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Benefits of Geothermal Heat Pumps

Reduce energy consumption and emissions conserving
fossil fuels.

Greater than 40% more efficient than air-source heat
pumps; greater than 70% more efficient than electric
resistance heating with standard air conditioning.

The 1,000,000 geothermal installations in the U.S. have
eliminated 5.8 million metric tons of CO, annually, with
an annual savings of 8 million kWh.

Various geothermal contigurations can be installed
nearly everywhere.



Disadvantages of Geothermal Heat Pumps

m Higher initial cost of installation

® Some site limitations due to existing land-use or
geologic conditions

m [ack of experienced installers and a reluctance by
architects and engineers to recommend the systems.



Ground-source heat pumps in Ohio

m First residential geothermal heat pump in the U.S.
Installed in Columbus, Ohio by Carl Neilsen, professor at

OSU iIn 1948.

= Battelle Memorial Institute, Columbus, installed one of
the first commercial geothermal heat pump systems in the
U.S. In 1958.

= In 2009, Ohio led the nation in tons of rated capacity of
geothermal heat pump shipments by destination; 23,348
tons (EIA). The states of OH, PA, IL, IN, KY, & Ml
accounted for 31.5% of U.S. GSHP by destination In
20009.



Northside Lofts

B Downtown Akron condominiums

m 40, 500 foot boreholes under parking lot (2000)
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http://www.middletongeothermal.com/portfolio/images/northside1.jpg

Barberton High School geothermal

m Installed one of largest geothermal HVAC systems (264,000 sq ft
school building) in the state during 2000. By 2012, more than
140 Ohio schools will have installed geothermal systems.
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HOCKING COLLEGE ENERGY INSTITUTE: $1.6 M, U.S. Dept. of Commerce

BUILDING INTEGRATED SUSTAINABLE FEATURES
1. NORTH-SOUTH ORIENTATION 2. GREEN ROCF 3. DAYLIGHT HARVESTING 4. GROUND SOURCE HEAT PUMPS 5. SOLAR THERMAL UNIT
6. BUILDING INTEGRATED PHOTOVOLTAICS 8. BIOSWALE 9. HIGH-ALBEDO ROOF 10. ALTERNATIVE TRANSPORTATION
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Flooded Underground Coal Mines:
A Significant Source of Inexpensive
Geothermal Enetgy

By George R. Watzlaf and Terry
E. Ackman

U.S. Department of Energy,
Pittsburgh, Pennsylvania

An estimated 2,000 square miles of underground mines in the Pittsburgh No. 8 coal seam
in the Appalachian Basin are flooded. The calculated geothermal resources from the
estimated 4% of total storage capacity discharged annually could heat and cool 20,000 homes.






Heerlen in the Netherlands

Heat pump extracts heat
from mine water and

supplies district heating
system




Park Hills, Missouri

m Open loop; 2 wells, 400 foot deep, 75 gpm from abandoned lead
mine. Cost $132,400 for 8,100 sq ft building (1995). Payback
period: 4.6 years
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Marywood University, Pennsylvania

School of Architecture
LEED® Certified Gold

Chilled Beams
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John Wesley AME Zion Church, Pittsburgh

m $80,000 project; reduce heat by 80% & cooling by 50%
m PA EPA had spent $106,000 in 2004 to control water seepage







GEOTHERMAL ENERGY POTENTIAL OF FLOODED
ABANDONED UNDERGROUND MINES IN OHIO: FUN

WITH NUMBERS

Area of known abandoned underground mines (AUM) in Ohio: 777.39 sq.
mi. or 497,332 acres.

1 acre = 43,560 square feet; therefore Ohio AUM area = 21,663,782,000
square feet.

Assume approximately 50% of Ohio AUMs are flooded and a typical
underground mine void Is 5 feet, therefore there is approximately 54 billion
cubic feet of water stored in Ohio AUMSs.

The specific heat capacity of water is 62.42 Btu/ft3 and 1 Btu = 0.002928
kilowatt-hours (KWh) ; Viola! There is approximately 98,694,000
megawatt-hours (MWh) of potential energy in Ohio AUMSs.

Comparisons: the largest coal-fired power plant in Ohio Is the 2,600 MWh
Gavin plant; a large wind farm is approximately 350 MWh (160 turbines
spread over hundreds of acres); the largest solar array in Ohio is 12.6 Mwh
on /7 acres.

Ohio consumed 160,176,000 MWh of electricity in 2005; assume 20% was
for HVAC (32,000,000 MWh). Also assume that 10% of the HVAC
(3,200,000 MWh) use was In areas with AUM geothermal potential, a 3.5
percent utilization of the potential geothermal energy in Ohio AUMs would
replace 100% of the electricity for HVAC use.




Abandoned Underground Mines (AUM) in
Ohio

ABANDONED MINES OF OHIO
INDEX MAP

m The Ohio Geological Survey
AUM interactive map can be
| used to delineate areas of
e potential for geothermal
energy from abandoned
underground mines. This

area east of Zanesville along

\ Underground Mines - Exiant Partially Unknown

|| I underground Mines

I-70 1s one such example.




Alpha Portland Cement site in Lawrence
County.

ABANDONED MINES OF OHIO
INDEX MAP

Map provided by the Ohic Geological Survey
hittp: f {vwoena dnr.state.oh.usf geosurvey

Legend
@  Air Shaft
% Drift Entry
@ ‘ertical Mine Shaft
@ Indlined Mine Shaft
52 Mine Points - Unassociated
|| Underground Mines - oufline

7] Underground Mines - Extent Partially Unknown
I underground Mines

w
uct of the Chio Department of of Geclogical Survey &
——— s o prowds genera u:mm»wmumb-mrw-wm
Jlometers It is not intended ‘to replace site-specific imvestigations.
DOMMEDS 018 027 036 dpm;hdhr mws«m which reserves the
publication rights to this matertal. If these data ane used |n the compilation of other
hﬂswmhm:rpwhﬂm this source must be referenced.




Alpha Portland Cement AUM Water Analysis

\Water sample collected 4/28/11; Depth: — 400 feet
PH : 6.86

Specific Conductivity: 49,500 uS/cm
TDS: 30,820 mg/L

Hardness (Caleitm| Carbonate): 3845
Cl: 18,318 mg/L

Na: 8830 mg/L

Sulfate: 16 mg/L

Fe: 3.01 mg/L

Mz 0.28 mg/L

Al: 0.76 mg/L
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Buckingham Coal, Glouster




East Fairfield Limestone mine, Mahoning
County




Columbusy Dispatchrarticies 8729/

Old mines, new energy

Geothermal heating and cooling systems = Water drawn from a mine iS5 lower = An ecchanger draws on that difference
draw enerngy from wells or, In this case, than the surface temperatuge in the and a pumep sends the wianm or Cool
abandoned, looded coal mines. surmmer and higher in the winter. water Lo bulldings (o heal or cool Uem.

1 - = ' The water is returnsd 1o the mine
";__v-u_ - s R ’ iy e - k. 2 and e process conbinuss,
o 1 HEAT EXCHaN
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Sowrces: Manrwood Uehversity, Ohio Department of Nadural Resowrces AARON HARDEN, TOM BAKER | DESPATCH




RECENT DOE GRANT AWARDS FOR GEOTHERMAL
ENERGY FROM ABANDONED UNDERGROUND
MIINES

Aldemonstration system for capturing geothermal

energy fromminewaters beneath Butte, Mk New
Natural Resources building atMentana Tech.

DOE: $1.1M; Total cost: $2.2M.

Geothermal retrofit of llmoers National Guard

State Headqguarters burnding. DOE: $1.2 M; Total cost:
$1.6' M



Geothermal Retrofit of lllinels National Guard State

Heaedguarters Buniaing
RrncipalnvestigaterErViarkilieesibDepariment eisViiter/ ATRIS

R]Eetrofitf74,000 s@ ft building usingrabandoned 2,000 acre Panther Creek #2 coal mine at depth
01200 feet

sPotentially reduces cost offinstallation by reducing well field reguirements from hundredsiof wells to
as few as two:

sScalable

s“Green’ use of former coal mine

sPayback periods of less than' 10'years for;
implementationite: meet National'Guard Bureau standards

— Project Designicomplete December 1, 2010

ProjeciupdateNGall 2014 HiestheneholesidhlledintSprngy 2018 encounteredigassiilled Wojdstat a
depthreirappreximatel A ONee N easured Waterrdeptnsavere on | alZE IS NCHESATEITEUE
CONSideratonIEWas determimedtheNmineldid Mot haversuiicienwatesto sustain the plannead
geotlherma! |0aENATCORVENHGRalVENtiGal N 0epIgeotheErmal i SyStemNSICUTENTH VA EINGICONSHUCIETaSs
anralternative’



Geothermal Retrofit of llliners National Guard: State
Headeuarters Bulaing

sDevelop methoedoelogy: for determining mine water guality and gquantity;

sDetermine legal issues related to ownership, lialility and permitting
requirements;

sDetermine the hest energy. recoyvery: systems that balance cost with
environmental or other Cencernns;

sEstimate scalability for campus: USe;

sDevelop alternative plans and emergency. planning for petential changes in
mine water availability and temperature

sPublishia methodolegy: fer exploiting this reseurce acress the state of llineis:

EVENTNOUGNNINGJECIANASIOISUCCESS S EnVISIONE  MELNOE 0] O0YACANOE
MEAIEU ONMpProVe futireresulisial GterSItes:



NOT THE END, BUT THE BEGINNING!




The Earth

Crust___ e %
Mantle\_( '
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Inner core ‘ |


http://geothermal.marin.org/GEOpresentation/sld004.htm

Temperatures in the Earth

Temperatures Depth in
in Fahrenheit miles
1,250



http://geothermal.marin.org/GEOpresentation/sld005.htm

Drilling to assess geothermal

resources



http://geothermal.marin.org/GEOpresentation/sld027.htm

Temperature Gradient Data
'C 50" 100" 150° 200° 250°

DE!FI'Eh in Ft ) YL ] I T it e R I | | . .
s | Typical gradient
|
1000 —
e Example of core
hole gradient in
N geothermal area
2500
Bottom hole
3000 - temperature
\ 265 C (509 F)



http://geothermal.marin.org/GEOpresentation/sld031.htm

Heat Pump in Winter

Heat is

.. collected from



http://geothermal.marin.org/GEOpresentation/sld103.htm

Heat Pump in Summer



http://geothermal.marin.org/GEOpresentation/sld104.htm

Geo means =arth

Thermal means Hedl


http://geothermal.marin.org/GEOpresentation/sld003.htm

Heat Pump Ground Loops

Vertical Horizontal



http://geothermal.marin.org/GEOpresentation/sld105.htm

ing

Geothermal used for deic



http://geothermal.marin.org/GEOpresentation/sld089.htm

3,600 boreholes; 45 buildings on 731 acre campus
Save $2 million annually in heating/cooling costs

COLD WATER LOOP

HOT WATER LOOP BOREHOLE FIELD

DISTRICT ENERGY STATIONS

HOW BALL STATE'S
GEOTHERMAL SYSTEM WORKS

A geothermal heat pump uses the Earth as either
a heat source-when operating in heating mode-or
a heat sink—dissipating heat while in cooling mode.
At two district energy stations on campus, the heat
pulled from the ground or returned to the ground
will be transferred, or exchanged, with heat pump
chillers that will be connected to two district loops
that run through campus. One is a cold water loop,
which flows at a constant 42 degrees, and the
second is a hot water loop, which flows at a
constant 150 degrees. Inside buildings, heat
exchangers and fans will deliver the temperature
desired by its occupants.



Foundation Heat Exchanger (FHX)
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|° Water
Meter

Temperatures (°F)
Leaving Heat Pump
Entering Heat Pump
Undisturbed Earth
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Ground-Soeurce Integrated Heat
Pumps: are Coming

e
5t
E

A single unit m'lieu of separate
ones for heating and cooling,
Wwater heating, dehumidification

Same amenities, 50-60% less
ENergy.

Enables shorter loep (1In areas
where leop IS sized 6n ceoling)

For sale 1 2011
New & retrofit



Major Brand Name Firms are Bringing
Heat Pump Water Heaters te: Market In
200}

DOE announced new ENERGY: STAR
water heater criterias April 2008 @

x Compared to electric storage WH
- ENERGY STAR
Same amenities 50% less energy

Other major brandsthinting they: may.
do the same

GE units are currently. under test in lab
and in heuses T

New: & retrofit il j Ky
= (NS

Accelerated Durability Testing
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