin.com/in/simon-gill-enerqy/
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Transmission Network
Charging




Rob Marshall
National Grid




nationalgrid

Transmission Network Charging
Rob Marshall




nationalgrid

Transmission Network Charging

m \Who are transmission networks?

How do transmission charges work?
How do transmission charges change?
What is changing right now?

N
N
N
m How do | keep up to date with changes?

42



nationalgrid

GB Electricity Transmission

Multiple TOs One SO Independent
Regulator

National Electricity
Transmission
System Operator

a 257

ofgem

Regulates price controls

/

and charging methodologies

o |
nationalgrid =7 National Grid
= { V/ II Interconnectors/ Electricity
ey, | PRl - QFlds Transmission
st

L/
43
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== ._ _— _ ,_ pationalgrid

Transm|53|on OW er
£2.7bn

/Transmission Use of System
Charge (TNU0S)

Use of System Charge

Recovers the cost of all shared assets (B SUo S)
. Tariffs include locational and non-locational elements Recovers the cost of operating the
. Tariffs are set annually, in advance system F

. Charges split between G(16.7%) D(83.3%) — 2016/17
. Generation tariffs are capped by a ¢2.50/MWh limit set by the EU
. Generations charges are charged against transmission entry

L

. Tariffs are non-locational
. Charges are split between G(50%)

ity (TEC D(50%)
capacity ( ) . Tariffs are calculated and invoiced ex
. Demand charges charged based on usage: post

. HH — Triad demand
. NHH — Annual usage between 16: OO & 19 OO

e T T P 1o

Charges are based on MWh usage in
each half hourly period

+f connection Charges £210m a
ﬂ'. «  Recovers the cost of single user assets - HEd

“8 - Charges are set directly from the cost of single user assets built for [ RS E_—_—
"" customers’ connections



nationalgrid

Locational TNUoS Tariffs

. . Final TNUoS
Generation Charges (Wider) Dema}n?d Charges s for 201617
Zone 4: ’ Zone 1: _
Skye and North ﬁone;ll.
Lochalsh Scotland ortl erg
£11.19 /KW £16.29 /KW scotlan
HH: £40.97 /kW
NHH: 5.77 p/kWh
Zone 14: Zone 13:
North
L hi North East
ancashire England Zone 4: Zone 9:
& The Lakes
£2.90 /kW North West Eastern
£5.05 /kW HH: £42.83 /KW 4 = S HH: £46.54 [kW
NHH: 5.69 p/kWh 4«4 “j‘.“‘?"ﬁ' NHH: 6.35 p/kWh
27
Z 27 ‘J‘éw
one 27:
. ; Zone 12:
West = Zone 23: Zone 14: '“"*"‘ﬁ‘ RS London
Devon e}lnd U Central South Western ’ To & HH: £51.87 /kW
Cornwa e - London HH: £48.58 [kKW <F % T NHH: 6.51 p/kWh
-£3.69 /KW - -£5.97 /KW  NHH: 6.88 p/kWh ®

45
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The Residual

Demand
£2250m

¢ The generation and demand residual adjusts the wider
charges to collect the remaining revenue not collected from
locational charges

¢ For Generation: this is very low due to the high level of
locational element and a €2.50/MWh cap

¢ For Demand: this is very high due to the low revenue recovery
of the locational element

Generation
£453m

Final TNUoS
tariffs for 2016/17
46




nationalgrid
A changing system g
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CUSC Modifications

Industry raises

‘CUSC Mod'’

CUSC
Workgroup

CUSC Mods are assessed against
the applicable CUSC objectives

Facilitates competition

Cost reflective

Complies with transmission license
Complies with the Electricity Regulation
Promotes efficiency in implementation

nationalgrid

ofgem

48



CMP 264/265

- 2016/17 Prices

£/kW Demand Residual

70.00

60.00

70

50.00

1150

————— - 40

40.00

30.00

- 30

6 A .90
QC Q' QP Q% W\ N
@Q@Q’\\@’\Q@\@\\'\\

N oD

mmm G/D Split 27:73
¢ Mid Year Tariff Change

N
e

- 20

- 10

T T T T T T 0

X 9 0 A Q00O 0N
N I\ WY NS N W\ 9 9O
A GG

€2.50/MWh Cap reduced G%
== (Generation TNUoS % of Total

% Generation TNUoS of Total TNU0S

nationalgrid

Demand residual has increased
significantly in recent years
m Growth in revenue recovery

m €2.50/MWh cap on generation
TNUoS charges

m Reducing demand base

In May16 Scottish Power and
EDF raised CMP 264&265

m They looked to remove the
demand residual for embedded
generators

The mods reported to Ofgem in
November 2016

Ofgem approved ‘WACM 4’ in

June 2017
49



CMP 264/265 WACMA4

Workgroup Alternative CUSC
Modification 4

Uses the locational element
of the demand tariff as its
basis

Adds the value of avoiding
reinforcement at GSP

m Last estimated by National Grid
as £1.62/kW in 2013/14 prices

Floors any negative values
at £0/kW

£60.00

£50.00

£40.00

£30.00

£/kW Tariff

£10.00

£-

£(10.00)

£(20.00)

£20.00 -

nationalgrid

WACM4 embedded export tariffs

2018-19

/\/\
\ / o~

e HH Demand
Tariff 18/19

WACM4

‘v//v
)
/’ ~\\
4 (
-’ — T r 1 1
‘2 3,4 5 6 7 8 9 10 11 12 13 14
LY v 4
\
\/

V)

Demand Zone

18/19

e \ACM4
19/20

e\ ACM4
20/21

== «= o| ocational
Tariff 20/21

50



Targeted Charging Review

nationalgrid

In August 2017 Ofgem announced the launch of a Significant
Code Review (SCR) to deliver the targeted charging review.

The SCR will

m Consider residual network charges — both transmission and
distribution

m Keep other ‘embedded benefits’ under review

Timeline

m Q4 2017 Working paper published

m Q2 2018 Minded to decision and draft impact assessment
m Q3 2018 Final decision and final impact assessment

m  April 2020 Changes come into effect

ofgem

SCRs are a tool for
Ofgem to deliver

holistic and
accelerated changes
to industry codes
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Scope modules
charging review

DSO balancing costs

How is BSU0S
charged

Incentivise
efficient use

Aligning T&D
treatment of storage

Market and Tariff
forecasts

Treatment of
Interconnectors

reduces need
charges

RIIOT2 implications
on charging
forecasts

Adds corﬁplexity |
to recovery

| Longer term certainty

of the targeted

Used to manage
i f

Reflecting exporting

Whatls included in Offshore local charges

reases onshore
G charges

G:D (Generation
Demand) Split

Coverage of embedded
efits

Demand TNUoS
(including Triad)

Treatment of sunk
costs of transmission
investment

Socialisation of

constraints
Cost reflecf

Treatment of new
transmission
investment

connection
Van ements

T&D connection

in charging
arrangements

charging & access rights

ieans new Gen sites

nationalgrid

Demand

H elective
metering

.triad impact on
(vulperable) domestic
customers

Harmonisation of T&D
UoS charging
arrangements

Locational charging
for generation

Zonal losses
implications|[CMA]




nationalgrid

Charging Futures

— Industry initiatives

\ 4

: @
ofgem Charglng. Futures Forum e > TCMF/DCMF
Chair Open industry access -
' I
v v v *

Code Panels

Work
Groups

SYO 'SONd ‘0S
Apog Aisnljeg

Taskforce 1 Taskforce 2 Taskforce 3 Taskforce n

Sign up for attendance or to be kept up to date https://www.surveymonkey.co.uk/r/YJT996W
Alternatively, contact charging.futures@nationalgrid.com
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Distribution Charging Reviews

« DNOs have a requirement under their licences to review the methodologies used
for the calculation of DUoS charges on an annual basis and bring forward
changes where appropriate.

* In the time since CDCM and EDCM were developed, the industry has undergone
significant change, most notably in the increase of DG.

« It is anticipated that change will continue into the future and any changes
proposed now should be able to adapt to future developments.

« The EDCM review made several recommendations one of which was the
development of a single methodology to replace both CDCM and EDCM.

- The CDCM review has been wide reaching, considered changes to costing
models, tariff structures, IDNO arrangements and a single combined
methodology.

‘JSP ENERGY www.spenergynetworks.co.uk
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Distribution Charging Reviews - Initial Conclusions

Two contrasting costing model options will be developed further. Essential these
are flexible enough to take account of the ways in which the energy networks are
evolving.

A review of the tariff structures is necessary. Under review are proposals to
recover a greater proportion of costs through fixed charges. Higher fixed charges
would provide greater stability in tariffs year-on-year.

Future products are being considered as part of the costing model impacts. An
ancillary services approach has been considered where payment could be made
for a variety of services such as DSR, which could defer reinforcement.

Moving towards a single methodology (combining the CDCM and EDCM) across
all voltage levels has significant support from the industry. This has the
potential of simplifying the EDCM and making the resultant models more
transparent.

‘l SP ENERGY www.spenergynetworks.co.uk

NETWORKS
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The ENA Open Networks Project

1.

W

A major new long-term project that will transform the way that local

distribution networks and national transmission networks will
operate.

It will lay the foundations of a smart energy grid in the UK.
It will enable the UK’s energy networks to:

« Address the challenges caused by the continued uptake of distributed
generation.

 Move from traditional role of simply delivering electricity, to one where
they are a platform and enabler for a whole range of new smart energy
technologies

Network operators must meet challenges whilst:

» Continuing to deliver safe and secure operation of distribution networks.
» Ensuring efficient and timely access to the network for customer.
» Providing value for money.

‘l SP ENERGY www.spenergynetworks.co.uk

NETWORKS
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The ENA Open Networks Project

* First Phase to deliver in 2017

» Expect Second Phase in 2018 and then beyond to RIIO ED2/T2 (2023)
Phasel ¢ Phase?2 Phase 3 Phase 4

Definition of T-D
Processes, Customer Impact fissessmentof : :
Experlence, DNO to DSO Options an'd Preferred Regulatory Enactment Design, Build and Test
o : Design
Transition & Charging

Workstreams aligned with 2017 objectives:

1.Develop improved T-D processes around connections, planning, shared TSO/DSO services and
operation

2.Assess the gaps between the experience our customers currently receive and what they would like
and identify any further changes to close the gaps within the context of ‘level playing field’ and common
T & D approach

3.Develop a more detailed view of the required transition from DNO to DSO including the impacts on
existing organisation capability

4.Consider the charging requirements of enduring electricity transmission/distribution systems
5.Communicate and engage on Open Networks developments

SP ENERGY I www.spenergynetworks.co.uk
~NETWORKS et penerey
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The ENA Open Networks Project

The Charging Workstream

“To consider the charging requirements of an enduring electricity transmission/distribution
system, whose purpose is to facilitate a market place between producers and consumers.
Consequently, understanding the drivers of cost and benefits in delivering those requirements.
The overall aim is to develop the appropriate whole-system price signals for the TSO-DSO
transition.”

Short-term — by Summer 2017

1. ldentify problems caused for customers through the interaction of current charging
arrangements across Transmission and Distribution

2. Capture the root causes of these problems

3. Establish the level of commonality that might be required to resolve identified root causes
and deliver project and workstream objectives/goals

4. Develop options to resolve

The above development work is being undertaken whilst reviewing how TSO DSO charging
work fits with other industry charging initiatives and in discussion with Ofgem on coordination.

“SP ENERGY www.spenergynetworks.co.uk 64
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Ofgem Targeted Charging Review / Significant Code Review

Main objectives:

» To consider reform of residual charging for transmission and distribution, for both generation and
demand, to ensure it meets the interests of consumers, both now and in future; and

« To keep the other ‘embedded benefits’ that may be distorting investment or dispatch decisions
under review.

Ofgem are launching the SCR to address concerns that the current framework for residual charging
may result in inefficient use of the networks.

The scope of the SCR includes:
« Residual charging for transmission and distribution, for both generation and demand; and
+  Keeping the other embedded benefits under review.

The scope of the SCR excludes:

»  Forward-looking use of system charges;
«  Connection charges; and

«  Charging arrangements for storage.

“SP ENERGY www.spenergynetworks.co.uk 65
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Ofgem Targeted Charging Review / Significant Code Review

Process:

Ofgem to direct licensee(s) to raise modification proposal(s). At the end of the SCR phase of the
process Ofgem will issue a direction to the relevant licensee(s). The direction may set out high-level
principles (with the detail to be developed by industry) or more specific, detailed conclusions to be
given effect through code change(s).

Modification(s) to follow standard industry code modification processes.

Timeline:
1. Publish residual charges working paper - Q4 2017 (calendar year)

2. Publish draft Impact Assessment and minded to decision on any proposed new residual charging
arrangements — Q2 2018

3. Publish decision and final Impact Assessment on any new residual charging arrangements — Q3
2018

Final phase of the TCR to be led by industry through working groups and code panel meetings.
4. Final decision on modifications early 2019
5. New arrangements to come into effect from the 2020/2021 charging year.

“SP ENERGY www.spenergynetworks.co.uk 66
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Ofgem Targeted Charging Review / Significant Code Review

Ofgem projects/consultations

Open Governance

Change
proposals raised
outside charging
coordination
arrangements
incl. those
stemming from

Industry-led projects
TCR * ENA Open Networks
Smart Systems & Flexibility « C/EDCM
Strategy for regulating future * NG T-Review
energy system + New projects...
New projects...
o P
Steeron = ~  Steeron
Ofgem 7 industry
priorities - ‘/-' priorities
Ofgem (Chair) « g 9
Charging Futures Forum a
w2
5 e
-
O —
22
< | 2
m| =
I T | 1 e
Task Task Task Task E’D
force force force force o
e

Secretariat(s)

reviews
TCMF/
DCME etc... [ Code Panels
Change
proposals
passed to
open
governance
process Work
Groups

ﬁb SP ENERGY
NETWORKS

www.spenergynetworks.co.uk
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Market models

Market Models (1) Market Models (2) Market Models (3) Market Models (4)
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While the focus of this paper is on maximising the use of

ena flexibility provided by DER, this is in the context of
eneroyTstworks enabling them to participate equally alongside other
association flexibility and balancing service providers, including

conventional and renewable transmission connected
assets as well as interconnectors.

Open Networks Project

Commercial Principles for Contracted Responses are welcomed from all market participants and
Flexibility: Promoting Access to Markets for ]
Distributed Energy Resources should be submitted to

Farina.Farrier@energynetworks.org by 17:00 29th
September 2017.

16 August 2017
Energy Networks Association

Document Ref: ON-W51-P4 Commercial Paper

http://www.energynetworks.org/electricity/futures
/open-networks-project/ open-networks-project-
stakeholder-engagement.html

\
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end

energynetworks
association

Open Networks Project

Commercial Principles for Contracted
Flexibility: Promoting Access to Markets for
Distributed Energy Resources

16 August 2017
Energy Networks Association

Document Ref: ON-W51-P4 Commercial Paper

DERs can provide services in a way that improves
network coordination and reduces system costs.

* Maximise the use of DER assets,
* Deliver access to markets for all parties
* Encourage new business models

* Maximise the benefits of competition and third-party
involvement.

http://www.energynetworks.org/electricity/futures
/open-networks-project/ open-networks-project-
stakeholder-engagement.html

Scottish & Southern
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end

energynetworks
association

Open Networks Project

Commercial Principles for Contracted
Flexibility: Promoting Access to Markets for
Distributed Energy Resources

16 August 2017
Energy Networks Association

Document Ref: ON-W51-P4 Commercial Paper

1. What models (procurement and operation) should
be used to allow DER to offer multiple services to
multiple entities such as the NETSO and DSOs?

2. How can DSOs and the NETSO ensure sufficient
visibility and controllability of DER output for
managing transmission and distribution network
constraints?

3. How can we ensure the various routes to market for
DER can coexist and compete in a coordinated way?

4. How should DER curtailment for transmission
constraints be treated from a commercial
perspective? and

5. How might distribution congestion management
activities develop alongside the transition from DNO
to DSO?

http://www.energynetworks.org/electricity/futures
/open-networks-project/ open-networks-project-
stakeholder-engagement.html

Scottish & Southern
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* DER able to offer multiple services to multiple market
participants

energynetworks e .
association * Simplicity in how multiple revenue streams can be
accessed
* Transmission and Distribution coordination to facilitate
service provision from DER to the SO/DSO/Suppliers
Open Networks Project * DER and/or Aggregators and Suppliers responsible for

— providing data to enable contractual settlement
Commercial Principles for Contracted

Flexibility: Promoting Access to Markets for .
Distribuz_.d Energy Rgesources * Market based and transparent services procurement

* Cost efficient outcome for the end consumer.

16 August 2017

Energy Networks Association
IR T http://www.energynetworks.org/electricity/futures
/open-networks-project/ open-networks-project-
stakeholder-engagement.html
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NETSO

* Five models outlined in the paper.
Ffﬂ‘:}“\:i:ﬂ::h Contract with co“‘sﬂiqﬂtw'm

DER
Contract with C wi

Agaregator et * Model 5 (shown) is currently being trialled through the
6'9 Col:lgcstovnm l [ Com;;cgwith H c:grl;rr:gtawtgh POWGI‘ POtentIal PFOJECt.

« DSO procures the service on behalf of the SO.

of time

r—
—

DER

communicates Run tender to . .

availabityprices T I s * All parties dispatched through a central platform.

DER under
oER [ ] contract

communicates Runs tender to

availability/prices procure services Aggr!ggpes

69 S———"""| prices and sends
-ment ‘ to DSO

Dispatch
analysis

Sends stack to
so

-

Provide T
requirement;

D identity T
Cal- synergies
0 e

r [ Deliver service [

required volume

nstruct volume
from DER or
Aggregator

http://www.energynetworks.org/electricity/futures

St AN /open-networks-project/ open-networks-project-

stakeholder-engagement.html

available and Instruct volume
Deliver service dispatch DER from DER or
\ —
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Developing a Windfarm
Grid Optioneering

Beyond Plug and Play
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INTRODUCTION TO THE ELECTRICITY NETWORK: CHARGING & REGULATION

Industry Experience
. ___________________________________________________________________________________________________|

Developing a Windfarm

“ SCOTTISHPOWER scottishpowerrenewables.com 81
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Developing a Windfarm

CONTINUAL REVIEW OF OPPORTUNITIES AND RISKS eyicyc)ie

[|||||-|||,|_|||||-||||| ONGOING ASSESSMENT TO FIRM UP MW CAPACITY AND TIMING
&
<€)

P
ayrm
LIABILITIES
“ gggg‘;}&:g&‘g\/ER scottishpowerrenewables.com Charging & Regulation — Industry Experience 82



Developing a Windfarm (Grid Considerations)

How much is it going to cost?

e Connection Charges (one-off?)
¢ Use of System Charges (T/D)

e Liabilities and cash flow

e Contestability or ownership

When can | connect?

e Major/ Minor Reinforcement
* Route to Market

e Point of connection

® Transmission or Distribution

What unknowns are there?

e Consenting

e Changes to Charges
® Probability on restrictions
e CUSC Modifications/ UK Policy

‘ SCOTTISHPOWER scottishpowerrenewables.com Charging & Regulation — Industry Experience
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INTRODUCTION TO THE ELECTRICITY NETWORK: CHARGING & REGULATION

Industry Experience
. ___________________________________________________________________________________________________|

Grid Optioneering

“ SCOTTISHPOWER scottishpowerrenewables.com 84
RENEWABLES



Grid Optioneering — A Hypothetical Scenario

Sub-50MW Windfarm

&
0
h ‘ # Potential route to Consent

" market in 2019/20 positive

North Limited due to wind
Scotland yield

‘ SCOTTISHPOWER scottishpowerrenewables.com Charging & Regulation — Industry Experience
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Grid Optioneering of a sub-50MW Connection

TITLE: 132kV Wood Pole Trident (Existing)

TRANSMISSION CONNECTION

132/33kV
/ S/S

132kV OHL

GSP

KEY:
m—— Existing Network

= Network Operator
Developer (O&M)

THO MACET

*Local and Wider TNUoS v.high
*Long lead time enabling works

\- Relative certainty around connection

“&' SCOTTISHPOWER scottishpowerrenewables.com

RENEWABLES
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Grid Optioneering of a sub-50MW Connection

TITLE: 132kV Wood Pole Trident (Existing + Intertrip)
TRANSMISSION CONNECTION

GSP
|_\
132/33kV 132kV OHL &
S/s 2
7 -
(Poc) :
—=

KEY: i Notwork » Connect earlier on less enabling works

xisting Networl * Local and Wider TNUoS v.high
== Network Operator « Introduce some uncertainty
Developer (O&M) \_ %
“ g%%%%gggz‘ngR scottishpowerrenewables.com Charging & Regulation — Industry Experience 87



Grid Optioneering of a sub-50MW Connection

TITLE: 132kV UG Cable (User Choice)
TRANSMISSION CONNECTION

GSP
|_\
132/33kV 132kV UG Cable S
S/S z
7 2
(Poc) )
=
KEY: i Network * Increased one-off costs
xisting Networ  Enabling works delivered earlier
=== Network Operator - Remove consenting uncertainty
Developer (O&M) \_ %
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Grid Optioneering of a sub-50MW Connection

TITLE: 33kV OHL (Move POC, part delivery)
TRANSMISSION CONNECTION

GSP

33kV OHL \ 132/33kV

©

KEY:
m—— Existing Network

= Network Operator
Developer (O&M)

S/S

*33kV OHL line costs much lower
« Easier to consent (control of delivery)
\-S/S still required near 132kV OHL

W qh0o mjzet

11V

@) SCOTTISHPOWER
RENEWABLES

scottishpowerrenewables.com
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Grid Optioneering of a sub-50MW Connection

TITLE: 33kV UG Cable (Move POC, part delivery)
TRANSMISSION CONNECTION

33kV UG Cable \ 132/33kV

GSP

©

KEY:
m—— Existing Network

= Network Operator
Developer (O&M)

S/S

* Cable increases cost

» Minimal consent (control of delivery)
\-S/S still required near 132kV OHL

W qh0o mjzet

11V

@) SCOTTISHPOWER
RENEWABLES

scottishpowerrenewables.com
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Grid Optioneering of a sub-50MW Connection

TITLE: 33kV OHL (Move Licensee)
DISTRIBUTION CONNECTION

(9]
v

—1®

33kV OHL
©

KEY:

» Massive reduction in UoS Charges
m—— Existing Network

* Reduced consent

« Additional Intertrip, UoS uncerainty
Developer (O&M) \_

= Network Operator

W qh0o mjzet

11V

J

ﬁi SCOTTISHPOWER scottishpowerrenewables.com
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Grid Optioneering of a sub-50MW Connection

TITLE: 33kV OHL (Contestable works)
DISTRIBUTION CONNECTION

(9]
v

—1®

33kV OHL
©

KEY:
m—— Existing Network

* More control over consent
* Potentially reduce costs

= Network Operator «Add to process
-

Developer (O&M)

W qh0o mjzet

11V

J
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Grid Optioneering of a sub-50MW Connection

TITLE: 33kV UG Cable (Contestable works)
DISTRIBUTION CONNECTION

(9]
v

—1®

33kV UG Cable
o,

KEY:
m—— Existing Network

 Additional cost
* Remove consent risk completely

= Network Operator
Developer (O&M) \_

W qh0o mjzet

11V

)

J
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Grid Optioneering of a sub-50MW Connection

TITLE: 33kV UG Cable (User Choice)
DISTRIBUTION CONNECTION

(9]
v

—1®

33kV UG Cable
o,

KEY:

* Remove consent risk completely
m—— Existing Network

= Network Operator
Developer (O&M) \_

* Remove process uncertainty from CW

W qh0o mjzet

11V

/

J
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Grid Optioneering of a sub-50MW Connection

WRlEIZ=) Different

Connection

: Licencees
Points

Contestable
works/
Deliver own

User Choice
Cable/ non-
Firm & RAA

and operate

‘ SCOTTISHPOWER scottishpowerrenewables.com Charging & Regulation — Industry Experience
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INTRODUCTION TO THE ELECTRICITY NETWORK: CHARGING & REGULATION

Industry Experience
. ___________________________________________________________________________________________________|

Beyond Plug and Play
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Beyond Plug and Play

Q\/v. New Technology Renewable Generation

Maximum Active Power Output
Y S .

\) BM Participation (Obligatory)

Mandatory Frequency Response

Mandatory Reactive Power

Operational Intertrip (where specified)

* New Renewable Generation was not designed to deliver additional Ancillary Services
* There is no market value or transparency to allow participation beyond the minimum

SCOTTISHPOWER ttish bles. Charging & Regulation — Industry Experience
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Beyond Plug and Play: Ancillary Services

Balancing: Secondary to Balancing Mechanism actions National Grid procures Ancillary Services to balance demand
and supply and to ensure the security and quality of supply.

High Low System
e T Frequency Frequency inertia and Vel Black Start
Reserve Reserve Control
Response Response RoCoF

Trades ™™ sTOR

Black Start
Contracts FFR : :
Mandatory Services Commercna.l Ancillary
/ Services
Where compliance with Grid Mandatory T .
Code is required. Reactive Participation is Optional
Power
1. Mandatory Frequency . . . "
Response All ancillary services, including
2. Obligatory Reactive enhapced frequencybr_f_sponse,
Power Service MER reactive power capability
Mandatory Services Agreement Bilateral or tendered
(MSA). \ commercial agreements.
Super Fast
SEL Reserve
BM ,
OTU o Startup
~ SCOTTISHPOWER scottishpowerrenewables.com Charging & Regulation — Industry Experience 98
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Beyond Plug and Play: System Needs and Product Strategy

SNAPS should reform balancing services markets for all technology types to
compete on a level playing field

( System needs Products/Markets \

Existing Market
* Too many products all procured in different ways

* Unclear requirements and interactions

* Unclear assessment criteria

*  Overlapping markets

\_
e ™
Product Strategy Process S
ationalise existing
* Rationalisation fomoval o cbsoiete [ rSase transparency
products through ° services in
Standardisation TECs. rocuremen | corlunetion wih
assessment methods
* Improvement
\. y,

Transparent and accessible markets should create a level playing field fit for the current

and future mix of generation

“JSCOTTISHPOWER ttish bles. Charging & Regulation — Industry Experience
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Beyond Plug and Play What can we do now?

&
) New Technology Renewable Generation

Q\/
§ A Maximum Active Power Output
.\o Q\/V' BM Participation (non-BM)  NEW MARKETS/ CONTRACTS
Q?@éo Enhanced Frequency Response NEW MARKETS
v

Additional Reactive Power  SOFTWARE HARDWARE UPGRADES
Commercial Intertrips  CONTRACTS

Aggregated Embedded Services (RP, BIVI) CONTRACTS/ platforms
Synthetic Inertia  SOFTWARE/ STATCOMS

Black Start  WhyNot?

* There is no reason that technology cannot be refined and adapt to provide services
* Markets must adapt to provide flexibility and transparency for participation to work

“ SCOTTISHPOWER scottishpowerrenewables.com Charging & Regulation — Industry Experience
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Beyond Plug and Play

¥
4
QQ.\
0é v :
QY Investigate
s Know your
Q?Q/ éo Asset Software/
\s Capabilities Al R

upgrades

Understana
NGET
commercial
contracts

Challenge
the Norm
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INTRODUCTION TO THE ELECTRICITY NETWORK: CHARGING & REGULATION
Industry Experience

Joe Dunn

Grid & Regulation
SP Renewables
0141 614 1957

Joseph.dunn@scottishpower.com
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