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Objective / Approach

* Objective: Accelerate the development and optimization
of thermal-to-electric generators (TEGS)

« Approach: Develop a technological system, Industrial-
Scale MicroReactor™, capable of conducting high-
throughput screening with immediate transition to
production

e QOur team:
— PhDs in Chemistry / Chemical Processes / Cell Biology
— Masters in Physics

— 8 experts in Structured Innovation; including 5 experts in TRIZ,
The Theory of Inventive Problem Solving

— Experts in design of experiments, mathematics, computer
science, mechanical engineering, alternative energy, electronics
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Keys to Realization of High TEG efficiency

Highly accelerated discovery,
development and optimization
challenges

1. Rapid innovation and problem
resolution via the use of structured
approaches to innovation

2. Automated self-assembly and
measurement of micro-droplets
containing chemical reactions

3. Smooth transition to high production

Structured Innovation

Injection of chemicals /
nanoparticles

> +—
T

s reaction
> 1ml
Spherical micro-droplet,

an Ideal system for
chemical reaction

Thermal, electrical,
magnetic and/or electro-
\«l/ magnetic measurement
probes for evaluation of

results of chemical

The abstraction of knowledge
from the human experience and
structuring of that knowledge for
efficient and effective use

Proprietary Innovations

Self-assembly within spherical micro-
droplets, the ideal system

Transition of assembled nano-
particle composites to substrate

Automated reconfiguration of
designed experiments
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Industrial-Scale MicroReactor™ & TEG

Invention with the intent of commercialization

Industrial-Scale MicroReactor™

& methods

Proven
technologies

Rapid problem solving & invention
using Structured Innovation

Known
technological
systems /
processes

Automated /
reconfigurable/
design of

New
application of
known
/technologies

Evolving
availability of 1
to 300 nm
nano-particles

Direct conversion of thermal-to-electric

Application

Creation of
)Juilding blocks

experiments

NApplication of
Genetic

Algorithms

Initial & new
innovative
configurations

Interfaces
etween nano-
structures &

macro systems
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Materials / Configurations Optimization

 Reconfigurable designed experiments (DOES)
— Inputs: initial discoveries by reputable labs, researchers
and organizations plus in-depth research

—  Broadening on early findings to expand on discoveries

* Ability to combine numerous different chemistries and types
of nano-particles

—  Drilling toward new levels of optimization
1. Experimentation and prediction of optimum
2. Confirmation runs
3. Reconfiguration of experiments
 Repetition of 1, 2, 3 for continued optimization

o Utilization of Genetic Algorithms

—  Supports optimization of formula variables and tolerances

—  Proprietary Genetic Algorithm and Design of Experiments
optimization processes

—  Development and optimization of new formulas using
resource profiling and empirical data
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Automated Reconfigurable
Designed Experiments

Reconfiguration
of designed
experiment for
next round of
experimentation

Screening DOE for Materials Prediction of Confirmation

(e.g. L81 orthogonal array — 40 'S optimum set of 'S run for 'S

materials / chemistries) — factors and validation of
conducted at 3 input AT levels levels prediction

Data storage for
further off-line

analysis as
required Run refined

experiment and

repeat process
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Scalablility: Lab Success-to-Production

Invention with the intent of commercialization

e |Industrial-Scale MicroReactor™

— Discovery and production with the same
system

— Immediate transition from discovery to
production

Performing the functionality of a
research lab using a high-speed
automated system
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