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BSARR =7 Bi% RSl pasmrs | ~ 2015
Swiss Seismological Service, Geo Energie Suisse AG, Swiss Federal Office of Energy, Swiss Federal Office of the
RRLRE Environment
— »Geothermal Research Program of the Swiss Federal Office of Energy
RRTn 5 L% *Environmental Research Program of the Swiss Federal Office of the Environment
BAFEIXMAHEIE) €747,000(€291,000)
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B K HHREA
Haffi & ¥ Thermal SpaTIation Drilling
IO HES
BISRR =T Bxe  [maxm s | ~
FARLESL Swiss Federal Institute of Technology, Zirich
HA%InI S L% ETH - Domain
BFIRMRHEEE) €700,000(€280,000)
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B2 oK., b, MR BOBRREHELMBET LT L

o > COTHERM (Combined hydrogical, geochemical and geophysical modelling of geothermal systems)
TR HLES
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FHRLEAR Institute fiir Geochemistry and Petrology of ETH Zurich
REITOI L% IPGT
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TRz HLES
RISk R %7 MR |msa pasmrs | ~
HRLESR Swiss Seismological Service and various geothermal operators (Sankt Galler Stadtwerke and more)
MR ITOYS L% ETH Domain and Swiss Federal Office of Energy Pilot and Demonstration Program
BAFEIXMANHEIE) €2,580,000(€2,580,000)
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TRz HLES
RISk R %7 Mg B pasmrs | ~
HRLESR Swiss Geological Survey, swisstopo Federal Office of Topography
BERTOSS AL Operating and research budgets of Swiss Federal Offices 7ochopography, the Environment, Energy and Spatial Planning plus
BAFEIXMANHEIE) € 2.2 million(€ 1.7 million)
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12 geologische Schichten
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BRLXL ETH Zurich, Paul Scherrer Institute, EPF Lausanne, Geo Energie Suisse AG
BRHIOIS5L%8 ETH Competence Centers, Swiss Federal Office of Energy Geothermal Energy Research Program
BAFEIXMANHEIE) €4,400,000(€4,400,000)
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BT Iceland Deep Drilling Project(IDDP)
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Hiffi &5 CRI Methanol Plant
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Geothermal Supermodels:Integrated modelling tools for geotheral systems
oI ES
BAS R =T Bt BASE AT B [wonmiAom ~  on%eAwn
FREXEL GNS Science, The Unicersity of Auckland, Callaghan Innovation
BRIOIS L% MBIE-administered Energy and Minerals Reserch Fund
BAFIRNMAFHBIE) $1.1million/year
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3D modelling =
Leapirog Geothermal, in a few words ?D modelling
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| 48 'uﬂ\l | F
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« INNOVATIVE: Implicit geological modelling (grid free). .
No resolution issues, Borehole data
- GIS data

Geological map, topagraph

~  INTEGRATED: raphy. sample/vel
Iocations, structural measurements.

Inter-operable with a large variety of
data. Ganeration of altemative

scenarios e
— - Images
. : ! e Aarial photography, Cross sactions.
- N VERSATILE:  User-friendly, logical and autematic
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Figxibie tools, Great outputs, o o Any georeferenced data mﬂ
AbneedGroloRER NOSES ’ imported in Leapfrog Geothermal
Case history — Olkaria Domes development with/without JGI
Initial drilling before MEQ & MT surveys: 2-3 MWiwel|
Post JGI survey: 5.7 MWiwell
Power plantiniialy specified at 70 Wi Saved US$70M!
Post survey revised 1o 140 MW (UN Press Release)
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From Waste to Wealth
TRACIINES
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Rili & NGDS (R EAT —AN—X L R T L) DERE . RIKRER-EE
IO HrES EE0001120
BIRHR =T e |mmw [mmmm [woemmm ~  ousemsos  (45)
Boise State University
BRI EA (Oregon Institute of Technology. Stanford University, U.S. Geological Survey. University of Nevada, Reno.
Arizona Geological Survey )
FRI0ISL4A EERE
RFEIRNMRHEBIE) $4,992,089 ($4,992,089)
BEUX71E
bid=EG SR (= AMME REEHAE
E3UELY mRURsOEs  |EREUHCEDEIRIO B M RBEH
FIHR 5 FHEAMORIH B R
n . 227 F/S.RIE7 u 0&M

iiiaiolal i"jmﬁ ARRE gz e 25via  [AFU— |BaEk  |FEEEE

- ﬁ,. VOILE
BRI R
HMEREARI—X AR ISR ERME BARGE NPER miEE R

BfHE. RUHER

(BIZEITMA T, ARET
ZEBEELHE TR

‘NGDS[E, T—ER—RETF—EYAFDRYFT—I1Z&Y
FRESNTOSHMBALZOBEET — 2O EELEDHDIHD
EEVATLTHS,

*ZHIEDOE GTO (Geothermal Technologies Office) 77>
RLTWBRAE. FF. Rk >TEAEIN=T—2~D
DETIEREZFHITTEHLDEE-TNS,

“F o D MBBEED T —ANOKBET VAL AEEE
o TLVA,

CONTRIBUTE

RESOURCES

DATA WATCH

hermal exploration
issued in Germany
“ATAOCTHMIEY NGDSUTDEIIZA LTS, B A
-thEAERICEEY S ERREY IR T 202 EHEZERS
ZENTED,
-thEE . REF. REEXR. BREFHEcT—4. #5E
EEDT—2%k5,
~BRPEETFAT VR RGTERAV MY — LER BT

%
-G ROERO-HDOTOTIy a3 O ED=—
REmlzd VAT LEERTAHILITHEIZRS,

m= FIND IN LIBRARY »

B D4 B U
EHELSE OB

*NGDSIZDOEAHEELTEY., T—EIRN—RET—EAY A DR HERINT—ITHD,
‘NGDSIEH RS —, I/ ELTEIE, HELTNDT —2Y—RERE B ZNICBEEDH DT —2ERET 5,
BAOMEBEROTIEREATIUDITTEIE. RUTVERARELRAEDT A AT LEBLTHRIZ2TOME
Z‘—@élﬂl%té:an MEOZE. AROFFER LT, TIHEZAN/IREZREL, hBERORRICEMT

B8 AIc&-oTHI=bE
FAEES

BRE/FAEICEET 2 ERRVEEEDN-ODYRIEZERTES,

- TOCIOMIBRETRENDESRRETORM DO DB, IR YRIEMZ HENTES,

B DHAHIHAOBEMRETE T 57O DUSHEREDERDEIRATLOERAICERT 5,
-ERERICEMT D,

HLLWEEBDEEDLAITHS,

AR -FREEXIET DT IO —LERET B, B

- EEREAMNMEETEAIRBMTT IV ERATEDLLSITHS LT, YR —R/FA U RFAE/D-ODXIEET S,
‘EBERVERBFLANLTOERRETOLZDYR—L£1T5,

BAITBELLGDEN (1
BHE), REREZTOEMN)

B R DO EATHIERE

*NGDSIE. B/ S—hF—D 82\ 5120, PREELESNTOEWD, BRERERSITLTHS.
ISt F—ORBBMIIERHBTH D,

- JERMT IR RE (X AT B LY LR T HDIFELL,
ORTLIRBEHINRERVTIOMILEFERTILENH D,

‘NGDSEME IBENDFHERVELLTOMIILOFRAICEET 2LELNHS.
‘NGDSBEMBEN YT —VENLTCT—REEEEETDITTIELL,

SR ORR (BfBSE. &
REATHIHE)
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RESER. ER
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Hiffi &5 ERNBER7 EAAVNRUSEE
JoCIHES EE0001501
BEFK IR =T BAFE & BAF AT B S HARE || 2010%8A1H ~ 20134128318 ( 3.44)
FREA U.S. Geological Survey
IO/ SL% EERE
BRORNMANHEIE) $2,893,000($2,893,000)
;P24
(T 3 oz - ““j:*-:,tt.
L) BS54 O Té%%eﬁkﬁﬂbé')x’;d) EaRME B
HIAX S FHRMT ORI BERETORE
o 2 e F/S.IRET a 0&M

B B s EREE BEREE i HEH S5os1  RAF— EEER FOREE

2 RS
EpIEs 0t ER
MEEFKI—X BRI SRR EAME BAELE ML R TimE R

BRITHE. RUBER

(BIZEITMAT, RET
PREFL O TRER)

ARTODIHMIBNT, UTEHTT 5,

—REE- EROEEELIT -, S0BTADHMBERT R AV~
~FHLWHBE RS EEEDORR

T ERAVNHEDRE

-NGDS (National Geothermal Data System) 8% 31 &
-MEBFKEFFEOO—) R -0—aXMEER

BRI ORI, R UE T
EHBLISEOBASE

ARTOCIIME USIZHETHEENOSEDHBERT ERAAUCDIR— I+ A LERICH=->TEHT 5,
;g—;w/{?-*uya‘ﬁ)f%l;, FUERETES T ERAAVMEREBD=OD ., THEAAVNEEDFIRER - BHICER

RMTBAIZLoTH0E
nHHME

i FEBRFEICETDYRY - IR EHIBTES,

BAITBEELGDHEMS (G
By REREFOEMH)

FIAARAER TS L ERFROT R

RRROBRENRE | ag 7 AV RUTF—AD=—X

-85 #8> X T L (Final Classification System) DL R—
SHROBER (B, #|-ERRKEEIATLOMBERT7 XAV LDLR—F
S ATIHE) “EGSTHERAVRAEDHE

CHHIFERM T CRAVRET . RUMBE RO LFEEEN/N—LIz—T XAV ILR— A EDED
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Bl REFRICET D —RARET(—
JoCIHES NREL FY11AOP2.7
RISk R %7 B [pAmwr  [pammn | ~ ( %)
FAREA National Renewable Energy Laboratory
RHEIOJS LA EERE
BSIANMRHEEIE)
;P24
=Nl A i [ — St
i B 8 B 25 DER E}Exeﬁl_ﬁﬁbé')x’]@ EIRME BEfE
HFIHR 5 R DRI BEREHTORE
o s F/S.IRET w 0&M

k3240 id_ﬁ#&ﬁ BEREE 2 firt:]]| LD AF— TEEERE FEREE

= ,§.I;ILE
1831348 ER
HEEAFEI—X HBRE ISRAWE ERAME B AEIE MEPER TiHER

BRIFHE. RUBER

(BIEITMAT, RET
PREFL o TRER)

ARTODIHLTIE UTEZXTTS
-RERARL—F—D=HDT—EAHNES—FDRHEFITS,
-REMRARE~RE. Fii. B2 B \—FILICETE/U5E 2—%1T5,
-EHHEREAVT. XREFRDEHDT—RRET1% R TS

~IxT EOERLANILORCHARRERICr —RR AT BT 5,

B DR, R UM
ERBLESE DB

‘USIZBIFHEBAANLDT—2- BRINVEFERDOFARVEERARL—av D&Y LNERIZEND,

T—ARET AL USIZEIFHRKBAFEDN—FILEBRBEDOFERIZEN D,

BB AILEoTH=bE
nHME

USIZHIT2BKBAREDN—FILEBREORRIZERT %,

BAITBEELGDHEM G
B, REREFOEM)

BB R DT AR R

SRORRF (KRR, H
RS ATI5F)

T—RREA N —LDRF
REAARL—E2—DoDT—2UINE
TAREESTDBROTLET—ay
RERDT—RARAT1ELTHOT VD E(E
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AT #R “NGDS(EIWPE%&?—’S‘N‘—Z:/Z%A) T—AORL, RERVER - EEICERLTZERNMARAE
JoCHrES EE0002850
BISIKR =T BI%h e B ~  0u59A0E  ( 36%)
Arizona Geological Survey
(Arkansas Geological Survey. Colorado Geological Survey, Energy Industry Metadata Standards Working Group.
Florida Geological Survey. Geological Survey of Alabama, Idaho Geological Survey. lllinois State Geological Survey.
Indiana Geological Survey, lowa Geological & Water Survey. Kansas Geological Survey. Kentucky Geological Survey.
Louisiana State University and A&M College. Maine Geological Survey.
Massachusetts Geological Survey & Connecticut Geological and Natural History Survey.
Michigan Office of Geological Survey: MI DEQ. Microsoft Research, Minnesota Geological Survey.
Mississippi Office of Geology. Missouri Department of Natural Resources — Division of Geology & Land Survey.
HRELESL Montana Bureau of Mines & Geology. Nevada Bureau of Mines & Geology, New Hampshire Geological Survey.
New Jersey Geological Survey, New Mexico Bureau of Geology and Mineral Resources. New York State Geological
Survey. North Dakota Geological Survey, Ohio Department of Natural Resources, Division of Geological Survey.
Oklahoma Geological Survey, Oregon Department of Geology & Mineral Industries.
Pennsylvania Bureau of Topographic & Geological Survey. Rhode Island Geological Survey. South Carolina Geological
Survey. South Dakota Geological Survey. State Geological Survey of Texas, State of Alaska, Department of Natural
Resources, Division of Geological & Geophysical Surveys, Utah Geological Survey. Vermont Geological Survey.
Washington State Geological Survey. West Virginia Geological & Economic Survey.
Wisconsin Geological & Natural History Survey, Wyoming State Geological Survey)
MRIOIS LB EERE
BEIAMAHEIZ) $22,117,121($21,858,224)
BEIRY1E
s 30d=1:7] . SR 1 EaXME REH#4E
1B
#FBEX S ESEs TN sl BEfF R D R
o - F/S. BT w 0&M
&l &l N I 3 —
BB imxﬁ ammE | 2Kl Y T TR FEREE
s THimeE
| ] — o
BRI =
HEREAHKTI—X EIEER & AR ERAME BAERE

ARTODHRTIEK BRICEIT G s 2 8 E OHE
B vk —U%F{EKT LT NGDS (National

Geothermal Data System) D¥hiE&ERIEEITS,

* AASG State Geothermal Repository

Mome  Browss Coliectons  Find Rescurces

R E. RUBER
(BMEICMZ T, WHRET ' e i
HRBEELHE TRIR) e

ey [45BAT—FRAUA US4
ngﬁ%ﬁ%éﬁ%mt 193D T H—ERIZHET5294DL (¥ —

RS = *AASG State Geothermal RepositorylZ#[1%17,000LL FLa—K - R &F—4t vk -

- s [(HhEBER RR. BREREENEETELT —ET VAN TEEICED, FNIZEST, T—2IRE, T, RUERDE
B MSEITHES g putnklEn 3.

BRAOTIEANERITESILET, BIARMBIRIDOEERHINSYSIEMIZES,

BAITREERHEH (i

B, REREFOEN)
“ER BUREREICESTEBTESLT—INTELTLD,
B R DT HIERRE "BARMBURYDFEERBIDNERDOEREWH T TS,
-TEERINE. NI, RO ITHHAZL< B,
DI EBAER T BT EITOTVDANLDT—2EZITRY. LE2—%1T5,
% ORER BIiBA%. # |- stategeothermaldata.orgl 2> TW\BaAVTUVETILEFE AT S,
REAHISE) ‘AASGHIVEAT —2aV TUYETIVERL TH D, DiEKEL50Y —ERDEHIZEITS,

- HFIEREIERENT 5,
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i 50.0MW EGSD Y AT LIRMDEHE
ToCHES EE0002742
BASEAR R %7 Bge BAAT  [BARmRl  [oiomiAzE  ~  onmigmE ()
CT-3
BRLEL (Conservation Law Foundation/CLF Ventures, Fairbanks Morse Engine, Fort Point Associates, GeothermEx, Inc,
Plasma Energy Technologies, Inc, Power Engineers, Inc, William Lettis & Associates, Inc.)
REIRI L% EERE
BFEIAMAHEIE) $1,660,090($1,243,624): ARRA
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T 3 =73 - A Igi't:,ﬁ;-
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—HEEDIEE| (A — 1 &E YN vsET R MR EI (REFEE])
—CO02 EGSINATVYRHEBELV AT LDHARES FUNEF %
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—RETOD7AIvsEE
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ERAERK
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ERETEEADEGSHEAEHR—k
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B, REFEFOEM)
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SRORR (KRR, H
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ERETR—R IR
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2. BEROIME. 7O ERA)—RA AIVITAER RELTT)  FFAl KB&AVELT4T  FHll: PPAA Y

T4
3. CO2 EGSEH20 EGSHh BT EBRETE TS5 =2y

4. Top—of- Well DA BEEE LUK BRH R, 2ER/HS
5. OB ERE

-50




U9

BT & Snake Il Dt ZMEHIE E-HBREICH T2 EHMTIO—F
IO HrES EE0002848
BRFEK R T FFH FRSEHT BAFEHARE 201041 298 ~ 20124668308 ( 2.34F)
Utah State University

T 2 (Boise State University, Douglas Schmitt, Institute for Geophysical Research, University of Alberta,
BERSIE International Continental Drilling Program, Southern Methodist University. U.S. Continental Drilling Consortium,

U.S. Geological Survey )
R%ITATS L4 EERE
RFEIXNAFHBIE) $6,444,598($4,640,110)

BUR71E
it B B4 2, B [~ s
it B RS 2 O 55 gﬁgem_&ﬁbéuzgw EaXMME IREEHAE
HFIEX 5 PR OEIH B 0B R
n e s e F/S.ERET |izu 0&M
bk A LruiEE |PEeEl |REA Rl 25vva AT U— |BREh  |[REEES
—|empes
Bl | (ke
7))

HMREARII—X AR IS AR ERAME BAEE NPER TiHEER

iR, RUHER

(BIZEITMA T, HRET
ZEBEELHE TR

-ATODTIME, Snake IISE RO HEAIEEL, KUGEEERUHEZEOBERMEL B

-F 2 RYLR—IBHIRUERIT IV BiiEEAL RAFMEOMBAREICE T HREEDFELHERT 5.
LT B HA. ENABEHRALELBRERISERY %,

SBHICBNTIE, REEH-AROHFEEEITHRCHARTRKBERONERR) T TOER L NLEFLZDT,
R R ABETHD,

ZOEMIE RBISB T e VWERIEREH OEMTHEORE/FERAOHEEGETA

5 Welogity Perurbations
v me s

5 vy Patren ez 5

B D4R, B U
EHBEL-SE DB

EPORELHFORET —2EEAT S,

TP LA LRERT ERA-ODOAEREY—ILERV-HULROT (7 EFEHIZTS,

(BT ED, BRE, REMETE T AT EE=4—  BAIEET VI Y—IILERAW R EBMIHERE T 5,
-BEBEEAVDERREERE 5.

CREBSEHERTA-ODSEN-HMABREERT S,
HELHMEFERD-ONBERRGEMERET S,

BT BAIZL->TH &
n MR

CEHHAURITE T SHLLVEROBS
-BRMER ER(60°CLLE . artesian)&B7E 2B EE(60°C)DE HHE
S TIKBREOAVEL T DEHOBEDHE

BAICBELGDEML (G
HE) REREFOXM)

BB R DT IR

SRIERRE T TOMRBIZHATICHED D&
CEEBOKLEEHBEN AT ECHBEN OIS 1T HROMR

=200 Bz DA —N— R T R—ILIZHEFEE

SR ORM (KM%, #
REATIHE)

*Mountain Home AFBIZH T35 T-HEROFE R EPRSRPICHE(TE5 T KERRREOHRR
BT R T LDhigh-T, TLEA—7 R EFKRERD HKERE
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A& HhEMRE AT DO ER
ToCHES LBNL FY11 AOP 7
BAFER R xT B F BA SR B EARS ~ ( %)
ERpEL Lawrence Berkeley National Laboratory
LS (ISOR (Iceland GeoSurvey) . GNS Science, Iceland Deep Drilling Project)
RIS LA EERE
BFIRMRHEE ) $12,181($12,181)
BURY4E

AT B #9 BRSE 25 DR E%%@ﬁl:ﬁﬁbé')x?o) EaXME REH£E
AR ORI BEEMOBRE

Y m F/S.IRIR7 |imu 0&M
BAFE B B HEREE _ BEREE B2 HEHI SEODE A= ERER FEEEE
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MEREI—X ERERAZE s A ZE ERAWE B AE MEPER mHEER

ATOC OB, FBBREICE T ARAEROELEMRMABHOBEILETSICLTHS,

HUTYLT B EYBLNET—2E. XTI RICEESA TOWSRARBEMNBONE-ERRMLEERA., HED

HEII YA ERET D,

-AHRRIEIDDRTUIPILHARSEFNHY . #h TRELMBREZT —2OFIAAEEE. BELETIL. RURED K

Eg)ﬁﬂﬁﬁ&ﬁ&ﬁ(:;ofﬁ(#%héo 2RHIZBVTIERADKELNHDED T, E5—DITEVTIERKEATELTL
nT o

* EEIGFTEDixie ValleyithZ X7 L\, Desert PeakTdH 5,

BELEETVEARFAFT—2IE BR-HRAYL TG 5)IFDI-bDRIMDIEHELTERAING, TEARTFY

BRITE, RUOBER [T T FEMECO20 MDY — kYEHEND, ZLT, ZAINERNOEREH#AT L. HRER. kK.
NI LRMAEREN T %,

(BEICMZ T, WRET

LRBELHETRR)
ATODIHVEDOEN L, BB ERUVREAT—20 St TOEEEFRTEIETHDS, £, EHIZEHODE
BB IS T AEEEEBARY — DR O DS EDRFEETS,

Q4. RUMERSS |- ATASOME B7ADICHE T HRFER D HEAE R HY30,000MWeFEL TS ELVSUSGSHERIIZ L >THITT 5,

LB L-ISE DB (|[ERO L. FRGHR AT LERT EAONTOSRIEDTRICKY, BBAISNTLVEL, LMLESAS, BHoht-

WL AT LDOWEICE O TEDRIENRZBNTTREMEAH D, LLCDRIRERMN HHES . MBBRREL DRAKIIRE
ISEVTHHLTLAHERINGCO20D RN ER DCEAEIFTE S,

HATEAIZEo>THI=HE
nHHE

BRBEICETHHLWVARRRVREGHEEED ZLICEND,

BAIZBELGHEM
By REREFOEMH)

BB R DX T B R AR

SRORMRMRRE. H
RS ATIEE)

-IDDP (Iceland Deep Drilling Project) 4> F1) 4"
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EHBLESE DB

BT & AOSRMICHE TS, ER-HMOFEE. ERRUDMTICEIEENICH AR EROFLOHER
JOCIHES EE0002828
BIRHR =T e |mew [Bmmm [oommws ~ ongomos  (35%)
University of Colorado (Phase I work), Boulder, CO
FSERA (Aspen Drilling, LLC, Geothermal Development Associates, University of Colorado, Boulder)
RH%TATS L4 EERE
RFEIXNAFHBIE) $4,778,234(7,785,534) : ARRA of 2009
BUR71E
1 E it P P15
3 =l:v) B5E1) 2 O 55 }Efgﬁ.m\gbéuxg@ {EaRME RIEHAE
HFIEX 5 PR OEIH B0 R
n o, [ F/S.ERET |izu 0&M
bk AT ﬁ‘j‘f*ﬁ HRRE |z Al 25vva AT U— |BREh  |[FEEES
= —~E2Y
BB o
MEFAKTI—X MR IS AR ERAME BAEG NAER misEER
Prospect Evaluation - Using Conventionial Techniques
Geochem
Est Reservoir Target Distance to
Target County Temps (0C)  Area (sg-mi)  Transmission Issues
StrawberyHS Rout 150 23 23 Legal fom Neighbors
RicoHS Delores 142 23 Upgrade Taxes
Pagosa Springs Archaleta 100 23 local Legal from Resorls
Alamosa Alamosal Conejos 200 Broad 12 Depth & NIMBY
*if’ﬁmgs &Uﬂ%%@ LemonHS San Miguel 150 Namow Gorge Distant Access & Environmental
(BEICMA T, ®FET Field Sites Visited during Summer 2011 & 2012 | o Crnen - Fremont 1 & i porimieny
BEEELHE TR) i —
(#%]
-OIASFMN CTEHER—ZATAREGMBEROFERE1T. 1OMWEBIRELTEEIERZDITH)
-HIBADIGFEMRIFEICLS>TIE—MCTHRRET S BEEZZAV T, BYEY—ILELUEMLEET D)
Phasel: B LB E—rEIIUTEER
phase2: iR IZH T AN HDRAARESHI- M EROMER
SECDBRCHEDOKOYGL T
-ZE QM) DRERE
—E NIEE (~250A—k LT 1)UR)
phase3: S BICL D T ERDFER
B OFHE. ROMEN [-UE—roiUF1d. RENMGERAEICITFAAARETH D LN DA 572 (90m X 90mE T )L)

CEMROEREE . B REEREMBICSEERT HEFITNSNIEADM O,

B8 AIZ&-oTHIzHE

NOEMR

JE—hEL VT BIIZ&EDARME SV RVIER
HRWLEEREEDE

BAITBELGHEN (1
HE) REREFTOEMN)

R R DI MTHI R RE

(EHARBETIEALAY)
OOSROERRAEOEELHDIZENHHST . NIMBY(Not In My Back Yard) DERENH D,

SHRORM (KM, #
MEATEE)

s I0—L RN/ T4 DFHEE R TEE,
2013 EFE A E B "Phase I )
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BT & 7 5 AN DPilgrimBRIZHE 1T HEFMTIFE R ORMR
JOCzIESE EE0002846
BIRHR =T e |mxw [mmmm [oossae ~ ongemws  ((314)
BIREESR University of Alaska Fairbanks
B%INISLA EERE
B IXNAHE) $4,274,792(6,126,137): ARRA of 2009
&Y RX1E
i k P - RiGH
it B & RS 2 O 55 %ﬂ;&efmsamuao) EaRME Bt
#FEX 5 FHEMOBIH BRI DB R
b o F/S.RIET o 0&M
RS AR i’jmfz ﬁﬁtﬁﬁ . +2 IR 75y NMF)— [EBRERE FREEE
- —F ST EBR/ERS
1B BBt 5 =
MEFAKT—X HHEME IS AR ERAME ECHNESHNY MBRER TiHEER

Ancillary data Field data
- Local knowtedge - Land, spring temps.
- Published literature - Air temp, humidity
Maps of geothermal features
Target follow-on surveys 1N = mplemrm::‘ma
[ sa:?\lgﬁs?:‘a }—-[Nm;raﬂ:nisr%w} [ D:‘T:moe:sil;g } [ Aﬁmfg‘ i J
iR, RUBER e P e (oo
_ g :
(*EX%[ZDDZ'C ;Gj._%tj- imagery
%ﬁ%ﬁ%%ﬁﬁfﬁﬁﬁ) Resource
assessment
Field temps matched well with

(BE) FLIR temps

. E%#B*U%ﬁf_ﬁa) JE—rE2P VT HTERNT, 75 AHDPilgrim Hot SpringsDERIBEDETIILEEBEL. ZD

KT AETI. i

RERENSDMBAROHR

RO A A—SL TSRV, A ERNERET DL

—RRUMBS R T LATINEER T 2REDHEDHER

FLIR(FOMRY —ET 5742V BMEX DER

Thermal budget for a surface hot pool (using FLIR): O
Dioiat = Pogo + Py + Pns + Prag + Py + Py, Dovap Dsans Vg Dyy Dun
c mal heat input %
B cadocv 1 corieiie ) heatioes

OIS R U o = na et s et W

EHELSEORAME

@, =incoming shotwave solar radiation
@, =incoming longwave sky radiation With wind speed

~05-15m/s 1

+ Thermal budget model accounts for heat losses/gains ta
calculate convective heat flux supporting hot springs

Heat flux i L o
= Model inputs: FLIR data, atmos. temp., pressure, wind ~4.74-6.96 MW :"/
« Flow rate calculation assumes hot spring temp of 81°C | Flow rates b

~0.61 - 0.90 feet'/s
150mIFEDHAIEICLDHER
ZhMsDIEEDER (MTIEEDEN)

ﬁ@ﬁé':““t% YE—b ST EIZ R BRI U R IHER
BACBELLHEH (O

i, REBES D&M

BEAORMMNEE  [BOATTFLEHEE Kor— XL TREBBETULY Tha.

SHRORM (KM, #
REATHIHE)
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BT & thER IR thE, R U ERE 2 T 24 M A LI-EGSDIEEFEDRF
TSI orES EE0002778
BAFIK IR T BAFH BAFEAT BAFHAM ||2010¢1)E]29E| ~ 2013498308 ( %)
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BIRAR IR =T B BESAT BASMRS [ o0msmism ~ 201398308  ( 4&)
FARLEA University of North Dakota
IO/ SL% EERE
B IR NMAHEIE) $3,467,922($1,733,864)
EUR4E
fi 4 SO — S
i B R Té%xeﬁl_%lbé')ZOO) EaRME BIEfE
FIERSD EiesR0ilO)Y-1k] BEEMO®RE
o, - F/S.IRE7 w 0&M
o HRME | EREE |y A T5vva  [RAFI— [EnEh  |REREE
1B B4 p——
MERFEI—X BRI SRR EAME B AERE MHPER MisE R

BRITE. RUBER

(BZEITIAT, #RET
DREFL O TREA)

/—Z & 3% DEncore Acquisitionh @9 5iHEIZH LV TORCE2EMFHEREAL .,
EREREIEBEELI-AHIU XU (U )LEAT (ORC) MERIZ&D
ﬁmna)iﬁ‘,ﬁ*é"ﬂﬁﬁbf’%aa./ZTAUDKTTTB’J&Uﬁzﬁﬁ'ﬁl%ﬁ'&’&%nﬁ?’%

B DR, R U
EHBLISE OB

BB AIZE>TH=0E
noME

FRHFH50° FOSMFEIE. RUEEDOREVKESIFIZH T,
ORCH T Ik 2R ENRE AT REL LD

BAIZBELLGHEM
B, REREFOEMN)

BB R DT B R AR

SRORF MR, H
RS ATIEE)

-99




uss

T8 # Beowawe Bottoming/\{F1)—7O ok
JoCIHES EE0002856
BASEAR R %7 Bge BAsAT  [BARmRl  [acememzm  ~  onfsmmm (254
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A& Canbyl=# 1+ 5 H R —RF|BICESGhBERTOS Tk
ToCHES EE0004431
BAFER R xT B F BA SR B EARS || 201142818 ~ 201512318 (4.94F)
Modoc Contracting Company
XA (Atkins Consulting,Brian Brown Engineering,Evergreen Energy,Halliburton,Plumas Geo—Hydrology,
RMT/MHA Environmental)
RIS LA EERE
BFIRMRHEEE) $3,321,473($221,712) (FY2010)
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BT & EGSD=HDEHFRIaL—avETILORREEESE
JOCHEE EE0002762
RIS IRR =T B [mmw [mEmm [oomme ~ wousoAve @)
B EA Colorado School of Mines
BTN SL%4 EERE
B IXNAHE) $1,191,893($1,633,493): ARRA of 2009
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Hiffi 2 “EGS(:;BHZ.-)*IJ&ﬁ?ﬁ;‘fl:ﬂﬁ@“émﬁ
JoCIHES EE0002743
BASEAR R %7 Bge BAsAT  [BARmRl  [acememzm  ~  onfsmmm (254
RS EEA Massachusetts Institute of Technology
RHEIO/S L% EERE
BRI NMANHEIE) $706,438($549,148): ARRA
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Bl & ¥ HMEHICE TARHANND D BEDT-ODERE. BIEHHH
ToCHES EE0002771
BASEAR R %7 Bge BAsAT  [BA%mRl  [womiAem ~  ommiAzea  (3)
Composite Technology Development, Inc.
e (A-Power, Brontosaurus Technologies, Sandia National Laboratories)
RIS LA EERE
BFIRMRHEE ) $1,180,546($940,546)
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A& S—LREO D LRBIEOFERVIETAD I+
JOCHrES EE0004042
BASEAR R %7 Bge BASAT  [BARmRl  [oiomemiem ~  onmsAmm ()
Geysers Power Company, LLC
e (Lawrence Berkeley National Laboratory, Thermochem)
RIS L4 EERE
BFIRMRHEEE) $12,130,647($5,000,000) : ARRA
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BT Northwest GevsersifiZtthizgh 235+ HEGS D E IR
TOUIHrEE LBNL FY11 AOP 4(GO18201)
BIRHR =T e |mxw [mmmm [oesmsws ~  soumomsE (61f)
Geysers Power Company, LLC
HAFELES (LBNL FY11 AOP 4)
MHEITOIS L% EERE
B IXNAHE) $10,720,909($6,248,371)
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BT & thEAREDEERNSEH T HC020 2L
JOCHEE AID 19980
BRRR =T e |wxe [memm |ooxoese ~  onzeAwE  (18%)
FRRLZEL Lawrence Livermore National Laboratory
B%INISLA EERE
B IXNAHE) $1,025,000($1,025,000): ARRA of 2009
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B2 EGSOETEEBRNIZHITSEBEEHRDCO2, thBRA. RUBARRDILEREDFHEBMHELIILZMET ILORSK
JoCz oS EE0002766
RIS IRR =T e [mzw [mEmm [ooommim ~ ousmsAne GH)
University of Utah
MRERE (AltaRock Energy, Inc., Los Alamos National Laboratory, University of Wyoming)
MREIOIS L% EERE
B IXNAHE) $944,707($1,386,214) : ARRA of 2009
EUX71E
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PFLOTRAN 3-D Simulations ENERGY

+ Experiments designed to emulate geothermal conditions:
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AT & # CO2% BEVTRIALT HEGS
JOCHEE AID 19978 (AID 18829)
BAFIK I 5T BAF BAFHI BAFHAM 20104 ~ 20134 (3F)
Lawrence Berkeley National Laboratory
REEXE Idaho National Laboratory
MHEITOIS LA EERE
B IXNAHE) $622,000($622,000): ARRA of 2009
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Conceptual sketch of EGS with CO, as heat
transfer fluid

Core holder assembly for CO,
heat transfer experiments
(9.1 cm diameter, 50.8 cm
length)
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Japanese delegation visiting

Svartsengi Resource Park
October 30'th 2013

Resource Parks

Albert Albertsson
Dep. CEO

HS Orka hf

hsorka.is
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HS Orka hf

Predecessor of HS Orka
founded in 1974

60 employees

Svartsengi Power Plant,
1976
— 75MW, and 150MW,;,

Reykjanes Power Plant,
2006
— 100MW,

— Plans for expansion to
180MW,
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The Resource Park Concept
consist of four topics

» Integrated usages of a variety of subjective and objective
resources of different nature.

* The Resource Park is to equally accentuate ecological balance,
economic prosperity and social progress, doing so it fully
supports the sustainable development in society as defined by
the Brundtland commission.

» The Resource Park is to bridge different technical and social
cultures

* The inherent time scale of the Resource Park activities spans
centuries.

-207



% HS Orka hf

hsorka.is

Resource Park Concept

e Society without
waste

e Goals
— Ecological balance
— Economic prosperity
— Social progress

hsorka.is
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Ecological balance

* Minimizing effects on the

ecosystem j

 Highest possible efficiency in Reduce Reuse
harvesting local resources

* “One man’s waste is another
man’s resource”

Recyle

* Responsible disposal of waste
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Economic prosperity

e Creation of jobs for various disciplines
— Harnessing geothermal resources
— Energy Production
— Geothermal chemicals
— Fish Drying
— Fish Farming
- R&D
— Tourism
— Education and training
— Integration of geothermal an bio

industries
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Social progress

* Acenter for innovation,
development and education

» Creating exciting new job
opportunities for the local
community

¢ Environmental awareness

e Sustainable community
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Current activities and jobs

» Water work, district heating, electricity, supply of: geothermal steam,
geothermal brine, geothermal condensate and geothermal CO,

» Service rendered to: fish farms, fish drying facilities, methanol production
plant, molecular farming facility, geothermal spa, geothermal clinic, algae
farm, mineral extraction facility, educative tourism, schools and research
institutions by transfer of technology and knowhow and more

* A conventional power plant has only one revenue stream generated by
electricity. The Resource Park has multiple revenue streams resulting in
distributed risk.

» Today the resource park in Svartsengi employs around 300 people and
the park at Reykjanes employs around 55 people. Stolt fish farm in full
production employs around 85 people. Total around 300+55+80= 435
employees

* Multiple interdisciplinary activities of the resource parks entail innovation
and new specialized products.

» Interdisciplinary research and development for over 4 m USD per year.
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Next steps

* Investigate further opportunities for the expansion of the resource
parks

* Approach companies with business ideas that align with the
Resource Park concept

* Planning and installation of necessary utilities for future Resource
park projects
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Conclusions

» The Resource Park Concept has proofed to be successful for
treading the bumpy road of supporting sustainable development in
the local society.

* Itis unwise to look at the geothermal resource as a sole source of
energy/enthalpy/power.

* Innovative thinking, research and development, interdisciplinary
cooperation of different entities and entrepreneurial spirit are vital
components of an active Resource Park.

» Commercially the multiple revenue streams generated in the Park
and distributed financial risk is of great importance.

* Do what you can with what you have where you are.
» If you can dream it, you can do it.
* Nothing ages faster than the future.
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Svartsengi PowerPlant — Blue Lagoon — Hotel Northern Light Inn

T
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Blue Lagoon facilities

HS Orka hf
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Blue Lagoon Health Clinic
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2

Blue Lagoon development center
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Novel bacteria types

Microbial diversity studies based on
DNA molecular analysis show that 60%
of different bacterial types found in the
Blue Lagoon are novel species.

The most characteristic micro-organisms
found in the Blue Lagoon are;

Blue Lagoon coccoid algae
Blue Lagoon filamentous algae
Silicium bacter lacuslarulensis
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Blue Lagoon
Anti-aging and skin barrier function

BLUE LAGOON ACTIVES PROPERTIES EFFECTS
Silica = Improves the skin = Skin repair — skin

barrier function protection

Coccoid algae = Protection of uv- = Skin anti-aging —
induced collagen diminishes wrinkle
degradation appearance

Filamentous algae

= Stimulates = Skin rejuvenation —

production of diminishes wrinkle
collage appearance
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Clinical research - healing power

71 year old man from the 4 weeks treatment at Blue
Faeroe Islands. 2 years Lagoon Medical Clinic.
history of psoriasis.
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CRI Methanol Plant
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CRI Methanol Plant

CO, capture and purification
Source of CO,
®
2 -

Methanol

Methanol distillation

Synthesis

0,

H, production
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ORF’s green house growing barley

By gene manipulation specific human proteins are produced in the
barley seeds.

* From HS: hot water, ground water, and power

Biorisk-free

\YSiF |
N ISOkine

Ly 4

N ’ - eurostars™

COSMETICS
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Resource Park Svartsengi

Noncondensable
gases (CO2)
Steam 15,0 bar 202 °C Elecricity Electricity to Grid 3
production 75 MW
Steam 5,5 bar 162 °C Q-G)
Extraction steam and Condensation
Steam back pressure steam Heat District Heating
Separator vE v Water to
Steam -0,5 bar 81 °C Distribution
Steam District Network >
Separator Heating Water
Production
Geothermal _ 4 150 MW
Brine
Geothermal
Dry Wet y S wlv v ¥ vy v LER
Steam  Geothermal
Wells Wells Blue Health Clinic Production:of CRI

V7 77 Lagoon Bathing & Cosmetics | | recombinant || Methanol

T Fresh Public psoriasis production protains production

Reinjection Water bathing treatment from CO2

Wells 5°C

-216



% HS Orka hf

hsorka.is

Reykjanes Power Plant

i

% HS Orka hf

hsorka.is

Reykjanes Power Plant
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Reykjanes Power Plant
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Reykjanes Power Plant

e Commissioned in 2006
e Current setup 100 MW,

* Planned expansion to
180MW,

* Main design challenges:
Scaling and corrosion
due to combination of
high salinity and
temperatures above
300°C
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Power Plant overview

e 2x50 MW, Double Flow
Turbines

— Inlet pressure 19 bar-a,
210°C

e 2x 2000 I/s Shell and tube
condensers, lava filtered sea
water from wells 5-8°C

» 2 x Separators, Silencers, Steam
and Sea Water Valves, Electrical
and Control Equipment.

* OQutflow to sea is joint for both
systems through a canal called
~ounustokkur*
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Power Plant overview

Steam Flow
\\—@ 2 x50 MW
. Separator Turbine Generator
' 20 bar-a
Two
Phase
Y
flow \I Brine Fl |
fine Flow Condensate Flow
» 46 °C
Condenser |
32°C
Y
Production Reinjection
Well Well
7_ ; 77; ; Drain to
Atlantic Ocean Sea Water
Wells
10 °C
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Reykjanes, sea water facility
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Fish farming

o Stolt Sea Farm
— High-tech aquaculture company
— Production of Sole Senegalensis

« 70 employees on site

o 70 other in derived jobs

» 15% with graduate degrees
« Today in operation
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Holistic fish processing

* Haustak
— Dried fish (Chowder fish)
- R&D
» Cod liver oll
* Fish meal

o Hateigur
— Dried fish

» Total of 48 employees
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Reykjanes Resource Park:
an integrated biological-geothermal park.
Sustainable fish feed, clean fish, protein,
enzymes, fish liver oil, algae, sea vegetation
Geothermal vents in the oceans an important
part of the ecosystem of the planet.
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Sustainable fish feed

e Long term, fish farms can’t feed fish on fish.
e Sustainable fish feed has to be developed.

e Today the crusial know how to develop
sustainable fish feed possibly exists in the
Resource Parks at Reykjanes and Svartsengi:
ORF’s genetic proficiency, fish processing
expertice, fish farming expertice etc.

2)rsona
Reykjanes

* Under water picture at the out flow into to the Atlantic Ocean— algae —
fluid at 55-60 C° at discharge point
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Reykjanes Resource park

Fresh Water Non Condensable Gas Extraction Gas
o Users Production
Steam 19 Bar-a xS0 A~ | Grid °
210°¢ L G‘@ |
Steam
1,013 Bar-a 100°C
Fresh Water Fish Drying
> Plant
WP District Heating Water|
0"
auptu.nr.

Condensation of Steam Enzyme and

Fish Meal

Production

SeaWater Cooled
Joh C}@ Condenser Warm Seawater | Fish Famming
— W
Warm Seawater
MP Separator Steam 1,1 Bar-a and g
1n2e Reinjection Bathing |+
| ‘Chemical
Plant
Geothermal Brine
Feliectin Pond o
Sea
77 7777 77 77
FreshWater Dryiwet Steam Sea Water Sea Water
Well Wells Wells 8°C Wells 8°C
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Geothermal fluid, multiple use

Application for Geothermal Fluid
Adapted from Lindal diagram

Radiators
Floor heating
Snow-melting

Soil warming
Fish farming
Mushroom

Flash cycle
Kalina cycle
Organic Rankine cydle

Drying
Refrigeration
Multi-effect evaporation

Balneologi/
sport

Electricity Industry Space heating Farming
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Innovative production in development

e Codland — Value from Waste

* Enzymes derived from cod

— Cosmetics

— Health product
* Cod liver oll

— Health products rich in omega 3 and 6
* Fish meal

— Protein

— High quality fertilizer
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Other possibilities

Metal and material extraction
from the geothermal brine

— Rich in gold, silver and other
precious metals

Gas extraction from geothermal
fluid

— CO, and other gases
Tourism
— Power Plant Earth exhibition

— Geothermal heated sea
bathing combined with
northern lights, winter
darkness or 24h summer
daylight

— Hiking and more
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The mission statement of HS Orka hf

 Harness renewable geo-resources
In a sustainable way

 The Resource Park concept is the
tool to attain the goal
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Citations - The visionary mindset of a leader

* Do what you can with what you have where you are. (theodore Roosevel)
e If you can dream it, you can do it. (wai pisney)
* There is a better way, find it. (edison)

* You see things and you say why? But | dream things that never were
and say Why NOt? (George Bernhard Shaw)

* Neither a man (“company”) nor nation can exist without a sublime idea.
(Dostoevsky)

» Taking a new step, uttering a new word, is what people fear most.

(Dostoevsky)

 Read the Nature, Be Alive to the wonderful mechanism of Nature

(Albert Louis Robinson).

* Miracle Earth supplies all of us with objective subjects that our
everyday life needs today and in the future (aiert Louis Robinson) .

e Getting together is a start, staying together is progress, working
together is sUCCeSS. (Henry Ford (1863-1947)
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