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Executive Summary

Over he past severajears corporate enterprises and thaformation TechnologyIT) industry in
general have increased their awarenesktingto the ogreeningg of the data center or thégreening of
ITE for the main purpose of reducingnergy consumption and costslany standards, technologiesd
bestpractices havdeen developednd put forward from the corporate community, government and IT
industryfor corporationsto utilize in monitoring and reducingnergy consumption in theitata centers.
The cost of energy continues to fluctuate with the altha®rtain possibility of higherprices
encounteredin the future Hus, with a dubious global eawomic climateupon us the CEO/CIO are
challenged more than ever iinding ways to reduceevery dollar of operational cost for the enterprise
andremain competitive

There is dluid gap etween what practices, initiatives and technologies aeoasiderednype and wha
are trulygreen This gap provides a pitfall for the enterpriéer selecting a green itiative that may in
principal appear sound to solve amvironmengal requirementmay be detrimental in terms of cost to
integrate. Worse yetselecting a greeproduct or solutionthat isnot even green nor has any tangible
ROlor measurablametric could impact the enterpriseegatively It isincreasinglydifficult for a CEO to
steer an organization towards becoming environmentally awand stay conpetitive on the global
theater whilekeeping operating costs contained.

Applied Methodologies, Inc.(AMigcagnized these issueis 2006 anddentified anarea of science and
technology(Thermoelectris) that we believés time has come for consideratiam the ITindustry. We
developed an approach and $gs of utilizing this technologyo illustrate that it can have a positive
impact onthe IT industry from a functional and economic basie do not consider our system and
GAEAA2Y | a3 NBS jhithe NSlifiohall SeRsebit 2 fprdgimati2 ¥pproach of utilizing a
technology to help solve a probler®rototypes were developedo provide the performance and ROI
values cited in this paper.

Our Thermoelectric Generation Systems(TGS) is an IT system sudea&ia router or switctof any
platform configuration employing Thermoelectric technology. Simply put, our systems utilize
Thermoelectrics to convert waste heat or any form of temperature gradient within the IT device to
usable energy. With Thermoelecticintegrated in our systemghese devices now have another
dimension to their respective IT rolenergy generation The energy generated from the work these
systems would normally conduct in the data center has a value and can be used for many purposes. For
example, one important purpose is to offset the cost of energy consumption in the same data center.

This white pper outlines the current trends and issues relating if6energy consumptionffR & ANB Sy ¢
related activities in the enterprisdata centerto provide the context of the need for our approach and
enterprise energy vision in the IT industry todaye shalldelve intothe subject onhow utilizing our

approach and system to redressing some of those issues applies. A brief discussion on the technology
behind our approach is included. We then shall cover the value our approach providesindétoom a
functionaland environmental perspectivieut also from an economic one. Our enterprise energy vision

will be discussed and how our resulting products or products developed from others in the IT industry
using our systencan assst and complement the many valehergyefficiency based products, initiatives

and standards utilized today teduce the energy consumption conceroisthe corporate enterprise
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1.0 Introduction

Energy consumption has become one of the majat 4 dzS& NXBt | { A yiidlanciakhedth over2 N1J2 NJ |
the last severajears. As of tis writing, the US.,its global partners and competitors are experiencing

one of the most challenging economic periods in history. A business ipresentclimate must be

extremely efficient and nimblén its operations to remain sustainablet alone thrive As dramatic as

the laststatement soundsit is an unequivocatertainty. A corporationutilizesthe efficiencies gained

from Information Technology(IT) to assist inits quest of maintaining a copetitive advantageand

reducing operating costs.

In toR | & Qelvirdnment, IT now has to integrate itself within the corporate business practices to
FAdZNIKSNJ I ROy OS (KS O2N1LRNIidA2yQa O2YLISGAGABS | RO
function solely as an expense based support organization. IT is becoming an ever more critical
component of a corprate enterprise and not just a support basegpense. However, as this functional
component increases in value to the entegar its operating @st are increasing as wene such major

cost is that of the cost of energy and thewer consumed by IT systertsdrive an enterprise antlelp

it remain competitive, especialin such a difficult economic climate. The data centehésground zero

ofl 02 NlJanwlligerdce afidcapability. All of@d2 N1J2 Nitled précesQud rules iffollows are
created by its most important asset, its employees, subsequentiimplemented in many forms in the

data center vidnformationtechnology. As copanies strive to become more efficient, competitive and
profitable, their reliance upon their data centeassets grows. From this growtthe busines
encountered an unexpected increasethe cost of their energy bill compared to years past.

Data centersaround the globe are consuming power and requiring energy at a faster rate than
expected. The same fact applies to just the sheer number of personal computesg iglobally The
advent and ongoing evolution of the internet, multimediaobileand broadbad technologies will just
continue to contribute to this power consumption trend.

How much power will be required to run data centers in the future and how much energy is available to
support this development is a major question that has been presented to CEOs, ClOs, IT managers,
consumers, environmentalists, and political representsgiv Another source of concern is how to
retrofit existing data centers with fixed footprints and power capacity constraints which are not easy to
remediate. There has been a tremendous amount of activity towards making the data center energy
efficient sine 2006. There are countless articles, whitepapers, seminarsnaeshireports from IT trade
pundits, major manufactures green and environmental groupand variousconsortiums that have
covered the topic of energy and environmental concerns in the datéec.

Since 2006 there has been a tremendous amoundt @ NB S§9 Q& ¢ Sy I IMNIBNEN 3aBKLIS | | £
Gadzadl xakd OAY AGEKS L¢ AyRdAZAAKENS f yNMGa (12dzQKK S ALJ2 6 O/NL
oGreensheeé are now part of the lexicon. Any product with the word green in it meant it was efficient

or provided some form of ROI over a non green product. Withgtb&ony of energy efficient and green

products, programs, services, statistics and standards itrisdifficult to determine what products and

services are valid and what are just hypecording to onégsartner report IT users are confused about

6 Kl GreeiL ¢ ¢ Y S|y fanbtioralNJIBrcgnceptually may mean different things to different
organizatons. The green benefits must be valued against the anticipated ctuiis putting business

value first and environmental benefits second
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There is a growingreengap between green hyp@r green washing anthe validIT issues relating to
the rising costs of power, coolingnd environmental compliance To narrow the gap requirethe IT
industryto regulate itself to remove the rhetoric and clarify the reality whecomes to what is actually
required in terms of products, services, standards and ROthe name of energy efficiencgnd
sustainable ITThere is solace in that the effects of a free market will weed out the hype products ove
the real products thaproducean RQIbut that outcomeshall require time.

Then there is the confusion of velther any green technology of any significance cogtite a bit more

than conventional alternativesAnother issue isdoesany solution deemedt INB Sy ¢ aNighéerl S (2
cost to implementthan a nongreen based technology? hat is why the ROI is so importarfor

SEI YLX S5 6 A fpdwer (stKp- offeraayIuNdiiddaf Benefits beyond a traditional power strip

other than the green plastic it is encased in? Didpogations fall into that green gap and pay for a
GANBSYéE LIR26SNI AaGNALI 61 ASR 2y LISNODSLWIA2Y FYyR y2i 1
be yes.

Now we shall tlke a stab at a little green hypeith the following proposaMWhatabout the conept of a
Green to Green indéx Where a higher Ga G is positive somethingsimilar to DCIE but for a green
product or services ROI leveICIE is covered section 8.0

G to G index measures green technologie' cost to | However,a rating such as th& to G indeyroducesjust

g(gls]g}zgt against the value it provides. Some 4 qther confusing metric to consider when it comes to
the definition of cost and value. Especially valudat

Virtualization- its G to G index is a 5 for every serv - tyne of value arewe to derive, a concretefiscal savings

virtualized produces x in savings annually. . .
P 9 Y ROI value omn environmentalBtu/carbon footprint type
Video conferencingits G to G index is a 1 for it cos yvalue?

more to implement and manage théts RObenefits.

As mentioned earlier there has been a tremendous
amount of activity since 2006 regarding energy efficiency in the data centesastdinablelT that is
becoming difficult for the IT or data center manager to determine howhoose between thaelection
of the best green practices, products and services.

In the next section & provided alist of the issues, programs, standards, products, prastiand
approaches that have originated from thmrporate enterprisegovernment, IT and energy industry
over the last several years to providdramework onwhere our approactits into the overall picture of
addressing energy efficiency in the data amt

You may recognize these items fraamather report, slide,trade rag, blog, website, dseline study,
whitepaper, position paperor design guidefor they werecovered repeately over the last several
years.Some of the major IT industry players suchrasl, IBM, HP, Cisco, AR ,al, plus research and
reporting organizationsuch as Gartner, InforationWeek, Baseline, Fortune, @ék, Networkworld
and many of the greenrenergy,and environmentalrelated web sites like the GreenGrid, EPANd yes
even Treehugger.conall at some pointover the last three years covered the issue ddta center
energy consumption and efficiency from different perspectiveshe form of reports, products and
programsWe haveconsolidated eme of the recurring issues in this paperprovide a backdrop on the
time and ned for thework AMIis conducting relating to ouspproach on addressing some of the very
same issues outlined in the next section.

5 © 2009 Applied Methodologies, Inc
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2.0 Energy Issues Relatin g to the Data Center

TABLE2-1 VARIOUSDATACENTER ENERGY EFRCIE INITIATIVESTANDARDS AND PRACHS

e Environmental adherence from many different standards and regulation bodies

e Plethora of metrics and specifications to use and compa&¥&E, DCIE, EPEAT, DOE DCPro, RPOMS
EnergyStar, RoHS, 80Plus, LEED, SPECpower, various other Power Multipliestedfects,

e Data centerdGreert initiatives andofferings from major vends such as APC, IBM, Intel, AMD, H&;dC
Dell, Oracle, MicrosofyMwareand Citrix

e Best practices and recommendations from EPA and. DOE

e Data center consolidatioand conservatiorapproaches

e Organizations promoting best practices and standaash as the Green Grid

TABLE2-2 ENERGY ISSUES RELATINO CONSUMPTION AKDST

e Magnitude of reports providing consistent and conflicting data over the last several years o
consumption rate and cost of energy to power daémnters.

e Rising overall power consumption of the data cergearious IT/Energy industry projectians

e Data centers built 85 years ago reaching power and space issues

e Cooling per square foatosts.

e Kwh per square foatosts.

e Alternative energysources such as geothermal, water and solar to produce energy to offset the suj
energy consumed from the grid.

e Energy economics calculations such as Net Energy Gain(NEG) and Energy Returned ot
Invested(EROEI)

e OPEX analysis gap between IT Radilities from continuing fluctuations in consumption and energy.cc

TABLE2-3 COOLING RELATHEBSUE@ND APPROACHES

e Individual OEMcomputing device cooling issues and solutions

e GC2NJ SOSNER 610G 2F axN] Fy2GKSNI g+ dG (2 022t

e Cooling using rain watemdstoring it underground; water related methods

e Cooling using ambient outside temperatureegion dependant

e Self installing internab server liquid cooling units.

e Water cooling techniquessuchas those froniBM and its Chip Stacking@roach.

e State of the art from EPAaggressive consolidation of servers and storagjieect liquid cooling

e Multitude of data center cooling issues, solutions and best pracicesent

e Moving data centers to cooler ramis of country or globe to utilize cooler ambient outside temperatu
for longer periods of the year.

e Increasing data center temperatures to reduce energy costs

e Improve air flow management, venting issues, rack placement issues, side and bottom v
approaches

e Modular HVAC

e Hot/Cold aisle methods

e Under floor hot/cold flow arrangements

e Various air, water, other liquid, room, rack, device, space and geography methods to cool a data ce

6 | © 2009 Applied Methodologies, Inc
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TABLE2-4 POWER RELATHBSUES AND APPROAGHE

Movingdata centers to lower cost Kwh areas and using wind and/or solar. (may not be practical fo
companies to move)

DC based systengdigtribution systems and DC based servers, routers avittkes

Providing D@o the office floorcloset if applicable

DC based ®ver DistributionUnit - 415Volt.

Next generation equipment requiring 208v power

DC power to the rackDCpower supplies are more powerful, efficient and have fewer parts, making tt
less failure prone.

DC power irthe data center or to the rack economics

DCbased device economieslo DC servers cost mothan AC based counterpafls

Confusion around Real, Reactive and Apparent power and how to optimize in the data center
Power Factor Correctioand need for a correcting unit.

TABLE2-4 GENERAL ENERGY REDOGTMETHODS

OYPBANRYYSyiGlt adlyRIFNRa YR NB3Idz I GA2Y 02RAS
Decommissioning of servers

Turning off idle servers

Knownlow hanging fruit efficiency/savings methads

Server/Device consolidation

General data center site power distribution system and unit efficiencies transporting power fror
0dzZAf RAy3IQa 3IANAR RSYI NOFGA2Yy I Osydem o thé &ctal deyice.A N.
All of the items outlined in this section applicable to redundancy systems as well

TABLE2-5 SERVER HARDWARE ANYS$EMS RELATED

Server sprawl and "throw another server at the problem" syndrome

Risng power requirement needs of chips such as CPUs, Chipsets, ASICs, networking controllel
controllers, DSPs, voltagegulators, memory and storage

Jouleheating junction temperature point limitations faurrent generation othips

Performance Br Watt and Thermal Design Points

ContemporaryCPU and general microchip technologies, smaller dies, lower voltage CPUs and int
thermal monitor and control subsystems of a CPU or other chips.

CRJ power throttling to optimize l6p to watt ratio.

Virtualization as a means to reduce required power consumption and carbon footprint

Application coding efficiencies to use less power (examgkga query methods to save a watt of ener
at the expense of a slower transaction completion time by a hanosecond or two)
Paravirtualizatiorand Virtual Machineprawl

80-90%efficiency type power supplies in servers

Replacing older serverwith newer efficient units but older unitsare still sitting in center using ener¢
and need to be cooled

Increase use of blade and other condensing server techneltiggyy power consumption and density th
current generation of servers amuch higher tharprevious generations. All major manufacturers he
similarproducts with power consumption levetanging from 8kw to 20kw per rack, with 30kw+ produ
on the drawing boardrom some manufactures.

7 © 2009 Applied Methodologies, Inc
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TABLE2-6 SOFTWARE SERVICES AGFTWARE BASED MANAGENT CONTROL RELBTE

e Systems that either work with existinpmanagement platforms or separatelyp monitor, measure,
regulate and report on energy consumption throughout the entire enterprise from facilities(office lig
and cooling) servers, through the wire or air down to the desktop, access point and IP phone.

e Active power management software to control data center and office devices to shut down or hibe
to save power during low use or idle periods

e Monitoring and policysystems totrack energy use not only in the datenter but across the entire
infrastructure and end point devices such as workstations, access points and IP phones.

e 9ySNHE YR FTOGAGS LIR26SNI YIylFISYSyld aeadl&yaac
EnergyWise and Unified Data Center.

e Demandside energy management analysis services from OEMSs or consultants which pelfesBionals
determine power profiles for data centers and other compgtienvironments. Services asdftware
that provides detailed data about energy usage patterns within data centers, along with informr
about energy consumption within the overall facility infrastructure.

e Saag; an alternative to reducehe amount of servers consuming energy irettlata center providing
applications servicesalso reduces carbon footprifitut moves cost to another column

e Cloud computing an alternative to reduce the amount of servers consuming energy in the data c|
providing applications servicesalso redices carbon footprinbut moves cost to another column

e Qutsourcinggminimize your dad center or eliminate it fully move the cost to another balance sheet.

e Various data center optimization services surrounding serveid storage to help customers aeke
additional savingsut of their existing data centers.

TABLE2-7 STORAGE RELATED

e Increasing volume of spinning disks systems is challenging pabitiies of the data center ireducing
energy requirements for data storage

e ¢KS 2fR FTRIFI3S GRAA&]l Aad OKSILX YI& 0SS GNMHzSZI o

e Solid State Disk(SSD) / NAND flash storage to replace mechanical drives and the energy to ke
spinning

e MAID- massive array of idle diskapproach to reduce power to keep only relevant drives spinning

e Jouleheatresulting in increased use of SSD will need to be cooled

e Confusing performance statistics of the wattage consumed in a modern mechanical drive vs. SSI
reports have lower wattage at idle for mechanical and higher wattage at idle access of SSD.

TABLE2-8 NETWORKING

e Higher speed E#rnet resulting in greater energy consuming and heat generating ASICS, GBIC, ¢
XENPAC transceiver/interface modules

e Standards to reduce energy consumption at the MAC, PHY, PMD and part level

e Standard bodieapproaches IEEE 802.3az Energy Efficient Ethernet Task.Force

e Power over Ethernet standards and proprietary efficiency methods

e Manufactures initiativesuch ag A & BErrQydVise

e Energy efficientouters and switcheg same approaches used server technology space

e Pure optical routing andvgtching may have energy consumption components that produce heg
power the lasers and maintain larger routing tahlearious protocol based layer£2tables and higheDSI
layer application states.

e Video conferencing telecommuting to reduce energy use in building and carbon footprint yet there
a cost to set up anthanage, plus the same systear® being utilized at thelata center.

e Telepresence type systerasnay not save money insomeNB | & 06 dzi NBRdzOSa .|
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TABLE2-9 OTHER GENERALITIES

e aStil R26y 2F a2NNB | yR | YRI K brapating andsediergy éfficiemspiatn
create additional waste at a cost to the enterprise.

e Several reports depicting server computing performance increasing by some factor(rep@mddeyt)
every x number of years. Howevenergy efficiency isrdy doubling in the same period resulting in de
centerenergy costs increasing significantly yeaeoyear.

e Ratio of enbedded watts pedollar amountof hardware is increasing

e |n certain geogrghies utilities are tellingompanieshat they simply cannot supply any additior@dwer.
Data centers are forced to bettenanage what they already have jglan to move.

e Trying to define the compational cost per watt; Findingthat the ¢performance per watt measurement
is as muctart as science

e Various statistics and reports about carbon footprints, emissions and recycling of old hardware

e Cost of elefricity overtaking the cost of a data center device far sooner than the functional lifespan ¢
device

e Other harvesting technologies to @enerate energy such as Sql&eothermabnd Wind

An industryadage states ¢that in most data centers foeach Kwh of energy consumed by a serve
roughly another Kwh is uséd cool it. Similarstatements arefor every watt of power consumed 1 or 2
watts are used for cooling.This may sound similar to a PUE resBIt/E is covered in secti®n

Another adageis é6One watt of actual processing requires 27 watts of consumption from supporting
systems According to one major mairfiacture, every watt of power an application uses on a server is
backed by 27 watts of power associated wstipporting that application in the data center for backing it
up, storing it, cooling and so forth. If applications become more effictbeir processing impaan the
hardware is reduced, even without the need for virtualizatieisome cases

\

a

While the enterprise customerthe IT andenergyindustry
plus thegovernment continue to addreshe issues outlined | JESUERNCI IRV EY R ERYEETRT]
in this section with their own unique methodsAMI has = [GAAGYEEEEINEICEC TSN IE R UANC)
identified aniche area of science and technology that we bttt Pl
believe its time has come to be utilized within the IT industr b L
to assist in the goal diirthering the energy efficiency of the mechanical work.

data center

The efficiencies would be gained via a harvesting and
recycling process that lead to additional energy that has a A
@FtdzS YR O2y(iNROdziSa (2 (GKS 2NAFYAT A2y Qa Sy
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3.0 The General Idea

What if it waspossible to reprocessr harvest the byproducthermal energy(joule heat power in
watts) generated from servers, routers, switches ady or allother data centempower andcomputing
devicesandput it to work before it gets cooled by generating usadtergy? Plus, at the same time not
adversely affect the current cooling and thermal environment of the devibés harvested energy can
now be used to power other devices in the data center or offset the power consumed from the grid.
Now, this approachds been discussed and tested in the ffasin industry and academiand there are
varying technologiegatentsand papersoutlining different methods to accomplish this bahly on a
microand incompletescale.

The researciAMI conducted resulted in the creation of an approach asgstemto crystallizethis idea

and that was tointegrate hermoelectric technologynto all such systemm our own uniqgue method

then scalewithin and externally from the syster\MI has developed system tlat harvests the waste
energyin one formto produce energyn another formto help offset the cost of energthe data center
consumes However, before we can discuss what our prototyppee-production units, enterprise
energy visiorandfuture productscan accomplishtd a 8 A a0 Ay YAGA3IFGAy3 (GKS
faces a hief discussion on the topic ofh@&moelectric is warranted.If the reader is familiar with
thermoelectric science and technology he/she can skip this section.

4.0 Introduct ion to Thermoelectrics

4.1 What is Thermoelectric s?

To avoid confusiomvith our own verbiage about the topic of Thermoelectrige shall provide a few
paraphrased excerpts from our friends at Wikipediallurex,Nextreme and various others sources
cited in the appendixplus provide a few link®r those interested in the technology. The discussion of
Thermoelectricscience and technologi exciting but depending upon interestgan become tedious
and time consumingo we shall try to keep things bridflore information about Thermoelectrics and
our technology can also be foundwatvw.amilabs.com/tgs

4.2 Thermoelectrics - A Brief History

Early 19th century scientists, Thomas Seebeck and Jean Peltier, first tisctheephenomena that are

the basis for today's thermoelectric industry. Seebeck found that if you placed a temperature gradient
across the junctions of two dissimilar conductors, electrical current wdald. fPeltier, on the other
handlearned that passg current through two gsimilar electrical conductorsaused heat to be either
emitted or absorbed at the junction of the materials. It was only after-20th Century advancenms

in semiconductor technology howevéhat practical applications for theroelectric devices became
feasible. With modern techniquese can now produce thermoelectric modules that deliver efficient
solid state heapumping for both cooling and heating; many of these units can also be used to generate
DC power in special circunasices (e.g., conversion of waste hedfew and often elegant uses for
Thermoelectrics continue to be developed each day.

10 © 2009 Applied Methodologies, Inc
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A Thermoelectric effect is the direct conversion of temperature differences to electric voltage amd vic
versa. A thermoelectric modeicreates a wltage when there is éeemperaturedifference on either side

of the module. Conversebnd, thermodynamically spealgnreversiblyvhen a voltage is applied to it, it
creates a temperature differencéAt atomic scale (specifically charge eag)an applied temperature
gradient causes charged carriers in the material, whether they are electrons or holes, to diffuse from the
hot side to the cold side, similar to a classical gas that expands when heated; hence, the thermally
induced current. This effect can be used to generate electricity, to measure gerature, to cool
objects, or forheating or cookng.

Thermoelectricity (thermeelectricity, abbreviated as TE) refers to a class of phenomena in which a
temperature difference creates an electrpotential or an electric potential creates a temperature
difference. In modern technical usage, the term almost always refers collectively to the Seebeck effect,
Peltier effect, and the Thomson effecEmploying the effect which Seebeck observed, theractec

power generators convert heat energy to electricity. When a temperature gradient is created across the
thermoelectric device such as a thermoelectric generator(TEG), a DC voltage develops across the
terminals. When a load is properly connected ottlical current flows.

The work AMI is conductingas focused on exploiting the Seebedfeet to harvestenergyfrom the
temperature gradientbetween all the components in a data center device to generate electricity.
Utilizing commercial and future state of the art Thermoelectric Generator ModUIESS) within a data
OSyidSNRa O2YLlziAy3 FyR L} ¢S Nhati® graied ¥an the ZontikualNII S & (
work these systems conducprovides a source of energy for many uses as outlined in upcoming
sections.

Solidstate thermoelectric devices have long been sought after as a solutionhffenging thermal
management and energy harvesy problems. The core componeaf a thermoelectric module is a
thermocouple. A thermocouple consists of two dissimdamiconductors (referred to astgpe and R

type to describe dissimilar electricabnduction mechanisms in the two materials) connectegether

by a metal plateElectrical connections at the top complete an electric circuit. Thermoelectric cooling
(TECpccurs when current passes through this thermocouple, in which case the thermoamgteon

one side and heats on the othass per he Peltiereffect. Conversely thermoelectric generation (TEG)
occurs when the couple is put in a therntahdient (i.e., the top is hotter than the bottom), in which
case the device generatescarrent, thereby converting heat into electrical powas perthe Seebeck
effect. Schematic representations of these effects are shown in Figrdre

Figure @-1). Schematic representations of a PN-couple used as TEC (left) based on the Peltier effect or
TEG (right) based on the Seebeck effect.

+ Electrical

Heat mpul
power input
Hot
junction
Hot junction
o
c
3
ls
Cold
] junction
Heat
Cold ' ejected
e junction
eat abso@
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4.3 Thermoelectrics - A Closer Look

A typical thermoelectric module consists of an array of Bismuth Tellurideceaductor pellets that
haveared R2 LISR¢ &2 GKI (i 2\ Sithel gosifiBe of rlegadgcarnaéBtBe n@jbriyded S NJ
current. The pas of P/N pellets are configured so that they are connected sadly in series, but
thermaly in parallel. Metalized ceramic substrates provide the platform for the pellets and the small
conductive tabs that connect them. The pellets, tabs and sulestrt#ius form a layered configuration.
Module size varieand can be customized@hermoelectric modules can function singularly or in groups
with either series, parallel, or series/parallel electrical connectiiigure4-2 below illustrates a basic

two pellet/ingot module whilst figure 4-3 illustrates a multi pellet/ingot module to increase the
generating capacity of the module. Figare4 through 6below provides illustrations of several different
types of commercial Thermoelectric Generators(TEGS).

Figue (4-2). Figure@-3).

Electron Current = Cool Side Electron Current =

Hot Side Hot Side

N P
Thermal
Flow
+ -

Electron Current = Hot Side Electron Current =

Thermal Energy Movement

Figuref@-4). TypicalSeebeck basefEGA thermoelectric module is made up of a number (n) of thermocouples
connected together electrically in series and thermally in parallel.

Ceramic Substrate

Conductor Tabs

HEAT ABSORBED
(COLD SIDE)

P-Type
Semiconductor
Pellets

Pasitive (+)

N-Type
Semiconductor

Negative (
Pellels egative )

Figurg4-5). Examples of commercial butkaterial TEGs of various sifesm Melcore and Tellurex.

Hgure(4-6). Sate of the art nanotechnologgnd superlattice thin ilm basedThermoelectronics from companies
on the leading edge of nano scaled based technpldg order of left ¢ right arethe eTEG from Nextremeéhe
Thermionic! @ 2 %ha&s&dpOwenchip from Power Chips Rid another Thin Film based TEG from Micropelt
the MPG Thermogenerator.

Power Chip protetype (shown wifh
a US Quarter for size comparisen)
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4.4 Thermoelectric Cooling and Heating

When DC voltage is applied to tAi&€Omodule, the positive and negative charge carriers in the pellet
array absorb heat energy from one substrate surface and release it to the substrate at the opposite side.
The surface where heat energy is absorbed becomes cold; the opposite sutiace heat energy is
releasedo SO2YSa K20 | aAy3 (GKA& &AYLX S FLILNERIFOK (2
applied to nany widelyvaried applications such asnall laser diode coolers, portable refrigerators,
scientific thermal conditioning, liquid caobk, and beyondln fact there are a fewoff the shelf
thermoelectric cooling solutions for the RG help cool theirover clocked CPUs and high wattage
producing video chipsetslhese off tle shelf cooling units aresed mostly for gaming P& Another
example of using a TEC for cogltms now found its way at theaNo scale. Companies such as Intel and
Nextreme are exploring ways gpot cool the hot spots on a CRUother chip typeswithin its package.
Nextremeis conductingsome nterestingwork towards this end. Intehas been exploring this option
asgF2N) a4 az22NBQa I Blaw2ydAydzSa a2 R2Sa w2dzZ S

Sq even if the majomanufacturedlike Intel utilize state of the art Thermoelectrics @hermionis to

spot cool inside their respectiv&hips to reduce the affects ¢bule heating due to the transistocount

of higher performance CPUsMI can still take advantage of @mperature difference to generate
electricity either in those configurations or outsidesing the heat power differende reverse from cool

to warm. The co@d chip will now provide a gradient from the warmer inside ambient case
temperature. Thereis research and worgonductedby a few thermoelectric manufacturashere they

will also generate electricity from inside thhip package as well. Our system includes such anticipated
developments ad is looking forward to increasddrvesting efficiencies as well.

4.5 Thermoelectric Power Generation

Employing the effect which Seebeck obseraed some of the upcoming new approaches at the nano
scale thermoelectric power generatotgre becoming increasinggfficient at convering heat energy to
electricity. Recall that vmen a temperature gradient is createstross the thermoelectric modul@ DC
voltage develops across the terminals. When a load is properly connected, electrical current flows.
Typical applications for this technology include providing power for remote telecommunication,
navigation, and petroleum installation¥here are many eéw uses on the power generatioroht and

one such example is that from Germarautomakers Volkswagen and BMW have dewpeéd
thermoelectric generatorthat recover waste heat from a combustion engine.

BMW has found that reusing the otherwise wasted exhaweat to power athermoelectric generator
could reduce fuel consumption by as much as Bk approach and similar practg#e auo industry
is utilizing by harvesting waste heat and using it to offset the energy an automobilegsds similar to
what AMIis accomplishing but within data center devices such as semargers, switches, UPS and
other.
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4.6 But How Efficient Is It?

Thermoelectrics however have traditionallgsided in the lower scalef efficiency compared to other
methods of waste heat harvesting. Thermoelectrics efficiencies are generally considered to betgimilar
that of solar photovoltis, in the 3-10% range However, even with this current efficiency range
substantial amounts of energy can be harvested from scaling approaches. Also, depending on our fuel
source, energy can be generated for the lifetimietloe source. One example @ photovoltics(soér)

relying onatmospheric conditions and requirirgn analysis that shows average amaiof sunlight
available in a region to estimate the amount of possibly harvestettgy Unless you are @gle or own

a massive amount of land in the desert for aasdhrm you cannot fully exploit the sun as a harvesting
source.

HoweveZ A Yy apprdciQaur fuel is thgoule heat from all the heat sowes inside a data center
devicgserver router, switch,et al). Since these devices run 24/7/365 @pproach engres energy is
harvested for the operational life of a system. Nownesmber that energy is consumdd run these
systems in the first place but now we can gain some of that energy back and recycle it for other uses in
the data centerThe work haso be dmne anyway, otherwise there would be no enterpridata center
plusthe heat has to be removed or cooled so why not put it to work befb gets removed or cooled
andassist in generating energy tdfset the required energgonsumed.

The worldwide concern of energy
consumption and the recognition that

thermoelectric technology offers an Samsung Electronics Co., the Korean electronics giant, said yesterday it
environmentally friendly method of developed a new material that can transform waste heat into electricity.

New Samsung matial uses wasted heat June 2009

Converting waste heat into electrical The metallic compound in its crystalline form generates a thermoelec
power has resulted in the Commercia”y phenomenon, allowing a temperature difference to create electricity, the compi

. T : said. It added that the material is easy to produce and impro\
avallabl!lty of modules deSIQned for thermoelectromotive force by 80 peroé
generation.

The discovery, published in the latest issue of Nature magazine, is a breakthr
One recent news article from Samsungi“ highperformance thermoelectric materials, Samsung said. In the past deci
. . there have been renewed efforts to discover such materials, motivated
IS an example of the Ingrtance of increasing demad for renewable energy.
Thermoelectrics.

If applied correctly, the material could utilize heat generated from mobile devic

. . . automobile engines or factories, Samsung said.
Material sciencecontinues to make

advances where materials and uniqueédLd A& 3SySNIfteé (K2dzaKG GKFd o0&
: : 1cO2YYSNDAIEAT SR Ay GKS | daioekysesa hefbetis
approaches  in  physics  provides "'y s 4305 NBasI NDK RAGA&AZY®

advances at the nan scale that also

provide improved energy conversion

efficiencies(in some studies and papers from TEG rigatures these efficiencies can run from 50 to
80%).

If you wish to dig deeper into the study of Thermoelectrics you will encounter such terms as Figure of
Merit(Zt), Carnotefficiencies and Seebeck coefficient(thermoelectric power or thermoelectric . EMF)
¢t2RIF28Qa ¢9D&a NS SFFAOASY(H Sy2dzaK (2 LINRPRdzOS dzil o
with continual advanaments and recognition fromacademia, industry and government agencies
Thermoelectrics are a stable and valid technologidaitilized in the enterprise data center.
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4.7 Benefits of Thermoelectrics

e No moving parts higher MTTF

e Long operating lifetime of unit, 100,08Gours

e System still operates even if TEG fails. Though some thermsiarese may be present this wilk
factored in design.

e Low costq the cost of commercial or future TEGs purchased at the OEM level for future prc
are well within the line of ROI and for NB@e economics

e Easy to integrate into OEM designs for bulk material based TEGs

e ScalablgRSLISYRAY3I 2y GKS RSOAO0SQa KSIHUG a2 dzNDS:

e Customizable at the OEM level for enhanced efficiencies and design consideration

4.8 Thermoelectric related links:

Some short and demonstrable videaf Thermoelectrics in
operation from two of manyThermoelectric manufactures.
http://www.nextremethermal.com/pages/learning_center/videos/candle.shtr
http://www.tellurex.com/videos/video 2.html
http://www.tellurex.com/videos/video 1.html

A fun video of kids usinghilermoelectricsto solve the world3

energyproblems
http://www.youtube.com/watch?v=J A-Av6zBAo&feature=related

General Thermoelectrics references
http://www.tellurex.com/pdf/new/Intro%20t0%20Thermoelectrics.pdf
http://www.tellurex.com/pdf/new/Thermo%20Power%20Gen%20FAQ. pdf
http://www.nextreme.com/pages/power_gen/power_gen.shtml
http://en.wikipedia.org/wiki/Thermoelectric _effect
http://en.wikipedia.org/wiki/Thermoelectricity
http://www.dself.dsl.pipex.com/MUSEUM/POWER/thermoelectric/thermoelectric.htm

Thermoelectric Groups
International Thermoelectric Societyttp://www.its.org/
Thermoelectric Newsttp://www.zts.com/

Note: AdditionalThermoelectric related sources used for thipgraare located intte appendix and at our website
www.amilabs.com/tgs
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5.0 IT and Thermoelectrics
The time is nowfor the IT industry to not overlook Thermoelectrics for its
untapped hidden benefits.

We believe that the time hasome for the IT idustry to recognize, utilize aridtegrate Thermoelectrics
to capitalize on the increase demand of computing resousmad waste heat generatetbr power
generation in most of its devices. Devices that exhibit high ansafjbule heatrange from sandalone
servers,densely populated blade and rack based systemiBgh Performance ComputitgPC)and
supeicomputing platformsappliancesrouters, switches and firewall&lso, not egluding UPSsystems,
within asysterQa LJ2 ¢ S polve digirihuiiod and any form of heatr temperature gradient(hot or
cold) generated due to computing or power distributitransforming related work can also be utilized

as a source of harvesting.y Rz f S Qa y2id F2NBSO rlthe hgh akiRGEiy NS R dzy

critical applications either in the saendata center orat a disaster recovensite providing fuel for
harvestingWdza i & GKS AyRdzaidNE A& 3J2Ay3 GaINBSyé¢ o8
supdies, low voltage components, R8Hecyclable componentand executing the myriad of initiatives
outlined in section twdhe same consieration towards thermoelectric integratioshould apply.

AMI has started on this course by developingystem to utilizeThermoelectrics to help addsssome

of the data center power ansumption issues outlined isectiontwo. Our approach angystem of
utilizing thermoelectrigdechnology helps us maximize asdale the Seebeck coefficient which leads to
improved consumption to production efficiencieBMI has developed data center devices(servers,
routers and switches) that utilizine thermoelectric défect from commercialEGs and developirggate

of the at in Thermoelectrics(NanoRAin HImM/MEMS TEGgo0 generate electricity rom the wastejoule
heat components The energygenerated has anonetaryvalueto it and can bausedto thus offset the
amount and cost of energgquired to conduct similar work in the data center
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6.0 Our Enterprise Energy Vision

AMI canenvisiona future wherethe data center not only runs efficiently by utilizing sooreall of the

methods and technologiediscussed irsectin two but also generates energgp offset the cost of the
energy it consumes. If every deviomuter, switch, serer, mainframe or appliate) in the datacenter

utilized Thermoelectrics as part of theBystem design anthanufacturingstandard the data center is
transformed into anenergy generating power plant. These systems, dan their operational life

generate energy thatvould beincluded into a larger pool of capacity.

As asmall conceptual examplef our visionimagine alu server withThermoelectric Generator§EG}
integratedthat generates 10 volts and @mpsat current TEG efficiency levelsow, this may not sound
significant however this one system is generatiegergyduring its entire operational life which could
be years. Using capacitan@nd other technologiesto store this energy for other purposest higher
potential levels is one optionf manyfor the applicable use of this technologyAnotter is its recursive
use. AMlis currently prototypinghe approach touse some of the energy generateecursively This
individual server cane-use the energy it generates to reduce its own draw of power supplied from the
local utility by a percentage. Equallhis server can distribute the energy generated om@tgower
distribution network to scale the energy generated as a whole for other u3dmse percentagein
reducead power draw have a value to them and addtogealizad savingsvhich we shall demonstrate in
section tenof this paper.

Nowto go further,let usimagine hundreds to thousands of these 1u units all generating energy while

they continue their workn a data center or multiple data centerg/e can see the impet of scaling in

terms of the amounbf energy generated. Thigarvestedenergy has a value to déind can be applied to

a form of ROI osavings. These same systems couplégith 2 § K SNJ ¢ ANBSy ¢ YHmK2Ra |
would still require someamount of powerto operateand cool them. Plyshe same amount ojoule

heating byproductvould still be presentbut now wecan gain more value from thaerver than before

in terms of energy savingA. further expansion offtis vision is to have additionahterpriseassets such

as PCs and printers all generating energyen if it was a small amountgduring work hours and

supplying this power to a distribution system in the buildiog@pplyit to other uses.

Of course a data center will naxclusively utilize 1u bad systems buthe many different platform

form factors available-or example, ne chassis of a blade server system may comprise more integrated
Thermoelectrics than an entire rack of 1u servers due to the amount of densely packed components and
heat sources in oe chassis, sdifferent platform form factos will have wique opportunities to exploit
Thermoelectrics to its fullest.

While data center assets continue to work in their respective manner they are algemerating energy

with no impact to heir operating condition. The energy genéséaR FNB Y | Rl GkaneSy (i SNID:
used to offset data center power consumption cosind contribute to redressing some of teaergy
consumptionissues listed isection twa
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7.0 How Does It Work ?

With the discussiorso farabout the issues regarding @acenter energy consumptioffhemroelectrics
and ouridea andenterprise energyision we would like to share how our work and vision applies by
developing asolutionthat complements the many currémpractices employed today in data centers to
reduce energgonsumptioncosts

AMI developed seveladata center prototypesto exhibit our point about the time and need for
Thermoelectrics and how our system works. We created a prptoty 2007 dbbed theThermoGreen

{ S NIB8dN@s we used the wit a INB Sy £ 0 | 1O fact wekwieng méntioned (B Edgkdn

2007 G 2dzi Ay 3 2 dzNJ & 3 NBob vré gultyNdE R dine (igreein Sheeh.SNonetheless, our
prototype is a sever that can not only comply #i current enepgy efficient green standards baiso
generates energy in the process. We also developed a switch version and dubbed that the ThermoGreen
Switchn and a router version iscurrently in the process of being developd&dur prototypes werebuilt

using commercial TEGs from several TEG manufactures and various classes of servers from IBM, HP,
Intel and other server OEMs. Our prototypes exhibited the approach of integrating TEGs into an existing
OEM deployed systenthe energy generated is DC bageeéaningthe TEGs operate as a DC sowmd

can be directly applied to other DC based systems thus offering additional efficiencies.

7.1 TGS(Thermoelectric G eneration Systems)

The systemswe initially developed integrating Thermoelectriase not optimizedor engineeredat the
manufacturingfacility level forgreater harvesting efficiencieget even with the nurbers presented in
this paper fromour raw prototype versions they are extremelyromising. Weare also working tvards
developng additional Nano/Thin Fm based prototypesi-rom this point on we shall refer to any of our
systems utilizing’ hermoelectricas aTGS TGS stands farhermoelectric GeneratiorBystens(any data
center device employing Thermoelectrics in its normal operati@9me examples of our nomenclature
ared ¢ D{  a22SN0IS NINR ol B{NE 0 | & S.Ahe Rextdew dighires shall illustebur vision
and then we can delve into the value, ROl and how our approachiutune systens contributeto help
make the datacenterenergy efficienby addreséng some of the issues listaghrlierin section twa

Figure 71 on the following pagellustrates a basiexample of themechanics and flow of a TGS based
system Additionaldetails and videoswill soon be availableat our websitewww.amilabs.com/tgs In

this example Thermoelectronics are applied to a heat source in a data center server. The waste heat
energyis ued to generate DC energy on its path before baingled. The energy generated exits the
system for other uss. This approach can be scaled within a system to further increase generation
capacity.
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Fgure(7-1).

What happens inside a TGS based device, single TEG example

X% of heat still
present to be
cooled/ removed

l ééiééééé Results in Y% of
energy from
hawestlng
Watts
Watts generated from
X% heat present dissipated ' use of potential
from work our fuel

Single data center asset such as a server, router, switch,
other
Processing and work performed in forms such as: MT/

Watts consumed e

from required work
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Figure7-2 illustrates ourscaledvision of a thermoelectric based data ceniecorporatingTGS based
systemslIn this example the data oger assets were equipped withh&rmoelectrics usigour system
from the OEM, thus creating a data center that generates energy to help offset the energy it consumes.

Figure{’-2).

Examples of data center assets with
Thermoelectrics integrated

Thermoelectric generating systems(TGS)

OEM blade systems optimized for
wirtualization and designed basad on fOl' the Data Center

latest green initiatives for energy

o $ F999¢§

? $ § § $ ? \ Heat byproduct from
{ | [ [ [ [ normal processing work
'. 1l G ] e ] ¥ (=) to be cooled

This column of blade server racks are
from the same manufacture and they
generate the same amount of energy
as per design per model.

This column of various U based rack
servers are from the different
manufactures and they each generata
varying amounis of energy per each

systems different design.
Total Volts generaled in
this scaled example
545 Power distribution = With optimization of power generation and
Volts nelwork lo distribute, scaling, data center assets can also be utilized
o regulate, conditien, in the form of a small power generating utility to
rectify power to other produce off grid DC at a much reduced cost.
loads or for storage
+  Solid state, no moving parts inside a devics,
] «  DCvoltage levels will adjust if one or mora

genarating servers comes off line.

s« Mot only applicable to server assets. Can
20w Sy 10v 15y be applied to any ather data center assel
DC Voltage can be applied to any that have hot IC such as routers, switches,

number of loads such as: firewalls, and appliances.

«  Charging UPS systems using less Environmentally sound and ReHS compliant

Various Individual tower grid power *  Power generated from each TGS Serves™
SEMVers producing energy Powering additional data center DC can be variable depending on the server's
" devices ?or free utilization but can be regulated for consistent
. Rectified back into AC steady DC voltage levels.
+ Regulated for other uses to offset
the cost of power consumption in a
dala cenler

Our system is also pertinent tbe densely packed blade se&er sub siperconputer or high performance
computer(HPC)lass type systems. For exampéestartup companycalled SiCortex, hadeveloped a

smaller scale supeomputer for the enterpriseThey everK | @S (G KSANJ 246y oHey OKY |l NJ
Green Computing Performance Indewhich measures performance per kilowatt and gives SiCortex a

score of about @%thusa dzN1.JI a a BlyeBen#, caebfithe mosadvanced supercomputen the

world.
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SiCortex for example hakree different types of machines, desktop wth 72 processors, a michnge
system with 1,458 processors and their largest unit with 5,832 processors. In one system one of the
slideout motherboards holds 162 processors. Can you imagine if a system such as this utilized our
system and approach for tegrating Thermoelectriceand the amount of energy that would be
availabl®@ Or even consider the IBMBladeCenter QS22 Clustthat was reently listed as the #1
6ogNB S vipercofnputer according to the Green500ith integrated ThermoelectricsPhe potential to

harvest the byproductvaste heat is always present.

Also, our system can be applied to computing devices

outside the data center such as those emygd in a The Green500 is a twigeearly ranking of the most energyl
casino for example. Consider tllews upon rows of efficient HPCs around thelape. The list, which measures
slot and vitual poker type machines opeliafy | megaflops (the number of computing operations per secor
24/7/365 that can banefit from producing energy which| per wait used, parallels the Top500, a list of the mo
will assist the casino in reducing its energy consumpti' Powerful HPCs regardiess of energy use.

costs. If you ever walked past the end of a row of sucn
machines you can feel a high amount of heatitted
from them. These devices represent another untappedrse of energy to be harvested and another
market for TGS.

8.0 The Economic I mpact of Thermoelectrics in the Data Center

To fully understand the impaadf utilizing Thermoelectris in the data center igo understand its
untapped hidden benefit in terms of RQlhereare several models and metricsaed acoss several
industriesto help in determining some form of economic gain in relation to energy consumption
efficiencies appliednd monetary savingsWe list someof them herefor you to review online toonly
provide a context as to where our system can or cannot tie into these models or metrics.

There are several energy industgconomic based ROl models to reference, such as Net Energy
Gain(NEG) dEnergy Returned on Energy Invested(ER©OERQMe twa

Net Energy Gain(NEG) Energy Returned on Energy Invested(EROEI
NEG= Energ¥onsumanid> EN€rg¥ypended and its EROEI = Usable Acquired energy / Ene
full definition and use can be found at: Expended and its full definition and use catr
http://en.wikipedia.org/wiki/Net energy gain be found at:http://en.wikipedia.org/wiki/EROEI

Plus, KSNBX | NB aS@SNIft FTNRY (i KBerfodackeei\BahdbBERmzdcl NE Q&

Performance Per Watt(PPW)
http://en.wikipedia.org/wiki/Performance per_watt
SPECpower
http://en.wikipedia.org/wiki/SPECpower

21 © 2009 Applied Methodologies, Inc


http://en.wikipedia.org/wiki/EROEI
http://en.wikipedia.org/wiki/Net_energy_gain
http://en.wikipedia.org/wiki/Performance_per_watt
http://en.wikipedia.org/wiki/SPECpower

The Case for Thermoelectrics in the Data Center October 2009

Concerninglata centerenergy consumption as a wholne widely adopted mdustry metricsfrom the
Green Grid- Power Usage Effectivenesg?UE)and its reciprocal theData Center infrastructure
Efficiency (DCiEare referenced to help corp@tions in determiningthe energy efficiency of a data
center.

Power Usage Effectivene@3JE)

PUE = Total Facility Power/IT Equipment Power
and its reciprocalDCIE is defined as:
DCIE = 1/PUE = IT Equipment Power/Total Facility Power x 1

¢KS DNBESY DNARQa YSGNKROa R2O0dzy
http://www.thegreengrid.com/~/media/WhitePapers/White Paper 6
- PUE _and DCIE_Eff Metrics 30 December 2008.ashx?lang=en

You may be consideringhow does ourapproach and
systemshow some form of ROI or benef@gsulting from
the erergy generated ovean already purchased and used
amount ofenergy consumed?

Sinceadditional energy is required to cool the byproduct energy released from the waystem is
normally conducts andven with all of the efficiencies, approaches and products medliin section two
applied it is a knowrfact of life thatjoule heatwill always be preserfrom work conducted in a system
and we can further explothis result to achieve some gain through harvesting.

Evenwith the manymetrics and formulasurroundingenergy efficiency it can become confugiss to
what to use to determine efficiency or monetary savings gdfus exanple, you may be considering
from what has ben presented thus faréhow does our approaclcontribute to a Net Energy Gain
SepcPower, PP& NJ (1 KS D NXS $ Kor persidediv@ & providedl @rexample for NEG and the
Green Gricn the following pages.

The economics of energyat become a major consideration for IT. Our contribution is this, if we
reduce the consumption from the grid by utilizing a harvesting technéIdtgyrmoelectrics in our case

then we can contribute in a our own unique way to addressing some of tg iseees outlined earlie
in section two ofhis paper
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