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The MIT Utility of the Future Study

Introduction
Renewables and distributed resources
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Renewables and distributed resources
Learning curve or learning cliff
•Silicon PV cells price
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Renewables and distributed resources
Storage
•Learning pace?
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Renewables and distributed resources
Learning cliff
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Renewables and distributed resources
Decentralization
• Sunny Germany
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Renewables and distributed resources
Impact of policies and regulations



Regulation
The instrumental efficiency toolbox
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Regulation: the instrumental efficiency toolbox
Integrated operation and planning

Repowering markets (www.iea.org) 

•How to integrate (wholesale and network) 
exploitation of investments (eg. storage)?

•Which regulatory business models are 
need to take the most out of DERs?
– E.g. rate signals or long-term contracts?
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Regulation: the instrumental efficiency toolbox
All about getting the right mix

or

or

or
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Regulation: the instrumental efficiency toolbox
Tools
•Updating wholesale market design

•Distribution remuneration and planning

•Revisiting industry structure

•Efficient design of prices and charges
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Energy and ancillary services
Updating wholesale market design
•Market mechanisms to enhance efficiency 

in short-term operations and long-term 
investment
– Participation of DERs in wholesale and ancillary 

services markets
– E.g. bidding formats in short-term markets, 

ORDCs, etc.
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Energy and ancillary services
Updating wholesale market design
•Efficient regulatory interventions, such as 

long-term contracting or capacity/RES-E 
remuneration mechanisms
– E.g. capacity credit of DERs in capacity markets?
– E.g. how to make subsidies for DERs market-

compatible?

IEA, International Energy Agency, 2018. World Energy Outlook.
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Distribution
Remuneration
•TotEx and output-based regulation

– Regulatory tools to induce accurate utility 
forecasts and minimize strategy behavior

– Incentives for longer-term innovation and 
demonstration projects

http://ngrid.maps.arcgis.com
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Distribution
Remuneration
•Non-Wires Alternatives

http://ngrid.maps.arcgis.com
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Revisiting Industry Structure
Role of the DSO

Retailing / 
Aggregation

DER 
Provision / 
Ownership

Generation

System 
Operator 

Market 
Platform

Network 
Provider Data hub?

• Independent or otherwise – in future 
system operations?
– Should DSOs be separated from DNOS to 

ensure neutrality?
– Should DNOs be allowed to own and operate 

DERs?
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Revisiting Industry Structure
DSO-TSO coordination and data

https://en.energinet.dk/Electricity/DataHub#Documents

•Which the best model for coordinating 
DSOs and bulk system Balancing 
Authorities would be?

•How should data be managed
– Is an independent data manager necessary?
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Regulation: the instrumental efficiency toolbox
Tools
•Updating wholesale market design

•Distribution remuneration and planning

•Revisiting industry structure

•Efficient design of prices and charges
– End-user rate design
– Pricing for efficient distribution planning



Efficient design of
prices and charges
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Efficient design of prices and charges
End-user rate design

Scott Sandles, 2019. Current electricity network tariff reforms in Great Britain. FSR Summer School On Regulation Of Energy Utilities 
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End-user rates
Forward-looking marginal cost
•Efficient pricing would unwind cross-

subsidies result in variability in charges
• Is there any feasible rate design to avoid 

inefficient end-user operation and 
investment decisions?
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End-user rates
Forward-looking marginal cost

Scott Sandles, 2019. Current electricity network tariff reforms in Great Britain. FSR Summer School On Regulation Of Energy Utilities 
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Efficient residual cost allocation
The sense of urgency
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Efficient residual cost allocation
The sense of urgency
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Efficient residual cost allocation
The sense of urgency
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Efficient residual cost allocation
The sense of urgency
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Long-term demand elasticity
Grid defection or cessation

Grid defection 
costs
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Long-term demand elasticity
Grid defection or cessation
•Electric power system
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Long-term demand elasticity
Grid defection or cessation
•Electric power battery system
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Socio-economic basic criteria
Residual costs
•The optimal residual cost allocation 

method depends on a variety of factors
– Customer benefits of interconnection
– Elasticity of customer demand to fixed charges
– The ability of customers to avoid paying for 

residual costs by defecting from the grid
– The information available to the regulator
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Long-term elasticity and grid defection and disconnection
Recovering unassignable residual costs
•Thresholds based on stand-alone system 

costs
•Prior to risk to disconnection

– Uneven fixed charges
• Equity balance
• Backwards-looking marginal costs

• In face of risk of disconnection
– Exit fees
– Real-estate taxes
– State budget
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End-user rate design
Forward-looking and residual charging

Scott Sandles, 2019. Current electricity network tariff reforms in Great Britain. FSR Summer School On Regulation Of Energy Utilities 
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Pricing for efficient distribution planning
Tradeoffs of granular price signals
•System efficiency gains vs. implementation 

costs

Price Signal Granularity
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complexities dominate

“Optimal” signal 
granularity



34

Pricing for efficient distribution planning
Efficiency and level of granularity
•How good is good enough for electricity 

pricing granularity?
– System efficiency gains vs. implementation 

costs
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Pricing for efficient distribution planning
Hosting capacity
•Amount of distributed generation that the 

grid can efficiently host, above which the 
system performance turns unacceptable

Peak loading is 95% of the circuit’s 
rated capacity. Peak demand 
reductions could eliminate or 
delay circuit upgrades
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Pricing for efficient distribution planning
Hosting capacity
•Amount of distributed generation that the 

grid can efficiently host, above which the 
system performance turns unacceptable

Peak loading on the circuit is only 
15% of the circuit’s rated capacity. 
Peak demand reduction has 
almost no immediate value
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Pricing for efficient distribution planning
Local auctions
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