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ABSTRACT KEYWORD

Purpose: This study aims to quantify the impacts of CO, concentration setpoint selection in demand-controlled 2240 t7|
ventilation (DCV) systems on indoor air quality (IAQ) and energy performance in office buildings. Although Ol LSt 7[5 ]3| Of
CO»-based DCV has been widely applied to reduce ventilation energy, the effects of different setpoints and HVAC o7 g o
) CONTAM-EnergyPlus ¢4 A| 820
deadband ranges on pollutant reduction capability and overall HVAC energy consumption have not been
sufficiently clarified. Method: A coupled simulation approach integrating CONTAM and EnergyPlus was  Demand-Controlled Ventilation (DCV)
employed to analyze CO, concentration behavior, ventilation demand, and HVAC energy consumption. Amedium ~ CO>-Based Ventilation
office reference building consisting of four perimeter zones and one core zone was modeled under Seoul climate HVAC Energy Performance . .
Coupled CONTAM-EnergyPlus Simulation
conditions. Four ventilation control scenarios were evaluated: a baseline constant ventilation case, a fixed CO,
setpoint of 1000ppm, and two deadband-based DCV strategies of 900~1000ppm and 800~1000ppm. Zone-level A CCEPTANCE INFO
CO; concentrations, ventilation airflow rates, and annual cooling, heating, and fan energy consumption were  Received Jan. 20, 2026
assessed. Result: The results indicate that all COy-based DCV strategies maintained indoor CO, concentrations ~ Final revision received Jan. 30, 2026
within acceptable limits. Lower CO; setpoints resulted in improved air quality, with the 800~1000ppm strategy ~ ‘ccepted Feb. 5, 2026
achieving the best IAQ performance. From an energy perspective, the fixed 1000ppm control achieved the largest
reduction in total HVAC electricity, saving approximately 5.9% compared to the baseline. This was primarily
driven by a 46.7% decrease in fan energy, while heating energy was reduced by 2.7~4.1%. In contrast, cooling
energy exhibited only marginal changes within +1%. This study highlights the need to select CO, control criteria
based on building operation.
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Fig. 1. A modeling of medium office building

Table 1. Simulation condition of reference building (the medium
office building)

Component Features

Building type

Medium office

Total building area 4982 (m?)
Weather data and TRY Seoul

Site location (latitude: 37.57°N, longitude: 126.97°E)
Operation schedule 09:00~18:00

Lighting 6.0 (W/m?)
People 18.58 (m%person), 1 met
Plug and Process 8.0 (W/m?)
Wall 0.168, Roof 0.131,

Internal gain

Envelope Floor 0.189 (W/m*K)
Window 1.29 (W/m*K) SHGC 0.581
SetPoint Cooling 26 Heating 20 (°C)
Infiltration 0.3 ACH
HVAC VRF, HRV

1/1~12/31
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.................

Convert
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Fig. 2. Coupling framework between CONTAM and EnergyPlus for
CO;-based ventilation control and energy simulation
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Table 2. Floor area, ceiling height, and calculated volume of each
zone used in the CONTAM simulation model
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Table 3. Calculated occupancy, ventilation rate per person,
required ventilation rate, and design airflow rate for each zone

Case Area (m’) Height (m) Volumn (m®)
Core zone 983.54 2.74 2697.8
Perimeter zone 1 207.34 2.74 568.73
Perimeter zone 1 131.26 2.74 360.04
Perimeter zone 1 207.34 2.74 568.73
Perimeter zone 1 131.26 2.74 360.04
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Number | "SR | ettt | o
Case of P
cople person rate rate
PEOPIE | (¥ /person.h) | (m¥h) (m*/h)
Core zone 53 29 1537 1600
Perimeter zone 1 12 29 348 350
Perimeter zone 1 8 29 232 250
Perimeter zone 1 12 29 348 350
Perimeter zone 1 8 29 232 250
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Fig. 3. Schematic of the building layout and integrated COr-based
ventilation control sensors in the CONTAM simulation model
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Table 4. Summary of COr-based ventilation control scenarios

CO; setpoint | Deadband Control Maximum
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(ppm) (ppm) strategy g
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control
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Fig. 4. Time-series variations of indoor CO; concentrations in the
core and perimeter zones under general ventilation without
CO;-based control
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Fig. 5. Time-series variations of indoor CO; concentrations in the
core and perimeter zones under COr-based ventilation control with
a fixed setpoint of 1000ppm
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Fig. 6. Time-series variations of indoor CO; concentrations in the
core and perimeter zones under COs-based ventilation control with
a narrow deadband (900~1000ppm)
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Fig. 7. Time-series variations of indoor CO, concentrations in the
core and perimeter zones under CO»-based ventilation control with
a wide deadband (800~1000ppm)
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Table 5. Zone-averaged daily mean CO, concentrations under
different ventilation control scenarios

Zone Case 1 Case 2 Case 3 Case 4
Core 842.61 889.91 824.48 765.30
Perimeter 1 684.27 758.17 718.29 678.64
Perimeter 2 703.03 783.63 743.36 706.25
Perimeter 3 732.76 800.05 753.98 703.62
Perimeter 4 650.68 737.41 704.26 663.37
Mean 722.67 793.83 748.87 703.44

Table 6. Zone-averaged CO, concentrations during occupied periods
under different ventilation control scenarios

Zone Case 1 Case 2 Case 3 Case 4
Core 915.80 984.36 927.14 861.62
Perimeter 1 824.28 959.72 913.92 860.11
Perimeter 2 806.24 967.77 921.37 872.60
Perimeter 3 844.64 969.98 920.40 866.50
Perimeter 4 783.71 957.58 912.85 865.46
Mean 834.93 967.88 919.14 865.26
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Fig. 8. Time-series variation of air flow rate under general

ventilation with a constant air flow rate during the occupied period
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Fig. 9. Time-series variation of air flow rate under COj-based
ventilation control with a fixed setpoint of 1000ppm
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Table 7. Comparison of cumulative, average, and maximum outdoor
air flow rates under different CO>-based ventilation control scenarios

Table 8. Monthly and annual cooling energy consumption under
different CO»-based ventilation control scenarios

Zone Case 1 Case 2 Case 3 Case 4 Month Case 1 Case 2 Case 3 Case 4
Curmilative Jan 0.00 0.00 0.00 0.00
ventilation air 25200 | 174083 | 19827.5 | 23675.8 Feb 0.00 0.00 0.00 0.00
volume (m’/day) Mar 0.00 0.00 0.00 0.00
Average ventilation | g, 19343 2185 2627.9 Apr 0.00 0.00 0.00 0.00
air flow rate (m’/h)
_ May 308196 | 313530 | 313522 | 3127.88
Maximum
ventilation air flow | 2800 2800 3420 4190 Jun 554381 | 555515 | 555946 | 5574.62
rate (m*/h) Jul 743748 | 7392.04 | 742491 | 748054
Aug 10439.07 | 10348.36 | 1039074 | 10449.78
HhH  CO, 7|8 DCV7 2A-2% Case 258 Case 49]A1= 14 Sep 5072.77 5095.56 5101.87 5116.74
Sh7] MPA] HH] -7 9]7]ko] @A|3] ZHASHe AGES Bolth E5] Oct 0.00 0.00 0.00 0.00
No 0.00 0.00 0.00 0.00
Fo HEWNES A8 Case 2004e sH F& 9f7]|F] - 0.00 0.00 0.00 0.00
Dec . . . .
17.408m’/day Case 1 ¥] of 31% #&stAov, Bt V1% Total 31575.08 | 3152641 | 3161220 | 31749.57
ota B K . .
T3 1,934m’/h2 71 WA Uebytt o= CO, 5 =7} 51ekgt o
- S & ~ ] Uf)r"‘q °! : :— l} akel Percentage (%) B -0.15% 0.12% 0.55%
St FA EE 7oA 8] SHo] JAEHA EL Qe oy = Unit: kWh
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Z|tf ZEF2 Case 39| A] 3,420m’/h, Case 49 4] 4,190m*/h7}7] &
7Felitt. ol= F& CO; 555 H B2 #Eo= fAs17] H5)
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Table 8. Ao] Alu2| Qo] whg L W o | 2] AH|Fat 7
A HES Uehdoh I 212 F2 5Y7E 997] TAsHil e
o, 393} 11€ell= AlE A of iﬁ of wheh B Alute] @ of| A ¥
o] TAYskA] ehgtt. A% W ol 2] M 7]<% Case 1 T
H| Wt 2H7)5F A} 5 IOOOpme_E A3t Case 204 oF
0.15% ZrA3t §HH, o1st H %5 900ppm % 800ppm o= A4St
Case 33 Case 49X+ 242 0.12%$} 0.55% S 7Fokdet. Thet Al
e 7H @ oy 7] Atol= £1% ol & AgHA ol gitt.
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Table 9. Monthly and annual heating energy consumption under
different COs-based ventilation control scenarios

Month Case 1 Case 2 Case 3 Case 4
Jan 6379.90 6176.31 6198.02 6254.53
Feb 3858.54 3708.17 3723.58 3758.92
Mar 1214.00 1117.64 1125.80 1144.11
Apr 327.50 301.19 302.85 307.22
May 0.00 0.00 0.00 0.00
Jun 0.00 0.00 0.00 0.00
Jul 0.00 0.00 0.00 0.00
Aug 0.00 0.00 0.00 0.00
Sep 0.00 0.00 0.00 0.00
Oct 0.40 0.27 0.28 0.29
Nov 1029.19 94431 950.19 964.36
Dec 4685.93 4523.46 4541.59 4587.76
Total 17495.44 16771.35 16842.29 17017.18
Percentage (%) - -4.14% -3.73% -2.73%
Unit: kWh
S7Fste At detdetl, @713 Hastele g 5 Adlel
WA dof YrkRel 2-gshi A, 971 ol Rt Wz a3t
A7) Wl Ao g whE o] & Aol A Economizer
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& HlES depdd dd oy e F2 1~443 10~1280] T4
ste, e CO, 7N &7]A o] Alute| Lol 7]& Alute] 2 of
H] A A A Btk a7 $ olu A AH|ER2 Case 200
A oF 4.14% #astol 718 2 A4 EE UeHle ™, Case 334
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Table 10. Monthly and annual ventilation fan energy consumption ‘ H Cooling D Heating DFan
under different CO,-based ventilation control scenarios — 60000
Month Case 1 Case 2 Case 3 Case 4 E’? 50000 s5.89% [ 5.20% b 336%
Jan 440.82 234.89 249.53 311.73 é‘ 40000
Feb 400.74 213.54 226.85 283.40 é 30000
Mar 460.86 245.57 260.87 325.90 g o000
Apr 400.74 213.54 226.85 283.40 2
May 460.86 245.57 260.87 325.90 s 1000
Jun 440.82 234.89 249.53 311.73 = 0 Case 1 Case 2 Case 3 Case 4
L 42078 224.22 238.19 27.57 Fig. 12. Comparison of annual total HVAC electric energy
Aug 460.86 245.57 260.87 325.90 consumption by end use under different CO>-based ventilation
Sep 420.78 224.22 238.19 297.57 control scenarios
Oct 440.82 234.89 249.53 311.73
Nov 440.82 234.89 249.53 311.73 ol Axtaart o 711, Eo] W oy z|oA o & A3 23kE YE
Dec 400.74 213.54 226.85 283.40 Wt A A7 HVAC v 7] o] 2 a1e a7 i
Total 5189.64 | 276535 2937.65 3669.97 2 432 oy Ao g Feld & it} o]= CO, 7|4t
Percentage (%) - -46.71% -43.39% -29.28% DCV7} 9st= 4290 AASH A2/ 2 SASTHA L oA
Unit: kWh L o = ele oF 2~ 9l
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