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Making decisions for the 20th Century grid 
followed a simple “equation”. 

D(demand) ~ f{G (utility-scale) +   
  [T(utility)  + D (utility) ]minor} 

Where: 
D = policy, planning or investment decision 
G = electric generation 
T +D = transmission and distribution 

capacity 

Success was reliability. The big decision - largely the 
utility’s - was choosing the next power plant.  
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Starting around the 1960’s, a series of events 
and trends brought about major change. 

By the end of the 20th Century, the ways electric systems 
were planned, owned, built, operated, regulated, used, 
and bought and paid for would never be the same.   
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Recent Events and Trends 

Enduring Trends: 
• Utility as a social instrument continues. 
• It’s only getting more complex and complicated. 
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Making decisions  for the 21th Century grid requires an 
increasingly complex “equation.” 

Many players will be making many decisions under great 
uncertainty and increasing volatility. 
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D(reliability vs. price) ~ f{G(utility, non-utility, imported, 

customer, renewable)+ T(utility, merchant, interconnection, dynamic 

control) +D(utility, dynamic control, microgrid) + E(customer, grid, 

generation) + S(utility-scale, distributed) + DR } 
Where: 

D = policy, planning or investment decision; G = electric 
generation capacity or energy; T+D = transmission and 
distribution capacity; E = energy efficiency;  S = energy 
storage; DR = demand response 



Challenge: How to make good decisions in 
the face of complexity and uncertainty? 
•What policy, planning and investment 
decisions can and should be made today that 
will be robust for the future? 

•How do you prepare your organization to 
exploit future opportunities and not foreclose 
options, and handle surprises gracefully? 

•What business models, goals and strategies 
should you be, or not be, developing and 
following? 

9/22/2011 

Scenario Planning might be your best option. 
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The focal issue or decision. 
Given the great future uncertainty facing the electric grid,… 

… What would the function, operation, form and critical 
success factors of the T&D system evolve to be, under 
various sets of conditions? 
 
A corollary question might be: What investment decisions affecting 
T&D’s infrastructure and operation are the best… 
…for meeting society’s future expectations for service, reliability, cost 
and environmental friendliness,… 
…while attracting investors, private or public, today? 

9/22/2011 

Our simplified analysis uses a two-variable, four 
quadrant schematic.  
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Treated as orthogonal, continuums (spectrums) 
for two independent variables, placed in an XY 
configuration, form a four-quadrant space. 
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Scenario I Scenario II  

Scenario III Scenario IV 

Different plausible futures, i.e., scenarios, are the 
logical implications of cause & effect interactions 
in each quadrant between two highly uncertain 
variables. But which two are the most instructive? 



Which highly uncertain variables are most important 
to the successful expansion and operations of T&D? 

. . . 

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

Renewable Power 
Plant 

(2) Improved or new 
T&D functionality to 
make expansion and 
operations easier 
and less costly. 

(1) The “build” 
solutions, i.e., 
investments in 
traditional wires, 
towers, poles and 
power plants, 
and… 
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II. “Nimble”  
Deliver a kWhr from 
anywhere to anyone 

at anytime Technological 
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What does it mean? 

The 4 scenarios summarized below. 

Promotes traditional “build” T&D 
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Resists traditional “build” T&D 

Developments 
enable paradigm 
shift in new T&D 
functionalities 

Developments 
incrementally 
improve new T&D 
functionalities 

I.“Beefy” 
More of the same 

III. “Techie” 
Meet new demand 
via new technology 

IV. “T-Rex” 
“T” struggles to survive; 
“D” struggles to thrive 



IV 
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Concluding Observations 
•The successful factor (or strategy) for each scenario 

is unique. 
•The extent to which power systems will rely on 

transmission capacity is uncertain, but distribution 
plays a major roll in all scenarios. 

•Without new technologies, transmission expansion 
is: 
• limited by instability in the Beefy scenario  
• severely limited by societal resistance, and replaced 

by other energy carriers in the T-Rex scenario 
• In the Nimble and Techie scenarios, T&D could be in 

competition. 

I II 

III 

Which scenario are we in? 



II. “Nimble”  
Entrepreneur 

Technological 
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Do your own scenario: It’s fun and educational 

If you think your are in scenario x, then you might 
be a … 

Promotes traditional “build” T&D 
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Resists traditional “build” T&D 

Developments 
enable paradigm 
shift in new T&D 
functionalities 

Developments 
incrementally 
improve new T&D 
functionalities 

I.“Beefy” 
Traditionalist 

III. “Techie” 
MacGyver 
Survivalist 

IV. “T-Rex” 
Dinosaur or 

Mammal 



IV 
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Personal Observations & Opinions 
Uncertainties 

 • Transmission expansion planned, but will it get built? 
•Will coal and nuclear make a comeback? 
•What will be the cyber/physical security threat effects? 
• Can utility manage gracefully being a social instrument? 
• Can distribution change quickly enough? 
•What will be future load growth rates? 
• Everyone sees energy storage as a solution, but can it 

become one? 
•How far will power markets go? 

I II 

III 

Beats me! 
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For a deeper 
discussion of these 
scenarios go to: 
www.fortnighly.com 
 

“Grid Futures: Evolutionary 
Directions for Electric System 
Architecture,” Merwin Brown, 
CIEE, Lloyd Cibulka, CIEE, 
Alexandra (Sascha) von Meier, 
CIEE, Public Utilities 
Fortnightly, April 2011,  
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On-Going CIEE Electric Grid 
Research 

•Distribution Monitoring Project – CEC 
(PIER)/Utilities 

•Adaptive Intelligent Relay Demo – 
DOE/CEC/CIEE, Mississippi State, PG&E, SCE, 
Virginia Tech Cost Share 

•Microsynchrophasor Development and 
Demonstration for Distribution System – 
ARPA-E/PSL Cost Share 
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For additional information or discussion, 
contact : 

Merwin Brown 
Co-Director, Electric Grid Research  
Voice: 916-551-1871 
Merwin.Brown@uc-ciee.org 
 
www.uc-ciee.org 
 

“People tend to overestimate what can be 
accomplished in the short run but to 
underestimate what can be accomplished 
in the long run.”   Arthur C. Clarke 

And he’ll find someone to help you. 
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