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GROUND-SOURCE HEAT PUMP S o

This example ilustrates under-floor
heating. This technology can also be
usad with radiators. Trenches are usually
between 1-2m deep and boreholes
between 15-100m, depending on energy £
needs. The longer the coil, the maore
energy it produces.
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Enhanced geothermal system

EGS Development Sequence

Step 1: Locate Site

- Characterize and
' Select Site

\

- Drill and Log
- Exploratory Well

. Steps 2-3:
- Create Reservoir

* Drill Injection Well

4

~ Stimulate/Create
Reservoir

4

: Drill
- Production Well

Steps 4-5:

Operate System
- Complete & Verify
- Circulation Loop

}

' Install Operating

Equipment
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0 Exploration (5%)
® Confirmation (5%)

1 permitting (1%)

O dnlling (23%)

@ steam gathenng
(7%)
O power plant (54%)

B transmission (4%)
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Capital Costs ($/KW)
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~~ Advanced Hot Dry Rock (HDR)
= = Medium-temperature binary cyc
—— High-temperature flashed steam
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Installed

Geothermal Power Trends

M 13500
10700

Capacity
Year MW
1975 1,300
1980 | 3,887
1985 4.764
1990 | 5832
1995 6,833
2000 | 7972
2005 | 8933
2007 9,732
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a

COUNTRY _ {"n:tpzlclﬂ _ %ﬁi‘ﬁ‘: _ {“nftp_.'ﬂlﬁ _ E:;::::? R '“‘E‘E‘ﬁ";""’ o ing
in 2000 (MW) | in2005(MW) | in Z007 (M) | in 2007 (VW) ' 2000 (AMW)
AUSTRALIA 0.2 0.2 0.2 0.1 0.2
AUSTRIA 00 1] 1.1 0.7 1
CHINA 9.2 278 278 18.9 2B
COSTA RICA 142.5 163.0 162.5 162.5 197
EI SALVADOR 161.0 151.0 204.2 1890 53 5% 204
ETHIOPIA 13 73 13 73 7
FRANCE 4.2 147 14.7 14.7 35
GERM ANIA 0.0 0.2 8.4 3.4 8 8
GUATEMALA 334 330 53.0 49.0 20 61% 53
ICELAND 170.0 2020 4212 4209 219 109% 580
INDONESIA 589.5 797.0 952.0 001 .8 195 24% 1192
ITALY T85.0 T91.0 2105 711.0 20 2% Q10
JAPAN 3469 335.0 535.2 130.2 335
KENYA 450 129.0 128.8 128.3 164
MEXICO 7155.0 453.0 453.0 F53.0 178
NEW ZEALAND 4370 435.0 4716 373 37 8% 500
NICARAGUA 700 T7.0 874 52.5 10 14% 143
NEW GUI NEA 0.0 6.0 56.0 56.0 50 833% 56
PHILIPPINES 1909.0 1930.0 1969.7 1835.6 40 2% 1991
PORTUGAL 16.0 16.0 23.0 3.0 7 44% 35
RUSSIA 230 9.0 9.0 79.0 135
THAILAND 03 03 0.3 0.3 0.3
TURKEY 20.4 200 15.0 29.5 18 0% g3
USA 22280 2564.0 2687.0 1935.0 123 5% 2E17
TOTAL 7073 b R Q732 2590 0N 10993
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Emissions From Power Plants

0

Alter Goddard & Goddard, GRC Transactions, 14, 643-649 (1 1b = (14536 kg)
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Hydrothermal geothermics

Hydrotharmal gaatharmics uses existing bot thermal water
fappres 100150 %) at 2,.000-4.000 metra depth to protuce

electricity and heat.

District heating

f"‘-x,_“l |

| tw watur is beoug
i e earth wia

Inlc the desp wnere"it
again. w“““-

Eramerrs
Esciginn

| Injection wall
A ~—The_100-150 “C kot
s tarmal waier is brought
"=-_.___|..I bt sieface AR —
= ‘mu;@_:m weall, —

e
T Atigast 500 m ciglance belwdan

e Hautamdu
——fordistrict heating
from cofenesation

“the.wslis to aveld mixing of hot

and l:_ﬁkmaqu_in thie malracton well,

— -\-\_\"\-\_
T | - Extraction well T
Tre 16150 °C hot thermal B

| watar is brought-to dhe surface
wia an extraction well, ——___

= | The gecthermal energy

"\'app‘r_g: 100 G at 300 matra depth
| rigas out-of the intesior of tne earth
to the surface. New heat is corstanty

produced in tha Interice oi-the earth
oy the decay of radinart ve alemants:

2, Turbine cycle

The hol water heals low bailing
matarial (ORC and Kalima medhod),
to produce steam for the turbine.



