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TURBINE

EVAPORATOR CONDENSER

-1000 m







Warm
Surface

allENergyiCoNuersion

Turbine Generator

Seawater

Evaporator

The heat of the surface
water evaporates the

working fluid into a gas.

Working Fluid Pump

Pressurized working fluid in gas
state drives the turbine.

Condenser

Cold Deep Sea Water
returns the working
fluid to liquid state.

Cold Deep
Sea Water

<D

Sends the liquid working
fluid to the evaporator.
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~120,000 Hawaiian (OPERATIONAL)
Homes Powered by Sea-

’ 100 MW OF POWER ONSHORE OTEC

- -
lb B 0 N
OFFSHORE OTEC < \‘? 2 @ =
- N OF = 2,
(FUTURE) = ’5\ S S B
WARM WATER INTAKE :

Temperature: 25°C (77°F)
Ocean Depth: 60 ft (18m)

MIXED WATER RETURN

Temperature: 16°C (61°F)
Ocean Depth: 330 ft

COLD WATER INTAKE

Temperature: 5°C (41°F)
Ocean Depth: 3,000 ft
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HYDRAULIC POWER UNITS

HYDRAULIC OUTBOARD
THRUSTERS
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Operacion durante el dia Operacion durante la noche
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N
A

La energla generada serd utiltzads
para consumo residencial e De noche, czando en susencia
Industrial y/o para bombear apas del 3ol ol pargue solar doje de
de mar o b parte superior del
faretion costero y acumudaria en
Ams cuencas naturales de
*Lapejo de Tarapach®.
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Chloroplast co,

Amino acids
Fatty acids

Sucrose

Dark Reactions

(Calvin Cycle)
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Chemisch : ; Elektrische
gebundene Energie = - —_— fetatiameaongie —_— Energie

Thermal power plants convert chemically bound fossil
fuels into electricity and heat. Burning chemical fuels
such as coal and gas generates thermal energy that is
converted into rotational energy in spinning turbines.
This rotation therefore enables electrical energy, i.e.
< electricity, to be produced in the generators - like a
dynamo on a bike. This principle is also used when
burning biomass in power plants or when utilizingthe - =

Kohle

Dampferzeuger

Hochspannungs-
mast
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E N Eout

loss

Useful output energy, or exergy, is always lower than input energy.
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Power Plant

Ell: 39% ‘ El3: 33%

Data source: IEA/OECD
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Energy Cannot Be Created or Destroyed

(It just changes forms)
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o e conserriion of eneray is & Statemaent et {he qranty called GnEmY
remainsjiconstanygreyandiessjogwhenligisieyaluatediogwiaiiroeessess
oSSy inelniing Tansiormatfions of enery om one form iiio anoihes
goloiheiweenisueeessiveleraliations:

0 @@mm@td]@m of @m@m vlistannplieuinoioniyitolnaturesiawnolelhunsio
closetlogisolatetisystiemsqwithinjnaturefasiwelsihusigthelhoundariesjoi
afsystemieai io ﬁ]@f edlinisuchfalwayitivatiolenergylisieithegadueitolor
[f@nmmﬁ] iromithelsysteimsthenfeneruyinusiyhelconservetiwithiniihat
SVstem regarilless of e detals af {he Processes Joing omn Insiile e
systemioundares
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fransiormationjofENEryYy;

sl Energylcaniexistitmanyjionmsiwithintasystemandimayihelconuexietiiiomn

onelorinjtolanothepwithiniihelconstie

ofitheleonservationiawaiinese

difierengiosmsjineludelyravirationalyki

1eticathermalfelasticyeleciticall

chemicalfradianMnueleartand ENEHY:
o [0S tie wniversal applicablliny of 1he coneemnt of Gneiy, €S Well as e
unmml]m@@g% ofthellawjoiitsiconsenvauonwithinjdifierenuiorinsyiiat

iakesjigsolatiactivelanfuseful®

0 m implelexampleloiaisystemlilwhichiene rgulisihenny @@[DW@M {Tfom omne
florm (o another is proviued in The tossing af & ol it mess m into {he &,
Lihenjtheliall n@ {ronm verfieally om The grommnd, 1S ssm@@ﬁ] Anihus
itSIKiNELIG eereases Steadily i it comes o st momentary &t
itS hﬂ@]ﬁn@@ﬁ m@nmﬁ., [t e reverses Misell, and s speedl and [ineiie cnery
Merease sizaily 28 It retms (o {he groumd,
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Energy Transformations

H ENERGY  gecica

. Chemica
Mechanical

(gravity)

Electrical S \
Mechanical Sound
(elastic)

Nuclear

Radiant




(XX
" Energy Transformations

Can you follow the energy flow?

The Pressurized-Water Reactor (PWR) . N U Cl eqar en ergy P E

(fusion)

Containment Structure

Pressurizer _ Steam
= Generator

Il T
I + - "
W=
o '

*Mechanical energy KE
(turbine)

*Electrical energy KE
(generator/wires)




Hair Dryer (3)

Gas-Powered
Car (3)

Flashlight (3)

Electric
Guitar (2)

B e
A piece of fruit |
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| iPhone Playing
Music (3)

i
|

Mechanical
Potential

Energy Transformations

Mechanical 2 f y
Kinetic z

=P = Energy Transformation
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Thermal

Mech\,mu‘-.;)\

Radiant

Chemical
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AnjidealiSystem

o e Hineiie eneray &, of the ball &t {he instamt it et {The grommd (point 1 Was
[l e produet of e amd e Surare of 1he Ueloeiy, o 1,mm2, and
lecreaseuisieadilyiiolzeroagthelhighesunoinuinoinZsAsiihelall il
ihelaidifuainediyravitationalfiotentalieneruyjes

o [Potentkl in {his Sense does not mean that The enerdy is not real Dt raiher
ihadiisistorediinisomellaengionntandicanieldmwnlunoniioliolwoik®
Eraviiational poteniial eneray is enery Tt Is Stored i & hody [y Wirne of
Dﬁ@ [D@[ﬁ] i {The gravitational el Graviational poienial enery of @
mass m s absemed to be given by The prodnet of the mass, e
I]n@nl[m hiattainedirelativeliofsomelieferencelherghantiihe
acealeration g of 2 hody resuiing from the Eri’s graviy pulling omn &,

OF M. A1 e instant the balll 161 the groumnd &t helulit b IS potental
energylERisinghMngitsinighesynoinMisjnotentiallenergylEMising s
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fhelldealizedlexample

sINnplyinghellawloifeonserationfoffienegyanipssumimnginolisciionfiniihe
alAthesefl mm o form {he consemrion @mma]m@m@,

o (I Tfs fiealized crample the netie enery of the hall at groumnd level is
umnnl Dnnﬁ@ workinraisingihelallitolMwherelitsiuravitational
poteial enery Das heen Mereased by ma [, - b As e bl fals u@mﬁ@
fﬂ]n@ rommd el i, s graviaiional potenial eneray is comerie ix
intokinetiglenenuyfanalitsiioralleneroyagiiagainisy/Anurading i l]nn mnn@
chainfoieventsiielkineticenergyjoithelalllisjunehanyeufat mﬂ s e
ok one on e ball by the fores of gravity aciing on It I This eYele af
euentsjisizerosnhisisystenyisisaidiiolhelalconsernativelone!

o [Wihough {he total amoumnt of eneray) D amn isolaied SYSIEm Memains
%gn@m@mg@ﬁl here may e & great diferenes In The quality of diierent formms

EDEY
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GarnoyENgine

[amy forms of eneray can be Tansiormmed completely it Work or It
oifher forms of eneray. This is e for mechanical eneray and eleeireal
GG

Garnoideseriheulink82aanheoneticalliowereVelelofinaxi mu I @ﬁﬁﬂ@ﬂ@m(Bw
for comreriing hermal inio nnn@@m@mnuﬂ 2l EDEr. e demonsiraied Tt Miis
lificieney is detemuined by {he magnimie of e ﬁ@nnn[r@tww@@ @ﬁ\mﬁnn@m
headisfadenfantiwastelheais IDW@D] offfduringlihelcyeie

M raciical eniine operaiing on (e Carmot Vel Des DEVEr Heen (evisedl,
[t e Garmot evele deiermines e mardmum ciicieney of themmal Gneray
conversionintofanylicimfoifireeienlencroyas

e Garmot eriteron w@m@]@[@ ﬂ@l% aificieney mpossle for alll heat

enInes. [ constimies e hass for wihat is now the seeomd v of
ThermaodVamics.
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listonyjofEnergylConyersioniiechnology

INEarlyIhumansiiirSinadelcontiolledluselofanlextesnaMnonanimalfenergyiSouree)
wieD ey discovered how o 0se {ire. Brrming (red plhnt metier (rmary mood)
Al amimal waste, ey emploved The enerdy fom tis Momess for heaiing amnd
cookinushelueneratuonjofimechanicallenergyiiolsunplanghumanioganinialilowel;
GAIE VR Much kier—omly about 2,000 Years ago—Wi {he development of
SImmle deviees i DArmess The eneray of Homing Weater amd of wind.

o 16 carlest machines Wem Waierheels, st used for grinding grain. They Wer
SThSEUEDTY adopied to diie Sanmils and pumps, o proviie the hellows aciion
flor maees and forges, o drfve Tk hammers oF THp-ammers for forging from, amd
o provide (et meehamnical power for texile mils. Uni he derelopment of
SiEAm POWEr (g The Industrtal erolmion &t (e end of The 160 cenimy,

ienwheelsguerelihelnrimanyineansjoiimechanicalllowernroduetionsrualed

onlyjocecasionallyiyiwindmilissnhusSimanyindustrialiiownstespeciallyfinfeanly

Americassprangupfadlocationsjwhereljwatenilowlcouldihefassuredialilvear
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smeatonisjiiaterwheel

o e first analvsis of The permanee of Walsrmiheels Wes pubished in 1759
hySineatonsineatoninuiiiaitesyannaratisjwithialsinall w[nul]h[r@
e eliees of waier veloey), s well &s head and wihee Speel. Ce fommd that
fﬂ]n@ Imaximumjesiicieneyliiworkinxodueenidividenihy [@@ﬁ@mtﬂ@ﬂ energylinithe;
Weler e conld ahiain wes 229 for an miershot wihesl and 63% for am
m[rg%[n@ﬁ w[n@@l] [m.,@m oneliniwhighiwatedentersiihejvheelfahouelitsicenire)

0 l][n Sieaion Deeame The frst i 1se & CasiHID Whee(, amd T Vears

latel; [i]@ D[ﬂl" castzinonjueaningstherenyhing

1ULLO) all @[ﬂﬁ] thegalls

dlconstructionithaghadlnrevailedisincelRomnangti

1esYBasedionnis

inogeljtests &Snnn@a]ﬁ@m huilganjundershogwheeliiogthe ﬂ.@[ﬁ]ﬁ]@[ﬂ Blililye
watenworkSiihagmeasuredatenniwitelanuiaisin ﬂ[i] diameteAlhelesultsiof
&Snmnn S EE0 Hl@[ﬂﬁ@]l] workieameltolbeideljuseithioughouiEuLone

forfuesigningjewiwieeilss
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Batkensiiilliabonceleisjineel

o [ring fhe mid-roes & reaciion Weteriee for Jeneriing Shell amoumns

offnowenhecamelnopulaginithelriuralfareasjoEnglandsinthisjynelof

tlelice: @@Uﬂﬂ[ﬂﬂﬂ)[ﬁ]ﬂw knowntasialBankersinilijwatentiowelintolajiotat

g

verieal he hefors helng (isehared Through nozdes &t the end of o
horizontal @m fineseldiiecteninelwateouniangentaliyimuehiinjthelway
Al & moederm rotary lamm Sprniier (oes. [ rope o hel wound areumnd the

uerticaliuniejnioyidedithelnowentakeoft

o [ i {he 190 eeminr Poneelet (esIuned el padiies for mndershoft
heals o allomw {he Water i GIier Smootiny. [is design wes onjthe
ilea {af vrater omld [om oD {he surkee of {he Uanessconeliojiest
anthelinneddiameteHandihentialiiawayiwiihinkacticallyino)VeloGilyaThis

(IESIn Imereasedl e Gieeney of mniershot Mees
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Fairhairnisibreasuyiiheelsigiiore™

o [ Aot {he Same e, Fairbaim showed dhat hreast Wheels 06, Those [
whichiwatedentersiauthel0oRtwosoiclockinositiomiwere nnn@[r@ @ﬁﬁn@n@mﬁ
thanfoyershouwheelsfanijiess wm]m@[@il]@ tojilooufuamaueyHeiSecurvel
(s amd provided @ clese-THng masemnry weall i e 1he W@ﬁ@w KON
{lowfing ont sidemays. D 1626 Fiaim nmm@ﬁ]ma:a@ﬁ] uentifatedibuckersiin
w[nn@ﬁn [uansiadthelnotiomioieaghihuekeralloweuliiannen @n[r iojescajiel
Er improvements meuiled & Geermor @@[ﬂ@f@ﬂ e sluiee gaies amd
S Gearing for Tie power tleol,

sl DuinohhelcourseloitheygulcentunAwaterwheelsiwereiSiowvisunnlanied

hywateriurhinesiatetuthinesiwerelinoreleicieint: Eﬁ]@@ﬂlﬂ]

IprovEmEnts cuenimally made it possile to reaiikie The Speed of {he
frimes amd to fon them fast enoudh to drie cleciie @]@[ﬁ]@[f"d]ﬁ@[?@u

o [0 {he eary 1970s There Were more {hamn TO00 grain mils i rse I [Porimgal,
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Indmills

indmiisyikelwatenwheelstwerelanonujhelosigmany 'mm@ Mouersiiat
ienlacetanimalimuselielasfaisourceloifnoweAneviwereliSeulicHCenturkes
nnn VRS DAFS of {he Worl, comeriing The enermy of the wﬂm@] iIio
mechamnical enermy for grinding Graim, pumping weies, amnd draining.

0 Fﬁn@ {firstt (mamm mrimd deviee Wes deserbed by [Her of MNemamalia. [ s
moedeled on & Waier driven paddle Wihee] amd Was foJdkivera
piston pump et foreed afr hrough & Wind organ (o produes Soumnd. The
GaIESE (Mo refEreneeEs o wiind drfven rain mils refer (o @ Persimn
Mo, alihongh wWindmils may aciually hare heen used cariern These
s, @w@@ﬁ@ﬁ] neagwhadisinowithelliangAtghanistanihoniecAhadfaliertical
Sl with paddie-ie sails railaiing euimrrd and Were loeated In &
huilding wﬂﬁh (fametrically opposed openings for 1he inlet @m@] oltieoiihe
wfimdl. el mil drove & SThale SEt off stones Wiiout gearing.
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Ihelkirsyiills

sThelfirsuniliSwerelhuiwithithelinilistonestaboue [Tﬁ]@ SailsYnattenneuaiten
e Gar WriErmeels fm Wiieh They Were deme. STy mils e

KiownlinlGhinafbytheX3ECentiny:

o (Wimamilis Wit veriieal sals omn horZonta] Shals reaehed Erpe trough
contacuwithithelfrassdoptinujihelideasiiromiexistingiwateswheels
huildersiheyai ﬁ@ uselfabriczeoyenetiwootiramedisailsjlocatedialoyelihe
milsione, ﬂ il of @ Waleriee! helowy, i (e the Jrinisions trondh &
SElofyealst F[ﬂ@ wholelmiliwithralllitsinaghinenjpwasisunigiiedionia

fixedinosisoliiagigcouldibeliotatedianditacedlintophelwindsnhelnillworks

ere ey coversd by & Dorlihe Wooden Hame STeire amd [aier ofien
hyRaloundshouseswhichiglso mﬁ@wﬂﬁ]ol Storane. A Dralke Whesl on the shaf

alloved The mill to he Stopned [y &

nihkakeyAiheauylieverthenihaditolhe

raisetiiolreleaselihelirakeYaniearlyiexamnleloifaliailssaielilelices
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iIndiRump

o Wndmills persisiea fﬂ]D[FGIﬂ@]I]D@U]ﬁ fﬂ]n@ oglcentunyinmewlyjsettietraieass

0 TH]D@ niinanylexeentionitoliielsteatyahandonmentofiwindimiliSivas
esurgencelingtheiguselinfiural @E@ﬂ]@ ioumpinuwateRiromwelisyiine
II[?SH windinunplwasiintiodueetlinitheluSsyiavidiHallaylinkl 8545Ate)
é][ﬁ]@[n" Aimerican§Stewaipersieyanconstyuctinglwindipumpsiinadelos
Steellandieuuinpediwithimetalivanesiiniigssathisjnewkandisimpleldevice

S%[BI'OIG] around ﬂﬁ]@ Worlg!

sindzdniveninumpsiremain MLD@[Fﬁ@][ﬁ]ﬁ totdaylinimanyruralipatsjofthe

e, They continned to he nsed In [arme Dumhers, @en b The TS, Well o
theya0glcentunyuntil ﬂ@m@@gﬁ @ﬂ@@fﬂ?ﬂ@ nowerecamelreadilvfavaiianlelin
fiialkareasyAlthouyhlrathegineficienMheyiaeliuguediandjieliahlegneet

Uﬂﬁﬂﬂ@ auention¥antjremainfajiy

inejsoureeognumpingSmalifamountsjof

wateHwhereverelecthicivjisynoieconomicallviavailanie?
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DevelopmentsjofithelindustrialiRevolution

= elaniiurowihfofinuustayiniBritainjiromanouihelinugiSecentuyltand
latedinliatiousjotieHeountriesiereatetfaiieeulioHeWiSoULEes
of motfive pores parificulky hose ndependent of geogrpiie loeaien
ann( ieailiver EomNions. s ST, u@fﬂ]n@[rwn[ﬂh eI ofier feirs,
smﬂ]]@ Stagejioninelievelonmentandwiiesneadluseloithersteamienyiie?
i (st (reeal deNfies oy comBri Therme) 6nery i maehameal
eneLgyk

o e fonnikifions for The Use of sieam Dewer are aiien Taced o {he
Ererimental wor af Pamin. In 1679 he Mvenied & e of DreSSIre Goolies &
Closed nessel w8 Eﬂ@ﬁnmwmw gliidiihvageoniimenisteamintillinigh
eSS RS OeEneraitadl, Chseming Ml Te SYen 1 {ie Nesse) Fsai i
lidfhelconeeiveuithe Riiea af usingisteantolnowerajnistonfandieylingen
enyines
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NewcomenEngine

o (leweomen developed & mere Gileient Sisam Dump consising af
aieylindenittedjwithfalnistonggaliesigniinspiseibylanngs
mw@mn@mtuj@mu filea. When The @wﬂnmﬁ]@[rm@ ellwithisteamsa
counterwerghtedinumpiniunuegmouedithelnistonjiolthe]eXtEeine mmm@[r end
off ﬁﬁ]@ StoKe \Wﬂ(ﬂ]} e admission af @@@l]nnnl Watehelsteai @@Eﬁ]ﬁ]@
Erealing & vaemum. The @tﬂm@@mﬁn@ﬁn@ DIESSIE® I {The mine Acied on fﬂ]n@
mm and cansed & to meve domm i the eviinder amd The pumip pnger

wasiliitedibyithelrestlti

ng ﬁ@ﬁ@@

0 }]nnn@nn enteredintofajnaimershiplwithiSavesyianditoyethegtheyfinil
I TN, i]]]@ lirsginistonzoperatetisteamnfiumnysSeverallyeatsflategSmeaton
nproyedithelNeweomenienyinesalmosyuoublinglisieificiencysAithouyh

enygi noc @ﬁ s [{mnd commeried enly about 1% of e Thermall enery in e
Steam o mMeehaniea] Enerm, They Memmained unrrled for over 50 Vears.
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IatsSIENgine

slil/6oaflaimesjatialSeotushlinstiumentinakerandlinuentoinodifiedla

[ﬂ[ﬂﬂ@[ﬁ] enyl

tojhieatandicool

slatisedougtofieuelopfamewlkindofeins

nejhykatdiinylaisenaratelconiensentolinakelifuineeessany

e eriimaler Wiih caeh SToke. Becanse 1e EYImier amd
[D[i] remainediagsteamjiemneraturelwnile ﬂﬁ]@ @[DL, ielwasjoneratinyiuel
Sidropnedibykahous; Allatenterediintofaianinershipwithiftatthew
IOIIlh[il, wholownedfaetonyjiniSonosEnylait

nejthaunotatedrashaiiinsteadlo

nrovidingsimplelupzandsiowniinotionyHeliountiawayiioohtaingai

flexihleleonnegctionhetweeninistontantdiiodiiheamandlinuentedispeecial

geaaniangementsytojeonuerthelunantsdowniimoyemenyos i]]]@ .@@UDD into
cinculagmotionyAiheauyiilywheeliwasiatdeditolsinoothfousthelvariationsiin

thejioneeldeliveretiiolheleiyi
cylindenheliowjoifSteamitoieleiyi
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HighiBressurelSteamlEnyines

AlthoughiWaidunudexstopuiihetadvantagesioiutili

Ingithelexnansivelnowel;

@ﬁ Szem HHnm & eUnes e MEiusedl i USe Skeam Unuer Digh pressirs for

[ﬂ@@ﬁ@@ﬁ@ﬁw s I

el e applicaiion of Sieam G0

NES.

lv fﬂn@ eatiyyearsjoinexiogcentunnoweethelNineticaninuentoolet

Evansihadibuiliaistationamyhighipressutelsteamienyi
crushertomroducelnulverized

G o alrving & Feiany
Imestoneliogagriculturalfirses

WithinkaliewlvearsjEvansjiiadidesignedilightegweight [ﬂﬂ@]ﬁﬂﬂ[@@@m&@ Steam
enginesithaycotulafioiariousioihegiasksysuchfasyurvelsawinilisy¥sow

grainsant [DOWET @ IredaE. From 1806 to about 1616 e [Dl'il[[llil Inorethan
100 Stean enIines et W@[F@ employediwithiserewinressesiioninocessiig
[D@[D@[F (B@ﬁil@[ﬂp ANohaGeo!
Oihermajoatvaneesiin fﬂ]D@ US® @ff I]Dﬂl[ﬂ=[D[i’@ Steanmwererechieuel

hyRichariNievithiekiinlEngtandidur

M3 {6 e Years of 1he 19% CemimY,
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ImprouediSteam{Enygines

[iievithickibuilgthelwonltisiiirsusteamioweretliailwayjloconotivelinyl8 03!
FW@ yearsjlateniieladantediisihighlnressurelsteamienuineltofdrivelaniiion
rollinglnillaniio [D[FG)[D@I] 6] hangelwithithelhelnjofnatdielwheelsy

WIS Gmar

06 1S alble i comiert omly & Miie mors Tiamn 2% of {he Thermmel

GDEFTY [ Sieam o Wok,
lhelimnrovementsjiintrodueeibylEuansyirevithickandlothersjlelymiliiee
SeDArae Epansion eVeles and igher Sieam Emperaiires) Mereased The
cifcleney of the steam cnaine o rongily 1% by 1900,

Ve, wiiiim e meit deeadle The Sieam EnIine Wes Supplknied for verions

njoKtanganplicationsihypthelinorelefiicientsteamyurbine:

Jwingjtoltechinoloyicalfauvancestantjheluselofhigh ﬁ@[ﬁ]ﬂ[ﬂ@ﬁ‘dﬂﬂﬁ@ Sﬁ@ﬂ]ﬁﬂﬂu
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Fig.1 The Internal Combustion Engine
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As your plant ages, a longer planning horizon creates both more options to consider as well as time to assess and quantify risk.
Changing generation patterns and operating demands, regulatory uncertainty, and increasing cost pressures all illustrate the need to
cost-effectively manage and maintain gas turbine rotor assets to keep operating your fleet while reducing downtime for the long term.
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