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ABSTRACT

The energy transition from fossil fuels to renewable energy technologies is getting important to
achieve carbon neutrality in 2050. This research investigated the energy saving potential of
simultaneous heating and cooling heat pump based next generation district heating and cooling
systems for a zero energy community. For this purpose, four university campus buildings in
Seongnam-si, Gyeonggi-do was selected as a case study. In this paper, the campus thermal load
and electric energy consumption was modeled by DesignBuilder software, and Design-Expert
software was used to calculate the COP of heat pump. As a result, it was found that the proposed
heat pump integrated with district heating and cooling system can reduce 23.0% of electricity
consumption compared with a conventional air source heat pump system and 9.5% of that
compared with ground source heat pump system, respectively.

F20] : SHT A, SAYHY, SIEHE, S HET, AHA A =204

Keywords: 5th generation district heating and cooling, simultaneous heating and cooling, heat
pumps, thermal networks, campus zero energy
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Figure 1. 5th generation district heating and cooling system overview
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Figure 2. Overview of a simultaneous heating and cooling heat pump system
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Table 1. COP of heat pumps for simulation cases

ASHP ASHP ASHP GSHP GSHP GSHP SHCHP SHCHP SHCHP
Heating DHW  Cooling Heating DHW Cooling Heating DHW  Cooling

COop 2.0 2.0 34 2.4 24 39 2.4 2.4 2.82

COP=+10.61907 — 0.25795* Tppp +0.161516* Ty p— 0.001749 (1)
* TCO]VD* TEVAP+ 0-001967* TCOJVDQ - 0-00048* TEVAPZ

P ASHP,GSHP — P ASHP,GSHP(Heating) +P ASHP, GSHP(Cooling) (2)
+P ASHP,GSHP(DHW)

P o QASHP, GSHP(Heating) (3)
ASHP, GSHP(Heating) COP, SHP, GSHP(Heating)

QA SHP, GSHP(Cooling)

P, . ng) = “4)
SHP, GSHP(Cooling)
cor ASHP, GSHP(Cooling)
_ QASHP7 GSHP(DHW)
Pysup asup(prw) = COP ()
ASHP,GSHP(DHW)
PSHCHP = PGSHP(Heating) + PGSHP(Cooling) + PGSHP(DHW') (6)
+ PSHCHP(Heatin,g + Cooling+ DHW)
P . QSHCHP(COUIM;])
SHCHP(Heating + Cooling+ DHW) — COP (7)
SHCHP
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Table 2. Target building information

Floor area (m?) Total (m?) Capacity (people) U-Value (W/m*-K)
Dormitory 1 1,814.4 9,072.0 636 0.35
Dormitory 2 3,246.2 16,231.0 996 0.35
Dormitory 3 3,198.6 15,993.0 704 0.35
Al Eﬁ‘;ﬁgmg 3,730.5 18,652.5 500 0.35
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(a) Overview of the Campus site
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(b) Modeling with DesignBuilder

Figure 5. Site overview and modeled buildings
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Table 3. Peak thermal loads of buildings

Cooling load Heating Load DHW load
kW kW/m’ kW kW/m® kW kW/m®
Dormitory 1 3944 4.4 106.0 1.1 97.2 1.1
Dormitory 2 516.1 32 175.7 1.1 101.4 0.6
Dormitory 3 660.8 4.1 130.3 0.8 82.5 0.8
Al Engineering Building 867.8 4.7 384.1 2.1 97.9 0.5

@ Cooling @Heating BDHW
1,050

900
750

600

sl

Jan. Feb. Mar. Apr. May. Jun. Jul Sep. Oct. Nov.

Thermal load [MWh]

(a) Monthly thermal load of the three dormltory buildings

Figure 7. Heating, DHW, and cooling loads of simulation buildings
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