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Status of Underground Thermal Energy Storage as Shallow Geothermal
Energy

Byoung Ohan Shim* and Cholwoo Lee

Geological Research Division, Korea Institute of Geoscience and Mineral Resources, Dagjeon 305-350, Korea

Recently abrupt climate changes have been occurred in global and regional scales and CO, reduction technolo-
gies became an important solution for global warming. As a method of the solution shallow underground thermal
energy storage (UTES) has been applied as a reliable technology in most countries developing renewable energy.
The geothermal energy system using thermal source of soil, rock, and ground water in aquifer or cavern located in
shallow ground is designed based on the concept of thermal energy recovery and storage. UTES technology of
Korea is in early stage and consistent researches are demanded to develop environmental friendly, economical and
efficient UTES systems. Aquifers in Korea are suitable for various type of ground water source heat pump system.
However due to poor understanding and regulations on various UTES high efficient geothermal systems have not
been developed. Therefore simple closed U-tube type geothermal heat pump systems account for more than 90% of
the total geothermal system installation in Korea. To prevent becoming wide-spread of inefficient systems, UTES
systems considering to the hydrogeothemal properties of the ground should be developed and installed. Also inter-
national collaboration is necessary, and continuous UTES researches can improve the efficiency of shallow geother-
mal systems.

Key words : underground thermal energy storage (UTES), geothermal system, hydrogeothermal, air-conditioning,
aquifer
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AFe ARG EAA A& 2A(thermal energy
storage)2A 2 HAE EE IXFHog A4 &
sht FA% 71 vtk (Nordell, 2003).
oleigt Fwslof thuel AR Ulst 9=
S W2A7)7] 7 AUA DO 2N A Bl <F 500
m A% ojdlg] HE X3 Gellux|e Fueder &
< #AAE 92 Ak AR A3 AR AHA
(UTES: Underground Thermal Energy Storage) 7]
=2 JAF Ay A, Ak, ARF 5o Add
TE A9HeE d8 Anlel A%l olgsle 7ie
o|t}. dutE ol GSHP(Ground Source Heat Pump)
7} AW I heat source)d $BA (heat sink)Z
o]g-3h= W UTESE AHkE GolluA] AF4= o]
|3t wgA Zke] FEAEEE S W)
UTES®} GSHP9| 7idg H4ds] d=Hsl] dAs
Aol ulgA s Fig. 1). UTESE & 29 Wb
A&Fd g8 Auke] A 2 2%, 7)1F, £38
ol mEt &8 o] AaXIch. UTES 72 =
YoMz dwtdoz AFIFF7|(ground heat
exchanger)?} G¥Z(heat pump)E L3 748 I
W 71eg g e olA7R] GSHPY| g3
BEEHA EE B8EHL JA BTh(Sanner ef al.,
2003; Midtte mme ef al., 2008).

YT BREEAVIET v FAHLE 19903t7H
GSHP #l&"”lo] §43] Bg=o $kom(Lund ef dl.,
2004), FHAME HE FEHoZ 200090 ZuHy-
B Bgo] o]FejA gt el ARl A4
ANAx] HF HaM=Z AR A4 RD&D A
2030- A € Ministry of Commerce, Industry and
Energy 2007y7F 2ith AXRXEE o435 Wt 7]
< 2oiioM s AWt A2"E o] 8% EFF
Al=F g, ASER Mg e, A5 2 EF8
71&, $E8IIeR 5] =tk 2e ol
WEEL HF AE &8 7€ disid AdaEd F
o] BE3e] 7|e 8 SN FHHeZ thFo
AR Zgk FEo] gown, el UTES g
QN A 2 36 g Al vn|sict, A1A)]
ARA] 7eE-2 7]FHsle)] gk ouxd o), o
YA AAe) ZA3l, oA A1) 75t 28}, a2
3L 7R AU YE dig B QJAIE|Be} 7 o
7Hee] AAHQA B8 B uet B2 JF¢L etk
2 7k UTESE &2 7 37PE XE Al2H) 7

g st v oA ] AR wi¢- F

ggs & oz 7ldEKSelberg, 1990;
Ucar and Inalli, 2005; Yurmnrutas and sal, 2005;
Gao et al., 2009; Novo et al., 2009).

A% A5 QoA A 7lest BEE HER 2
HHAzAE= T 29delA 713% EFFSTOCK2009
7b Atk 1973, 197849 1, 23 4fi3tEe] dold
o)% AHT2IT Al 19819 FH 20037 = 2
7h=o] ¢F 16~2670= A=elR o} 20063 2009
ol 3UisolA 3isled @A 32 &8 7led
gk FA A F=rE A2 v Bl A & 7
Ak, 23 oA T 71eEY TFAN 53Xt B
2l Fe HAaslEir AAY e 7HeE G
YRS FF3AL 3k Aoz Ui WEER d%F
AR A7 Bol AR -S-84de] & Helth

UTESe} #dg d78 IAH = sk 7|+
+ IEA ECES IA (International Energy Agency -
Implementing Agreement on Energy Conservation
through Energy Storage)7} 2™, 2008d= 3=
= FodaA =9 @ IEA ECES 1A o=
AR AFFA (Amnex)E 7Hd eV Fo BF
& opF mulg Adefoln IAARI 7lE AR AT
Hr} A Foirt QR TH(Table 1).

2. X|3} HoLX] MB(UTES) 7= 7H2

UTESE E¥oid oyt izl A3k 2 A3k
il AR fA 5o doux Y-S ol8ske Al2H
o 2A GouA AR MdE olgslEE A|AF9
24 2 EFd ue} fuxEe] A7) A
A% &= slEH). UTESe AFdoz dies €A
ZHATES: Aquifer Thermal Energy Storage), A5
Z& o)g3k= BolE IAABTES: Borehole Thermal
Energy Storage), A&t&5W EX4HCTES: Cavern
Thermal Energy Storage) o2 & 4 St}
Fig. 2).

Y458 o]83k= ATESE H|Eo] && A3iE
olgtu® H3I2Y AFFudr|Hct durzog §
&o] ¥I U5 54 ut vddt AT 7hsst
o} 287 @A (single well), 273 (multi well), 2
2, &8 A& &4 5 Ak e Aol
ZAEon} Ak B0 A{eh Ao FAA e Al
28 o] 7hssttt. £, v, S Selkle Ui
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Borehole system with indirect heat exchange

System | Borenole Thermal Energy Storage (BTES) Ground Soutce Heat Pumi (GSHP)

Application Anplication

Layout
& '-/’v/”
- Indirect heat exchange system by using - Indirect heat exchange system by using,
underground heat exchangers underground heat exchangers
Concept | Utilizes the underground as a thenmal storage]- Utilizes the underground as heat source and
medium heat sink

- Applicable to both soil saturated with groundwater and unssturated soil
Features {- Suitable for regions which have complex snderground layers

- Closed cycle doesn'’t use groundwater directly

Aquifer system with direct use of underground water

System Aquifer Thermal Energy Storsge (ATES}) Groundwater Heat Pump (GWHP)

Layout
- Direct use of proundwates by using thermal
wells wells

Concept. | Uses anunderground aquifer as'a thermal |- Uses an aquifer with higher ground water
storage medivm flow as heat source and heat sink

- Limited to regions which have an underground aquifer fot theemal encigy utilization
Features |- Higher system efficiency than for borehole system with indirect heat exchange
- Possible in regions which don't have regulations on groundwater use

(b}

e ] el oot . (
; Healpump L o Heal production

progucHon
Low temuperature } . High'temperature
storage (6-25°0) [ storace (85-80°C)

Fig. 1. Examples of simple classification of shallow geothermal energy (a: modified from Hamada et al., 2002; b: IF
Technology, 2009).
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Table 1. IEA-ECES Annexes related to UTES research subjects (IEA-ECES, 2009)

IEA ECES Annexes Start End Participated countries
Annex 1, Large Scale Thermal Storage Systems Evaluation 1981 1983 BE, CH, DE, DK, SE, US
Annex 3, Aquifer Storage Demc'mstratlon Plant in ? 1989 CH, DK, SE, US
Lausanne Dorigny, Switzerland
Annex 4, Short Term Water Heat Storage Systems ? 1988 GE, NL, SE, US
Annex 6, Environmental and Chemical aspects of Thermal
Energy Storage in Aquifers and Research and 1987 1996 CA, CH, DE, DK, FI, NL, SE, US
Development of Water Treatment
Annex 7, Innovative and Cost.Eifectlve Seasonal 1989 1996 CA, DE, NL, SE
Cold Storage Applications
Annex 8, Implementing Underground Thermal 1994 1999 BE, CA, DE, NL, JP, SE, TK, US,
Energy Storage Systems
Annex 12, High-Temperature Underground Thermal 1997 1999 BE, CA, DE, SE, NL
Energy Storage
Annex 13, Design, Construction and Maintenance of UTES 1997 1999 BE, CA, DE, JP, NL, NO, SE,
Wells and Boreholes TK, US
Annex 21, Thermal Response Test for Underground Thermal 2007 2010 CA, DE, FL, ES, IP, KO, NO, SE,

Energy Storages

IEA ECES Annex participating countries: Belgium (BE), Canada (CA), Denmark (DK), Finland (FI), Germany (DE), Japan
(JP), Republic of Korea (KO), The Netherlands (NL), Norway (NO), Spain (ES), Sweden (SE), Switzerland (CH), Turkey (TK),

United Kingdom (UK), United States (US).

Borehole in rock

Ducts in
earth

eS| Aquifers

Fig. 2. Main concepts for underground thermal energy
storage (Nielsen, 2003).

o] iR Alade) Bol A48l 9ot BTES Hrt
71eA o2 EXSal Al 2d4S WRslor He 5
o] AA B HaPF B33 BEo] EAldI)

BTESe sWll¢jz oz 71 go] BEEHo JE A
260 2A] U-tube, coaxial tube, A=) 2 (energy
pile), 3lo|ER= Al2E] B9 AFHugr]] EH=L
£ dAske Aa"er s 53 X9 2t
227, AEEA, 2994 2 715 Bl uel A
7} @22 thRamamoorthy et al, 2001; Nagano,
2007). 233 X5k fagAEE 248 93 23
o A (TRT: Thermal Response Test)e #& GF
FoFE ThEoiR| 3 ATH(Shim, 2008). WL (semi-
closed loop)®-2A 5294 (SCW: standing column
well}e o128 UTESZA TAHLE A8 o5 9

.. Well Hsad
Ground Surtace

. {consolidated)

Fig. 3. A schematic of a typical standing column well
(Spitler et al., 2002).
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olol Agsh AAwRle] Basit), SCWe LaveEE
HIZG S, W=, vt 5o Sl go] B
3 SItkFig. 3).

CTESE 7129 Bdolu} H%, Asts= 59 A3}
Skl AFA] HAE T8 XeA L BE 7}
ol 11 GAURAE o8k Ziﬂi vErEL A|Y
W 5 gfR Al="el A8E 3 Qi) 53] 59

Ao} o] B AdofMe= wolu IS A
Zce storage)std E-& ol83shs W Eo] glow
(Skogsberg and Nordell, 2001), #¥g Xﬂ’%, S Er
slo]2E]= Al2®] AlgE(Ramamoorthy et al., 2001;
Ucar and Inalli, 2005; Wang et al., 2009)°] AT}

3. =9 #g

3.1. Oof=
2004 71EoE HAAH L E AE Eg=

o] Ax A4 9 1,100,000 Ao, mlto]
< 20,000~60,000t)/9 A= X0} gtom oF
600,000c) Ax AxE Aoz AR} Lund ef al.,
2004) T3l 11 ol%E F&T| Bgo] ksl A
olit} A wWe Alxgle] AREe] ), vl
tjeFet iR UTES Alzglo] 7dse] o853 9}
om olo st A ATE [EA 58 Falod A&H
o= A3l o} hEAQ] GSHP 4A Z=a3o
24 oggsu YA sHd¥ GLHEpro,
Gaia geothermal, LLColA 7k GLD7} id. o)
EEIPEL 7|EHoE oA A} MES F
B oz AL3kd GSHP $<dol] ok A7)|7ke] x]ut
W 213l AlEgolMe] 7hgdit). AseE 1416}

+ 713 (open loop) GSHP A|A8logx Hz) &
U 7P eHE AlA"e 19489 dA " The
Equitable Buildinge]™, 50m A=e] 24} kst
170m A=) D] FUALE olFolx] it Hul
U5 130 m¥hels, GRIT wAEHA BT
ol g% sk, 2|3 AAlIA 7T & Ase A
Ax28le] 3}l KY Louisvillee] 90 Galt House
THLE AAYEE wo] 158400 m*eE oF 400m

Ax ) FM 2,660 Vming] 8 Fr3le] @

ELERER

ol ojg-3it,
3.2. +H
2 FY=71Ee] 1970Ath5E UTES) tigh A+

2 ANREgo) B dpe B s Ha @3

AR ZAY R)5F Foldx] A% 7)1& B3k 201

Fig. 4. Photo of Galt House hotel Louisville, KY, USA
(Geothermal Heat Pump Consortium, 2009).

ATES systemsin the Netherlands

~== Expected ATES systems

—Realized ATES systems

g

Number of ATES systems
-
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1990 1993 2000 2005 2010 2015 2020
Year

@
=}
a

Fig. 5. Number of energy storage projects in the
Netherlands and prospects until 2020; prognoses based on
yearly grow during the last five years (from Godschalk and
Bakema, 2009).

7igsigink. vidies 24
o] XEHE FolUAE Hol o83} A
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=& /st Juh(IFTechnology, 2009).
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23 Fig. 6), VDHE  Technical University of
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Fig. 6. Heat and cold is seasonally stored in an aquifer
close to the airport. In winter the heat is used for heating
ventilation air and for snow melting at gates. In summer the
cold is used for comfort cooling (from Ingrid, 2009).

o] 718z dAdFe] Qrt AYHe SHFAGA]
UTES A2d& AFA 0= /fgete Qe 7t 74
g shubeln, 1970 thE-E #8519 thSellberg,
1990).

w2gole AA AU EA 1.5 TWhE 083}

3L glew, %IH A e gA1E 242 ek
o] dwe=loj 9ok, GSHP &el= oF 15000 A4 B
FH %0111 71 7k S R AlzHoA
[e]

F 30%7F UTESe]t}. Oslo =) Fake] wWytdba 28
Wikg-gro] MW ATESEA 45m 4= 18719
Aoz FAd=] rhMidtte mme ef al., 2008).
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Fig. 7. GSHP markets distribution in China (from Gao et
al., 2009).

B Z7PF o]Fod Zlow 3 th(Yasukawa
and Takasugi, 2003). 2224 2007 FAPIAE A
GSHP A28l 4009 7i7F X5 e RoE
A=o] Hdo] wig =gA Yehhe L olfe =
< =23 98 #7] & wFoltiMorita, 2007).
et Zisid EellMe B ATEe] gE o
2=t Hamada et al. (2002)2 GIS (Geographical

Information system)Z ©]-4- }04 k)] G847 A
sl EAO] w2 A WHES AEF F e Ale
g it 28al ’éJr N = 5
24 Fof g At 13 ”D}O\Iagano et al.,

2002; Hamada ef al., 2007; Nagano, 2007).
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Fig. 8. Applications of GSHP systems in Korea. (a) number of GSHP installation for 2000~August 2008 (years of 99 cases
are unknown) and (b) system capacity (191 cases are capacity unknown) (from Lee, 2009).
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Fig. 9. Schematic diagrams of several groundwater source
heat pump systems installed in the Republic of Korea. (a) is
a schematic of multi well system using groundwater from
two pumping wells and three injection wells (from Shim
and Lee, 2007) and (b) is an single well system installed in
an alluvial layer. (c) represents a schematic of riverbank
filtration (from Kim et al., 2006).
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