From Hot Water to Hydrogen

Renewable Energy Projects at
Chena Hot Springs Resort

Bernie Karl, Proprietor, Chena Hot Springs Resort

Prepared for the Geothermal Energy Association
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» Purchased by Connie Karl.in 1998
> New outdoor Rock Lake completed In 1999
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» Purchased by Connie Karl.in-1998

7 » New outdoor Rock Lake completed in 1999
» Moose Lodge built in 1998
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The New Chena Hot Springs OTSPRING

» Purchased by the Karls in 1998
» New outdoor Rock Lake completed in 1999
{ » Moose Lodge built in 1998

w 3 > Visitors Center and Cafe bdilt, onsite
- activities offered expanded
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Aurora Viewing
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e New Chena Hot Springs
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e New Chena Hot Springs

» Purchased by the Karls in 1998
» New outdoor Rock Lake completed in 1999
» Moose Lodge built in 1998

> Visitors Center and Cafe built, onsite activities
offered expanded

» Renovation of old hotel rooms completed 2006

» Pool building expansion planned for 2007

> Aurora lce Museum




1st Aurora Ice ‘Hotel’ completed in January, 2004 ...




1st Aurora lce ‘Hotel’ melted in June, 2004 ...




Voted as dumbest business idea of 2004 by Forbes Magazine
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And still standing ...
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Monument Creek Provides
Cooling Water (~40F)

Geothermal Wells Provide
Hot Water (~165F)

Approximately 15 tons of
Refrigeration Required
for Ice Museum (180,000
BTU per hour)
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> Semi remote site

> Electric Power.30¢
> Load 1€
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» Semi remote site
> Electric Power.30¢/k\Whr
> Load 180kW 400kW

o $1000/day In dieselmfhel at$2.50 'per gallon
& W > $365,000 per year in fuel costs at today’s price




Chena Hot Springs VISION:

To become a self-sustaining
community Iin terms of energy,
food, heating and fuel to the
greatest possible extent




Chena Hot Springs MISSION:

To encourage renewable energy
and sustainable community
development throughout Alaska

To make Alaska a leader In
renewable energy development
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Forming Partnerships with:

 University of Alaska (Horticulture, Geophysical
Institute, Mining, Geology)

 Department of Energy
 Alaska Energy Authority
 Denali Commission

e United Technologies Corporation

Golden Valley Electric Association

« REAP (Renewable Energy Alaska Project)



strict Heating

» First geothermal well drilled in
March 1998
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strict Heating

» First geothermal well drilled in
March 1998

» All buildings on property are
heated geothermally using
~300gpm of 165°F water

» Estimated yearly savings of
$183,000 in heating fuel coats

Moose Lodge, 20,000ft? heated solely
with geothermal district heating system
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Lowest
temperature
resource used
for power
generation in the
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UTC Fire & Security y Carrier

) Aircraft Engines, Heating, Cooling Elevators,
FirSeegl:(;Ittgcf;on e Tl . & Refrigeration Escalators &
Space Propulsion People Moving
Systems

UTC divisions span many markets and industries...

' o Sikorsky
UTC Research Center UTC Power Hamilton Sundstrand Helicopters

— Technology Fuel Cells & PureCycle  Aerospace & Industrial
Advancement
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Carrier
Heating, Cooling
& Refrigeration

UTC Research Center UTC PoV\')er

— Technology Fuel Cells &
Advancement PureCycle
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Conventional Wisdom for Absorption
Chilling & Power Generation Cycles:

T 2230°
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Conventional Wisdom for Absorption
Chilling & Power Generation Cycles:
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Conventional Wisdom for Absorption
Chilling & Power Generation Cycles:

T 2165°







AP

CHENA
b

hena Power Plant SR

165F Water from our
production well enters the
evaporator and boils the
refrigerant
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The high pressure

vapor refrigerant is

expanded through
the turbine
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The turbine impeller
spins a generator,
producing electricity




hena Power Plant

40-50 deg F cooling water
enters the condenser from a
cold water well and
condenses the refrigerant
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The 25lbms/sec of
liquid refrigerant is
pumped back into the
evaporator at high
pressure




a Power Plant
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UPS System (MGE)

Batteries 3MW Total




200kW Cat
3306Diesel Gensets

ery and UPS System H@Pﬂﬁﬁ.’ |

ORIGINAL CONFIGURATION

===
400kW Diesel
Genset
) .
-
— Inverter/Batteries 480VAC
N 480VDC/480AC Output



200kW Cat
3306Diesel Gensets

ery and UPS System

400kW Diesel

Genset Excess Power to

Charge Batteries

Inverter/Batteries
480VDC/480AC
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Project Economics
 Power Plant Cost is $1300/kW installed

e Infrastructure costs an additional $1.8 million

e Big expenses included UPS system and
/000ft of pipeline

 Maintenance costs are expected to stay the
same or decrease (currently ~$50,000/year)

 Payback period calculated to be 4 to 5 years
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August 20t Official Opening — Chena Geothermal Power Plant




Geothermal Timeline
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Geothermal Timeline
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The voice of Interior Alaska since 1903

 MONDAY, AUGUST 21, 2006
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RENEWABLE ENERGY FAIR

SPECIAL GUESTS—Chena Hot Springs Resort owner Bernie Karl, center, stands with LS. Sen. Ted Stevens, righ
Murkowski as Karl talks about the new 200 kilowatt geothermal power plant Sunday during ribbon cutting ceres s at the. resort.
Karl says this is the first of several units te be put on line at the resort, ending its dependence on diesel-generated electricity,

The big chill

Geothermal power plant unveiled at Chena Hot Springs
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Pilgrim Hot Springs
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Pleistocene and Holocene Volcano &
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Circle Hot Springs

Chena Hot Springs
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\ Wall mount location of disconnect
Strainer and Flow meter

Overhead Door

Door

< 150ft >




er Plant - Future

Wall mount location of disconnect

\4 b\ Strainer and Flow meter

Injection
A Well Pump

ORC ORC
#2 #1

70ft

Modular Units 200kW and 1MW £ Overhead Door
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Chena GRED Ill Project

(Geothermal Resource Exploration and Definition)
Funded by the DOE Geothermal Technologies Program

Geothermal Exploration Project to Determine the
Power Generating Capacity of the Deep
Geothermal Resource at Chena Hot Springs
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Need to Drill a Deep Hole (two
2500-4000ft) planned for GRED llI
Phase Il to verify geothermal
reservoir model at Chena
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Chena Hot Springs Static Temperature Logs June 2006

Temperature (F)
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o Part-time and full-
time opportunities

e Summer or Winter

« Natural resources,
engineering, education
program opportunities
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Water Ram pumps 4200 gallon storage Drip Irrigation used
water from nearby tank delivers water at to supply water to all
creek (~1200gpd) 10psi to gardens production areas



Ay P %

Ram Pump H@é@i@s

Alaska













A collaborative project between Chena Hot Springs and the University of Alaska
School of Natural Resources Forestry and Agriculture Experiment Station
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» First greenhouse established in
2004 as a joint project between
Chena Hot Springs and UAF

» Producing crops for onsite use
on a year-round basis
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» First greenhouse established in
2004 as a joint project between
Chena Hot Springs and UAF

» Producing crops for onsite use
on a year-round basis

» New 5000ft greenhouse recently
completed for 2006 season

» Heated from geothermal wells
but could operate off any waste
heat source




eenhouse & Gardens

Geothermally Heated Greenhouse
#2 at Chena Hot Springs Resort










rnative Fuels

Alternative Fuels — Used Vegetable Oll
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THE FUTURE BEGING TODAY,

at Chena Hot prings Resor

YOU ARE FOLLOWING AVERICILE
POWERED BY WASTE VEGETABLE OIL

WV OUTOWRDOWE.COm




Using electrolysis & excess power from geothermal
| power plant







Reykjavik in 1932

All buildings heated using fossil fuels




Reykjavik today

One of the cleanes
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Geothermal Power:
Nesjavellir Power Plant, Iceland; 90 MW




tainability

Sustainability: “ Meeting our
needs without compromising the
ability of future generations to
meet their own needs ”

United Nations Commission on
Environment and Development (UNCED)
“Our Common Future”, 1987
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2006 Green Power Leadership Project of the Year

Award (EPA and DOE) Renewable Energy Category
Power Engineering Magazine
PowerGen Conference 2006



CHENA HOT SPRINGS RESORT

www.chenahotsprings.com
www.yourownpower.com (projects website)

Mile 56 Chena Hot Springs Rd, Fairbanks, AK

4% . (907) 451-8104 for reservations

Bernie Karl

Chena Hot Springs Resort
~ recycle@polarnet.com
(907) 451-8104 ext 5



