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ABSTRACT We analyze the heating and cooling energy loads of the buildings in the geothermal utilization report submitted to Korea
Energy Management Corporation (KEMCO) and extract the capacity factor (CF) according to building types. The estimated geothermal
energy through the World Geothermal Congress (WGC) criteria based on the CF is compared with the heating energy load of the
building. It is also compared with the values predicted by means of statistics used in Korea which are annually published as the New &
Renewable Energy Statistics. The geothermal heating energy estimated by means of WGC criterion is 91% of the designed thermal
load of the buildings. But the estimated average heating geothermal energy predicted by means of statistics used in Korea is 307% of
the designed load of the buildings. We also compared monitoring results of a ground source heat pump (GSHP) system from 24
January to 14 September 2014 with the design data of the geothermal utilization report submitted to KEMCO. The energy produced by
the GSHP system under operation is analyzed and is compared with the values predicted by means of statistics used in Korea. The
designed energy load of the building is just 48% of the estimated energy by the means of statistics of Korea. The energy produced in
the load part and source part is 59% and 36% of the estimated energy, respectively. Therefore, it is needed to devise a reasonable
criterion of estimating geothermal energy production through GSHP system in Korea.

Keywords GSHP(#] ¥ 3| &3 ), Geothermal heating and cooling(#] & 1 445}, Design load(%d A 5 3}), Installed capacity(Xd 2|
&%), Energy production(°f| 1 A] A 1+H)

Nomenclature CF  : capacity factor

H,» :equivalent full load hour, h COP : coefficient of performance

GSHP : ground source heat pump
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Table 1. Official statistics of geothermal energy utilization
(heatlng and cooling with GSHP) of Korea (2009~
2013)"”

15

= 2009 2010 201 2012 2013
F282HKW) | 144,760 | 233,986 | 307,501 | 431,339 | 552,804

O

AAVEKtoe) | 22,126 | 33,449 | 47,833 | 65,277 | 86,959
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Table 2. Capacity distribution of the newly installed GSHP
system (2009~2013) in Korea'

7= 2009 | 2010 | 2011 | 2012 | 2013
35kW o5} | 4,492 | 9,108 | 12,137 | 22,544 | 31,710
35~175kW oI5} | 844 | 2,759 | 2,680 | 5,019 | 4,799
175~350kW o[} | 8,239 | 13,866 | 13,234 | 12,466 | 10,898
350~700kW ©|5} | 11,968 | 23,701 | 23,581 | 24,801 | 26,101
T00kW 23} | 14,295 | 89,792 | 21,883 | 59,008 | 47,956
3 39,838 | 89,226 | 73,515 | 123,838 | 121,465

Table 3. Distribution of the newly installed GSHP system
according to its utilization type (2009~2013) in Korea™

7= 2009 | 2010 | 20t 2012 | 2013
78 5024 | 11,149 | 17,089 | 22,176 | 30,932
FEA | 22,172 | 29,407 | 27.645 | 24,007 | 36,612

WEA | 2,056 | 5,351 | 10,546 | 18,109 | 13,634
LolZAA | 2515 | 26,399 | 3,899 | 46,895 | 20,755

AElEAA | 8,359 | 6,720 | 4,630 | 5,432 | 6,603

AR | 2,808 - 1,719 | 4,155 | 8,722
A 1,715 - 859 | 1,707 | 3,763
71k 190 | 10200 | 7,128 | 1,357 | 444

=M 39,839 | 89,226 | 73,515 | 123,838 | 121,465
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Fig. 1. An example of system boundaries for GSHP system™

Table 4. H.» and SPF values recommended by EU based on
the climate (heating only)®®
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Table 5. Capacity and subsidy program distribution of 930
cases analyzed in this study (based on the Geo—
thermal Utilization Reports submitted to KEMCO)

Water Average Colder
Energy Source climate climate climate

Hp | SPF Hp | SPF Hp | SPF

ground—air | 1,340 | 3.2 |2,070| 3.2 [2,470| 3.2

ground—water | 1,340 | 3.5 |2,070| 3.5 |2.470| 3.5

MRIRZF | MRIR | ZEXIY | 2RI | XIEXIY | A
57 57
35kW H]gt - - -
| ®) @
35~175kW 14,557 1,237 B 127 15,921
ot (118) 11) 6] (130)
175~350kW | 65,647 1,841 _ 344 67,832
ot (245) 6) ® (252)
350~700kW | 146,051 | 1,333 _ 627 148,011
ok (296) ) o) (300)
336,899 | 2,405 1,145 4,167 | 344,616
7T00kW o4} ; ’ ’ ’ ’
Wliasn | @ | o | @ | e
- 563,154 | 6,873 1,145 5,266 | 576,438
Sk 74 ’ ’ 4 ’ ’
A (896) (26) ) @ (930)
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Table 6. Overview of the building and GSHP system for analysis

in this study
T L2
- "Hi] Zhal— o()}:;]p_
A= & s Q) (o 2
e G tishEA(S]=A)
T (ARA) 18,006m*(R|5} 22 ~ A} 82)
=g cop W37, U3 2
An§=F 1661, 9kW
WHk ;155 3kW
C):‘ a—
AL | osegs | (COP 4L EWT 82-12) <10 o
Ad W) 159, 5kW
(COP 8.5, EWT 5-40) < 10 tj
5 21U, 200m X 60
A=A sy g
Fednp] (12,000m), 7V : 6m
AFBHEE 2.65W/m-K
A uld|&l
1,10-]7_']_1% o™ E—Iﬂ ]
&F 100 RT X 2 tj
A g 511 LPM % 10 tf
e
i) Py
- Y2 2,270 LPM X 2 T
Rizdee 1,136 LPM X 2 T

TR

Fig. 2. System configuration and monitoring sensor location
of the analyzed system
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Table 8. Classification of 930 buildings according to utilization
type and percentage of cooling load relative to
heating load

us | 28 M| MY | YT | 2= | J[Et o

LHHE =L/ S ~ St
SETSH/ AT | njad | wlsl | x| Ak | At | Ak | ajad | B

100% b7t 29 | 24| 3 713 | 11| 3 |107
100~200% 1|9t | 150 [ 138 | 26 | 81 | 327 | 28 | 4 | 704
200~300% 1]gk | 25 | 10 | 1 2 33| 2 1|94

300~400% vt | 1 4 | - | 2 7 - | -] 14
400~500% v]qt | — 1 - =14 |-~ b)
500% oA 1 1 - =14 |-~ 6

A 206 | 178 | 30 | 42 |425| 41 | 8 | 930

Table 9. Heating and cooling capacity factors of the GSHP
based on the building utilization types (unit %)

m= | 7IEH| 22| AR | 4 | EF | 2=
X

fve | o = iz
SISE |\ | i | sl | =R | AR | A | Ak | A

W7 HES | 4.96 | 7.66 | 5.59 | 6.89 | 5.91 | 5.50 | 6,26 | 5.56

W71 EE | 6.17 | 6,48 16,84 |11,44| 6,70 | 6,74 | 7.41 | 6,84

A 11,13(14.13|12.42|18,34|12.61 12,24 |13.67 |12.40

Table 10, Monthly capacity factors of the GSHP according to
the building utilization type

U=

19 2% | 38 | 48 | 5% | 6% | 72 | 8¥ | oF |10¥| Y| 12¢

__r[_EI_ =2 =2 =2 = =2

28

A 0,171 0,15] 0,10 | 0,02{-0,03|-0,10|-0.17 {-0,18 | -0,10] 0,02 | 0,12 | 0.16

7

A}j 0,18]0.15| 0,13 { 0.03|-0,12| 0,17 |-0.22|-0,22| 0,16 | 0,02 | 0,11 | 0,14
=2

o=
e

3 0.19{0.16] 0,13 | 0,03|-0,05|-0.12 {-0,19|-0,19 |-0.09| 0,03| 0.12 | 0,16
1=}

A

3 0.30|0.27] 0,21 0,11{-0.05|-0,11|-0.23 |-0.23|-0,18 | 0,05 | 0.16| 0,26

A4

A 019/0.16] 0,12 | 0,01{-0,03| -0,11|-0,22|-0.22| -0,11 | 0,03| 0,12| 0,16
=2

=

A]:\: 0191016 0,13 | 0,02|-0,04|-0,12|-0.19 | -0,19|-0,10 | 0,03| 0.11] 0,16
=

oz

A 0.21]0,17(0.14 | 0.06|-0.06|-0.13|-0.21|-0,23|-0,10| 0,01 | 0.12 | 0,17
=

ot 55] AR EAIAAE 9] A9 AL Y o5 o]-8-80]
AH o g =A e 93-S & 4= U ItHTable 10),

A GOl FAEAS] AzF A Rsr W ARt
£ 7IE0R, WGC 7]& 9 eyt BAVR] mE '
ol A] 357 H|agt A31E Table 110f] e SIT
oA Uehd v} Zo), et A | R] EA 7]
O F AR i A Hol U gad= A 7]l Hls)
Bt 307%, WHUAEHFS Bt 138%= o w2
S Ho)a 9)rt. sHH, WGC(CF 6.84218)7|1202 A
AR i A Fol YA FgFeg2 et 91%= YElst=t] o
= Altoll A3 Bt 7HsE 6,84 KTt 7Hs&O] =& Al
Ao] 7t “}71 ujizolct. o] Ax=EE L-2ubete] A1
Ao U B FAoA = AA G AAlRske v g
o LJ‘%TEP} AH o ufe- FA ALE T IS o
4= Sl

4.2 Md|e| ZL|EZ
A okl A sy o] Ax|Eo] 7HEEe A
P AAgle] BUEE ARE BT, mUET 7|7
20144 19 2495 E 9¢Y 14U7kA|o|n, YHHsr}
wRsto] usto] Ao R A W wans s By
7] gJal Wigto] 271w AA|Ele} glek, ARl A] A
o ARLE S8l Al2Elo] A, AnE mU e 2}
ek,
Fig, 304 o)) Warlemt Adgso ey 5

Znh 2a

flo o

¢

o
—|—‘

Ll rf

4]

ol

Table 11. Calculation methods of energy production

=
T XIHO|LAx] B A iz
wae | kW 1-(1/COP)]
Guideline Xequivalent annual full load hours 919
oy | = SHEWX[1-(1/COPXCPX8760 ’
Y| olzAlEe] B v COP 3.7 A%
8 kW)<14(h/day)><150(day/yr)
- = [eXre] W
T | X0.7(el8 = gapiw>aam0 L) >
gy | W) }8(0/day) <120(day/yr) 58
X0.6(°1-8-8) = §FkW) <576 [48]
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Fig. 4. Distribution of designed, measured and calculated
heating and cooling loads

Table 13. Comparisons of loads and supplies of geothermal
energy through GSHP

- est | womy | xesy | axiey | xosy
(kWh) (kWh) (kWh) (kWh) (kWh)

1o

e g g g 29 Ul | 128147 | 248,278 | 74,383 | 74,383 | 208,244
Fig. 3. Distribution of Outdoor air temperature, EST and LST 3 k| 118,341 | 162,219 | 42,659 | 42,659 | 137,226
49| 24,134 | 50,433 | 7,971 | 7,971 | 42,562
Table 12, Comparison between measured and estimated energy 59 )k - 9,185 1,439 1,439 7,686
consumption and production 59y | 61,983 | 59,943 | 47.738 | 40,361 | 49,778
= oty 48 6 WH | 157,828 | 128,289 | 104,556 | 79,755 | 105,622
= G(kWh) G(kWh) 79 W | 237,602 | 280,416 | 231,752 | 101,041 | 230,332
3127 Q(kWh) Q(kWh) 8 WMl | 227,702 | 224,732 | 195,389 | 104,742 | 181,056
Ho15% Q&Wh) =G +E Q(kWh) =G -E A | 955,737 |1,163,497| 705,887 | 451,229 | 962,506
ke Gl =@~ E W) =Q + B A 48% 59% 36% 23% 49%
slEgs E(kWh) k3
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