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OUTLINE:

THE PRESENTATION:

o THE PURPOSE
o THE PREMISE

o THE PRIZE

o THE PROBLEM
o THE PROPOSAL
oTHE PITCH
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THE PURPOSE

oMake the Case for the evolution of the Home and of Systems ...
o Explain the Convergence of the two ...

o Propose the Challenge and the Opportunity ...

o Propose a Path Forward...
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THE PREMISE
o The Vision of the Home is Changing:

* A Flow
* An Dynamic Environment
» Adapting Entity

FROM

* A Container

* A Static Shelter
» An Edifice

oThe Vision of Systems is Changing:

=)

FROM

* Heuristic Functions » Causal Functions

* Document Centric

* Model Centric
* Fully Dynamic
* Extensible Interfaces

* Dynamics by Inference
« Static Interfaces
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THE PREMISE
Convergence of an Opportunity Space and Solution Space

“THE EVOLVING CONCEPT OF THE HOME”

FROM TO

* A Flow
* A Dynamic Environment
» Adapting Entity

* A Container

» A Shelter
» An Edifice

—

SYSTEMS BASED
“THE EVOLVING CONCEPT OF SYSTEMS” SOLUTION SETS

FROM TO

» Causal Functions
* Model Centric

+ Fully Dynamic “THE INNOVATION
» Extensible Interfaces SPACE”

» Heuristic Functions
« Document Centric

* Dynamics by Inference
« Static Interfaces
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THE PREMISE
Home Systems :

“Innovations Needed”

SYSTEMS BASED

SOLUTION SETS

‘ENERGY
*‘ENVIRONMENT
‘PERFORMANCE
COMFORT
ADAPTABILITY
*SECURITY

‘NEIGHBORHOOD

*‘BUILDING
*SECTOR
CITY
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Models of the Home provide solutions...but are Not Well integrated... L’Eﬁt
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New Forces Connecting the Home as System Stretch Models Further L’Eit

engineering & technology

Continuous . -
Commissioning / ERefgy savings
Proactive with Peatﬂunand
Maintenance Reductions
S ; Reduced
Grine / Enhance \ :
Availability of " Demand Response %rmn of L?:Sgs
Green Power : 3 & Load Control / Blani:
i i / Eased
Options for Dynamic Depioyment of
Pricing & Demand Rene mﬁ; Rsso:rces
R Servi [17] t Pea
'esponse Services e
Transform
Customer Energy
Use Behavior
Reduced Line
Losses; Voltage Direct
Control Feedback to
Consumers of Energy
Usage via Display
Red Indirect Devices
uced
Meter-Reading - F:ranafk "{'m
Transportation ABIELLEEE L] .
Requi tswith  Improved Metering r&mﬁiﬁ‘;
Automated Meter & Billing Improved Billing
Reading Greater
Efficiency with Accelerated

Enhanced Measuremene ~ DeVice Innovation
& Verification (M&V) through Open
Capabilities Standards
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New Forces.. Demand Deeper and Broader System Understanding Lﬁt

Consumers are uninformed and
non-participative with power system

central generation; many
for distributed energy

Limited wholesale markets, not well
integrated; limited opportunities for
consumers

‘: .

Little integration of operational data with
asset management; business-process silos

Vulnerable to malicious acts of temror and
natural disasters

LUVEOI U LHIOL TULUI T,

— ) TODAY’s GRID. AND TOMORROW'’s. { ——

Informed, involved, and active
consumers,; demand response and
distributed energy resources

Many distributed energy
with plug-and-play

onrenewables

Mature, well-integrated wholesale
markets, growth of new electricity
markets for consumers

Powerquality is a
of quality/price options;
of issues

Greatly expanded data acquisition of
grid parameters; focus on prevention,
minimizing impact to consumers

———"
minimizing impact to co

Resilient to attack and natural disasters

with rapid restoration capabilities

engineering & technology

@ Demand Profile

320
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160

KILOWATTS
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Enterprises are beginning the journey ...A Whirlpool Smart Grid Example... I e&t

engineering & technology

Computer or CONSUMER ENERGY CONTROL

In-Home Display
(IHD)

INTERNET DOMAIN

Internal Product
Communications
Rrotdcoll syer

 HOME AREA NETWORK SMART METER DOMAIN
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THE PRIZE ( THE WHY ..))
0 1.5 Billion Homes
015 Million New Homes per Year
o 200 M Homes under renovation per Year
oPeople, Governments, Environments are redefining the Home Space...
oAdjacent Spaces to home redefined : new trade offs and opportunities.
oLarge Energy, Environmental, and Performance Benefits ...
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THE PROBLEM
o Systems Models of the Home and Surrounding Environment insufficient ...
o The Depth and Breadth of Models have been non-predictive
o Stochastic Methods and Deterministic Methods at odd’s ...
o The home and it's environment understudied compared to other systems ...
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L.
THE PROPOSAL TO SOLVE THE PROBLEM
oAN EXTENDED MODELING APPROACH
- MULTI-DOMAIN
* MULTI-DIMENSIONAL

« CAUSAL
oRESEARCH AND DEVELOPMENT BASED ON THE NEW MODEL
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MASTER MODEL LAYERS ... DIMENSIONS WE MUST HAVE ...

Systems Functional / Process Hierarchy Example

Example Functions

Control

* Actuation

Process

User Interface
Communication
Module System Design

Example Process Topology

Master System Function

Example Functions

Wash Function
Dry Function

o CSnin/Nrain Ei lnntif\ne

WM WIAIN T ulivuviio

* Motion Functions
* Energy Conversion Functions
* Module Set Design

o1)SIN3H

Functions

Sub-Functions

Example Mechanisms

* Multi-Phase Mass Transport

» Crystalline- Amorphous Mechanics
* Creep

* Fluid Surface Contacting

* Fiber Fabric Mechanics

* Modal Mechanics

* Process Chemistry

0+ Transport |+ output

|jeuoijoun4

Mechanisms

Example Phenomenon

* Enzymatic Catalysis

* Hydrolyzation

* Micelle Formation

* Inter Surface Atomic Bonding
¢ Molecular Kinetics

¢ Molecular Mechanics

* Electro Dynamics

jesne)

Phenomenon

?ﬁmwﬂ1lﬂhi
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l e&t

PRODUCT LEVEL MULTI-DIMENSION MODELS ARE HAPPENING ...
engineering & technology

BUT THEY NEED EXTENSION ...

TUE EENERE R ERETITTy Hydraulic System T

g)( g)( g)( f)( TubeMd
Wash system concepts

' Jj
Sump interactions

Optimizing pump/plumbing

r=f{rm=-2 1 a,

Thermal System ]m.*__fv.h},w,
- v
éms“" % % . _%Exwan % %Exwala% Eaa % ExWalls

- H1
Function
Mechanism 0
Phenomenon ®
273K
m 15
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Multi Dimensional Models are Changing all of Science and Engineering (as well) l e&t

engineering & technology

BUT THERE ARE LAYERS MISSING...

Networks
Tissues,
cuftures
o
51
", Pathways

|ELSpaLn g

Biochermical
reactions

[eBnEn

. Proteins,
L genes...
]

? 1
¢

A T i e

. SRR,

-
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Multi Dimensional Models are Changing Science and Engineering L'&i[

What's missing

Environmental

2 I-n Additional

ocieta

| Model

Economic Layers ......
[

Behavioral
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System Models also need Both Dimensions & Domains L‘

. Master System Model
Design Mode7 Design Model 3
Design Model 2

Design Model n

~S
— -
— _—
—— —
—y

- - Assembly Model -~
- ~
\
S d Value Model Functional Model Quality Model Manufacturing Model | - 7
DFV QFD Process Model || Presentation Model Process Model DFMA Model
Value Function Analysis Performance Model Bill of Process

Reliability Model Durability Model

Target Costing

Sub-functions

Mechanisms

=
=
m
4
24
o}
Z
7

Phenomenon
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SO WHAT AM | SELLING ..... L.

THE PITCH : FUTURE DIRECTIONS FOR SDM & SEAri ...
oMULTI-DIMENSIONAL /MULTI-DOMAIN MODELING
oMODEL BASED ARCHITECTURES
o0 OPEN STANDARDS FOR MODELS AND ARCHITECTURES
o FUNDAMENTAL RESEARCH AND APPLIED ENGINEERING SCIENCE:
» Alternative Architectures
« Alternative Models
 Alternative Innovation Sets
o PREPARATION OF LEADERS TO MAKE IT HAPPEN ...
o(and ..) DON’T FORGET THE HOME AS A SYSTEMS OPPORTUNITY ...
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MIT:

MANY THANKS TO THE AUDIENCE & MIT ...

WE HAVE REACHED THE END OF THIS BEGINNING ...

SO . ANY QUESTIONS 7?77

‘ e&t
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MIT-SDM 2010 Home/System of Future - Whirlpool — m 20



