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 Outline: Sustainability 1s about Future
Stable Institutions Plan for the Long Term

= The University
o The Convent

= A Compelling Infrastructure
o The City and The Corporation




‘ Universitas magistrorum et scholarium
a community of teachers and scholars

= a unibody of people, place and piety
o pursuit of knowledge intimately tied to living

= Modern university

o Unbundling of “uni” into a multi-verse of
= Knowledge specialization

= Imported workflows and systems that constitute the
basic infrastructure for conducting scholarly activities

o Printing press, laboratories, transportation networks
o “a corporation” of ideas, skills?

= Not Really. Itis a also a place for natural expression of
a society’s aspirations.
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‘ Universities enable Learning & Living
1in Future
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‘ Making Buildings Energy Etficient

Increasing bandwidth of use, decreasing granularity of response.

1. Reduce energy consumption by IT equipment

Q
Q

Q

2. Reduce energy consumption by the HVAC system

Q
Q

Q

3. Reduce energy consumption by Plug-Loads

Q
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SleepServers: Enable Agoressive Duty Cycling
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2. HVAC

Occupancy-driven HVAC

(b)

Figure 4. Picture of our energy meter (a, b) along with our SheevaPlug base station (c) that is deployed in the hallways.
The CC2530 based wireless module that are in both the base station and the energy meters is also shown (d).

(c)

Neutral Wires Electromagnetic Relay

(d)



) HVAC Energy Savings
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weather profile. HVAC energy savings are significant: over 13% (HVAC-Electrical)
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Estimated 40% savings across entire

building. Detailed occupancy can be
used to drive other systems.




‘ Demand Response 3. Plug Loads

= 54 HVAC zones including 1 kW corridor each floor
o 15-20 kW per floor, 260-358 W per zone
o DREM for plug loads with device type and priority levels
o Actuation classes: Off (PL 1), Occ_low (PL 2), Occ_hi (PL 3), On (PL 10).

| ] Subsystem Type | DR Priority-1 (P1) | DR Priority-2 (P2) |
Plug Load Devices
1 Class: always-off Occ: Load=OFF | NotOcc: Load=OFF Occ: Load=OFF | NotOcc: Load=OFF
Space heater, fans Inconvenience=1pt/10min Inconvenience=1pt/10min
Laptops, Chargers Savings -> Device Load(Occ) Savings -> Device Load(Occ)
Savings -> Device Load(NotOcc) Savings -> Device Load(NotOcc)
2 | Class: Occupancy-Based-Low Occ: Load=ON | NotOcc: Load=OFF Occ: Load=OFF | NatOcc: Load=OFF
PC Speakers, Room Printers Inconvenience=0pt Inconvenigf = /10min
Savings -> Device Load(Occ) T ™ e Load
Savings -> No Savings (NotOcc) oad (NotOcc)
3 | Class: Occupancy-Based-High Occ: Load=ON | NotOcc: Load=OFF NotOcc: Load=OFF
Lamps Inconvenience=0pt T ’
Savings -> No Savings (Occ) e - gs -> No Savings (Occ)

avings -> Device Load (NotOcc) @ 2" #ings -> Device Load (NotOcc)

esktop Computers an

4 Active | NotOcc: Sleep if CPU < 10 Oce: Sleep if no input for bmins | NotOcc: Sleep
Inconvenience=0pt Inconvenience=1pt
Savings -> No Savings(Occ) Savings -> Desktop+LCD if allowed to sleep(Occ)
Savings -> Desktop + LCD (NotOcc) Savings -> Desktop+LCD (NotOcc)

Heating Ventilation and Air Conditioning (HVAC) System

5 Occ: ON | NotOcc(all rooms in zone): OFF | Occ: ON | NotOcc(at least 1 room in zone): OFF
Inconvenience=1pt /room, 3pt/shared zone* | Inconvenience=2pt/10min room, 6pt/10min shared
Savings -> 260W-358W per zone shutdown Savings -> 260W-358W per zone shutdown




30 Room Deployment
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Figure 8: The energy consumption of our HVAC experiment. Occupancy information is gotten prior
to DR P1, and held constant for the duration of the DR event.
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Figure 9: The energy consumption of HVAC for the actual occupancy-based deployment. HVAC
zones controlled as occupancy changes.

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

response in minutes.



‘ There 1s 2 10X reduction as a LHF

= Interfacing with smart grid:

o An emerging communication plane over the electrical grid
o Demand Response is key to this interface

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

BREW Real-time Emulatio

Real Hardware &
Software



Openbuilding.org
(Search Service)

‘ Emerging Vectors

UCLA
Server

CSE, UCSD

Policy Server Policy

Sensor Sensor Sensor

"SMAP Arc_hitectu_re

" . Personal
g Modeling Feedback Continuous .
.g Visualization Somyisioning JSON ObJeCtS
S Control
= ' Actuation
o storage Location Debuggin
2 88ing Authentication
| REST API
I sMAP

HTTP/TCP

Electrical Geographical Occupancy
Water
Weather Environmental Actuator
Structural

Horizontal Architecture

Physical
Information

Vertical Protocol Layering




= LReE=
i "'-_ - .\.._ ““ '-~
e Gl e T L

rporation

g photographed by
g Jeff Park, 2009



‘ 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

L.ease” Rules

= Section 1603 of the Tax Code

o 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

2 100% funding for PV projects, 2.8 MW Biogas
Fuel Cell project

= An example of where modern corporation
meets researchers in the middle

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

of construction in 2011.



True Tax Lease for California Solar PV Projects
Diagram of True Lease Transaction Structure

Federal Tax Benefits:
30% US Treasury Cash
Grant, Depreciation

Purchase Options:

FMYV Purchase Option at End
of Term; One-Time Fixed Buy
Out Offered during Term

Lessor/Project Owner

Acquisition:
Lessor

acquires
the Project
upon

Completion
System Maintenance:
Operations & Maintenance TQCh n0|09y
Contract, Guarantee of :
Production (?) PrOVIder




An Explosion of “Corporate Projects”
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‘ Campus As A Living [Laboratory of
Localized Co-Generation and Storage
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¥ Future

CampusesL. .
as Living
| aboratories

for the

By Bill St. Arnaud, Larry Smarr,

Jerry Sheehan, and Tom DeFanti

e enter 2010 at a turning point in the debate

I on global climate change, in which the focus

& is rapidly moving from a scientific analysis

Y of how human activity affects climate to a

. political discussion on how best to regulate

' greenhouse gas (GHG) emissions so as to

W lessen the human and environmental toll of

global climatic disruption. Policymakers in many countries

are actively engaged in drafting legislation at the local, statg

rovince, and federal levels to enact substantial reg
Emits on GHG emissions. Colleges and universig
swept up in this legislation, will soon have t

sure ancrabatc campus GHG emissions oz

repercussions.

Bl Sc Arnand iz Chie Reszarch Officer at CAN,
the UCSD Jacobe Schools Departmentof Cay
of the California institvte for Teecomg
California, San Diego, and Usisersity of
at Calit2. Tom DeFasti isa Semior Rezaarch

2111 5¢. Arrasd, Larry

Roadmap to a green campus, USGBC.

g 2w EDUCAISE cavinn 19

to the reduction of carbon footprints.




‘ Computer Science As A Discipline

‘ NATIONAL ACADEMY OF ENGINEERING
l'l' OF E NATIONAL ACA
Manage the
k. M““ - mm

GRAND CHALLENGES 9™
FOR ENGINEERING .

Develop carbon
s::questratlcn
methods

CHALLENGE NNNNNRN

= CS favorite preoccupations now go beyond data
o Ballots, Equity, Access, Health

= Special role of NSF in driving this change.




