
Mobilizing Demand Side 
Flexibility through Priority 

Service-based VPP
Shmuel Oren

University of California at Berkeley

2021 Hotelling Medal Presentation
INFORMS, Anaheim, CA

October 24-27, 2021



2

A Smart Grid Vision
“Homeostatic Utility Control is an overall concept which tries to 
maintain an internal equilibrium between supply and demand. 
Equilibrating forces are obtained over longer time scales (5 
minutes and up) by economic principles through an Energy 
Marketplace using time-varying spot prices. “

F.C. Schweppe et al. “HOMEOSTATIC UTILITY CONTROL,” 
IEEE Transactions on Power Apparatus and Systems, 
Vol. PAS-99, No. 3, May/June 1980
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Offered to commercial  and industrial customers with load  > 500KW



Demand Subscription Service (SCE 1980’s)



Demand Subscription Service (SCE 1980’s)







Economic Paradigms for Product 
Differentiation in Electricity
• Chao, Hung Po, Shmuel S. Oren, Stephen A. Smith and Robert B. Wilson, "Multi-

Level Demand Subscription Pricing for Electric Power," Energy Economics, 
(1986) pp. 199-217. 

• Oren, Shmuel S., Stephen A. Smith and Robert B. Wilson, "Multiproduct Pricing 
for Electric Power," Energy Economics, V. 9, No. 2 (1987), pp. 104-114.  

• Chao, H., Wilson, R., “ Priority service: pricing, investment and market 
organization” Am. Econ. Rev. 77 (5), 899–916 (1987)

• Chao, Hung Po, Shmuel S. Oren, Stephen A. Smith and Robert B. Wilson, 
"Priority Service:  Market Structure and Competition," The Energy Journal,
Special Issue on Electricity Reliability, V. 9 (1988), pp. 77-104.  

• Oren, Shmuel S. and Stephen A. Smith, (Editors)                                           
"Service Opportunities for Electric Utilities: Creating Differentiated 
Products," Kluwer Academic Publishers, Boston (1993).
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ZOME ENERGY NETWORKS, INC

ZOMECLOUD
AI POWERED ENERGY OPTIMIZATION SOFTWARE

Multi Family Residences
and Commercial Buildings

ZOMEKIT
SMART BUILDING GATEWAY

1) EASY INSTALL, LOW/NO COST 
2) CLIENTS SAVE ENERGY & MONEY
3) AND GET PAID AS A “GRID ASSET”
 ZOME LINKS BUILDING TO ENERGY MARKETS

HVAC control via kitted
networked thermostats

Hot Water Heater control
via smart on/off adapters

ZOMEKIT Today:

ZOMEKIT Pilots:
Local Solar generation, 
control, optimization

In-building Batteries
to store/use energy

Integrated, co-optimizing 
EV Chargers/charging

Bidding curtailment into
ISO market energy programs

ZOME  TECHNOLOGY



The Customer Model
DR customers are represented in aggregate as a continuum of 
demand increments, each with an expected valuation     
(referred to as type). The aggregate demand curve is the CDF of 
types scaled to total load capacity N,                               . ( ) (1 ( ))D N Fθ θ= −

Aggregate demand curve maps a 
valuation (type)     to the number of 
units with expected valuation least 
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The “Customer” Self-selection Model
(for each load segment)

• “Customer” values a unit of consumption at      and 
faces retail rate
➥“Outside option” utility =                .    (forgo contract)

• Aggregator offers payment         per kW to load type        
for the right to curtail with probability

• Customers are risk-neutral so
➥Utility with contract=                .    

• is private information, revealed through self-
selection of                     from a manue of options  

Offered by the aggragator (Revelation Principle)
• Customer self-selection must satisfy incentive 

compatibility  (IC) and Individual rationality (IR)
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.2% Curtailment prob

Portfolio of uncertain 
supply resources

Priority trunches of 
curtailable loads

.5% Curtailment prob

1% Curtailment prob

10% Curtailment prob

Supply 
shortfall 
assigned to 
curtailable 
demand in 
priority order

Priority 
trunches
priced  to 
induce 
desired 
distribution 
of demand 
reserves

Demand Backed Reserves Obligations (DBRO)

Analogy to CDO  (but without the default correlation)







Co-Winner 
2020 Nobel 

Prize in 
Economics

Robert Wilson          Shmuel Oren             Hung Po Chao       Alex Papalexopoulos 

CEO Energy 
Trading 

Analytics

CEO ZOME  
Energy 

Networks 





ARPA E PERFORM – SMARTS Project
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Managing Delivery Risk
(Revenue Management Approach)

Resource portfolio
(Cost c, Capacity    ) 

Market data
(Price p, Shortfall penalty r) 
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Risk-controlled VPP Supply Function Based on Curtailed 
Tiered Capacities and Offline Energy Yield Estimation

Resources

Shortfall Probability
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STAY TUNED!!!
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