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Characteristics of centralised systems

42037

« Large-scale power
generation, connected to
high-voltage transmission
network

» Regular cyclical load patterns
with peaks

« Load-following generation,
capacity sized for peak
demand

» Passive distribution networks
designed for loads not local
generation

» Set of challenges to this
system
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1. Intermittent renewable sources

Danish wind output as % of demand, 13-19 January 2014
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» Challenge of integrating intermittent renewables into the system, especially for
balancing



2. Distributed generation
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» Distribution networks increasingly
required to handle generation as
well as loads




3. New demands for electricity (in UK, heat and
transport)

Projected increase in peak electricity demand with growth of low carbon
technologies under the Smart Grid Forum Workstream 3 Scenario 1.15

120

s Cumulative Total
100
3
) = Assumed Base Load . . .
3 80 loadgrowthandenergy > Potentially huge increase in
- efficiency) peak demand if BAU approach
é o0 Heat Pump load taken, with implications for
S required generation capacity
40 .
% and network reinforcement...
- e EV l0ad > .
2 5 ...but also new opportunity as
§ large new flexible loads and
— ——Generation (PV, Wind sources of distributed storage,
— and Other) e.g V2G
NN DT NOMmO O NN ® o
coo00c88888333
-20 NN N NN NN NN N NN
Source: Element Energy 2013




4. Demand response by residential consumers

Source: Jiang et al (2015)
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» Demand side response by domestic consumers could help manage the system
more efficiently but only with management and incentives




4. Demand response by consumers

Southern California Edison Demand Response Programs 2014 forecast
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5. Modern control and automation

Smart Meter Rollout Timetable:
Key activities

2014 2015 2016-2020

Consumer Experience

Py Exeaute Consumer Engagement Strategy

DCC System: Development, Build & Testing Full services available
Online Tr

Cooling protection

ko B o
* Low oil levei / ‘ G 7 | 1
* Ambient temperature e =
Parts of Smart Energy Code (SEC) Live \ = e ey

Full SEC operational

Transformer monitoring
application suite

Further Development of SEC

Suppler activities Overload protection
* Voitage, Current, Frequency
Active Power, Apparent Power, Power
§ Factor

Active Power Angle, Tan Phi, Cos Phi
B Remote operation LBS or MCCB

FOUNDATION —Suppliers smiart trials and testing/preparation ! Mandated Rollout

« Time since last
through tap position
« Low oll level hermal protection

* Oil temperature

* Winding temperature

* Allows greater management of intermittency,
efficient use of networks and limits need for
new investment, but needs coordination and et irnsdoigricth...
integration to avoid adverse interactions

* Moisture In oil
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Policy agenda

Integration into markets

Securing and transforming
grid infrastructure

Increasing intermittent
renewable generation

Ensuring flexibility
(short-term security)
Ensuring adequacy
(long-term security)

Facilitating new
renewables and ensuring
flexibility through
transmission network

Increasing distributed

Integration of DG into

Smarter distribution

generation markets networks
e Services to ‘distribution
system operators’ (DSOs)
New loads Integration of demand |+ Smarter distribution

side response (DSR) into
markets

networks
Services to ‘distribution
system operators’ (DSOs)




Adequacy
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Implications of
more renewables
for risk and Rol on
conventional plant:
* |lower
utilisation rates,
* lower prices,
but also
* higher prices
for ancillary and
balancing
services




Policy options for adequacy

Continually model and assess capacity needs

U U U

Energy only market TSO contracts Capacity mechanism

* Remove or raise price strategic reserves * Fixed Capacity
caps above strike price payments

e Support participation * Capacity markets
of DSR (auctions)

* Longer-term energy
contracts




Flexibility

Flexibility requirements arising from renewables depend on relationship to
load: 30% RES-E penetration in WestConnect region (S.W. USA), July and

April 2010
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Source: Miller et al 2013
» Challenge of assessing flexibility

and need for flexibility




Sources of flexibility

Strategic
RE Curtailment®

Expanded Balancing
Fooprint/Joint
System Operation

Sub-hourly
Scheduling and
Dispatch

RE Forecasting

Grid Codes

SYSTEM
OPERATION

Source: 215t Century Power

Partnership
RELATIVE ECONOMICS OF INTEGRATION OPTIONS

Invaluntary Load
Shedding

Coal Ramping
Residential

Demand Responss CT and CCGT
Gas Ramping

Tharmal Sto =1 ]

Management
Hydro Ramping

Industrial 8
Commercial Demand

Responze

Increazed Ancillary
Service Liquidity©

Option costs are system-dependent

and evolving over time

FLEXIBLE

MARKETS STORAGE

GENERATION

Type of Intervention




Policy options for flexibility

U U U

Capacity mechanism Market design and Additional short-term
that rewards flexibility, system operation, reserve (ramping,
e.g. e.g. regulating)

* Apportioned * Faster clearance * Dynamic reserve
Forward Capacity of intra-day requirement
Mechanism markets

* Shorter gate
closure time




Figure 2: Proposed reinforcements NGET & SPT

Transmission NetWOrks e

REINFORCED NETWORK

AR Subrstiors
275KV Substations

Main challenges:
« Network extension
« Congestion management

« Allocating transmission
capacity

ENSG 2009




Policy options for transmission

Revising network codes

s

Network extension

U

Coordination

* Project clustering (Irish
Gate)

* Renewable Energy Zones
(ERCOT)

Contestable markets

e Merchant construction
of interconnection (GB)

>

Congestion
management

U

>

Allocating
transmission capacity

* Net transfer capacities
(segmented markets)
(Nordpool)

* Locational marginal
pricing (US systems)

* Smart grid approaches
(e.g. DLR, ANM) (Chile,
NZ)

U

* Non-firm access

 ‘Connect and
manage’ (GB
since 2009)




Integration of DG into markets
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Integration of DG into markets

Commercial scale DG Micro-generation

* More liquid wholesale Incentivise matching of load
markets to output

* Lower market entry costs * FiT with ToU element
(IT, collateral, regulatory * FiT requiring on-site
complexity) storage (Germany)

* Identify and reduce Create market for local spill
barriers to aggregation  Community-level retail

tariff for export




Integration of DSR into markets

Source: Adapted

Dispatch
notice from ENA (2014)
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Smart grids

Reform economic
regulation of
networks, inc.
support to RD&D

Revise network
codes

: Examples of SMART GRID 2.0
. < Aggregated DR (upward and downward)
| < Smart EV management including V26

Increasingly material | % Full network observability including dynamic

change to technical | stabllity (phasor measurements)

and business systems | < Adaptive protection and automation systems
A ' | < Dynamic network reconfiguration including

self-islanding for resilience
Community Energy autonomy

SMART GRID 2.0
Responsive & Venture
Innovation

.....................................................................................................

SMART GRID 1.0

Incremental Innovation

Business
as Usual

Selective Innovation

Today 2020 2030

Examples of SMART GRID 1.0

< Dynamic ratings for all plant types

< Inelligent voitage controls

< Fault Current Limiters

< Aggregated Demand Response {downward)

< Destributed storage devices

< Smarn EV charging

< New approaches to forecasting, modelng and
ptanning, and data Inter-changes

Source: SGF (2011)




Overarching issues

Need for coordination of change at different levels,
across markets and networks

Vested interests resisting change

Balance between need for investment and options
value of waiting

Balance between need for innovation and
maintaining confidence through evolution

Sustaining public support, including for integration
costs (e.g. network extension and transformation)

» Challenge of achieving policy change in practice



Some British examples




GB Capacity Market

December 2014 auction by technology

m CCGT
Inflexible

o

Tiny! ‘ '-
High ‘

carbon

M CHP & autogeneration

m Coal/Biomass

M DSR

B Hydro

m Nuclear

1 OCGT and Reciprocating

Engines
i Storage

Capacity Units

* Simple MW, not by characteristics (flexibility, carbon)
* Demand reduction (energy efficiency) not allowed to bid (EDR trial)
* Access problems for DSR, inc. classification as unproven, collateral requirements +

weak aggregation market

E » Generators now overpaid because of parallel balancing reform? '



Vested interests?
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Distribution network regulation

2000 2005 2010 2015
Vi
External Utilities Energy Act Energy Energy Guidance to Labour
pressure on  Act 2004 Act Act GEMA Party to
regulator 2008 2009 scrap
Ofgem?
Regulator-led
. LENS
strategic . RPI-X@20
_ Scenarios
reviews
Stakeholder ~ EGWG DGWG ENsG  omart Grid
Forum
groups
. NIC
R&D funding IFI/ LCNF NIA/
mechanisms RPZs
Regulator
g y €————m—mmm——— = RPIX m= == == m e === == > RIIO ED1

framework



Distribution network regulation

RPI-X DPCR5 (2010-2015)

Price-cap incentive
regulation

Capex/opex treated
separately

RAV additions based on
actual capex

5 year price control periods
RD&D fund

RIIO ED1 (2015-2023)

Price-cap incentive
regulation

Single totex efficiency
incentive

RAV additions based on % of
agreed totex

8 year price control periods
RD&D fund, plus incentive
for rollout

Smart Grid strategies
required for fast tracking



Electricity Codes reform

Need to reform not just code
content and code membership
and governance

GB electricity codes are
effectively self-governed by
Industry with Ofgem overview

High level of complexity, favours
large incumbents

Most codes do not have an
explicit sustainability objective
Ofgem can now initiate

Significant Code Reviews, but
slow process

Case for more fundamental re-
structuring of code governance

Source: IET 2013

Overseas System
Operators

{eg. RTE, Tennat)

Small Generators,
Distributed Storage

yo o

Central Generators,
Large Demand, OFTOs
and Interconnectors

DECC

i Ofgem

SQSS Review Panel
Sacurity and Guality of Supply
Standard (for GB Transmiszion]
Representation similar o GCRP

BSC Panel/Elexon

Balancing & Settiement Code

o

CUSC Panel

Connection & Use of Systam Code

SEC Panel

Smart Enargy Code

National Electricity
Transmission System
Operator (NETSO)
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Transmission Networks
3 Transmission Owner
(TNO) licence areas
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Distribution Network
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14 DNO licence areas
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Independent Distribution
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Energy Suppliers
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Manufacturers — power
sector & consumer products
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wehicles, HP)

Meters, Smart Meters, DCC

Home and Building
Automation

ICT Sector

(communications, intemet,
g data)

End Users
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Standards Bodies
[e.g. BSI, |EC, ANSEE)
and EU GROUPS
teg ENTSO)

Agoregators

Community Ener
Groups & Smart Céﬂiu
Developments




Coordination

* Increasing complexity
across multiple actors
and domains

« Call for ‘system
architect’ to coordinate
change so far resisted

INTEROPERABILITY
LAYERS

ﬁ Business Layer «

% Component Layer <

Function Layer <

Iinformation Layer

Communication Layer

“&\-}:‘
ion ﬁ\\\ o
DER
3

Transmissi G
[ 3 i
DOMAINS

Distribution *':7

Source: (IET 2014)

Today 2030
Generation providing frequency 10-15 units | 600,000
control units
Automatic controls on 10,000 900,000
distribution networks (e.g. devices devices
voltage regulation)
Automatic controls in homes None 15 million




Licence =

Institutional relationships in the electricity system
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Conclusions

« Electricity system facing period of deep change

« Almost certain to involve a shift to more decentralised systems, with
more flexible demand

« The policy agenda spans markets, networks an consumers, and
Involves new actors

« Can build on existing institutions, but coordination will be important
to avoid costly mistakes

« Policies are important but won’t get adopted without supportive
institutions and ‘paradigms, i.e. that can

— manage interventions in markets
— allow innovation and change

— resist capture by vested interests
— build and maintain public support
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