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ENERGY EFFICIENCY SOLUTIONS
SOLID-STATE THERMOELECTRIC. SSTEG
MISSION
MAGNA RESEARCH is hardly working in the challenge of applying intelligent materials, such as PCM, Low Photovoltaic Glass,
Ytterbium Silicide, Skinergy Thermal Active facades among other innovations to improve building efficiency. Through our
engenieering team we can advise architects, investors and contractors to better optimize energy costs rating managing the lattest
energy efficiency constructive methods and materials.
We are mixing some materials to gain high energy efficiency in the aplication of innovating materials, some of them passive and
some of them energy active, as the solar cells. Also not only applying materials but adding some technology and constructive
solutions methodology to contractors in order to be more competitive in the Effiency Energy landscape.

RESEARCH AREAS
One of this advanced materials and technology are involved with devices or materials that convert heat into energy. The focus on
this new energy market is based on the term related to Waste Energy (how to turn wasted heat into electric power), using new
thermoelectric materials to transform one energy state (heat) into a Green source of energy. As Proffesor Muhammed Toprak of
KHT (Sweeden) says, this is the most compelling and promising Green energy in the landscape but is not actually still at its full
potential. https://www.researchgate.net/blog/post/how-we-can-turn-wasted-heat-into-electricity
The same researchers who pioneered the use of a quantum mechanical effect to convert heat into electricity have figured out how
to make their technique work in a form more suitable to industry. In Nature Communications, engineers from The Ohio State
University describe how they used magnetism on a composite of nickel and platinum to amplify the voltage output 10 times or more
– not in a thin film, as they had done previously, but in a thicker piece of material that more closely resembles components for
future electronic devices.
A new growing área of research called solid-state thermoelectric aims to capture the waste heat inside specially designde materials
to generate power and increase overall energy efficiency. In 2012, the same Ohio State research group, led by Joseph Heremans,
demonstrated that magnetic fields could boost a quantum mechanical effect called the spin Seebeck effect, and in turn boost the
voltage output of thin films made from exotic nano-structured materials from a few microvolts to a few millivolts.
In this latest advance, they've increased the output for a composite of two very common metals, nickel with a sprinkling of platinum,
from a few nanovolts to tens or hundreds of nanovolts—a smaller voltage, but in a much simpler device that requires no
nanofabrication and can be readily scaled up for industry.
Instead of applying a thin film of platinum on top of a magnetic material as they might have done before, the researchers distributed
a very small amount of platinum nanoparticles randomly throughout a magnetic material—in this case, nickel. The resulting
composite produced enhanced voltage output due to the spin Seebeck effect. This means that for a given amount of heat, the
composite material generated more electrical power than either material could on its own. Since the entire piece of composite is
electrically conducting, other electrical components can draw the voltage from it with increased efficiency compared to a film
Read more at: https://phys.org/news/2016-12-devices-electricity-closer-reality.html
Scanning transmission electron microscope image of a nickelplatinum composite material created at The Ohio State
University. At left, the image is overlaid with false-color maps of
elements in the material, including platinum (red), nickel
(green) and oxygen (blue). Credit: Imaging by Isabel Boona,
OSU Center for Electron Microscopy and Analysis; Left image
prepared by Renee Ripley. Courtesy of The Ohio State
University.

PRELIMINARY TO A NEW RENEWABLE ENERGY TECHNOLOGY
The optimum implementation of a solar thermoelectric generator (STEG) is investigated. In order to study the feasibility of such
system, a model for a large-scale TEG is designed and optimized to convert thermal energy into electricity. The mathematical
formulation of the system comprising multiple TEG modules is modeled and simulated. It is assumed that the source of the thermal
energy comes from concentrated solar receiver. Temperature solutions and heat transfer coefficients are obtained. The major
geometrical and thermal parameters affecting the efficiency of the system are identified and optimized for best performance.
Design aspects, such as the leg length, and heat transfer conditions have a significant impact on generated output power and
efficiency.
The fluctuating oil prices, concerns about climate, and the depletion of natural resources have drawn attention to renewable energy
technology. Furthermore, it is proved that the cost of solar energy will be less than the cost of fossil fuel energy if the indirect cost of
the environmental and health damages is included (Almasoud and Gandayh, 2015). An appealing way to generate renewable
energy directly from the sun is the use of solar thermoelectric generator (TEG). In addition to being traditionally used to recover
waste heat not high enough for conventional power cycles, it could also compete with photovoltaics if combined with concentrated
solar thermal power. One advantage of the latter application is that it does not require the same large area as the case with
photovoltaics. However, the TEG efficiency is limited due to its thermal and electrical properties being dependent on each other.
Nevertheless, its solid state scalable technology makes it appealing and even more efficient in selective applications.
Thermocouple is composed of two integrated intersections of different metals or alloys. When the two junctions are at different
temperatures, a low voltage is created. This phenomenon is called the Seebeck effect.
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19- http://www.sciencedirect.com/science/article/pii/S1018363916000118
DESIGN OF AN ACTIVE FACADE SYSTEM WITH PELTIER CELLS
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Heat Trap: A New Way to Generate Electricity Using Nanotechnology?
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COMPANIES
MTPV. Power Corporation 13091 Pond Springs Road
Suite 160
Austin, TX 78729
https://www.mtpv.com/technology/how-it-works/
https://www.mtpv.com/technology/environmental-impact/

From Steam Age to Space Age
“Edison's electric light did not come from continuous improvement of the candle.”
Oren Harari
Industrial heat recovery technology has not fundamentally changed over the past 100 years, essentially operating on the same
principles as a steam engine. But times have changed, and global energy needs are greater than ever, demanding fresh thinking
and innovative approaches.

MTPV’s EBLADE™ solutions use semiconductor technology to directly convert waste heat into electricity. Our unique approach
deploys photovoltaic chips tightly coupled with emitters to create a highly efficient energy conversion engine that excels in
environments where temperatures exceed 600°C – over 1100°F. Future product generations will be effective in temperatures as
low as 100°C.

Quantum Coupled Energy (QCE)
Our second-generation energy engine, currently under development, exploits a fundamentally different phenomenon – Quantum
Coupled Energy (QCE). The advances we have already made in Microelectromechanical systems, Energy Physics, and Thermal
Technology to deliver the EBLADE™ Power Platform are all harnessed in the QCE energy engine design.

THERMOELECTRICS SOLUTIONS. Address: 24875 Novi Rd #1451, Novi, MI 48375
http://thermoelectricsolutions.com/
What We Do
We design and optimize solid-state thermal management systems and modules for your product or application. We also develop
new technology from research and development and offer it for licence under and open innovation model. Also see: What is solidstate thermal management?

Engineering Services - Thermoelectric Simulation and System Design
Innovation Service - Intellectual Property Licensing

THERMOELECTRIC STARTUPS
http://www.nanalyze.com/2016/09/8-thermoelectric-generator-cooler-startups/

Align Sourcing
Ferrotec
Gentherm
P&N Technology
TE Technology

http://www.alignsourcing.com/
https://www.ferrotec.com/
http://www.gentherm.com/en
http://www.pengnantech.com/
https://tetech.com/

Founded in 2009, North Carolina based startup Phononic Devices has taken in almost $118 millionso far in 7 funding rounds with
the latest round of $30 million closing just 10 days ago. Their current products on offer include a compact freezer and a compact
fridge that use a thermoelectric cooler. Both of these products are targeted at the healthcare industry for controlled storage of
pharmaceutical drugs, vaccines, and medical devices. If you’re going to sell a refrigerator for $2,500, it better do some pretty cool
stuff. The Evolve refrigerator offers lower operation and maintenance costs, superior temperature control, and it doesn’t make a
sound. Here’s what the technology looks like according to Phononic:
“With the continued development of thermoelectric materials that conduct both heat and electricity with applied current, however,
we’ve taken our SilverCore™ technology a step further. Our use of compound semiconductor materials and resulting high

performance devices, when used in conjunction with innovative thermal exchange systems using non-toxic refrigerants, provides a
refrigeration solution that meets the diverse needs of residential, healthcare and life sciences, and commercial end-users.”
We’re not surprised to see some nanomaterials being used. Aside from selling high tech fridges, Phononic offers their core
thermoelectric chip technology called Silvercore which can be customized to any form needed.

Founded in 2009, Alphabet Energy has taken in $49.5 million so far to develop a “waste heat recovery technology”. Their latest
Series C funding round closed in July of this year and included General Motors as an investor which is fitting considering their
thermoelectric generator solution targets the auto industry by promising 5% fuel efficiency by turning car exhaust heat into
electricity. Here’s what they say about their technology:
Today, low thermal conductivity can be achieved by creating nanoscale features such as particles, wires or interfaces in bulk
semiconductor materials. These nanoscale features lower the thermal conductivity of the semiconductor and do not effect their
strong electrical properties.
Here we see that nanotechnology is being used to create cost effective thermoelectric solutions that can scale. In addition to
targeting the auto sector, Alphabet Energy managed to scale their technology and build the world’s most powerful thermoelectric
generator which turns waste heat like gas flares into electric power. This is why Canadian natural gas giant Encana
(NYSE:ECA) and the $100 billion oil technology company Schlumberger (NYSE:SLB) are lead investors.

Thermoelectric materials generate electricity directly from heat. Only a few known materials can do this efficiently. When a material
is efficient at converting heat to electricity, it is said to have a high “ZT” number. Waste heat from exhaust is a prime target for
thermoelectrics with high ZT.
Historically, ZT was too low and material costs were too high to make thermoelectrics broadly marketable. Finally, new materials
like tetrahedrite and silicon nanowires open the door to generating inexpensive electricity from wasted heat.
Infographics

It’s Getting Hot in Here: The Next Generation of Thermoelectrics

Founded in 2011, Silicium Energy has taken in just under $9 million to develop a thermoelectric material that uses silicon
nanowires to turn waste heat into electrical energy. Again, we see another company that is using nanomaterials to transform a
technology that has been around for decades. These guys and gals want to use body heat to power wearables and they’ve
convinced renowned VC firm Khosla Ventures and a well known $100 billion materials company called 3M to invest in their vision.
Not too much else is made known about this company other than their “About Us” page which shows that they’re throwing some
serious intellectual firepower at this thing.

Whenever a company doesn’t say who runs it or who invested in it, we automatically get suspicious and think to ourselves that
we’re likely to see it debut as an over the counter stock. Sheetak appears legitimate though as they received funding from ARPAE, a United States government agency tasked with promoting and funding R&D for advanced energy technologies. The CEO and
founder, Uttam Ghoshal, was the founder and CTO of Nanocoolers which burnt through nearly $20 million in venture capital money
before closing their doors. We don’t know how much funding if any he’s secured this time around but let’s hope second time is the
charm.

Founded in 2000, Evident Thermoelectrics started out developing quantum dots for LEDs and then switched over to developing
nanomaterials for thermoelectric applications. Last year the Company bought GMZ Energy, a startup that burned through $25
million in venture capital funding from some pretty big players to develop thermoelectric coolers and thermoelectric generators
before getting acquired. Here’s what Evident had to say about that:
With recent acquisition of GMZ Energy, Evident has broadened its materials capability and IP portfolio including nano-structuring
process for half-Heusler materials. ,Evident Thermoelectrics is currently selling their “Evident Skutterudite Test Kit” if you’ve got
$2499 burning a hole in your pocket and you want to play around with their technology.

Founded in 2011, ThermoAura Inc. is a nanomaterials company that markets a high-performance nanomaterial called NanoWave
which is specifically designed for thermoelectric energy conversion applications such as electricity harvesting from waste heat and
solid-state refrigeration. So far they’ve taken in $1 million in a seed funding round which closed this past April in addition to grants
that have helped fund their research.

Founded in 2009, Swiss startup greenTEG has been developing their technology at ETH Zurichsince 2002. While they don’t talk
explicitly about using nanotechnology, a peek at the bios of their employees lead us to believe that something nano is going on
there. GreenTEG’s product portfolio includes laser detectors, heat flux sensors, and customized sensor solutions for OEMs. The
Company’s gTEG® Thermoelectric Generators are not yet commercially available.

We were on the edge about throwing in Transphorm because we just weren’t sure they qualify as a “thermoelectric” company but
we’re going to trust the smart minds at GigaOm and add them to our list. Transphorm has taken in an astounding $211 million to
develop gallium nitride (GaN) products that reduce power waste during power conversion. Basically any application that converts
AC to DC and DC to AC is a possible solution for their GaN technology and that potential has them backed by heavyweights like
Google Ventures, KKR, and Fujitsu which makes sense since they acquired Fujitsu’s GaN business back in 2013. Transphorm
partnered with Enphase (NASDAQ:ENPH) back in 2011 to develop a solution for solar power conversion and has had 8 funding
rounds to date. Investors have to be clamoring for some sort of exit soon.
Looking to buy shares in companies before they IPO? A company called Motif Investing lets you buy pre-IPO shares in companies
that are led by JP Morgan. You can open an account with Motif with no deposit required so that you are ready to buy pre-IPO
shares when they are offered.

RESEARCH CENTERS AND UNIVERSITIES
Energy Frontier Research Center
https://science.energy.gov/bes/
Center for RevolutionaryMaterialsfor Solid State Energy Conversion (RMSSEC)
https://science.energy.gov/~/media/bes/efrc/pdf/rmssec/MSU_Morelli_technical_2012-08.pdf
The Center for Revolutionary Materialsfor Solid State Energy Conversion will focus on solid state conversion of thermal energy to
useful electrical power, both to increase the efficiency of traditional industrial energy processes and to tap new unused sources of
energy such as solar thermal. Additionally materials with enhanced thermoelectric properties will find application in high efficiency,
environmentally benign climate controlsystems.

Solar Thermal Energy Conversion Systems (STECS)
Donald T. Morelli, Professor of Materials Science Michigan State University dmorelli@egr.msu.edu www.egr.msu.edu/efrc/

Center for Revolutionary Materialsf or Solid State Energy Conversion (RMSSEC)
Michigan State University
NorthwesternUniversity
Oak Ridge National Laboratory
Ohio State University
University of Michigan
University of California-Los Angeles
Wayne State University

D.T. Morelli (Director), E.D. Case, T. Hogan, S.B. Mahanti, J. Sakamoto, H.J. Schock
V. Dravid, M. Kanatzidis, D. Seidman, C. Wolverton
E. Lara-Curzio
J.P. Heremans
C. Uher
V. Ozolins
S. Brock
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SOLID STATE THERMOELECTRIC MATERIAL RESEARCH
Thermoelectric Materials
Muham m et Toprak
Goal: Thermoelectric (TE) materials are capable of interconverting between heat and power. Therefore they are deemed
to be promising materials for generation of power via harvesting energy from waste-heat, or alternatively, by the
application of a small DC voltage modulate the temperature of a give surface.
In this respect I have been developing TE materials from low temperature application materials to mid- and hightemperature applicable materials. The compositions are different that is due to the gap energies, or activation energy, that
is needed to overcome vary with respect to materials composition.
A very important aspect of TE materials research is to fabricate materials with high purity, high reproducibility and that the
method is scalable and economical (i.e. energy and resource effective). Many of the strategies used for TE materials
research fail in providing large quantity of reliable materials with more energy and resource effective way. We try to
address this gap by using a diverse library of chemical strategies, offering chemical fabrication routes for a variety of TE
materials. These materials consist of very fine particle, or nano-particles, due to the chemical processes used as well as
other mild processing conditions. It is crucial to maintain the nano size of the grains even after the compaction. Therefore
SPS technique which has short and exposure time to high temperatures and pressures is used to develop routes for the
consolidation of these materials. As there was no prior art for the consolidation of these nano powders we have done
extensive work to develop optimised conditions for SPS compaction for a wide range of TE nano materials developed in
our lab.
Methods: Combinatorial Chemistry, Solution reduction, SPS sintering, Gas-solid reactions, Colloidal chemistry,
Thermolysis

RELEVANT RESEARCHERS AND SCIENTIFICS
Prof. Muhammet Toprak
KTH - Royal Institute of Technology in Sweden
Joseph Heremans
Professor of mechanical and aerospace engineering and the Ohio Eminent Scholar in Nanotechnology
Stephen Boona
Postdoctoral researcher at Ohio State University
Peter Hagelstein
Professor of electrical engineering at MIT
Vinayak P. Dravid
Abraham Harris Professor of Materials Science and Engineering at the McCormick School of Engineering and Applied
Science
Yongsheng Zhang
Northwestern University. Institute for sustainability and energy research
Ctirad Uher
University of Michigan. Innovating Elecrical Materials. EEUU
Professor Jin Zou
Ph.D. in Materials Physics from the University of Sydney
Dr. Zhigang Chen
Ph.D. in Material Sciences and Engineering from the Institute of Metal Research (IMR), Chinese Academy of Science
(CAS)

APPENDIX

How we can turn wasted heat into electricity.
https://www.researchgate.net/blog/post/how-we-can-turn-wasted-heat-into-electricity
www.researchgate.net
From watches that run on body heat to generators in factory smokestacks, thermoelectric materials have countless
applications.

Thermoelectric materials can convert heat to electricity, meaning they have
incredible potential to turn the waste heat all around us into a green source of energy. Prof. Muhammet
Toprak of KTH - Royal Institute of Technology in Sweden develops these materials, and we speak with him
about what we can expect from them in the future. To learn more about his research, follow his project on
ResearchGate.
ResearchGate: W hat are therm oelectric m aterials?
M uham m et Toprak: Thermoelectric materials are solid-state materials that are capable of converting heat
to electricity and vice versa. In some cases, they’re used in cooling devices that rely on electrical currents to
remove heat. In others, they do the opposite, converting temperature gradients, or differences, to an electrical
voltage. Thermoelectric devices are particularly favorable because they are solid-state devices, eliminating the
need for maintenance of moving parts or a fluid to transfer the heat.
RG: How widespread is energy production from these m aterials?
Toprak: Thermoelectric materials have not yet reached widespread use and are most commonly used in
portable cooling devices for cars. However, there are also many attempts to use thermoelectric devices for
harvesting waste heat. For example, there are wristwatches that run on thermoelectric power from body heat,
and several plans for designing wearable thermoelectric energy harvesters. Of course, the human body
produces relatively low-grade heat. High-grade heat offers other opportunities, and thermoelectric generators
have been developed to harvest energy from wood stoves and the exhaust tubes of trucks and automobiles.
RG: W hat are som e other potential sources of waste heat?
Toprak: Fossil fuel-based energy sources still make up more than 80 percent of the total energy supply and
are inefficient, meaning they produce a lot of waste heat. In a coal-fired power plant, at least 56 percent of the
energy is wasted. Until the renewable energy sector grows enough to handle all our energy needs, we need to
develop the technologies to harvest this wasted heat. Thermoelectric materials provide an opportunity for this,
as they’re well suited for use in power plants, refractories, metallurgy, and other processes resulting in waste
heat. Thermoelectric generators are also coupled with solar collectors, where solar thermal energy is converted
to electrical power.
About two thirds of the energy from gasoline used in cars and trucks is also wasted heat. One of the most
important applications for thermoelectric generators is reducing the carbon footprint of transport by using the
waste heat from the exhaust pipe to generate power. There are even attempts to use the heat from brakes for
power generation. This power then can be used to charge the vehicle’s battery, or run electric windows, air
conditioning, etc. to improve fuel economy.
In one project, we are planning to integrate the thermoelectric generators into factory chimneys where very hot
steam is released into the atmosphere. This will be an interesting large-scale project to demonstrate the impact
that’s possible with this technology.

RG: How do therm oelectric generators work?
Toprak: Typically, there are n-type and p-type thermoelectric elements, which are connected electrically in
series and thermally in parallel. Thus, when placed under a thermal gradient, the charge carriers will generate a
net current, producing electrical voltage. The energy conversion is direct, which means that scalability of the
devices with good performance is not a big concern.
RG: W hat are the biggest challenges standing in the way of m ore widespread use of
therm oelectric m aterials to produce energy?
Toprak: Currently, some thermoelectric materials are well proven for generating power with low-grade heat. At
higher temperatures, where the grade of the heat is increased, the energy that can be harvested also increases.
However, materials intended for use with intermediate and high temperatures have stability issues.
Furthermore, electrical contact materials react with other materials, which changes their composition and
degrades the device’s performance.
The crucial challenge is to make good electrical and thermal contacts. The large temperature gradient across
the device puts mechanical stress on the contact points. Because of this, high-grade heat is usually cooled
down before it can be harvested, meaning the highly energetic waste heat is still not used at its full potential.
RG: Are there any drawbacks to using therm oelectric m aterials?
Toprak: Some promising thermoelectric materials contain toxic or scarce elements, which prevent their
production and use at a large scale. Alternative materials that are more abundant and benign are currently
being developed to make this technology more appealing.
RG: W hat do you foresee for the future of therm oelectric energy harvesting?
Toprak: Although thermoelectric material development is on the right track, putting these materials into
devices where the whole device is going to be cycled between very high temperatures and ambient
temperature has not yet yielded long-lasting performance due to degradation. However, if we can solve the
material related issues, I am confident that thermoelectric harvesting will be broadly used.
In terms of fabrication and processing, we can’t limit ourselves to conventional approaches. The way the
material is fabricated and processed has an immense effect on its final performance. This means that even
slight chemical modifications of the materials require extensive testing to identify the best processing
conditions. This is time-demanding research, and it would not be appropriate to expect miracles in a short time.
But the future of the technology is promising.
Comment:
Muhammet Toprak
Oct 10, 2016
Currently we are focusing on the Cu2Se thermoelectrics. Specifically their solution chemical synthesis and their consolidation through
spark plasma sintering (SPS) for the formation of compacts/pellets. This material has been a topic of interest in the past, but has been
dropped out due to the diffusion of Cu out of the system. It is classified as a phase changing material, as it transforms to cubic form
above 110-120 C, from its room temperature monoclinic form. High temperature form has very promising transport characteristics to
be a promising TE material. By designing this material in nanopowder/nanocrystalline form, we intend to investigate the Cu out-diffusion
behavior, which should be more difficult due to heavily disordered grains and large density of grain boundaries.
It is always more challenging to consolidate nanocrystalline materials, escpecially when they are anisotropi. It is also important to
identify the consolidation conditions, such as temperature, pressure, dwell time, cooling rate, etc. for the best material transport
characteristics. This information is not currently available, which requires screening of various consolidation conditions and the
resultant transport characteristics. Ongoing work focuses on mainly this activity on bulk nanomaterials concepts

GENERAL GLOSSARY
Transmittance (U-Value). Insulation (R-Value)
https://en.wikipedia.org/wiki/R-value_(insulation)#U-factor
This means that the higher the U-value the worse the thermal performance of the building envelope.

Thermal Properties of Materials
https://sustainabilityworkshop.autodesk.com/buildings/thermal-properties-materials

Building Design
https://sustainabilityworkshop.autodesk.com/building-design

Thermodynamics
Kinetic Energy (KE): refers to the energy related to its overall motion either translational or rotational.
Potential Energy (PE): is a sum of gravitational, centrifugal, electric and magnetic potential energies.
Internal Energy (U): depends on the inherent properties of materials in the system such as composition and the phase, physical
form.

Conduction
The transfer of heat between substances which are in direct contact woth each other. Conduction occurs when heat flows through
a solid.

Convection
The movement of gases and liquids caused by heat transfer. As a gas or liquid is heated, it warms, expands and rises because it is
less dende resulting in natural convection.

Radiation
When electromagnetic waves travel through space, it is called radiation. When these waves (from the sun, for example) hit an
object, they trasnfer their heat to that object.

Thermal Conductivity (k)
A material´s ability to conduct heat. The faster heat flows through a material. The more conductive it is.
http://srv2.fis.puc.cl/mediawiki/index.php/Conductividad_T%C3%A9rmica_(Fis_152)

Thermal Conductance (C)
Conductivity per unit área for a specified thickness. Used for standard building materials.
Conductance is an object property and depends on both the material and its thickness.

U-Factor (U)
Overall conductance of building element. Used for layered bulding assemblies.
The U-factor is an overall coefficient of heat transfer, and includes the effects of all elements in an assembly and all sensible
modes of heat transfer (conduction, convection, and radiation), but not latenet heat transfer (moisture related).

Thermal Resistance (R)
A material’s ability to resist heat flow.
Thermal resistance indicates how effective any material is as an insulator. Insulation, which prevents heat flow through the building
envelope, is often measured by its R-value. A higher R value indicates a better insulating performance.

Net Zero Energy Building
When your building is energy efficient and generates enough energy on-site to equal its annual energy needs.

THERMOELECTRIC GLOSSARY
AMBIENT TEMPERATURE: Temperature of the air or environment surrounding a thermoelectric cooling system; sometimes called
room temperature.
ASPECT RATIO: The numerical ratio of the length (height) to cross-sectional area of a thermoelectric element. An element’s L/A
aspect ratio is inversely proportional to its optimum current.
BISMUTH-ANTIMONY: A thermoelectric semiconductor material that exhibits optimum performance characteristics at relatively low
temperatures.
BISMUTH TELLURIDE: A thermoelectric semiconductor material that exhibits optimum performance in a “room temperature”
range. An alloy of bismuth telluride most often is used for thermoelectric cooling applications.
BTU: British Thermal Unit: The amount of thermal energy required to raise one pound of water by one degree Celsius at a
standard temperature of 15°C.
CALORIMETER: A scientific apparatus used to measure the evolution or absorption of heat. Thermoelectric modules, when used
in a calorimeter, may exhibit much higher sensitivity than conventional thermopiles.
CASCADE MODULE (MULTI-STAGE MODULE): A thermoelectric module configuration whereby one module is stacked on top of
another so as to be thermally in series. This arrangement makes it possible to reach lower temperatures than can be achieved with
a single-stage module.
CFM: (Cubic Feet per Minute): The volgenerallyumetric flow rate of a gas, typically air, expressed in the English system of units.
For thermoelectric applications, this refers to the amount of air passing through the fins of a forced convection heat sink.
CLOSED-LOOP TEMPERATURE CONTROLLER: A temperature controlling device having some type of temperature sensor
(thermocouple, thermistor, RTD, etc.) that will transmit or “feed back” temperature data to the controller. Based on the returned
information, the controller will automatically adjust its output to maintain the desired temperature.
COEFFICIENT OF PERFORMANCE (COP): A measure of the efficiency of a thermoelectric module, device or system.
Mathematically, COP is the total heat transferred through the thermoelectric device divided by the electric input power. COP
sometimes is stated as COPR (Coefficient of Performance as a Refrigerator) or as COPH (Coefficient of Performance as a Heater).
COLD SIDE OF A THERMOELECTRIC MODULE: The side of a module that normally is placed in contact with the object being
cooled. When the positive and negative module leads are connected to the respective positive and negative terminals of a DC
power source, heat will be absorbed by the module’s cold side. Typically, the leads of a TE module are attached to the hot side.
CONDUCTION (THERMAL): The transfer of heat within a material caused by a temperature difference through the material. The
actual material may be either a solid, liquid or gas (or a combination) where heat will flow by means of direct contact from a high
temperature region to a lower temperature region.
CONVECTION (THERMAL): The transfer of heat by means of air (gas) movement over a surface. Convection actually is a
combined heat transfer process that involves elements of conduction, mixing action, and energy storage.
COUPLE: A pair of thermoelectric elements consisting of one N-type and one P-type connected electrically in series and thermally
in parallel. Because the input voltage to a single couple is quite low, a number of couples normally are joined together to form a
“module.”
DEGREES KELVIN: Absolute temperature scale where absolute zero (0K) represents the point where all molecular kinetic energy
of a mass is zero. When calculating the temperature dependent properties of semiconductor materials, temperature values must be
expressed in degrees Kelvin. On the Celsius scale, 0°C equals 273.15°K; in respect to quantity, one Kelvin degree equals one
Celsius degree. Note that the ( ) symbol normally is not used when denoting degrees Kelvin.
DELTA-T: The temperature difference between the cold and hot sides of a thermoelectric module. Delta T may also be expressed
as “DT” or “DT.”
DENSITY: The mass of a material per unit volume; often expressed as pounds per cubic foot or grams per cubic centimeter.
DICE: A general term for blocks of the thermoelectric semiconductor material or “elements” prepared for use in a thermoelectric
module.
DIE: An individual block of thermoelectric semiconductor material used in the fabrication of a module. A die may also be called an
“element,” “leg,” or “thermoelement.”
EFFICIENCY: For thermoelectric coolers, mathematical efficiency is the heat pumped by a module divided by the electrical input
power; for thermoelectric generators, efficiency is the electrical output power from the module divided by the heat input. To convert
to percent, multiply by 100. See definition of Coefficient of Performance.
ELEMENT: An individual block of thermoelectric semiconductor material. See definition of DIE.
EMISSIVITY: The ratio of the energy emitted by a given object to the energy emitted by a black-body at the same temperature.
Emissivity is dependent upon an object’s material and surface finish.
ENERGY: Energy is the physical quantity which, in the context of thermoelectrics, generally is used to express a unit of heat or
electricity. Energy may be stated in British Thermal Units (BTU) or watt-hours. It is important to note the difference between energy
and power. Power is the rate at which energy is being used, and power may be stated in BTU/hour or watts. The relationship
between power and energy is Power = Energy / Time.
FIGURE-OF-MERIT (Z): A measure of the overall performance of a thermoelectric device or material. Material having the highest
figure-of-merit also has the highest thermoelectric performance.
FORCED CONVECTION HEAT SINK: A heat sink that incorporates a fan or blower to actively move air over the heat sink’s fins.
Greatly improved cooling performance may be realized with a forced convection system when compared to a natural convection
heat sink.

HEAT LEAK: The amount of energy gained or lost by an object being thermoelectrically controlled due to heat transfer to or from
external media. Heat transfer may occur due to conduction, convection, and/or radiation.
HEAT LOAD: The quantity of heat presented to a thermoelectric device that must be absorbed by the device’s cold side. The term
heat load, when used by itself, tends to be somewhat ambiguous and it is preferable to be more specific. Terms such as active heat
load, passive heat load or total heat load are more descriptive and less uncertain as to meaning.
HEAT OF FUSION: More correctly called Latent Heat of Vaporization. The amount of heat energy required to change a given mass
of a substance from a liquid to a gas without changing the temperature of the substance. To change water into stream, for example,
requires a heat input of about 971 BTU/pound or 540 calories/gram.
HEAT PUMP: A general term describing a thermoelectric cooling device, often being used as a synonym for a thermoelectric
module. In somewhat less common usage, the term heat pump has been applied to a thermoelectric device operating in the
heating mode.
HEAT PUMPING CAPACITY: The amount of heat that a thermoelectric device is capable of pumping at a given set of operating
parameters. Frequently, this term will be used interchangeably with the expression maximum heat pumping capacity. The two
terms are not strictly synonymous, however, because maximum heat pumping capacity specifically defines the maximum amount of
heat that a module will pump at the maximum rated input current and at a zero temperature differential.
HEAT SINK: A body that is in contact with a hotter object and that expedites the removal of heat from the object. Heat sinks
typically are intermediate stages in the heat removal process whereby heat flows into a heat sink and then is transferred to an
external medium. Common heat sinks include natural (free) convection, forced convection and fluid cooled.
HEAT TRANSFER COEFFICIENT: A numerical value that describes the degree of coupling that exists between an object and a
cooling or heating fluid. The heat transfer coefficient actually is an extremely complex value that encompasses many physical
factors.
HEIGHT TOLERANCE (MODULE): The maximum variation in height or thickness of a thermoelectric module referenced to its
nominal specified dimension. Most Ferrotec modules are available in two tolerance ranges of +/-0.03mm (+/-0.001″) and +/-0.3mm
(+/-0.01″). When more than one module will be installed between a given pair of mounting surfaces, the maximum height variation
of all modules should not exceed 0.06mm (0.002″).
HOT SIDE OF A THERMOELECTRIC MODULE: The face of a thermoelectric module that usually is placed in contact with the
heat sink. When the positive and negative module leads are connected to the respective positive and negative terminals of a DC
power source, heat will be rejected by the module’s hot side. Normally, the wire leads are attached to the hot side ceramic
substrate.
INTERSTAGE TEMPERATURE: The temperature between specific stages or levels of a multi-stage or cascade module.
JOULE HEATING: Heat produced by the passage of an electrical current through a conductor or material due to the internal
resistance.
KINEMATIC VISCOSITY: The ratio of a fluid’s viscosity to its density; typically units are centimeters squared per second and feet
squared per second.
LATENT HEAT: Thermal energy required to cause a change of state of a substance such as changing water into ice or water into
steam.
LEAD TELLURIDE: A thermoelectric semiconductor that exhibits its optimum performance within a temperature range of 250450°C. Lead telluride is used most often for thermoelectric power generation applications.
LIQUID COOLING: A heat sink method involving the use of water or other fluids to carry away unwanted heat. When comparing
alternative heat-sinking methods, liquid cooled heat sinks normally provide the highest thermal performance per unit volume.
MASS FLOW RATE: The weight of a fluid flowing per unit of time past a given cross-sectional area. Typical units include pounds
per hour-square foot and grams per second-square centimeter.
MAXIMUM TEMPERATURE DIFFERENTIAL (MAXIMUM DT): The largest difference that can be obtained between the hot and
cold faces of a thermoelectric module when heat applied to the cold face is effectively zero. DTmax or Dmax is one of the
significant thermoelectric module/device specifications.
MAXIMUM HEAT PUMPING CAPACITY (MAXIMUM Qc): The maximum quantity of heat that can be absorbed at the cold face of
a thermoelectric module when the temperature differential between the cold and hot module faces is zero and when the module is
being operated at its rated optimum current. Qmax is one of the significant thermoelectric module/device specifications.
MODULE: A thermoelectric cooling component or device fabricated with multiple thermoelectric couples that are connected
thermally in parallel and electrically in series.
MULTI-STAGE MODULE (CASCADE MODULE): A thermoelectric module configuration whereby one module is mechanically
stacked on top of another so as to be thermally in series. This arrangement makes it possible to reach lower temperatures than can
be achieved with a single-stage module.
NATURAL CONVECTION HEAT SINK: A heat sink from which heat is transferred to the surrounding air by means of natural air
currents within the environment. No external fan, blower or other appliance is used to facilitate air movement around the heat sink.
N-TYPE MATERIAL: Semiconductor material that is doped so as to have an excess of electrons.
OPTIMUM CURRENT: The specific level of electrical current that will produce the greatest heat absorption by the cold side of a
thermoelectric module. At the optimum current, a thermoelectric module will be capable of pumping the maximum quantity of heat;
maximum temperature differential (DTmax) typically occurs at a somewhat lower current level.
PELTIER EFFECT: The phenomenon whereby the passage of an electrical current through a junction consisting of two dissimilar
metals results in a cooling effect; when the direction of current flow is reversed heating will occur.

PHASE CHANGE: The change of a substance from a liquid to solid, liquid to gas, etc. A phase change occurs, for example, when
water freezes and turns into ice. See Heat of Fusion and Heat of Vaporization.
POWER SUPPLY: Any source of DC electrical power that may be used to operate a thermoelectric device.
P-TYPE MATERIAL: Semiconductor material that is doped so as to have a deficiency of electrons.
RADIATION (THERMAL): The transfer of heat energy by electromagnetic waves as a result of a temperature difference between
two bodies. In thermoelectric cooling applications, radiation losses are quite small and usually have to be considered only for multistage coolers operating near a DTmax condition.
RESISTIVITY (ELECTRICAL): Resistivity is a bulk or inherent property of a material that is unrelated to the physical dimensions of
the material. Electrical resistance, on the other hand, is an absolute value dependent upon the cross-sectional area (A) and Length
(L) of the material. The relationship between Resistivity (r) and Resistance (R) is: r = (A/L) (R)
SEEBECK EFFECT: The phenomenon whereby an electrical current will flow in a closed circuit made up of two dissimilar metals
when the junctions of the metals are maintained at two different temperatures. A common thermocouple used for temperature
measurement utilizes this principle.
SI: An abbreviation for System International, the international standard metric system of units.
SILICON-GERMANIUM: A high temperature thermoelectric semiconductor material that exhibits its optimum performance within a
temperature range of 500-1000 C. Silicon-Germanium material most often is used for special thermoelectric power generation
applications that utilize a radioisotope/nuclear heat source
SINGLE-STAGE MODULE: The most common type of thermoelectric cooling module using a single layer of thermoelectric couples
connected electrically in series and thermally in parallel. Single-stage modules will produce a maximum temperature differential of
approximately 70°C under a no-load condition.
SPECIFIC GRAVITY: The ratio of the mass of any material to the mass of an equal volume of water at a temperature of 4°C.
SPECIFIC HEAT: The amount of thermal energy required to raise the temperature of a given substance by one degree compared
to the energy required to raise the temperature of an equal mass of water by one degree. The specific heat of water is 1.000.
SUBSTRATE: A plate or sheet of thermally conductive and electrically insulated material on which a thermoelectric module is
fabricated. A typical module has two individual substrates each having a metalized pattern to conduct electric current.
Thermoelectric elements are sandwiched between the two substrates to form a completed module. Most substrates used in
thermoelectric coolers are made of alumina ceramic although berylia ceramic and other materials may be used in special
circumstances.
THERMAL COEFFICIENT OF EXPANSION: A measure of the dimensional change of a material due to a change in temperature.
Common measurement units include centimeter per centimeter per degree Celsius and inch per inch per degree Fahrenheit.
THERMAL CONDUCTANCE: The amount of heat a given object will transmit per unit of temperature. Thermal conductance is
independent of the physical dimensions, i.e., cross-sectional area and length of the object. Typical units include watts per degree
Celsius and BTU per hour per degree Fahrenheit.
THERMAL CONDUCTIVITY: The amount of heat a material will transmit per unit of temperature based on the material’s crosssectional area and thickness.
THERMAL GREASE: A grease-like material used to enhance heat transfer between two surfaces by filling in the microscopic voids
caused by surface roughness. Most thermal greases, also known as Transistor Heat Sink Compound or Thermal Joint Compound,
are made from silicone grease loaded with zinc oxide. Non-silicone based compounds are also available which in most cases are
superior but more expensive than silicone-based alternatives.
THERMAL RESISTANCE (HEAT SINK): A measure of a heat sink’s performance based on the temperature rise per unit of applied
heat. The best heat sinks have the lowest thermal resistance.
THERMOELECTRIC DEVICE: A general and broad name for any thermoelectric apparatus. The term Thermoelectric Device has
recently been modified to exclude thermoelectric modules in favor of thermoelectric assemblies.
THERMOELECTRIC GENERATOR: A device that directly converts energy into electrical energy based on the Seebeck Effect.
Bismuth telluride-based thermoelectric generators have very low efficiencies (generally not exceeding two or three percent) but
may provide useful electrical power in certain applications.
THERMOELECTRIC HEAT PUMP: Another name for a thermoelectric module or thermoelectric cooler. The term Heat Pump has
been used by some specifically to denote the use of a thermoelectric module in the heating mode, but this usage is uncommon.
THERMOELEMENT: Another name for a thermoelectric element or die.
THERMOPILE: When a thermoelectric module is used in a calorimeter application it is frequently called a thermopile. Some have
used the word thermopile as a synonym for thermoelectric module regardless of application, but such use is unusual.
THOMSON EFFECT: The phenomena whereby a reversible evolution or absorption of heat occurs at opposite ends of a conductor
having a thermal gradient when an electrical current passes through the conductor.
VISCOSITY: A fluid property related to the interaction between fluid molecules that determines the fluids resistance to sheering
forces and flow
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MATERIAL PROPERTIES
Acoustical properties
•
•
•

Acoustical absorption
Speed of sound
Sound reflection

Atomic properties
•
•
•

Atomic mass
Atomic number: applies to pure elements only
Atomic weight: applies to individual isotopes or specific mixtures of isotopes of a given element

Chemical properties
•
•
•
•
•
•
•

Corrosion resistance
Hygroscopy
pH
Reactivity
Specific internal surface area
Surface energy
Surface tension

Electrical properties
•
•
•
•
•
•
•
•

Capacitance
Dielectric constant
Dielectric strength
Electrical resistance and conductance
Electrical resistivity and conductivity
Permittivity
Piezoelectric constants
Seebeck coefficient

Environmental properties
•
•

Embodied energy
Embodied water

Magnetic Properties
•
•
•
•
•

Curie temperature
Diamagnetism
Hysteresis
Permeability
Magnetostriction

Manufacturing properties
•
•
•

Castability: How easily a quality casting can be obtained from the material
Machinability rating
Machining speeds and feeds

Optical properties
•
•
•
•
•
•
•
•
•

Absorbance - How strongly a chemical attenuates light
Birefringence
Color
Luminosity
Photosensitivity
Reflectivity
Refractive index
Scattering
Transmittance

Mechanical properties
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Brittleness: Ability of a material to break or shatter without significant deformation when under stress; opposite of plasticity
Bulk modulus: Ratio of pressure to volumetric compression (GPa)
Coefficient of friction (also depends on surface finish)
Coefficient of restitution
Compressive strength: Maximum stress a material can withstand before compressive failure (MPa)
Creep: The slow and gradual deformation of an object with respect to time
Ductility: Ability of a material to deform under tensile load (% elongation)
Durability: Ability to withstand wear, pressure, or damage; hard-wearing.
Elasticity: Ability of a body to resist a distorting influence or stress and to return to its original size and shape when the stress is
removed
Fatigue limit: Maximum stress a material can withstand under repeated loading (MPa)
Flexibility: Ability of an object to bend or deform in response to an applied force; pliability; complementary to stiffness
Flexural modulus
Flexural strength
Fracture toughness: Ability of a material containing a crack to resist fracture (J/m^2)
Hardness: Ability to withstand surface indentation and scratching (e.g. Brinnell hardness number)
Plasticity: Ability of a material to undergo irreversible or permanent deformations without breaking or rupturing; opposite of
brittleness
Poisson's ratio: Ratio of lateral strain to axial strain (no units)
Resilience: Ability of a material to absorb energy when it is deformed elastically (MPa); combination of strength and elasticity
Shear modulus: Ratio of shear stress to shear strain (MPa)
Shear strength: Maximum shear stress a material can withstand
Specific modulus: Modulus per unit volume (MPa/m^3)
Specific strength: Strength per unit density (Nm/kg)
Specific weight: Weight per unit volume (N/m^3)
Stiffness: Ability of an object to resist deformation in response to an applied force; rigidity; complementary to flexibility
Surface roughness
Tensile strength: Maximum tensile stress of a material can withstand before failure (MPa)
Toughness: Ability of a material to absorb energy (or withstand shock) and plastically deform without fracturing (or rupturing); a
material's resistance to fracture when stressed; combination of strength and plasticity
Viscosity: A fluid's resistance to gradual deformation by tensile or shear stress; thickness
Yield strength: The stress at which a material starts to yield plastically (MPa)
Young's modulus: Ratio of linear stress to linear strain (MPa)
Strength of materials (relation of various strengths)

Radiological properties
•
•

Neutron cross-section
Specific activity

Thermal properties
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Binary phase diagram
Boiling point
Coefficient of thermal expansion
Critical temperature
Curie point
Emissivity
Eutectic point
Flammability
Flash point
Glass transition temperature
Heat of vaporization
Inversion temperature
Melting point
Phase diagram
Pyrophoricity
Specific heat
Thermal conductivity
Thermal diffusivity
Thermal expansion
Triple point
Vapor pressure
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SCIENCE ABSTRACT DISCUSSION ON ARTICLES
SPIN SEEBECK CONTRIBUTION TO THE TRANSVERSE THERMOPOWER IN Ni-Pt
4- https://www.nature.com/articles/ncomms13714
Put together, these data demonstrate that the SSE can be observed and exploited not only in thin-film structures, but now also in
bulk composite materials. Though we discuss our results above in terms of the conventional thermoelectric power factor concept,
which we parse into intrinsic and extrinsic when comparing composites with thin films, it is perhaps more intuitive to simply consider
the total power output of hypothetical devices based on each concept. As bulk composites allow for electrical power to be extracted
through their entire volume and thus provide far less internal resistance than thin films, such devices would be capable of producing
significantly more total power from the same temperature gradient.
Broadly speaking, the composite concept applies to a wide variety of material combinations, and it invites further experimental and
theoretical optimization of spin transport and spin pumping in irregular and/or random geometries. Further developments in
materials selection and processing may lead to substantial increases in thermoelectric performance of magnetic composites
beyond the order of magnitude improvement we report here, including large remnant transverse thermopowers that can produce
voltage even in the absence of applied magnetic fields. If so, this approach may enable the development of low-cost SSE-based
devices that require no vacuum processing and have dimensions like those of conventional thermoelectric materials, providing
access to high power thermal energy conversion applications.

ROYAL SOCIETY OF CHEMISTRY
https://eic.rsc.org/section/feature/thermoelectric-materials/2020263.article

Thermoelectric materials: efficiencies found in nanocomposites
A recent paper reported the fabrication of plastic thermoelectric modules with a few percent energy conversion efficiencies from a
small temperature difference. Another interesting approach is the harvesting of solar heat, which is not converted to electricity by
photovoltaic cells. The sun emits about 40% of its energy in the infrared region. A laboratory prototype device using a simple
concentrator and nanostructured Bi2 Te3 enabled a 5% conversion efficiency, which compares to about 15-20% for solar cells.

Nano-materials Enabled Thermoelectricity from Window Glasses
https://www.nature.com/articles/srep00841

While the search for improved ZT is continuing, we have explored a novel idea to leverage the existing thermoelectric materials and
nano-manufacturing techniques to generate thermoelectricity from naturally existing temperature difference between solar heated
outside and relatively cool inside of buildings especially in the geographic locations which experience lengthy summer or
reasonably higher temperature like 30°C or above. Nearly 50% of the world population experiences such average temperature. In
addition to thermoelectric generation during the hot day time, our thermoelectric nano-materials embedded window glasses can
generate appreciable thermoelectricity even during off sunshine hours to serve as supplemental clean energy source.

CHRONOGRAM MAGNA RESEARCH
ARTICLE TO FIND HOW HEAT CONVERTS INTO ELECTRICITY
December 23, 2016 by Matt Schutte, The Ohio State University
Los investigadores están buscando nuevas formas de acercar los dispositivos de Termoelectricidad de Estado
Solido (Solid State Thermoelectric) al sector de la industria a gran escala para su uso. Los mismos
investigadores del efecto mecánico-quántico en termoelectricidad, describen como utilizar el magnetismo
(magnons) para amplificar el voltaje de salida en 10 veces o más. La idea importante es realizarlo en un
dispositivo más fácil de fabricar al no tener que utilizar nanotecnología para su obtención y por lo tanto escalable
a la industria. En vez de utilizar una fina capa de Platino (Pt) encima de un material magnetizado, distribuyeron
pequeñas nanopartículas de Platino (Pt) sobre un material magnético, en este caso Niquel (Ni). El composite
resultante produce mayor rendimiento voltaico (EvO), debido al efecto spin Seebeck. La idea es bastante
general y su propósito es reducir el coste de fabricación al no tener que utilizar materiales caros (Pt) o procesos
complejos como capas finas de material.
HOW WE CAN TURN WASTED HEAT INTO ELECTRICITY
16th December 2016 by Katherine Lindemann
Prof. Muhammet Toprak of KTH - Royal Institute of Technology in Sweden
Los materiales termoeléctricos pueden convertir calor en electricidad, lo que significa un increíble potencial para
convertir el calor a nuestro alrededor en una fuente renovable de energía.Esto es lo que se conoce como efecto
Seebek, transformar calor en energía eléctrica. Las fuentes de energía basadas en combustibles fósiles todavía
representan más del 80 por ciento del suministro total de energía y son ineficientes, lo que significa que
producen una gran cantidad de calor residual. En una planta de energía a carbón, al menos el 56 por ciento de
la energía se desperdicia. En un proyecto, planeamos integrar los generadores termoeléctricos en las
chimeneas de las fábricas donde se libera vapor muy caliente a la atmósfera. Este será un proyecto interesante
a gran escala para demostrar el impacto que es posible con esta tecnología. Se describe también en
terminología básica que es un generador termoelécrico. Típicamente, hay elementos termoeléctricos de tipo ny
p, que están conectados eléctricamente en serie y térmicamente en paralelo. Por lo tanto, cuando se colocan
bajo un gradiente térmico, los portadores de carga generarán una corriente neta, produciendo voltaje eléctrico.
Según Toprak el factor crucial es diseñar buenos contactos eléctricos y térmicos. La forma en que se fabrica y
procesa el material tiene un efecto inmenso en su rendimiento final termoelécrico. Esto significa que
incluso modificaciones químicas leves de los materiales requieren pruebas exhaustivas para identificar
las mejores condiciones de procesamiento.
THERMOELECTRIC MATERIALS (Project from Research gate)
Muhammet Toprak. Research Gate. Marisol Martín-González. CSIC
Los materiales termoeléctricos (TE) son capaces de interconvertirse entre el calor y la potencia. Por lo tanto, se
consideran materiales prometedores para la generación de energía a través de la recuperación de energía del
calor residual, o alternativamente, mediante la aplicación de una pequeña tensión continua modulan la
temperatura de una superficie determinada. Esta última aplicación del efecto Peltier es la que desarrollará
Magna en una primera fase, ya que es industrialmente mucho más simple su construcción que el diseño de un
Termogenerador con un rendimiento que sea suficientemente prometedor como para industrializarlo. Un aspecto
muy importante de la investigación de materiales TE es fabricar materiales con alta pureza, alta reproducibilidad
y que el método sea escalable y económico. Es decir que sean energéticamente efectivos y que a su vez sean
recursos de materiales disponibles a gran escala. Comenta diferentes técnicas de fabricación de composites y
sinterizado por STS (Spark Plasma Sintering). An interesting manufacturing Company is Thermal Technology
with a recent MoU with GMTG.
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SPIN SEEBECK CONTRIBUTION TO THE TRANSVERSE THERMOPOWER IN NiPt
CSIC Nature Communications 7, Article number: 13714 (2016). Published online: 12 December 2016
Se demuestra de forma experimental que es posible en composites TE de ferromagnetita (Ni o MnBi)
conteniendo nanopartículas metálicas con fuertes interacciones orbitales de spin (Pt o Au), y combinando el
efecto Nerst y el efecto spin de Seebek permiten crear materiales que tengan simultáneamente gran
termopotencia transversal y baja resistencia elécrica. El spin Seebeck effect1 (SSE) ofrece un enfoque
alternativo a los efectos termoeléctricos convencionales para la conversión de energía de calor a electricidad en
estado sólido. SSE implica la inyección de calor en un material magnético polarizado, lo que resulta en una
corriente de giro térmico. Esta corriente de centrifugado se detecta típicamente inyectándola mediante bombeo
giratorio en una película delgada adyacente que comprende un metal no magnético con fuertes interacciones
giro-órbita, tales como Pt. Allí, el efecto Hall de giro inverso (ISHE Inverse Spin Hall Effect) produce un campo
eléctrico transversal proporcional a la polarización y densidad de la corriente de giro incidente. Estos parámetros
se controlan experimentalmente aplicando un campo magnético para alterar la polarización magnética, y
ajustando la caída de temperatura a través de la estructura para alterar la densidad de corriente de espín. Se
demuestra que SSE (Spin Seebeck effect) y ANE (Anomalous Nernst Effect), se pueden combinar en una
geometría volumétrica alternativa más adecuada para la conversión de energía.
Junto con baja resistividad eléctrica ρ, el factor de potencia transversal PFxyz = Sxyz2 / ρ en los materiales
compuestos se incrementa 2-5 veces en comparación con la muestra de referencia, y la figura de mérito
termoeléctrica transversal zTxyz = T · PFxyz / κ (siendo κ la térmica conductividad y T la temperatura absoluta)
aumenta en un orden de magnitud. Es decir esta tecnología de materiales duplicaría el Factor de Mérito zT.
De ser esto cierto, este enfoque puede permitir el desarrollo de dispositivos basados en SSE de bajo costo que
no requieren procesamiento de vacío y tienen dimensiones como las de los materiales termoeléctricos
convencionales TEG, que proporcionan acceso a aplicaciones de conversión de energía térmica de alta
potencia.

QUANTUM MECHANICAL EFFECT
Dec 25, 2016. The Economic Times. Science
WASHINGTON: Los científicos están trabajando en una tecnología novedosa que permitirá a los futuros
dispositivos electrónicos convertir el calor en electricidad.
Anteriormente, los investigadores de la Universidad Estatal de Ohio en los Estados Unidos fueron pioneros en el
uso de un efecto mecánico cuántico para convertir el calor en electricidad. Ahora, han descubierto cómo hacer
que su técnica funcione de una forma más adecuada para la industria. Utilizaron magnetismo en un compuesto
de níquel y platino para amplificar la salida de tensión 10 veces o más, no en una película delgada, como lo
habían hecho anteriormente, sino en una pieza más gruesa de material que se asemeja más a los componentes
de futuros dispositivos electrónicos.
Sin embargo, un área creciente de investigación llamada termo electrónica de estado sólido (SST) apunta a
capturar el calor residual dentro de materiales especialmente diseñados para generar energía y aumentar la
eficiencia energética general.

TURNING HEAT TO ELECTRICITY. THERMAL TO ELECTRIC CONVERTER
(Carnot Limit)
Massachusetts Institute of Technology. MIT
Hagelstein, profesor asociado de ingeniería eléctrica en MIT, dice que los dispositivos de estado sólido
existentes para convertir el calor en electricidad no son muy eficientes. La nueva investigación, llevada a cabo
con el estudiante de posgrado Dennis Wu como parte de su tesis doctoral, tuvo como objetivo determinar cuán
cerca podría llegar la tecnología realista de alcanzar los límites teóricos para la eficiencia de dicha conversión
termoelécrica.
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La teoría dice que esa conversión de energía nunca puede exceder un valor específico llamado Carnot Limit,
basado en una fórmula del siglo XIX para determinar la máxima eficiencia que cualquier dispositivo puede lograr
para convertir el calor en trabajo. Pero los dispositivos termoeléctricos comerciales actuales solo alcanzan
alrededor de una décima parte de ese límite, dice Hagelstein. En experimentos que involucran una nueva
tecnología diferente, los diodos térmicos, Hagelstein trabajó con Yan Kucherov, ahora consultor del Naval
Research Laboratory, y compañeros de trabajo para demostrar la eficacia hasta en un 40 por ciento del límite de
Carnot. Además, los cálculos muestran que este nuevo tipo de sistema podría alcanzar hasta el 90 por ciento de
ese techo.
Hagelstein, Wu y otros comenzaron desde cero en vez de tratar de mejorar el rendimiento de los dispositivos
existentes. Hagelstein dice que con los sistemas actuales es posible convertir de manera eficiente el calor en
electricidad, pero con muy poca energía. También es posible obtener mucha energía eléctrica, lo que se conoce
como potencia de alto rendimiento, de un sistema menos eficiente y, por lo tanto, más grande y costoso. "Es
una compensación". O bien obtiene una alta eficiencia o un alto rendimiento ", dice Hagelstein. Pero el equipo
descubrió que usando su nuevo sistema, sería posible obtener ambos a la vez. Si bien pueden pasar algunos
años para que la tecnología necesaria para construir dispositivos de puntos cuánticos asequibles llegue a la
comercialización, Hagelstein dice, "no hay razón, en principio, no se puede obtener otro orden de magnitud o
más" mejora en la potencia de rendimiento, así como una mejora en la eficiencia.

Northwestern University FIND BEST THERMOELECTRIC MATERIAL
APR 2014 | Scholarly Papers. Northwestern. Institute for Sustainability and Energy
Ahora los científicos de la Universidad de Northwestern han descubierto un material sorprendente que es el
mejor del mundo para convertir el calor residual en electricidad útil. Esta excelente propiedad podría explotarse
en dispositivos termoeléctricos de estado sólido en una variedad de industrias, con un enorme ahorro de
energía.
Un equipo interdisciplinario dirigido por el químico inorgánico Mercouri G. Kanatzidis descubrió que la forma
cristalina del compuesto químico seleniuro de estaño conduce el calor tan pobremente a través de su estructura
reticular que es el material termoeléctrico más eficiente conocido. A diferencia de la mayoría de los materiales
termoeléctricos, el seleniuro de estaño tiene una estructura simple, muy similar a la de un acordeón, que
proporciona la clave de sus excepcionales propiedades.
La eficiencia de la conversión de calor residual en termoeléctrica se refleja en su figura de mérito, llamada ZT. El
seleniuro de estaño exhibe un ZT de 2.6, el más alto reportado hasta la fecha a alrededor de 650 grados
Celsius. La conductividad térmica extremadamente baja del material aumenta la ZT a este alto nivel, a la vez
que conserva una buena conductividad eléctrica.
La métrica ZT representa una relación entre la conductividad eléctrica y la potencia termoeléctrica en el
numerador (que debe ser alto) y la conductividad térmica en el denominador (que debe ser baja).
"Un buen material termoeléctrico es una propuesta de negocio, tanto comercial como científica", dijo Vinayak P.
Dravid, un investigador principal del equipo. "No tienes que convertir gran parte de la energía desperdiciada en
energía útil o desarrollar un buen convertidor de energía en superficie térmica para hacer un material o un
producto muy atractivo comercialmente. Necesitamos una cartera de soluciones para el problema de la energía,
y los materiales termoeléctricos pueden desempeñar un papel importante".
La investigación fue respaldada por un Energy Frontier Research Center, denominado Revolutionary Materials
for Solid State Energy Conversion, financiado por el Departamento de Energía de EE. UU. (Número de premio
DE-DE-SC0001054).
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COMISSION AND ORGANIZATIONS IN CLEAN ENERGY
EUROPEAN COMMISSION. Clean Energy for all Europeans. Comisión Junker
https://ec.europa.eu/energy/en/topics/energy-efficiency/energy-efficiency-directive
The Paris Agreement is the first of its kind and it would not have been possible were it not for the European Union. Today we continued to show
leadership and prove that, together, the European Union can deliver. – Jean-Claude Juncker, on the EU ratification of the Paris Agreement, 4
October 2016

ENERGY Efficiency BUILDING
http://ec.europa.eu/research/industrial_technologies/energy-efficient-buildings_en.html

EUROPEAN CONSTRUCTION TECHNOLOGY PLATFORM
http://www.ectp.org

EUROPEAN ENERGY-EFFICIENT BUILDING ASSOCIATION. E2BA
http://e2b.ectp.org

US ENERGY INFORMATION ADMINISTRATION
https://www.eia.gov/

NATIONAL RENEWABLE ENERGY LABORATORY
https://www.nrel.gov/
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