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Discussion Agenda

 Long-term vision for electricity 
industry:  the Grid of Grids (GoG)

 The big gap between future and 
present, and pathway(s) during the 
transition
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• Zero carbon emissions 
from power generation

• Full electrification of 
vehicles and space 
heating

• Increased resilience to 
sources of disruption

Electricity Industry 2050?

Desired outcomes

• 100% supplied by renewables plus 
energy storage

• Customer-sited resources (DER) 
and islandable microgrids

• Intercustomer balancing via local 
distribution utility

• Interregional balancing via 
transmission (increasingly DC)

• Cloud services and blockchain for 
transactability between all parties

“Grid-of-grids”
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The GoG:  A “Grid-of-Grids”

Generation Delivery Customer

Source:  “The Future of the Electric Grid and the Role of Energy Storage” Electric Power Research Institute, May 24, 2016

Transmission 
(high voltage)

Distribution 
(low voltage)

Microgrid
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Characteristics of the GoG
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Source:  Navigant “From Smart Grid to Neural Grid”, 1Q 2018
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GoG Technology Advancements
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Source:  DOE Quadrennial Energy Review, January 2017
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Transacting on the GoG Via the Cloud

Source:  Navigant “From Smart Grid to Neural Grid”, 1Q 2018
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Industry Structure in the GoG
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Source:  PNNL “Grid Architecture and the Interactions of Power Systems, Markets and Grid Control Systems” July 2015

Bulk power grid dispatcher and 
wholesale market administrator

Participants in wholesale 
markets:  bulk power asset 
owners and operators

Distribution system operator 
(local utility grid assets) and 
DER market administrator 

Buyers and sellers of 
energy in DER markets
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Key Gaps Between Today and the GoG

 100% renewables

 Plentiful storage

 Lots of long-distance 
point-to-point HVDC

 Microgrids 

 Cloud and blockchain 
transactability

 Digitally-controlled

 Operations based on 
predictive analytics
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The GoG
 <10% renewables

 Minimal storage

 Mostly latticed AC 
network

 Common distribution

 Closed SCADA-based 
systems

 Mostly analog

 Rules-based grid 
operations

Today
 Massive investment 

requirements
 Generation

 Storage

 Transmission

 Distribution

 Communications

 Control systems

 Major shifts in 
institutions
 Regulatory compact

 Market structures

 Role of operators

Gaps



Closing the Gaps
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Massive 
investment 
requirements

 Generation

 Storage

 Transmission

 Distribution

 Communications

 Control systems

Major shifts in 
institutions

 Regulatory 
compact

 Market structures

 Role of operators

…easier to incur 
as technologies 
improve and 
costs fall, but 
will only happen 
with/when…



Institutional Shifts to Enable the GoG
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What needs changing Changes required

Regulatory compact • Full retail competition, encompassing commodity supply 
and DER services (including microgrids)

• Distribution service redefined as wires 
ownership/operation and peer-to-peer transaction 
facilitation under fixed (rather than variable) price tariffs

Market structures Wholesale energy markets restructured to
• Adequately compensate investments in renewables and 

storage with near-zero variable costs and 
• Manage bulk power grid operations to maintain reliability

Role of operators • Distribution grid operated by local monopoly utility as a 
platform (DSO) supporting peer-to-peer transactions

• Transmission grid operated by ISO to facilitate balancing 
between DSOs

• Both with significantly enhanced commitment to 
cybersecurity and privacy to protect cloud-based 
transactions and operational signals



Economic Misalignments to Solve
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Major shifts in 
institutions

 Regulatory 
compact

 Market structures

 Role of operators

…likely to be driven by pressures 
to resolve economic 
misalignments

 Cost structure for supplying electricity with 
renewables + storage becoming less variable, 
more fixed

 Electricity pricing (both at wholesale and 
retail) remains heavily oriented towards 
variable element



Historical Economics of Electricity
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cents/kWh

Cost structure Retail tariffs

Fixed

Variable

Generation Total

Distribution

Transmission

Mostly 
fuel

Residential Commercial Industrial

Residential tariffs predominantly variable 
(small customer charge, no demand charge)

~50%

Industrial customers subsidized 
(mostly by commercial sector)



Increasing Retail Price Mismatch
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cents/kWh

Cost structure Retail tariffs

Fixed

Variable

Generation Total

Distribution

Transmission

Residential Commercial Industrial

With 100% 
renewables, 
variable cost 

approaches zero

How will regulators 
restructure retail tariffs?

<10%



Wholesale Energy Price Setting
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Declining Wholesale Energy Prices

2/12/2019Pathways to Utility of the Future

16

0

1

2

3

4

5

6

7

8

9

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1990s with Renewables

cents/kWh

Addition of renewables

GW

Minimum demand Peak demand

Retirements of 
inefficient old 

plants

Price range

Price range



Wholesale Markets Under Stress
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Historical Current

New 
renewables 
(RPS)

Declining average energy prices

“Lose-lose”

 Fossil generators not making 
enough profits to keep plants 
operating  retirements

 Insufficient profit opportunity to 
encourage investment in further 
renewable additions



Example:  ERCOT Offer Stack 2017
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$/MWh

GW20 40 60 80

100

200

300

400

500

600

~37 GW of 
zero-bid capacity

Source:  Future Energy Advisors analysis (based on Potomac Economics 2017 State of ERCOT Market Report, May 2018)

Essentially 
vertical at 
~70 GW



Required Changes in Pricing
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Change required Objection

Wholesale 
markets

Shift most cost recovery 
for generation to 
capacity markets (rather 
than energy markets)

Will financially harm 
fossil power plants

Retail 
tariffs

Restructure tariffs away 
from variable energy 
charges

Will discourage 
energy efficiency



Summary Perspective

 The Grid of Grids (GoG) can provide a zero-
carbon and resilient energy future

 Massive investments required to achieve the 
GoG won’t happen until institutions are 
significantly changed

 Institutional changes will be driven by growing 
pressures to resolve economic misalignments
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