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ABSTRACT
Nowadays, global warming caused by greenhouse gases, is a serious problem
worldwide. IPCC (Intergovernmental Panel on Climate Change) suggested
preparation plan such as emission factor of greenhouse gases and equation of
emission in 1996. Horticulture facilities are taking the biggest blow due to the
increasing heating bills as they mostly use fossil fuel but in turn they are generating
huge amounts of greenhouse gases. Therefore, this paper accurately quantifies the
amount of electricity consumed by fan coil unit using various heat sources in largescale horticulture facilities based on IPPC data. Also analysis of economic feasibility
accomplishment, efficiency and gas consumption in gas boiler, which is commonly
used in large-scale horticulture facilities, is done. Calculation of heating bills in each
case has been done based on recent gas and electricity prices in Korea to find the
economic feasibility for setting up of heat pump system. The most economic and
environment-friendly heating system to be used in the large-scale greenhouses is
suggested in this study.
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INTRODUCTION
Currently, global warming is a serious problem. As the ecological system faces drastic
changes, various natural disasters caused by abnormal climate and casualties
generated from the disasters are exponentially increasing worldwide. Accordingly,
alert has been raised for greenhouse gases, which are the main cause of global
warming, and countermeasures to climate change have been made through
international attention and various regulations. The government of Korea has
promoted various plans to construct large-scale horticulture facilities by using
reclaimed lands and facilities to enhance the national competitiveness of agriculture,
in response to the international crop production decrease and the acceleration of the
market opening by FTA. The biggest problem of a large-scale horticulture facility
which accounts for about 25% of the entire greenhouse area of Korea, is that the fuel
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for heating is mostly dependent on petroleum (Heo, T. H. 2012). As the international
oil price has increased drastically about four times from $26.27 in 2000 to $102 at
present, large-scale horticulture facilities, for which 92% of heating energy source is
dependent on fossil fuels, are significantly affected by the increasing heating cost and
large amount of greenhouse emission (Ryu, Y. S. et al. 2012). Therefore, it is urgent to
introduce a more environment-friendly and economical alternative energy source, and
the efforts are being actively made. In this regard, Nam et al. (Nam, Y. J. et al. 2014)
performed an economic assessment by applying a dual-source heat pump system to a
small-scale house and compared the result with a conventional air-cooling heat pump
system. The result showed that the annual operation cost was decreased by about
1,033,000 KWR ($1,008.3) when the dual-source heat pump system was applied. The
payback period for the initial investment was about 9.2 years. Ryu et al. (Ryu, Y. S. et
al. 2012) conducted an economic assessment of the heating load of geothermal
heating and cooling system in comparison with Diesel-based heating facilities
currently operated in conventional greenhouses. Even though the required initial
investment of the geothermal system was 7 to 13 times higher than that of Dieselbased heating facilities, the initial investment payback period of the geothermal
system was less than seven years, and the geothermal system was more economical
than Diesel-based heating facilities for about 20 years after the installation in terms of
energy consumption and others. Similarly, Park et al. (Park, Y. J. 2007) also showed
that the cost-cutting rate of applying a horizontal heat pump using geothermal as heat
source was as high as about 67.8% in comparison with the cost of Diesel-based
heating. Kim et al. (Kim, J. S. 2013) showed that when a geothermal heat-based heat
pump using groundwater as a heat source is applied, the life cycle cost (LCC) of a city
gas system was lower by 42% and the LCC of vertical sealing type was lower by 62%
in comparison with that of Diesel-based heating. However, most of the previous
studies were conducted to analyze only one or two heat sources. Economic assessment
of a heat pump applied to a large-scale horticulture facility has been performed in few
studies. Therefore, in the present study, an economic assessment was performed with
respect to operation cost and LCC according to electric energy consumption by each
heat pump in comparison with the gas consumption by conventional boilers by
applying unused energy sources such as river water, sea water, air, geothermal, and
power plant waste heat. The objective of the present study is to propose the most
environment-friendly and economical heat pump heating system for a large-scale
horticulture facility on the basis of the results.
RESEARCH METHODS
The present study was conducted by employing EnergyPlus model which has already
been verified by a previous study (Hyun, I. T. et al. 2014). EnergyPlus simulation
model used is a 100m long and 100m wide rectangular model which is a standard
shape of a large-scale horticulture facility. The glass used in the greenhouse is 5mm
single glazing with U-value 5.2W/m2K, Tvis 0.9 and SHGC 0.7. The frame is made of
5.6cm wide iron frame with Conductivity 58W/Mk, Density 7,850kg/m3, Specific
Heat 465J/kgK (Hyun, I. T. et al. 2014). The representative period for analysis was
winter season (December, January, and February). The meteorological data is for
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Incheon region which is available in EnergyPlus. In the previous study, the efficiency
and gas consumption of a boiler used in a glass greenhouse of about 1 ha were
compared with the coefficient of performance (COP) and electricity consumption of
the heat pumps using different heat source (Hyun, I. T. et al. 2014). Table 1 shows the
heat sources in each case. An economic assessment was performed with reference to
Table 1 to compare the cost of electricity consumption against gas consumption for
conventional gas boiler. The gas and electricity cost was calculated using the current
gas price and electricity price. The initial investment cost for each facility was
calculated with reference to previous studies. On the basis of the results, a LCC
analysis was finally performed to calculate the initial investment payback period in
order to propose a heating system for saving horticulture facility heating energy.
Table 1. Simulation Cases (Hyun, I. T. et al. 2014)
Terminal
Case
unit at
Heating/Cooling equipment
Heat source
greenhouse
1
Fan coil unit
Boiler/Centrifugal chiller
N.A.
2
Fan coil unit
Heat pump
Outdoor air
Waste water from power
3
Fan coil unit
Heat pump
plant
4
Fan coil unit
Heat pump
Sea water
5
Fan coil unit
Heat pump
River
6
Fan coil unit
Heat pump
Geothermal (groundwater)
2. Energy Consumption Analysis
2.1 Boiler Efficiency and Performance Coefficient of Heat Pump for Each Heat
Source

Figure 1. Heat pump COP variations (Hyun, I. T. et al. 2014)
Fig. 1 shows the COP of the heat pump for each heat source. Cases 2, 3, 4, 5, and 6
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shown in Fig. 1 are mentioned in Table 1 above. Case 1 represents the reference
model, and the performance of Case 1 is represented by boiler efficiency. In other five
Cases, the performance was represented by the COP of heat pumps. The efficiency of
Case 1, the Base Model, was maintained mostly at about 80% for 24 hours with a
fluctuation of about 0.4%. In Cases 2 to 5 where a heat pump was used, COP was the
highest for the heat pump using power plant waste heat whose temperature was high
and the energy loss was the least. The COP was the lowest for the heat pump using air
heat. This showed that the performance of a heat pump was greatly affected by the
temperature of the used heat source. Therefore, it was presumed that the electricity
consumption may be lower when a heat pump using higher temperature heat source is
applied, since the energy loss by the compressor of the heat pump is less.
2.2 Energy Consumption by Boiler and Heat Pump for Each Heat Source

Figure 2. Monthly total consumptions for boiler gas and heat pump electricity (Hyun,
I. T. et al. 2014)
Fig. 2 shows the gas consumption of boiler (case1) and the electricity consumption by
the heat pumps for each heat source (case2-6) in winter. The consumption was the
lowest in February and the highest in January in all the Cases. Beside the fact that the
number of day in February is 28 which is lesser than that of other months, the air
temperature in February was higher than in December and January. Therefore, the
energy consumption was lower in February. In addition, in Cases 2 to 6, the electricity
consumption was the lowest with the heat pump using power plant waste heat for
which COP was the highest. The heat pump using air heat for which COP was the
lowest showed the highest electricity consumption, since the energy loss was high. As
compared to the gas consumption of boiler, the electricity consumption by the heat
pumps for each heat source was four to six times lower, indicating that the heat pumps
are better than the boiler in terms of energy saving and economic feasibility. The
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following analysis was performed on the basis of the previous results.
3. Economic Assessment
3.1 Overview of Heating Cost Calculation for Each Case
The energy prices applied to the heating cost analysis were the winter gas price for
industrial uses, 20.8447 KRW/MJ ($0.02/MJ), with reference to the Seoul City Gas
price standards (Anon. A), and the electric power price for agricultural uses, 1,210
KRW (Basic Price) + 41.9 KRW/kWh ($0.04/kWh) energy charge, with reference to
the price standards of Korea Electric Power Corporation (Anon. B). When calculating
the gas price, the heat utilization efficiency of the boiler was assumed to be 80%. The
rated electric power of the heat pumps for each heat source was determined by
assuming that 3.5 KW is handled by 1 RT for heating of 33 m2 area, and the COP was
assumed to be 3.0, which was the reference value of the heat pump using air heat. As
a result, the heat pump capacity was 1050 KW for heating of 10,000 m2, and the
contract electric power was 350 KW. The initial investment was calculated by
applying the unit price of 1,300,000,000 KRW/ha ($1,268,911.7/ha) which is given by
Agriculture and Fishery Industry Energy Utilization Efficiency Improvement Project
(Ministry for Food, Agriculture, Forestry, and Fisheries of Korea) in the case of the
geothermal heat pump. In other heat pump cases, the unit price of 1,000,000,000
KRW/ha ($976,085.9/ha) is applied, which was the facility investment cost calculated
by the Jeju Branch of Korea Rural Community Corporation in the hot waste water
utilization project in 2011 (Heo, T. H. 2012).
3.2 Operation Cost Calculation
To calculate the operation cost of each system, gas and electricity consumption was
calculated by using cooling and heating loads and COP of each system. Then monthly
consumption for winter was converted into price and compared with each other.
Table 2. Total calculated fuel consumption and operation cost (Unit: 1,000￦, $)
Heating
Consumption
Case_1
(MJ)
[Gas]
Case_2
(kWh)
[Electricity]
Case_3
(kWh)
[Electricity]
Case_4
(kWh)
[Electricity]
Case_5

Jan.
Feb.
Dec.
Jan.
Feb.
Dec.
Jan.
Feb.
Dec.
Jan.
Feb.
Dec.
Jan.

2,691,216
1,911,240
2,277,900
180,331.02
124,687.54
145,000.53
112,897.22
79,825.29
95,221.81
166,931.40
116,987.65
126,511.75
139,079.32

Gas
Operation

Electric
Operation

Total
Operation

Cost [￦/MJ]
56,097
39,839
47,482

Cost [￦/kWh]

Cost [￦]($)

-

143,418
($139,988.3)

-

-

-
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7,979
5,647
6,449
5,153
3,768
4,413
7,417
5,325
5,724
6,250

20,126
($19,644.7)
13,335
($13,016.1)
18,467
($18,025.4)
16,133

(kWh)
[Electricity]
Case_6
(kWh)
[Electricity]

Feb.
Dec.
Jan.
Feb.
Dec.

98,337.65
117,304.79
133,638.69
94,490.78
112,715.95

4,543
5,338
6,022
4,382
5,146

-

($15,747.2)
15,551
($15,179.1)

Table 2 shows the operation cost of each case according to the gas or electricity
consumption. The calculation results showed that the cost of gas price consumed by a
conventional boiler in winter was about 143,418,000 KRW ($139,988.3) cost. With
respect to the electricity price of the heat pumps in each case, for heat pump using air
heat was 20,126,000 KRW ($19,644.7), for power plant waste heat water was
13,335,000 KRW ($13,016.1), for sea water was 18,467,000 KRW ($18,025.4), for
river water was 16,133,000 KRW ($15,747.2), and for geothermal heat was
15,551,000 KRW ($15,179.1). This result showed that about 91% of the winter
heating energy cost was reduced by using the heat pump using power plant waste heat
water having the highest efficiency in comparison with the energy cost of a gas boiler.
In addition, even when the heat pump using air heat, having the lowest efficiency, was
used, about 37% of the winter heating energy cost was reduced in comparison with
the energy cost of the gas boiler. Therefore, the cost assessment showed that the heat
pump using power plant waste heat water was the most economical in terms of
operation cost.
3.3 Life Cycle Cost Analysis
Table 3. Cost/Benefit analysis for the Cases (Unit : 1,000￦, $, ha)
Description
Equipment
cost
Annual
reduction
in energy
expenses
Payback
period

Case2
1,000,000
($976,086)

Case3
1,000,000
($976,086)

Case4
1,000,000
($976,086)

Case5
1,000,000
($976,086)

Case6
1,300,000
($1,268,912)

123,290
($120,342)

130,080
($126,969)

124,950
($121,962)

127,290
($124,246)

127,870
($124,832)

8.11 yr.

7.69 yr.

8.00 yr.

7.86 yr.

10.17 yr.

Table 3 shows the initial investment payback period of the heat pumps for each heat
source, as analyzed by the LCC analysis in comparison with the gas boiler. Although
more initial cost is required to install the heat pumps for each heat source in a largescale horticulture facility, since the operation cost represented by the energy cost was
lower, the facility cost payback period was about 7.69 years in the case of the heat
pump using power plant waste heat water and about 10.17 years in the case of the heat
pump using geothermal heat. The initial investment payback period of the heat pump
using geothermal heat was longer than that of other heat pumps because the
investment cost was higher due to the cost for installing an underground heat
exchanger. On the other hand, since the cooling energy was not taken into account in
the analysis of the present study, the payback period may be much shorter than the
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analyzed values as the application of the heat pumps enables cooling in summer,
increasing production and saving cooling energy. In addition, since the heat pump
facilities are semi-permanent, when the initial facility investment is resolved, longterm and stable cooling and heating energy supply may be realized for individual
farms, resulting in efficient agricultural production.
4. CONCLUSION AND IMPLICATIONS
The present study considered heat from air, power plant waste, sea water, river water,
and geothermal, which are the available alternative energy sources, as heat source for
heat pumps that can be installed in a large-scale horticulture facility. In addition, the
electricity cost according to the electricity consumption by the heat pump using each
heat source was compared with the gas cost of a general gas boiler to analyze the
economic feasibility. The conclusions made on the basis of the analysis are as follows:
(1) The performance of a general gas boiler and heat pumps for each heat source was
analyzed. With respect to the heat pumps for each heat source, the COP of the heat
pump using air heat was 3.11, for power plant waste heat water was 5.31, for sea
water was 3.54, for river water was 4.31, and for geothermal heat was 4.49, indicating
that the heat pump using power plant waste heat water has the best performance.
(2) The gas consumption by the gas boiler and the electricity consumption by the heat
pumps for each heat source were analyzed for the winter season. The gas consumption
by the gas boiler was 1911.21 MWh. The electricity consumption by the heat pumps
for each heat source was 450.02 MWh, 287.95 MWh, 410.43 MWh, 354.72 MWh,
and 340.85 MWh, in the order of air heat, power plant waste heat water, sea water,
river water, and geothermal heat. The result indicated that the energy consumption
was the lowest for heat pump using power plant waste heat water, since the
temperature of power plant waste heat was higher and the energy loss by the
compressor was lower.
(3) The current energy unit price was applied for analyzing energy consumption. The
gas cost in winter was 143,418,000 KRW ($139,988.3). The electricity cost in winter
was 20,126,000 KRW ($19,644.7), 13,335,000 KRW ($13,016.1), 18,467,000 KRW
($18,025.4), 16,133,000 KRW ($15,747.2), and 15,551,000 KRW ($15,179.1) in
Cases 2 to 6, respectively. It shows that, compared to gas cost of general gas boiler, up
to 91% of heating energy cost was reduced by using heat pump using palnt waste heat
water having the highest efficiency.
(4) The initial cost and operation cost were analyzed to calculate the investment cost
payback period. In comparison with the gas boiler, the investment cost payback period
of the heat pump using air heat was about 8.11 years, one using power plant waste
heat water was about 7.69 years, using sea water and river water was about 8.00 years
and about 7.86 years, respectively, and the one using geothermal heat was about 10.17
years. The heat pump using geothermal heat showed the longest investment cost
payback period due to the initial investment cost increased by installation of an
underground heat exchanger.
The present study did not include cooling energy saving analysis. The investment cost
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payback period may be much shorter than the values presented in this study. Future
integrated studies may be conducted to perform a more precise analysis in order to
provide fundamental data for increasing the efficiency of agricultural production.
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