Home of the future
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On site custom design
construction with fully
electric CC machine.

Wasteless operation at
unprecedented speed:
An average home built
in one day.

These result in
dramatic saving in
construction energy.
Estimated energy
saving is 75% of
energy used by
conventional
construction.

Automated Construction by
Contour Crafting — Energy Aspects

USC Viterbi School of Engineering




CRAFT

The Contour Crafting Process
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CC Nozzle building a hollow wall
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CRAFT

A CC gantry robot




Hollow concerte walls built by CC

USC Viterbi School of Engineering .




CRAFT

Modular electrical & communication lines
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Robotic assembly of modules during

mc building construction
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Automatic imbedding of heating / cooling elements
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Conductive
concrete (brown
layers) may be
used to power
densely
imbedded
sensors and
actuators.

Imbedding sensors, actuators and IT
™ components




CRAFT

i

Permanently
imbedded
lighting by
automatic
placement of
LEDs with
conductive and
translucent
concrete to
create building
structures that
provide reliable
and low energy
illumination.

Lighting

The translucent
concrete shown,
Litracon, is already in
the market.

USC Viterbi School of Engineering




Composite
wall including
concrete,
conductive
concrete and
translucent
concrete

Automatic imbedding of LEDs

USC Viterbi School of Engineering .




Responsive Energy Storage
Through Oil/gas/geothermal-well
Reuse (RESTOR)



An interesting coincidence

. Washington
1375

Oregon

California
2537

The 100 largest oil and gas Installed US wind power
fields in the US capacity as of 2008



RESTOR gravitational energy
storage system

DRUM Reduction
SHEAVE Gear

e all materials readily available
from mining industry
Motor/Generator e liquid in well has virtually no

effect
BORE ° 0Oi
Coiled Cable oil well owner defers |
abandonment cost and realizes

revenue

1455
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Significant energy storage

Storage capacity of a well: h h
E =mgh = (140kg/m- 2)-9-2

for iron weight of 6” diameter

E =343J xh*

For a 3000m well with 1500kg weight:
E =3.09x10°J =858 kWh

Estimate for production
RESTOR system

$50-300/kWh (dependent on motor/
generator cost and well depth)

$200-400/kW (dependent on
motor/generator cost)

Key parameter for energy storage system

System Capital Cost per Unit of Rated Energy Capacity

System Capital Cost per Unit of Rated Power

Minimum Operating Time at Rated Power 8 hr. for 10 1MW, 200T systems on
(time at Rated Power for charge and discharge) 3,000m wells

C_ycle Life (cycled at rated power between charge and >10,000 cycles
discharge)

Round-Trip Efficiency 85-90%

Scalable to tens of GWh on national

Scalability of Storage Technology for Grid-scale Application basis




Power system controls
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Microgrid scale

DRUM Reduction

SHEAVE Gear

Mator/Generatar

WWELL
BORE

Coiled Cable

To store

E =3.09x10"J =8.58 kWh

would require a 300-m well of 6” diameter.



Power-related research at USC
Information Sciences Institute



Design optimization and efficient trade
space search

e Constraint-based search of deterministic
design space

* Proved in three desigh domains:
— Nanosatellite design (ISl)

— Robotic surveillance with energy replenishment
(DARPA)

— Space architecture optimization (DARPA)

e Strong candidate for conceptual design of
complex power systems



A small design space
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Each data point is an optimized design

Optimization Metric: cost per image
(16 imagers, 569 km, 200 kbps)

¢
[ |
700

o ’
T 600 -—‘-‘
m —
£ o ¢
. = 500 ;@
g. > ¢ & 1-mcost

Yt .

A i H2-mcost
¥ g% B

7] & 3-m cost
23 L
= Y 00 -m proc
Q E A e 2-mproc
E a. 200 +3-mproc
W
Q
o 100

X

¢} 2000 4000 6000 8000 10000 12000
Images per day per cluster



Building Level Energy Management
System (BLEMS)

Learns: Learns & adapts to occupant and building behavior

e Continuously probing the system to learn about occupant and building
demands/tolerances

Negotiates: Based on overarching goals, BLEMS balances
energy consumption with occupant comfort levels via
negotiations with neighbors (peer-to-peer communications)

Hierarchical: Supports the concept of a building composed
of one or more zones, each zone with one or more rooms

Self-contained: BLEMS recognizes existing legacy systemes,
adapts to new systems and communicates with peers




Overall System Optimization
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BLEMS Hierarchy

Alternative
. Energy <
Electrical (Wind,
Grid Batteries,
EVs, etc.)
Purchase Energy (P-
"G Level 3
Energy Purchased (demand Usage History & Building
limit) Status
Building EMS (B Level 2
|\E/|5)
Er?er.gy demand Usage History &
limit for Zone Zone Status
Zone EMS (Z-EMS) Level 1
Energy demand Usage History &
limit for room Room Status
Room EMS (R-EMS) Level O
‘\; Existing
EMS
EIVIS
Room .
Occupanc = Electric
pancy n " Lighting Vehicles (EV)
Lighting Thermostats
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BLEMS High-Level System

—
—
Occupant behavior rules

T

——

Building and device
behavior rules

Decision/Control

I Operational/Initial State

BLEMS
Input/

Output
Logic

T BLEMS Network

eOccupancy schedules
eSensor inputs

eLegacy system inputs/outputs
*BLEMS unit inputs/outputs

Rules generalize BLEMS — allow multiple implementations




BLEMS Network

Legacy
EMS
Converter
Converter
Legacy
Lighting
Controls

Other
BLEMS
Units
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BLEMS Unit
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Legacy comms protocols

Converter
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Other
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BLEMS is agnostic to the communication system used




BLEMS Status

Prototype 0.4 undergoing evaluation

— Adjustments are being made to control/decision and
behavior modules based on evaluations

— Sensor boxes designed and tested

Integration with Lewis Hall in progress

— Can access RGL scheduling

— completed development of the parsing software
— Sensor box installation pending

Completion August 2012
Pursuing continuation under LA Smart Grid



Multi-agent microgrid control

Increased Generation Efficiency
— Operate Generators at Peak Thermal Efficiency
Decreased Generation Capacity Requirement

— Dynamically Defer Lower Priority Loads to Avoid Requirement to Satisfy Peak
Load

— Reduction from Peak to Mean Load is Significant for Low Duty Cycle
Applications

Reduction in Premature Generator Failure

— “Wetstacking” Damage Caused by Low Output Operation
Enhanced Power Quality

— Avoid Simultaneous Switching of Highly Reactive Loads

— Isolate Sensitive Electronics from Busses Powering Rotating and other
Reactive Loads

Manpower Reduction
— Autonomous Operation of Power Distribution
— Automated Fault Detection and Isolation



Key Benefits (1): Efficiency

Increased generation
efficiency
— Optimized scheduling

— Automatic load shifting
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Management of multiple
generators in integrated
approach provides significant
benefits in efficiency



Key Benefits (2): Reliability

 Reduction in generator
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Key Benefits (3): Power Quality

e Enhanced power quality

— Effective reduction of
impedance reduces
transients

— “Smart starting”
algorithm protects vital
loads, eliminates
generator trips

Microgrid provides macrogrid-like
power quality
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Potential power related applications
for other ISI technologies

 Wind farm output prediction
— Probabilistic graph theory approach
— Derived from CiSOFT oil field optimization

— Combine with network of low-cost anemometers
* Grid operator decision support

— Real-time analysis of synchrophasor data

— Combine graph theory, learning machine, and
power system model





