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We are creating a human‐centered system that leverages pervasive 
sensor and communication technologies to achieve large‐scale energy savings

Advanced Research Projects Agency – Energy (ARPA‐E)Advanced Research Projects Agency  Energy (ARPA E) 
• Created in 2009, modeled after DARPA
• First FOA: 3,700 applications  37 awards (1 behavioral)
• Duration: 2‐3 years beginning April 1 2010• Duration: 2‐3 years beginning April 1, 2010
• Cost‐Sharing from CEC and Stanford

Interdisciplinary
15 f l• 15 faculty

• 10 departments, 5 schools, 5 centers 
• 30+ students
• Faculty Director: Professor Byron Reeves
• Project Director: Carrie Armel

Precourt Energy 
Efficiency Center

Stanford 
Prevention 
Research Center

Center for Integrated 
Facility Engineering

Human Sciences 
and Technologies 
Advanced Research 
Institute

Design for 
Change Lab



The Problems

1. Billions for “smart” infrastructure1. Billions for  smart  infrastructure
• Smart meters, home area networks, 
transportation and other sensors

2. Energy efficiency is difficult
• Figuring out what to do and how to do it is 
difficult and boring

How can we address both of these issues? How can we 
l fleverage smart infrastructure to maximize energy 
savings?



The Solution

Quantification!

1. Provide diagnostics / personalized recommendations

2 Increase motivation through specialized behavioral2. Increase motivation through specialized behavioral 
techniques
• Feedback 
• Incentives• Incentives
• Markets 
• Competitions 
• Data visualization

3. Create the best programs with unprecedented speed, 
ease, cost, and scale – via objective evaluation of program 
energy savings



Transformation Eco‐System
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Energy Services Platform Architecture

Presentation
•Device - computer, ipad, handheld, voice
Medium Text messaging widgets flash animation social media•Medium - Text messaging, widgets, flash animation, social media 

•GUI – control and flexibility in the development and editing of:
1. Style and layout
2. Type of content (i.e., which widgets?)

Services
•Subject Management System

•Surveys
•Web Collector for energy data

yp ( g )
3. Content (the specific text, images, sounds)

j g y
• User registration, consent, etc.
• Participant assignment
• Data retrieval by experimenter

•Web Collector for energy data
•Base Stats – w/stats package (mean, etc.)
•Analytics - e.g., disaggregation, baselining, 
diagnostics, channeling into programs

Storage (Data)

Environment
•Weather
R i l

Profile
•Rec. profiles 
d l d

Recommendation
•Programs, incentives, 

li t /

User
•Property
S

Energy
•From web 

ll t

Project
•Project 

ifi d t •Regional 
(not property 
specific)

developed 
through our data

•Disagg. learnings

appliance costs/ 
purchase links, 
savings per yr, 
contractors

•Survey
•Utility 
usern/psswd

collectorspecific data
•Website 
usage stats



Appliance Feedback Augmented

Engagement ChannelsEngagement Channels
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Energy Disaggregationgy gg g

Disaggregation allows us to take a whole building (aggregate) gg g g ( gg g )
energy signal, and separate it into appliance specific data (i.e., 
plug or end use data). A set of statistical approaches are applied 
to accomplish thisto accomplish this.



Stanford ARPA‐E Team

Principal Investigator
Byron ReevesByron Reeves

Project Director 
Carrie Armel

Core Investigators
Banny Banerjee, Tom Robinson, Jim Sweeney, June Flora

InvestigatorsInvestigators
Hamid Aghajan, Nicole Ardoin, Martin Fischer, Abby King, Phil Levis, Sam McClure, Andrew Ng, 

Ram Rajagopal, Balaji Prabhakar, Jeff Shrager, Greg Walton, John Weyant

Post DocsPost Docs
Eric Heckler, Zico Kolter, Hilary Schaffer‐Boudet, Annika Todd, Gireesh Shrimali

Graduate Students
Adrian Albert, Matt Crowley, James Cummings, David Gar, Sebastien Houde, Amir Kavousian,Adrian Albert, Matt Crowley, James Cummings, David Gar, Sebastien Houde, Amir Kavousian, 

Maria Kazandjieva, Amir Khalili, Deepak Merugu, Ansu Sahoo,
James Scarborough, Anant Sudarshan, David Paunesku, Scott White



ARPA‐E Goals for 
Behavioral WorkBehavioral Work

1 Develop behavioral intervention(s)1. Develop behavioral intervention(s)

2. To achieve substantial energy reductions

3 lid d i h i i l d i l ld3. Validated with empirical data in real world 
test(s)

4. At or ready for scale by grant end



Team

1. Develop behavioral intervention(s)
• Academics & lit review / databases ‐ behavioral principles. 
• ‘Creative’ professionals, intervention developers – marketing, business, 

game developers, etc.
• Technical implementation• Technical implementation

2. To achieve substantial energy reductions
• Engineer focused on energy to keep focused on thinking through best 

ways of getting substantial energy savingsy g g gy g

3. Validated with empirical data in real world test(s)
• Evaluation professional and/or academic  for evaluation
• Partner for real world test

4. At or ready for scale by grant end
• Real world partner(s) to scale. Same as real world test makes scaling 

easier. These partners can be a “champion” for the project, especially if 
i fi i i h h i i i kit fits in with their existing work.



Collaboration

1. Important
• Collaboration across disciplines and sectors

• Surprisingly, there can be a significant lack of communication 
among partners in a project. However, an interdisciplinary team 
has a unique ability to solve problems

2. How?
• Interdisciplinary meetings to get everyone on same page• Interdisciplinary meetings to get everyone on same page

– Terminology

– Major questions agreed upon

– Important, but likely insufficient because of limited time for most team 
members

• Glue person: familiar w/all different directions and keeps ensuring 
that at critical decision points that decisions are made to keep 
projects towards same goal. 



Data & Scalingg

1. Commitment/feasibility smoked out
MOU• MOU

• Legal & IT support for data approval & implementation (100+ hours) – who 
will keep rolling. 

• Regulatory & privacy issues potential regulatory approval• Regulatory & privacy issues, potential  regulatory approval.

2. Clear data and pilot plan agreed upon
• Data types ‐ individual or aggregate data, which variables, who will collect 

and provideand provide. 

• Experimental design doc agreed upon ‐ how participants will be recruited, 
stratified, randomized. 

• Timeline who will do whatTimeline, who will do what.

3. Articulation of transition to scaled program(s)
• What is the end goal? 

• How will we get there?• How will we get there? 

• Who will do what?



Institutional Biases

1. Nature of entity for data/scaling1. Nature of entity for data/scaling
• Regulated?  Slow moving? Aim for conservative image? Incentives to 

maintain status quo or push envelope?

• With transportation, could be municipalities, cities, etc.  Have a team p , p , ,
member who has been effective working w/in past, and a plan.

• Have back up plans, with one guaranteed to work. 

2. Nature of academic orgg
• Herding cats – Investigators are their own bosses. Grants usually allow great flexibility 

in doing what they want/changing course. 

• Interesting questions often trump energy savings.

S d l th f t i d t d t d t th bli ti• Speed – slower than fast industry, grad students other obligations

• Commercialization could be contentious due to poor incentives for faculty


