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‘Smart/Smarter’ Grid Domains
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helps distributed generators connect to local lines. The regulations 6. Conclusion
provide 3;““dird application process and timeframes, regulated
terms and conditions, pricing principles to ensure connection .
o v e, w3 i o Ui s o, ot 1 1o Ot
disputes. The Electricity Commission has developed guidelines  development. It also quickly reviewed the DG concep(sanapmmz
and model terms and conditions for agreements between  energy strategy which aims at 90% renewable genenuon ? 2025,
electricity retailers and owners of small-scale distributed genera-  Thereafter, this paper has suggested NZ following urope’s
tion which readily helps in the process of complying with the  SmantGrid platform for its intelligent grid development. Since
governance regulations. current grid development plans are afoot, this paper has argued
that it would be prudent for NZ to be “fast followers" or “fast
adapters” 1 developments in this emerging platfom. icy
fund demonstration projects. with active involvement
o academic research organizations and network line companies.
prudent for NZ to follow the 3 this stage could be sufficient to be abreast of this emerging
Some of the investment and  chnology. This support will also enable researchers t© ac'm'ely
support in these new grid technologies will have to be ':‘::l‘l‘;: pursue opportunities for ;[omr a:tmues between the GridWise in
by policy targets and others like substation automatio the US and smantGrid in Europ
keholders because of their other
taken up by the electricity std U
technical advantages. Based on the opportunities identified in
and US (Coll-Mayor et al., 2007) we list here some of them that Acknowledgement
could be applicable © NZ g — smoviedge te Pf““bg:!p:': ‘;Z)\ﬁ;g
mainly involves the develop- by the University of Auckland Research Prg,ei
roctures and a feguld= Y tong 4 3609562/9573. ©0 MY this WO

5. Future opportunities

The authors feel that it would be
SmartGrid technology development.

o Intelligent networks: This area s
ment of new concepes. nerwork infra :
tory framework for controk superviss
networks 0 transform the
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Bulk generation policy drivers
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a Innovations in NZ regulatory

framework .
o Innovationsin NZ electricity * Renewable pOI’thhO management
industry 1

o Applicable innovationsin NZ
distribution networks

a The global context of
distribution regulations
Evolving regulatory framework
Changing operation

environment HYdrO
The need to support innovation Wlnd .

UK and US regulatory initiatives [ -
Geothermal Generation .
a Business drivers to innovate \ e
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90% Renewable by 2025
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Operations Innovation

a Innovations in NZ regulatory
framework

industry

o Applicable innovationsin NZ
distribution networks

= lransmission

o Innovations in NZ electricity

O The global context of i L.
distribution regulations . Scarc:lty pricing

Evolving regulatory framework A Demand-Side participation

> Encourage investment in
Changing operation last resort generation and
environment
The need to support innovation VOluntaI'y demand response.

UK and US regulatory initiatives

—
Q Business drivers to innovate W

o Role of trials and demos EP.‘;E ‘% HaS Value dlle tO
R =" Operations hydro reliance
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Service Innovation

framework
o Innovations in NZ electricity
industry

—
Service

o Applicable innovationsin NZ
distribution networks

—— Provider

O Innovationsin NZ regulatory _

a The global context of
distribution regulations
Evolving regulatory framework

Changing operation
environment

The need to support innovation Ralse CUStomer awarencss
UK and US regulatory initiatives AdJIlSt buSineSS process
Rethink load growth strate

a Business drivers to innovate
o) Role of trials and demos
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Distribution Innovation

o mm (cneration
a Innovations in NZ regulatory
framework .
o Innovationsin NZ electricity * Renewable pOI'thllO management
industry

o Applicable innovationsin NZ
distribution networks

= Iransmission

O The global context of i L.
distribution regulations . SC&I’Clty pricing
Evolving regulatory framework A Demand-Side participation
Changing operation
environment

The need to support innovation

UK and US regulatory initiatives [ DiStI'ibutiOn

a Business drivers to innovate

o) Role of trials and demos
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Existing switching management

Penrose EPL Losd Leveller [BRIN)
a Innovationsin NZ regulatory 2%
framework N
o Innovations in NZ electricity m \
industry
o  Applicableinnovationsin NZ = fbﬁ\
distribution networks
O  The global context of E:E Py M i b\
distribution regulations b‘ I W \\\\ l ‘ \\\
. 20 \W- i —Y" \’\7)‘)‘&”\—4&.\. i
Evolving regulatory framework o T ¥ i W‘W ";l}_-/ k|
Changing operation .
environment — Inst Power
The need to support innovation 0 —— A Power
UK and US regulatory initiatives I St = 255 MW
P
a Business drivers to innovate
© Role of trials and demos T 14 =T W Tz LW e 14
Tum

Typical Load Leveller Pattern using Ripple Controller

Ref: Nair, Nayagam, & Francis (2008)
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Hot water cylinder control

Automation, communication
& protection

Voltage regulation & reactive
compensation

Distribution software &
database

Automated billing
Load shedding
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Network Innovation: Load control

a Innovations in NZ regulatory
framework
o Innovations in NZ electricity
industry

o Applicable innovationsin NZ
distribution networks

a The global context of
distribution regulations
Evolving regulatory framework

Changing operation
environment

The need to support innovation
UK and US regulatory initiatives

a Business drivers to innovate
o Role of trials and demos
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Inverter-based energy systems

Innovations in NZ regulatory
framework

Innovations in NZ electricity
industry

Applicable innovationsin NZ
distribution networks

The global context of
distribution regulations
Evolving regulatory framework
Changing operation
environment

The need to support innovation
UK and US regulatory initiatives

Business drivers to innovate
Role of trials and demos

THE UNIVERSITY OF

AUCKLAND

Te Whare Wananga o Tamaki Makaurau
NEW ZEALAND

IEEE 1547,
IEC 61850,
AUS/NZ 4777
Potential Benefits
Loss reduction Voltage improvement
Upgrade deferral Increasing reliability
Distributed
generation
Potential Challenges
Generation technologies Changes to power flow
System protection Power quality
System frequency Voltage level control
Ref: Nair & Zhang (2009)
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Network Innovation: Substation

a Innovations in NZ regulatory
framework Database/ { Metwork

. . L. Y SCADA Analysis Management
o Innovations in NZ electricity Station Level m [ System
industry
( Station

System
o Applicable innovationsin NZ | 1
distribution networks Bus )

|
(| The global context of | E I |
distribution regulations Intelliaent
Evolving regulatory framework Bay Level Protection and Control Devices (Protective Relays, IEDs) =
Changing operation netWOI‘l(S

environment L l l J

The need to support innovation I
UK and US regulatory initiatives (

Q Business drivers to innovate Process Level [_' Current J [ﬁ""““ﬂ‘ ]

l l

(e ) (e
Three-layer architecture for SAS in [EC 61850. IEC 6 1 850

ransformer ansformer
<cmn (vT)

o Role of trials and demos

Ref: Nair & Zhang (2009)
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Network Innovation

25
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Innovations in NZ regulatory
framework

Innovations in NZ electricity
industry

Applicable innovationsin NZ
distribution networks

The global context of
distribution regulations
Evolving regulatory framework
Changing operation
environment

The need to support innovation
UK and US regulatory initiatives

Business drivers to innovate
Role of trials and demos
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Scarcity Pricing, Interruptible Load,
Distributed Storage, Reliability Preference

Generation &
Transmission

Based Control

Measurement

- O—

IEC61499

Layer 1:
Adaptive Under frequency
Load Shedding Considering
Transient Stability

Sub-transmission

u&\

l

& Distribution

AUVLS IEDs

o

e

IEC 61850 Based
Coordination

Layer 2:
Adaptive Under Voltage
Load Shedding
Considering Voltage
Stability

Household Load

Ref: Mollah
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HLS IEDs

(2011)

Layer 3:
Optimal Household Load
Shedding

Smart
load

shedding
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Network Innovation

Streaming Live

roe: Blectricity Authority 2011

Soun
a Innovations in NZ regulatory
Line capacity
framework

w—350KY (HYDC)
o Innovations in NZ electricity — 220KV

industry o
m— S, GO

o Applicable innovationsin NZ ®  subsiaton
distribution networks

Will Long-run Average Incremental
7 Pricing be implemented?

a The global context of
distribution regulations

o Should lower

) e D residential fixed
A - mEmE  charge and rural

' subsidy be lifted?

Dynamic

Evolving regulatory framework

pricing

Changing operation
environment

The need to support innovation Source: COMIT &

Electricity Authorit
UK and US regulatory initiatives ectricity Authority

Is Locational Marginal Price
feasible in distribution networks?

a Business drivers to innovate
o Role of trials and demos

- Should Loss Allocation be more
T accurate and specific at ICPs?
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Smart Grid- Distribution N.etwork nerspective

a Innovations in NZ regulatory _
framework Intelligent
o Innovationsin NZ electricity Demand networks
industry Services
o Applicable innovationsin NZ ..
distribution networks Obligation to connect Distributed
Hot water cylinder control generation
Q  The global context of Automation, communication
distribution regulations & protection

Evolving regulatory framework Smart Voltage regulation & reactive
Changing operation

environment load compensation Plant the Seeds of
The need to support innovation control Distribution software & Innovation Today
UK and US regulatory initiatives database

Automated billing
a Business drivers to innovate Load shedding

o Role of trials and demos Smart
vehicle O Dynamic
charging pricing
Revenue
decoupling

(™ Future Benefit not yet
Envisioned
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Smart Grid — Prosumer perspective

. My power compasut the “My power supply
“ battery storage system (BSS) in was lost for a few
Battery Stomgeay-ten my backyard. because I choose a minutes but g

plan that allows me to have restored automatically
power even there is an outag by }‘t-uting power
from nearby

roTk s Rooftop photovaltaic
Small scale pilots 2014 networks ety Seteralion

Large-scale deployment 2
“My power supply guarantees
minimum level of reliability™

“I receive power bill reduction if solar Wferheating.
s grid-connected PV

7 o1 A o1 'S - v i ystems in 2014, but
o reccive il hot water cylinder is controlled . ® et

t_ll'_ﬁ‘;‘;atﬂ ﬁ*lzge‘ilgf't “My heat pump and appliances «I hardly recall the last time I paid for
[1age Conmo. Lhl = - - N -
Tniis e are automated according to my power bill since I installed the

. o= olar photovoltaic electrici
the control settings on my smart phone™ ' ﬁon panels O(E‘r}n)y moﬁog,
happening™ -

“My rooftop solar panel receives
extra income as it helps power (?
company manage networks” 4
“I am alerted that a potential hnn_ﬁgﬁiﬁfgr_’??-s Lo
- o i1 oL min
power outage is local’ :

“During the recent “My po
outage, some of my tnostl?' b
appliances lost power maximum power 5
but other important consumed by all Pilots 2014
“My power compan af ones did not™ appliances at one Wide-spread 2020

battery charging according to local time, instead of the

demands, so I get cheaper charging

rate, but I can override their control
and pay at the normal rate ™

actual electricity “I don’t know why the power price

. : fluctuates. but my smart phone application
takes care ofit and helps me operate

appliances when the power price is cheap™

usage volume™
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Regulatory Framework

a Innovations in NZ regulatory >
v Network Expansion
o Innovations in NZ electricity
industry

o Applicable innovationsin NZ Rate Of I'etum regUIationS

distribution networks

* Cost of service

Evolving regulatory framework . th
H s

Changing operation During 1°* half of 20" century

environment

The need to support innovation
UK and US regulatory initiatives Productive inefficiency

Avoid risk-taking

a Business drivers to innovate
o Role of trials and demos Lack R&D investment
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Regulatory Framework

a Innovations in NZ regulatory
framework
o Innovations in NZ electricity
industry

Consumer Equity

o Applicable innovationsin NZ
distribution networks

Incentive regulations

a The global context of
distribution regulations

Evolving regulatory framework ¢ PI’iCC Cap
hanging operation
endronment Revenue cap
The need to support innovation .
UK and US regulatory initiatives PrOﬁt Sha‘rlng
Revenue sharing

a Business drivers to innovate

o) Role of trials and demos

Cost reduction = Profit

THE UNIVERSITY OF Network Efficiency = Profit
AUCKLAND ENGINEERING
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Regulatory Framework

a Innovations in NZ regulatory
framework
o Innovations in NZ electricity
industry

o Applicable innovationsin NZ
distribution networks

Ageing Infrastructure

a The global context of
distribution regulations

Performance based

Evolving regulatory framework Revenue

Y ¢

Changing operation
environment

regulations

The need to support innovation

UK and US regulatory initiatives

* benchmarking

a Business drivers to innovate

o) Role of trials and demos

Extend asset life
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Regulatory Framework

a Innovations in NZ regulatory

framework Network Expansion
o Innovations in NZ electricity
industry R
AU ate of return
o Applicable innovationsin NZ 3
distribution networks regulations InC entive Agelng InfraStruc'ture
O  The global context of » Cost of service I’egulations Performance based
distribution regulations ;
Evolving regulatory framework * Price cap regulations
Changing operation ¢ Revenue cap )
environment - * Profit sharing * benchmarking
The need to support innovation .
UK and US regulatory initiatives * Revenue sharlng o
a Business drivers to innovate
o Role of trials and demos
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Changing Environment

a Innovations in NZ regulatory
framework
o Innovations in NZ electricity
industry

o Applicable innovationsin NZ
distribution networks

a The global context of
distribution regulations
Evolving regulatory framework
Changing operation
environment

The need to support innovation
UK and US regulatory initiatives

« State and regional
government
executives

* Industry regulator

« Competition
regulator

- Ministers, Local Councils

- Electri

a Business drivers to innovate
o) Role of trials and demos
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- Overlapping

Authorities
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Changing Environment

a Innovations in NZ regulatory
framework \
o Innovations in NZ electricity 2
o  Tough credit

o Applicable innovationsin NZ
distribution networks

environment
* Under-investment
 Insufficient

a The global context of
distribution regulations

Evolving regulatory framework

Changing operation
environment

The need to support innovation
UK and US regulatory initiatives

Business drivers to innovate
Role of trials and demos
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Changing Environment

a Innovations in NZ regulatory
framework
o Innovations in NZ electricity
industry

o Applicable innovationsin NZ
distribution networks

a The global context of
distribution regulations
Evolving regulatory framework

Changing operation
environment

The need to support innovation
UK and US regulatory initiatives

a Business drivers to innovate
o) Role of trials and demos
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Uncertain

Social
Reaction

* Privacy invasion
» Unexpected media
reaction

 Lack of experience
and understanding
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Changing Environment

ﬁlectric Vehicle, Heat Pump,

a Innovations in NZ regulatory FlnanClally :
framework . Photo-Voltaic, Home Storage,
o Innovations in NZ electricity RISky Home Automation & Display’
industry . . .
o o Electric Vehicle Charging,
o Applicable innovationsin NZ . . .
distribution networks nghtmg EfﬁClenCy’ Home
] Insulation, Smart Meter, Time-
QO  The global context of Tec Ology of-day Pricing, Two-way
distribution regulations Communication, Integrated
Evolving regulatory framework Advancement \ Energy Supplier, Aggregated
Cha.nging operation Demand Services, Virtual Power
?Ewmm::”t o Plant, Dynamic Charges,
e need to support innovation .
UK and US regulatory initiatives Isntgg‘:'it,ed I:ptple Cif)ntrOl’
ubstation Automartion,
0 . . . * Demand Side Distributed Generation, Fault
Business drivers to innovate o
o Role of trials and demos Resource El.rmt.]e:’ Ddel;lal’ld Re%)onse’
. istributed Storage, Loa
* Energy efficiency

25
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Ref: Scott (2010)
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Innovation Risk

a ]L:;rc:]\;i:c/ié)rrlls in NZ regulatory Distribution
o :ESSZ:SOM in NZ electricity Equipment

o Applicable innovationsin NZ
distribution networks

Suppliers

a The global context of
distribution regulations
Evolving regulatory framework

Distribution
Network
Companies

Changing operation
environment

The need to support innovation
UK and US regulatory initiatives

a Business drivers to innovate
o) Role of trials and demos

r N\ )
Accounting
Intellectual treatment of
property laws research and
development costs
. AN J
4 N [ N

Cost of innovation

Stringent review
of research and

trials internalised

\. J

development costs

o /

AN

No industrial scale risk-benefit sharing, or cost offset
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Efficient Resource

a Innovations in NZ regulatory
framework
o :Ezz\sltart;onsin NZ electricity New SCI‘Vlce CapaCIty EfﬁCient resources

o Applicable innovationsin NZ

distribution networks (Traditional Case)

a The global context of
distribution regulations

(Innovation case)

* Revenue shrinks

* Company growth

Evolving regulatory framework L‘arger asset base i Lon%_-term eﬁ‘iCIGHCy
Changing operation . : e uality may improve
chaneing ope Quality improves Quality may imp
The need to support innovation More room tO Cut
UK and US regulatory initiatives .

maintenance cost

a Business drivers to innovate Short-term efﬁciency
o Role of trials and demos
V Case formed ’ No business case
THE UNIVERSITY OF
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Global Development

a Innovationsin NZ regulatory @ U K: RI IO

framework

o Innovationsin NZ electricty * Revenue using Incentives to deliver Innovation and Outputs
industry

o  Applicable innovations in NZ * Office of the Gas and Electricity Markets (OFGEM)

distribution networks

e 2015
* Features

Evolving regulatory framework * Forward Iooking innovation
Changing operation
environment

The need to support innovation * Customer funding for small projects
UK and US regulatory initiatives

* Flexibility in the long-term

Competitive bidding of central funding

a Business drivers to innovate

o Role of trials and demos

BIEYE] THE UNIVERSITY OF
““x| AUCKLAND ENGINEERING
IO/ e wenings o skl Makaures DEPARTMENT OF ELECTRICAL Renewables and storage in electricity distribution: disruption or value add? 27
X NEW ZEALAND AND COMPUTER ENGINEERING




7R
' *
x

Global Development

Innovationsin NZ regulatory @ US: EEPS

framework

Innovations n NZ electricity * Energy Efficient Portfolio Standard

industry

Applicable innovations in NZ * Reduce higher cost of constructing new peak generations

distribution networks . .
* Provide options for consumers to control energy costs

* Aggressively funded efficiency programs

Evolving regulatory framework
Changing operation

environment
The need to support innovation

UK and US regulatory initiatives

Business drivers to innovate
Role of trials and demos
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Business Drivers

Q Innovations in NZ regulatory ] Br‘oaden revenue source
framework
o Innovations in NZ electricity .
industry — Upstream investment deferral

o Applicable innovationsin NZ
distribution networks

— Contract of superior reliability performance or efficiency

a The global context of
distribution regulations . . . .
Evolving regulatory framework o GOVt. I nSt|tut|0 n pa rtn erSh I p
Changing operation
environment

The need to support innovation - PUbIIC communication
UK and US regulatory initiatives

— Building sector

d Business drivers to innovate

o Role of trials and demos

— Transport energy independency

AUCKLAND ENGINEERING
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NZ Relevant Business Drivers

a Innovations in NZ regulatory o OW n e rS h | p Stru Ctu re

framework
o Innovationsin NZ electricity .
industry — Trust (customer) ownership
o Applicable innovationsin NZ
distribution networks

— Public ownership

a The global context of
distribution regulations

e Innovation risk sharing

Evolving regulatory framework

Changing operation
environment

— Jointly R&D costs recover pool

o The need to support innovation

d Business drivers to innovate o E n h a n Ced rEV| eW p rocess

o Role of trials and demos

— Longer pricing interval

— Predictable review outcome™

* - Source: Electricity Network Association
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Role of Test

a Innovations in NZ regulatory
framework
o Innovations in NZ electricity
industry

o Applicable innovationsin NZ
distribution networks

a The global context of
distribution regulations
Evolving regulatory framework
Changing operation
environment

o The need to support innovation

a Business drivers to innovate
o) Role of trials and demos
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. Solar energy generation potential
Rooftop solar potential (oW i loor areafyear) K o e
N.Nair , et. al (2013)

=

' k=l
0
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Role of Trials: RDD (Research, Development & Deployment)

O Innovationsin NZ regulatory * Vector Sun Genie Trial began in 2013
framework
o Innovations in NZ electricity * Leasing option: a 3-5kW PV system coupled with a 10.7kWh Li —
industry ion battery system
o Applicable innovationsin NZ
distribution networks e 289 Systems deployed
QO  The global context of * Extended to schools

distribution regulations i
Evolving regulatory framework ¢ EVOIVEd Into TESIa v
Changing operation
environment

o The need to support innovation . Grld battery trials

a Business drivers to innovate * Peer-to-peer trial
o Role of trials and demos

e Clustered trials
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UK Peer-to-Peer Transaction Exemplar

Innovationsin NZ regulatory
framework

Innovations in NZ electricity
industry

Applicable innovationsin NZ
distribution networks

The global context of
distribution regulations
Evolving regulatory framework
Changing operation
environment

The need to support innovation

Business drivers to innovate
Role of trials and demos
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Matched electricity
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Germany Peer-to-Peer Transaction Exemplar

a Innovationsin NZ regulatory
framework
o Innovations in NZ electricity
industry

o Applicable innovationsin NZ
distribution networks

a The global context of
distribution regulations

Evolving regulatory framework

_ ] aoo
e} Changing operation r S ogoo
environment ‘ ooo
o  Theneed to support innovation , oon
a Business drivers to innovate
o Role of trials and demos ) » : ; -
Peter in Munich Paul in Flensburg Martha in Frankfurt Magda in Hamburg
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Transactive Energy Framework for Energy Management

a Innovations in NZ regulatory Bulk Power
framework Marksts Newer ASSEtS

o Innovations in NZ electricity
industry

S%nrfefls Schedules Schedules

o Applicable innovationsin NZ
distribution networks

Market
Price Signals Local Prosumer/Entity
a The global context of Schedules Preferences

- X ) DER Provider
distribution regulations

Schedules Schedlles Operator
Evolving regulatory framework Market Instructions Prosumers
i i 56 i Bilateral Price Signals .
Changing operation & & i TR caotie
environment Bids and Offers

Fuel Cell

o The need to support innovation

a Business drivers to innovate

o Role of trials and demos

IEEE power & energy magazine [nE\Vj ju ne 2016
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California’s Locational Net Benefit Analysis (LNBA)

a Innovationsin NZ regulatory
framework
o Innovations in NZ electricity
industry

o Applicable innovationsin NZ
distribution networks

a The global context of
distribution regulations
Evolving regulatory framework

Changing operation
environment

o The need to support innovation

a Business drivers to innovate
o Role of trials and demos
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SDG&E

l SDG&E Components

Energy

Specific Investments

SCE
BT

2015

PG&E

2016

2017

l PG&E Final Value Components

u Generation Energy and GHG

2018 GRC

(2018-2020)

Distribution #1 Automated Switches w/ Enhanced
) Telemetry $500K - $1M $3-$5M $35 - $60M $185 - $320M
Generat Automation -
#2 Remote Fault Indicators
u Ancillary Substation #3 Substation Automation X . . :
. Automation #4 Modern Protection Relays $13-$16M | $5-$10M $25-$45M $185-$320M
=38 T&D Cap ~ g i y
Communication #5 F!eld Aleg Network $100-$200Kk| $2-$5M $5 - $10M $270 - $470M
Distribut Systems #6 Fiber Optic Network
u Avoided #7  Grid Analytics Platform
Avoided #8 Grid Analytics Applications
Cost #9 Long-Term Planning Tool Set
. #10 Distribution Circuit Modeling Tool
socetal Technology 1 Generation Interconnection Application
Publicsy Platformsand | #11 g L $10-$13M [$65-$100M| $55-$85M | $215-$375M
Applications =
#12 DRP Data Sharing Portal
#13 Grid and DER Management System
#14 Systems Architecture & Cybersecurity
#15 Distribution Volt/VAR Optimization
#16 Conductor upgrades to larger size
Grid Reinforcement $140 - $215M | $550 - $1,100M
#17 Conversion of circuits to higher voltage
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Summary

New business models/players to create values for energy management

Regulators Utilities Service Providers Consumers/Prosumers

* Developing Policy » Connecting with * Partnering with » Engaging with Energy
Decisions Customers, ISOs, and Customers to Provide Providers and Service

* Relating to Energy Partners a Consistent Value Organizations Through
Assets, Energy * Developing a Value- Proposition for Their Transactive Value
Production, Based Approach to Offerings Programs, Incentives,
Distribution, and Energy Supply « Ensuring the Highest and Partnerships
Consumption * Providing Value with a Quality/Cost Value for * Delivering Demand

» Evaluating Which Transactive Approach so Their Contracts with a Response, Load
Transactive Approach All Parties Have a Fair Transaclive Approach Shedding, or Simi_lar
May Offer Significant Mechanism to Assess TR
Program Benefits Value Based on Time of Providers and Ulilities

« Implementing Best Use and Costs

Practices and Improved
Value for All Parties

Source: “The View from the Top of the
Mountain” IEEE Power & Energy Magazine,
May/June issue
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