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Abstract Geothermal heat pump (GHP) systems have become an efficient alternative to conventional cooling and heating
methods due to their higher energy using efficiency. These systems use the ground as a heat source in heating mode operation
and a heat sink in cooling mode operation. The aim of this study is to evaluate the heating performance of the GHP system
for a residential building (420 m2) in Ulaanbaatar, Mongolia. In order to demonstrate the feasibility of a sustainable performance
of this system, we installed the water-to-water geothermal heat pump with ten vertical ground heat exchangers and measured
operation parameters from October 19, 2013 to March 26, 2014. The results showed that the entering source temperature
of brine from the ground heat exchangers was in a range of the design target temperature of -10°C for heating. For total
values of the representative results, the ground heat exchangers extracted heat of 53.51 MWh from the ground. In addition,
the GHP system supplied heat of 83.55 MWh to the building and consumed power of 30.27 MWh. Consequently, the average
heating seasonal performance factor (SPFn) of the overall system was evaluated to be 2.76 during the measurement period
of the heating season.
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Photo of residential building, where the
vertical GHP system is installed.
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Fig. 2 Schematic diagram of geothermal heat pump system installed in residental building.
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Fig. 3 Heating performance of geothermal heat
pump unit installed in residential building.
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Table 1 Design specifications of the system

Parameter Value

Building

Conditioned area [mz] 420

Peak cooling load [kW] 33.5

Peak heating load [kW] 76.7
Heat pump, heating

Rated heating capacity [kW] 70.0

Rated heating power [kW] 304

Rated heating COP [-] 23

EST" for rated test [C] -10.0

LLT” for rated test [C] 50.0
Ground heat exchanger(GHE)

Configuration Single U-tube

Number of GHEs/diameter [m] 10/0.2

Pipe outer/inner diameter [mm] 33.4/27.3

Working fluid 20% EG
Ground characteristics, mean values

Thermal conductivity [W/mK] 1.94

Thermal diffusivity [mz/day] 0.093

1) Entering source temperature to heat pump.
2) Leaving load temperature from heat pump.
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Table 2 Parameters and uncertainties

Parameters Uncertainty
Temperature, 7’ +0.2°C
Mass flow rate, m +1.5%
Power, W +2.5%
Energy transfer rate, Q +2.14%~+5.22%
Heating SPF +5.84%
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Fig. 4 Entering and leaving source temperatures and extracted energy from ground on Jan. 8, 2014.
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from Oct. 19, 2013 to Mar. 26, 2014
0 GHE, sz) Power, W;wg Heating, @,,,4) Time, op”
OAT EST - SPF
Month/Year [C] [C] Sum Avg. Sum Avg. Sum Avg. Sum Avg. ]
[MWh] [kWh] [MWh] [kWh] [MWh] [kWh] [hour] [hour]
10/2013 -0.58 0.76 3.84 426.4 2.16 232.6 5.97 641.0 65.6 7.03 2.76
11/2013 -11.45 0.19 8.68 377.2 4.99 2124 13.29 565.9 158.0 6.73 2.66
1/2014 -23.13 -1.39 14.47 499.0 8.07 276.1 22.50 769.7 264.7 9.05 2.79
2/2014 -23.44 -1.97 14.29 510.2 8.17 291.6 22.67 809.6 266.2 9.51 2.78
3/2014 -8.36 -2.06 12.24 470.8 6.88 264.8 19.12 735.6 225.7 8.68 2.78
Total or Avg. -14.62 -0.97 53.51 456.7 30.27 255.5 83.55 704.4 980.2 8.20 2.76
1) Monthly mean outdoor air temperature in Ulaanbaatar; 2) Amount of heat extraction by ground heat exchanger;
3) System power consumption; 4) Heating energy to building; 5) System operation time(or running time).
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