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Peak cooling load of large buildings is generally greater than their peak heating load. Internal and solar heat
gains are used for selection of adquate equipment in large building in cold winter climate like Canada and even
Korea. The cost of geothermal heat exchanger to meet the cooling loads can increase the initial cost of ground
source heat pump system to the extend less costly conventional system often chosen. Thermal ice storage system
has been used for many years in Korea to reduce chiller capacity and shift peak electrical time and demand. A dis-
tribution system designed to take advantage of heat extracted from the ice, and use of geothermal loop (geothermal
heat exchanger) to heat as an alternate heat source and sink is well known to provide many benifits. The use of
thermal energy storage (TES) reduces the heat pump capacity and peak cooling load needed in large building by as
much as 40 to 60% with less mechanical equipment and less space for mechanical room. Additionally TES can
reduce the size and cost of the geothermal loop by 1/3 to 1/4 compared to ground coupled heat pump system that
is designed to meet the peak heating and cooling load and also can eliminate difficuties of geothermal loop installa-
tion such as space requirements and thermal conditions of soil and rock at the urban area.

Key words : Geothermal heat exchanger, Thermal ice storage, Ground source heat pump system, TES, HVAC (Heating,
ventilation and air conditioning)
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Fig. 1. Daily energy balance of an office building and school occupied 5 days/week in a moderate to cold climate area (St.

Pierre Church, Winnipeg, Manitoba, Canada).

Table 1. Heating and cooling capacity and COP under various operating conditions.

Hea“‘gf“g“tp“t cop, oft;?l&i%m cop, System CO
PISO13256-2(heating)" 94.4 3.78 - - 3.78
1SO13256-2(cooling)? - - 132.6 5.62 5.62
Simultaneous Heating & Cooling® 129.2 4.52 100.6 3.52 8.04
Building Ice & Heating® 80.1 3.44 56.8 2.44 5.88
Building Ice’ - - 75.1 3.58 3.58

'EWT Condenser: 40°C, EWT Evaporator: 0°C
2EWT Condenser: 25°C, EWT Evaporator: 12°C
*EWT Condenser: 40°C, EWT Evaporator: 7°C
‘EWT Condenser: 40°C, EWT Evaporator: -6°C
SEWT Condenser: 25°C, EWT Evaporator: -6°C
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Table 2. Typical cooling and heating for an office building with high internal gains from occupants, lights, and computers

(for the calculation of ground loop length).

Peak B/D loads

Without TES

With TES

Time - Cooling kW Heating kW Heat gain(kW)Heat loss(kW) Heat gain(kW)Heat loss(kW) Remarks
- 8am-Noon 1,360 60 340 15 165 15
Noon-4pm 1,520 0 380 0 165 0
4pm-8pm 360 120 90 30 165 30
8pm-8am 720 1,800 60 150 165 150
Equivalent fall(h) 1,400 1,200 3,800 1,000
Daily loads(kW) 3,960 1,980
Annual loads(10° kWh) 5,544 2,376

Table 3. Input parameters to calculate ground loop length using GehpCalc program and calculated results.

Input parameters

Loop length(m)

Heat pump flow rate per RT : 11.341 pm(3 gpm)
EWTqi 4°C

EWT,.,: 30°C

Undisturbed ground temperature (t,): 10°C

Scenario-1. (Without TES)
Bore hole length based on heat pump sized for peak
cooling loads without ice storage: 82 m

Thermal conductivity of formation: 2.25 W/m.°C(1.3 Btwh ft °F) Scenario-2. (With TES)

Diffusivity of formation: 0.07 m%day(0.75 ft2/day)
Grout conductivity : SDR119} 25 mm73

Bore hole dia.: 100 mm

Bore hole configuration: 1x10x6

Bore hole spacing: 6.1 m(20 ft)

Heat pumps sized for peak heating load and average
cooling load over 24 hours during design cooling day:
57m
82-57
)

=30%

Remarks EWTmin=10-(8.5 £2.5)=-1~4°C(used -4°C)
EWTmax=10+(14 £3)=21~27°C(used 30°C)

- AV 220 HEdele) mlaaA Wk Bt
W JiRee] FEA 92
AL AXT AWk A 25(TES9}
AAAZ B
Table 2= TES£Qo] A& Wby Falo) vix=
J%e vehd Fo| Table 3& FQd AEFIY
oo mX= FFE P Holt)h. Table 3 ©]
ZAEe] A Pl Kool REE AAdIHEAL
H +HE EE TESHEHE AAAZ & A ¥
o] 2407 7] Bt Ho JuiRsie} Ha W
Fahol 9gA BAE 3 NEA2Ee] a7 dhs 4
ARF 1AL 2] $8) ARSSE GehpCaleZ 21
% (Kavanaugh and Rafferty.1997)2] eiztge} Aslo]
1=
o] Wde] waYhy Rl BEA dAE @
R 2do] H)s) WEZE AANZ EAzE0] &
82 k= AFFL Fole & 30%3= Fh

-

4. SEA2He FFa 23

Table 29} Table 30 AAE v} 7ko] HVAC/RA|

2elo] AR (R GHEA )} TESE AANA
298 ol e 2o oA, ouix] AE, 2
%A 9 AR ffe cydle® FY & 3T, B

M &#A7F ek

41. SHMNMET
71& dde] X8 HVACA2E9 ¥E7]1E TES
U AEd 13700 M2 GAAA L5 55 A=
gog 35t Udge quix] Ase Tt 7ol
4Ts] A9t
-GEOQ/TES A& AEHQ] W87 v 5% MF
2 EE ggEA2E 9 Eed 9EHE Al2Y
of sl WA H=Z 1Y RIE 40~60%9 = E
74 & itk
-BYE Alzde] Hew gl fREd 22
Aule AAEH ok "ot
Sk ke BAJO) AAEE A8 EUE E
guAAEe] 588 IA FINE & Aok
oA ARzge g NFE w7E ARG
TESS} GAXA AH8aH Yolld 53t 71358
o 2] 712 4 gtk

it



726 ED. Lohrenz - 3W4} - 384 - 3

&

B

Table 4. The mass(Kg) of CO, emission per kWh in various electrical generation.

Kilograms Co,/kWh

Hydro-electric or nuclear. Mix of generation Heayily coal & oil gen.

" Remarks

CO, gas emission 0.01~0.03

0.25~0.5

0.75~1.00

(Dirrect CO, emissions only. Hidden resource extraction and life cycle emissions are often not taken into account in these esti-

mation.)
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Fig. 6. The effect of off peak electrical rates compared to standard electrical rates on conventional boiler/chiller system with
and without TES and geothermal system with and without TES in a typical 5,000 m? office building.
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Fig. 7. The peak energy load profile of a building with large gas boiler and chiller,a conventional geothermal system
designed to meet peak heating and cooling load, and a geothermal system integrated with an ice storage system.
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