
Renewables and storage in 
electricity distribution: 
disruption or value add?

Nirmal Nair (N.Nair@auckland.ac.nz)

Associate Professor, Power Systems Group (PSG)

Department of Electrical and Computer Engineering

The University of Auckland

EMANZ Conference and Exhibition: Disruptive Innovation

Wellington, 23 May 2017



2

• Context of Innovation in NZ electricity distribution
• NZ electricity industry

• Innovations in 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 Demonstrations

Presentation Outline
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‘Smart/Smarter’ Grid Domains

 Innovations in NZ distribution 
network

o Innovations in NZ electricity 
industry

o Applicable innovations in NZ 
distribution networks

 The global context of 
distribution regulations

o Evolving regulatory framework

o Changing operation 
environment

o The need to support innovation

o UK and US regulatory initiatives

 Business drivers to innovate

o Role of trials and demos

Ref: Dollen (2009)

Asset Innovation: New Equipment, New Infrastructure, New Software

Functional Innovation: Control Method, Business Process, Pricing Methodology
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 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry

o Applicable innovations in NZ 
distribution networks
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distribution regulations

o Evolving regulatory framework
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‘Smart/Smarter’ Grid Domains
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Hydro

Wind

Geothermal

……

Bulk generation policy drivers 

 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry

o Applicable innovations in NZ 
distribution networks

 The global context of 
distribution regulations

o Evolving regulatory framework

o Changing operation 
environment

o The need to support innovation

o UK and US regulatory initiatives

 Business drivers to innovate

o Role of trials and demos

90% Renewable by 2025
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Encourage investment in 

last resort generation and 

voluntary demand response.

Has value due to 

hydro reliance

Operations Innovation

 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry

o Applicable innovations in NZ 
distribution networks

 The global context of 
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o Changing operation 
environment
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o Role of trials and demos
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Raise customer awareness

Adjust business process

Rethink load growth strategy

Service Innovation

 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry
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distribution networks

 The global context of 
distribution regulations
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o Changing operation 
environment
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o Role of trials and demos
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Distribution Innovation
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industry
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 The global context of 
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o Changing operation 
environment
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o Role of trials and demos
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Ref: Nair, Nayagam, & Francis (2008)

Existing switching management

 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry

o Applicable innovations in NZ 
distribution networks

 The global context of 
distribution regulations

o Evolving regulatory framework

o Changing operation 
environment
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o Role of trials and demos
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Ref: Nair, Nayagam, & Francis (2008)

Network Innovation: Load control

 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry
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distribution networks
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Potential Benefits

Loss reduction Voltage improvement

Upgrade deferral Increasing reliability

Potential Challenges

Generation technologies Changes to power flow

System protection Power quality

System frequency Voltage level control

Ref: Nair & Zhang (2009) 

IEEE 1547,

IEC 61850,

AUS/NZ 4777

Inverter-based energy systems

 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry

o Applicable innovations in NZ 
distribution networks

 The global context of 
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o Evolving regulatory framework

o Changing operation 
environment
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o Role of trials and demos
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Ref: Nair & Zhang (2009) 

IEC 61850

Network Innovation: Substation

 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry

o Applicable innovations in NZ 
distribution networks

 The global context of 
distribution regulations

o Evolving regulatory framework

o Changing operation 
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o Role of trials and demos
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Ref: Mollah (2011)

Scarcity Pricing, Interruptible Load, 

Distributed Storage, Reliability Preference

Network Innovation
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Is Locational Marginal Price 

feasible in distribution networks?

Source: COMIT &

Electricity Authority 

Will Long-run Average Incremental 

Pricing be implemented?

Should Loss Allocation be more 

accurate and specific at ICPs?

Should lower 

residential fixed

charge and rural 

subsidy be lifted? 

Network Innovation

 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry

o Applicable innovations in NZ 
distribution networks

 The global context of 
distribution regulations

o Evolving regulatory framework

o Changing operation 
environment

o The need to support innovation

o UK and US regulatory initiatives

 Business drivers to innovate

o Role of trials and demos
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Plant the Seeds of 

Innovation Today

Future  Benefit not yet 

Envisioned

 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry

o Applicable innovations in NZ 
distribution networks

 The global context of 
distribution regulations

o Evolving regulatory framework

o Changing operation 
environment

o The need to support innovation

o UK and US regulatory initiatives

 Business drivers to innovate

o Role of trials and demos

Smart Grid- Distribution Network perspective
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Smart Grid – Prosumer perspective
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Regulatory Framework

During 1st half of 20th century

Productive inefficiency 

Avoid risk-taking

Lack R&D investment
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Regulatory Framework

Cost reduction  Profit

Network Efficiency  Profit
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Regulatory Framework

Extend asset life
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Regulatory Framework
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Changing Environment

Ministers, Local Councils

 Electricity Authority

 Commerce Commission 
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Changing Environment
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Electric Vehicle, Heat Pump, 

Photo-Voltaic, Home Storage, 

Home Automation & Display, 

Electric Vehicle Charging, 

Lighting Efficiency, Home 

Insulation, Smart Meter, Time-

of-day Pricing, Two-way 

Communication, Integrated 

Energy Supplier, Aggregated 

Demand Services, Virtual Power 

Plant, Dynamic Charges, 

Integrated Ripple Control, 

Substation Automation, 

Distributed Generation, Fault 

Limiter, Demand Response, 

Distributed Storage, Load 

Balancing, Load Prioritising

……

Financially 

Risky

Ref: Scott (2010)

Changing Environment
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No industrial scale risk-benefit sharing, or cost offset

Innovation Risk
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Efficient Resource
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Global Development 

• UK: RIIO
• Revenue using Incentives to deliver Innovation and Outputs

• Office of the Gas and Electricity Markets (OFGEM)

• 2015

• Features
• Forward looking innovation

• Flexibility in the long-term

• Customer funding for small projects

• Competitive bidding of central funding

 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry

o Applicable innovations in NZ 
distribution networks

 The global context of 
distribution regulations

o Evolving regulatory framework

o Changing operation 
environment

o The need to support innovation

o UK and US regulatory initiatives

 Business drivers to innovate

o Role of trials and demos
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?

Global Development

• US: EEPS
• Energy Efficient Portfolio Standard

• Reduce higher cost of constructing new peak generations

• Provide options for consumers to control energy costs

• Aggressively funded efficiency programs

 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry

o Applicable innovations in NZ 
distribution networks

 The global context of 
distribution regulations
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o Role of trials and demos

Renewables and storage in electricity distribution: disruption or value add?



29

Business Drivers

•Broaden revenue source

– Upstream investment deferral

– Contract of superior reliability performance or efficiency

•Govt. institution partnership

– Public communication

– Building sector

– Transport energy independency

 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry

o Applicable innovations in NZ 
distribution networks

 The global context of 
distribution regulations

o Evolving regulatory framework

o Changing operation 
environment

o The need to support innovation

o UK and US regulatory initiatives

 Business drivers to innovate

o Role of trials and demos
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NZ Relevant Business Drivers

• Ownership structure

– Trust (customer) ownership

– Public ownership

• Innovation risk sharing

– Jointly R&D costs recover pool

• Enhanced review process

– Longer pricing interval

– Predictable review outcome 

 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry

o Applicable innovations in NZ 
distribution networks

 The global context of 
distribution regulations

o Evolving regulatory framework

o Changing operation 
environment

o The need to support innovation

 Business drivers to innovate

o Role of trials and demos

Source: Electricity Network Association 
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Role of Test beds: R&D 

•Unbiased opinion

• Research

• Practical test bed

• International experience

• Innovation forum: Start-ups

• Life-long learning & workforce 

development

 Innovations in NZ regulatory 
framework
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industry

o Applicable innovations in NZ 
distribution networks

 The global context of 
distribution regulations
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o Role of trials and demos

Renewables and storage in electricity distribution: disruption or value add?



32

Rooftop solar potential Ref: H. Byrd, B.Sharp,

N.Nair , et. al (2013)
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Role of Trials: RDD (Research, Development & Deployment)

 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry

o Applicable innovations in NZ 
distribution networks

 The global context of 
distribution regulations

o Evolving regulatory framework

o Changing operation 
environment

o The need to support innovation

 Business drivers to innovate

o Role of trials and demos

• Vector Sun Genie Trial began in 2013

• Leasing option: a 3-5kW PV system coupled with a 10.7kWh Li –
ion battery system

• 289 systems deployed

• Extended to schools

• Evolved into Tesla JV

• Clustered trials

• Grid battery trials

• Peer-to-peer trial

Renewables and storage in electricity distribution: disruption or value add?
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NZ Electricity Stakeholders and their 
price share
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UK Peer-to-Peer Transaction Exemplar
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 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry
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distribution regulations
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Germany Peer-to-Peer Transaction Exemplar
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Newer Assets

Transactive Energy Framework for Energy Management 

 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry

o Applicable innovations in NZ 
distribution networks

 The global context of 
distribution regulations

o Evolving regulatory framework

o Changing operation 
environment

o The need to support innovation

 Business drivers to innovate

o Role of trials and demos
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 Innovations in NZ regulatory 
framework

o Innovations in NZ electricity 
industry

o Applicable innovations in NZ 
distribution networks

 The global context of 
distribution regulations

o Evolving regulatory framework

o Changing operation 
environment

o The need to support innovation

 Business drivers to innovate

o Role of trials and demos

California’s Locational Net Benefit Analysis (LNBA)
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Source: “The View from the Top of the 

Mountain” IEEE Power & Energy Magazine, 

May/June issue

Summary
New business models/players to create values for energy management
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