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Outline: Sustainability is about Future 
Stable Institutions Plan for the Long Term 

 The University 

 The Convent 

 

 Sustainability Research & Education 

 The Dominance of ‘data’ in driving research 

 Hyperscaling: a “million-student” classroom 

 

 A Compelling Infrastructure 

 The City and The Corporation 

 

 



Universitas magistrorum et scholarium 
a community of teachers and scholars 

 a unibody of people, place and piety 

 pursuit of knowledge intimately tied to living 

 

 Modern university 

 Unbundling of “uni” into a multi-verse of 

 Knowledge specialization 

 Imported workflows and systems that constitute the 

basic infrastructure for conducting scholarly activities 

 Printing press, laboratories, transportation networks 

 “a corporation” of ideas, skills? 

 Not Really. It is a also a place for natural expression of 

a society’s aspirations. 

 



83,000 College buildings , 3.48 billion square feet. 



Universities enable Learning & Living 

in Future 

A Weekend Discussion in April 2009. 



Identify 



Making Buildings Energy Efficient 
Increasing bandwidth of use, decreasing granularity of response. 

1. Reduce energy consumption by IT equipment  

 Servers and PCs left on to maintain network presence 

  Key: “Duty-Cycle” computers aggressively maintaining availability 

  Somniloquy [NSDI ‘09] and SleepServer [USENIX ’10] 

2. Reduce energy consumption by the HVAC  system 

 Energy use is not proportional to number of occupants 

 Key: Use real-time occupancy to drive HVAC at fine spatial scales 

 Synergy occupancy node [BuildSys ’10], HVAC Control [IPSN ’11]  

3. Reduce energy consumption by Plug-Loads  

 “Dark-loads” distributed over a building, diverse types  

 Key Idea: Measure and actuate based on “policies” at fine temporal 

scales [BuildSys’11]. 
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SleepServers: Enable Aggressive Duty Cycling 

68% energy savings since SleepServer deployment  

 

Average Power  

26 Watts 

Average Power  

96 Watts 
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Occupancy-driven HVAC 



2. HVAC Energy Savings 

10 

Estimated 40% savings across entire 

building. Detailed occupancy can be 

used to drive other systems. 

HVAC Energy Consumption (Electrical and Thermal) during the baseline day.  

HVAC Energy Consumption (Electrical and Thermal) for a test day with a similar 

weather profile. HVAC energy savings are significant: over 13% (HVAC-Electrical) 

and 15.6% (HVAC-Thermal) for just the 2nd floor   



Demand Response 
 54 HVAC zones including 1 kW corridor each floor 

 15-20 kW per floor, 260-358 W per zone 

 DREM for plug loads with device type and priority levels 

 Actuation classes: Off (PL 1), Occ_low (PL 2), Occ_hi (PL 3), On (PL 10). 

 

 

 



30 Room Deployment 

36.9% lower energy use over 8-hour work day. DR 

response in minutes. 



There is a 10X reduction as a LHF  

 Interfacing with smart grid:  

 An emerging communication plane over the electrical grid 

 Demand Response is key to this interface 

 From day-ahead planning to hour-ahead DR 
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And a 100X in a coupled system! 

 



Emerging Vectors 
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Enter The Corporation 



A “compelling” place for practice in living as 

a community 
 12,000 acres, 45,000 occupants, 8,000 residents 

 2 hospitals (with local generation), 15 restaurants  

 450 buildings, 11 million square fee of building space 

 Over $250M in capital construction/year 

 Generates 80% of its own electricity usage including  

 2.8 MW fuel cells, >2 MW PV, Wind, 15% of daily energy stored 

 Meters & Monitors everything:  

 50K meters, 4.5K thermostats 

 16 weather stations, real-time monitoring,  

 tracks moving clouds across the campus to drive dynamic PV 

load shifts from 50 kW/sec to 1 kW/sec. 

 Self-regulating entity, its own police. 



“The Corporation” under “True 

Lease” Rules 
 Section 1603 of the Tax Code  

 Originally enacted under ARRA as “cash grants in 

lieu of tax credits” for clean energy projects 

struggling for financing since the tax shelter 

market had dried up, 30% cash grants to lessor 

 100% funding for PV projects, 2.8 MW Biogas 

Fuel Cell project 

 An example of where modern corporation 

meets researchers in the middle 

 11:1 leveraging of donor funds by ensure 5% start 

of construction in 2011. 

 



New Market Tax Credits, 

39% US Treasury ITC 



An Explosion of “Corporate Projects” 

“Directed Biogas” Fuel 

Cell 

2.8 MW of energy 
storage Access to 

DC Power 



Campus As A Living Laboratory of 

Localized Co-Generation and Storage  



Roadmap to a green campus, USGBC. 



Computer Science As A Discipline 

 CS favorite preoccupations now go beyond data 

 Ballots, Equity, Access, Health 

 Special role of NSF in driving this change. 


