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ABSTRACT

KEYWORD

Purpose: In the building sector, carbon emissions account for approximately 38% of the whole industry, hence ~ 2|Z
solutions to reduce carbon emissions are needed. In order to achieve reduce carbon emissions, the use of renewable
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0f| LA 2| Ik

energy sources is essential, and quantitative calculation of the environmental load of renewable energy systems is ~ gay A~
necessary. Therefore, in this study, the performance analysis and carbon emissions calculation of the vertical heat  znpzm 7t
exchanger (VHEX) system and the Energy Pile (EP) System were conducted. Method: The system's performance

evaluation was conducted using dynamic energy simulation, and carbon emissions were calculated using the Life
Cycle Assessment method based on ISO 14040. Result: As a result of the performance analysis, the VHEX system

Ground Source
Vertical Heat Exchanger
Energy Pile

showed improved performance in both heating and cooling periods. As a result of the carbon emissions analysis, it ~ TRNSYS

is determined that the EP system can reduce emissions by approximately 19% in the manufacturing stage,

Life Cycle Assessment

approximately 99% in the construction stage, and 27% in the disposal stage compared to the VHEX system.

Overall, the system performance of the VHEX system is higher than that of the EP system, but in terms of the
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environmental load, it is believed that the EP system can reduce the carbon emissions by about 1.2% compared to ~ Received Nov. 5, 2023

VHEX system.
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(a) VHEX system
Fig. 1. System diagram

(a) Simulation
Fig. 2. Building

building model

load model

Energy load (kWhm?)

il

Energy Pile 10 ~25m
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Table 1. Component conditions in TRNSYS 18

Component Parameter Specification
Borehole depth 150m
VHEX Quantity 2EA
Flow rate 60LPM
Borehole depth 15m
Energy pile Quantity 20EA
Flow rate 60LPM
Type Water-to-water
Capacity 20kW
Heat pump -
Heating COP 34
Cooling COP 4.2
Circulating Flow rate 60LPM
pump Power 0.14kW
Capacit, 22kW
FCU ey
Power 0.35kW
Volume 0.5m’
HST
Set temperature 45°C
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Table 2. Carbon emission results

in LCA stages

Production stage

System Component Materials Unit [kg] LCI DB [kgCO»-eq/unit] Emission [kgCO,-eq] Total [kgCO,-eq]
Polyethylene 180 2.03 365
GHEX Et'hylent'z glycol 102 1.37 140
Reinforcing steel 33 3.19 105
VHtEX : : : : 1,527
e Steel 190 3.18 604
GSHP
Copper 44 4.57 201
Energypile HDPE 166 2.03 338
Ep Steel 190 3.18 604
GSHP Copper 44 4.57 201 1,223
system
Elastomere 20 2.03 41
Construction stage
System Machine Capacity | Energy type | Unit [L/hr] | Hour | LCI DB [kgCOs-eq/unit] | Emission [kgCO»-eq] Total [kgCOr-eq]
Borin Borehole
maochi fe diameter | Diesel oil 90 8 2.59 1.872
VHEX 1000mm 2,102
system I pxcavator 6ton | Diesel ol 20 4 2.59 209
Truck lton Diesel oil 1 2.59 20
EP Pile driver 1.5ton Diesel oil 20 2.59 -378 20
system Pipe welder 1kW Electricity 1 1 0.49 0.5
Operation stage
LCI DB Emission
System Component EA cil Power [kKW] Ene) Power use [kKWh] . Total || -€
Yy > Capacity i [kgCOreq/unit] | [kgCOx-eq] KeCOred
Circulating |5 61 pm 0.14 Electricity 1,221 0.49 598
pump
VHEX | Geothermal ||\ | oo | 403371 | Electricity 5,030 0.49 2,465 3,445
system heat pump
F aﬁniml 1| 20kw 0.35 Electricity 780 0.49 382
Circulating |5 ¢ pm 0.14 Electricity 1,242 0.49 609
pump
EP Geothermal ||\ 0w | 493371 | Electricity 5,177 0.49 2,537 3,529
system heat pump
Fan coil 1| 20kw 0.35 Electricity 784 0.49 384
unit
Disposal stage
System Phases Component Materials Unit [kg] | LCI DB [kgCO»-eq/unit] Emission [kgCO;-eq] Total [kgCO,-eq]
i ) GHEX Polyethylene 180 341 614
ncineration
VHEX Cement 33 1.80 59 879
system
Incineration Energypile HDPE 166 3.41 568
EP Landfill GSHP Elastomere 20 1.98 40 639
system
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Table 3. Carbon emission results

VHEX system EP system
LCA stage 1 year | 20 years 1 year 20 years
operation | operation | operation operation
Production (A) 1,527 1,527 1,223 1,223
Construction (B) 2,102 2,102 20 20
Operation (C) 3,445 68,904 3,529 70,589
Disposal (D) 879 879 639 639
Total 7,954 73,412 5,411 72,471
4000 SVHEX System 75,000 DVHEX System

WEP System

WEP System
? 60,000

30,000

CO2 emission (kgCO2-cq)
€O, emission (kgCO,-eq)
&
2
8

15,000

LCA stages 1 year operation 20 years operation

(a) LCA stage results (b) LCA total results

Fig. 5. Carbon emission result comparison
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