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ABSTRACT This study proposes an integrated operation model for a microthermal grid that combines building and greenhouse
demands near existing district heating networks. Unlike previous studies that have focused on urban buildings, the present study
addresses rural communities with greenhouse loads, which are characterized by high seasonal variability. The simulation results
indicate that seasonal thermal energy storage combined with solar heat can reduce primary energy consumption by up to 48%,
depending on the solar collector area. Furthermore, integration of district heating return water-based heat pumps provides an
additional 5-8% reduction, demonstrating the potential of the model as a low-carbon alternative for rural energy systems. The findings
highlight the technical feasibility and policy relevance of interconnected thermal grids in rural areas.

Key words Seasonal heat storage and utilization(#] & 7+ & #] %} 0] &), District heating return water based heat pump(A] &4 3]~ &
7|9t 8] EH i), Interconnected operation of thermal grids(& 18] = 7t A4 2-9), Solar thermal energy(E| ¥ <& ol U] A)),
Agricultural community(§& 7 E])

Nomenclature hy : frictional head loss, m
Enac : instantaneous stored heat in seasonal thermal Qua : solar radiation heat gain, Wh

storage tank, Wh Qi : heat loss through greenhouse roof, Wh

Qa : heat exchanged with soil, Wh
Qsw : lateral heat loss, Wh

EnacM : maximum instantaneous stored heat in seasonal

thermal storage tank, Wh
Q. : heat exchanged during ventilation, Wh

Professor, Department of Mechanical System Engineering, Qsst : surplus solar thermal energy, Wh
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Ve v Qroad : building heating demand (load), Wh
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Tel: +82-2-710-9489 Fax: +82-2-2077-7863 Quoss ¢ heat loss from thermal storage tank, Wh
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Qin : heat inflow into the space, Wh
Qout : heat outflow from the space, Wh

Subscript

CHP : cogeneration heat and power
COP : coefficient of performance

DH : district heating

DHN : district heating network

RT : refrigerating ton

SPF : seasonal performance factor
STES : seasonal thermal energy storage

SOC : state of charge
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Fig. 2. lllustration of the simulation procedure for micro thermal
energy system design™
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Fig. 4. Profiles of operational temperature of district heating
network
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Fig. 3. Operational schemes by heat supplying facility for
interconnected operation of thermal grids
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CHP Plant

Fig. 5. Schematic overview of a constant—temperature heat
exchange process utilizing district heating return
water for heat pump operation
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(a) Year—round daily heating load profile
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(b) Day averaged hourly heating load profiles by month
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(c) Year—round hourly heating load profile synthesized from
(a) and (b)

Fig. 7. Schematic overview of synthesizing (c) from (a) and (b)
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Table 1. Basic building’s information and anticipated energy Table 2. Simulation conditions by scenario
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Case | Case |l
Total Energy Loads Ve Solar Panel | # of H.P. for | Heat pump
Building A(:e‘z Heating Cooling Electricity Area (m?) | each building | Heat Source
Tige (m?) Max | Ann. | Max | Ann. | Max | Ann. Ref case 10.000 1 Water
(kwWh) | (GWh) | (kwWh) | (GWh) |(kWh)| (GWh) : ’ (Lake etc.)
Apartment [125,000| 6,288 | 16,22 | 511 0.11 | 897 | 5.74 Scenario 1 20,000 1 DH riturn
Office | 8,000 | 849 | 0.56 | 1,075 | 0.46 | 266 | 1.02 water
) . DH return
Commercial| 50,000 | 2,846 | 0.91 |14,323| 15.90 [4,564 | 17.60 Scenario 2 30,000 2 water
Greenhouse| 10,000 | 1,404 | 5,76 — — 174 | 0.95 DH return
sum  |193.000(11.387| 23.5 [15.909] 16.47 |5.901] 25.31 Scenario 3 40,000 3 water
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Table 3. Technical Specification for main energy facilities

Facility Main Parameters Remarks
Capacity: 250
(USRT)
HP. Cutoff load ratio:
60%

Annual solar heat
generation profile
applied (see Fig, 10)

Installation areas

Solar Panel o
(m”)

Seasonal . — Single Storage Tank
Installation Volume .
Heat Storage () — Heat loss rate:
(Solar Heat) 0.005 (%/h)

B H.P. Supply == DH Supply
3000 {1

6000 | | \‘“

4000

2000

Heat production (Mcal/h)

0
0 1000 2000 3000 4000 5000 6000 7000 8000

Time(hr)
(a) Heat supply by facility (H.P. vs. DH)

Number of operation H.P.

0
0 1000 2000 3000 4000 5000 6000 7000 8000
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