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Abstract Current building procedures seek to minimize external air supplies to reduce the energy consumption of air
conditioning, resulting in a high dependency on mechanical ventilation. We therefore studied an economizer-cycle system,
whereby the introduction of external air saves energy. We analyzed different economizer-control methods, addressing mixed-air
temperatures and outdoor-air fractions according to outdoor-air temperatures; also, we analyzed the energy consumption of
the three economizer-cycle control types using detailed EnergyPlus simulation modeling. A differential enthalpy control method
showed a lower energy consumption range from 5.8% to 6.2% than that of other methods during the simulated period.
A differential dry-bulb control method showed a 12.7% lower energy consumption than the no-economizer method in the
intermediate period, but also showed 7.1% more energy consumption during the summer period. When latent heat was not
removed due to high summer humidity, we found a significant level of resultant energy consumption.
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Fig. 1 Economizer control method.”
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Fig. 2 Outside air flow rate by economizer cycle.(6)
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Table 1 Input condition of simulation

Division Content Reference

Program Energyplus v.6.0

Terminal unit VAV with reheat
Model AHU Single variable-speed -
System Chiller Centrifugal
Boiler Gas fired

Minimum Outdoor
Airflow Rate

7.62 E-04 m'/s/m’ ASHRAE 62.1

223 m’/P
Internal People (sensible 65 W/P, ASHRAE""
Heat latent 54 W/P)
Gain  Lighting 10.8 W/nr ASHRAE""
Equipment 11 W/mt ASHRAE"”
S;gr’;);‘t Cooling 26T (Apr~Oct)  KEMCO

Table 2 Economizer control type(s)

Type Content
The economizer will not operate and the
No . .
. outdoor airflow rate will be at the
Economizer

minimum for the entire simulation

The economizer will trigger the outdoor
Differential airflow to minium when the dry-bulb
Dry Bulb temperature of outdoor air is higher than

the dry-bulb temperature of the return air

When the enthalpy of outdoor air is
Differential greater than the enthalpy or the return air,
Enthalpy the outdoor air flow rate is set to
minimum
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Fig. 4 Temperature and humidity of the outdoor air
and return air.

Table 3 Enthalpy of the outdoor air and return air

Hour 8h 9h 10h Ilh 12h 13 h

OA(kJ/kg) S51.7 520 533 548 564 575

RA(kJ/kg) 485 486 48.6 488 489 49.1

Hour 14h 15h 16h 17h 18h

OA(kJ/kg) 579 58.1 583 59.0 59.3

RA(kJ/kg) 493 49.4 49.5 49.6 49.5
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Fig. 5 Mixed air enthalpy and enthalpy removal
amount by AHU.
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according to the outdoor air temperature.
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Table 4 Monthly total electricity consumption(ﬁ)

No Differential ~ Differential

Economizer Dry Bulb Enthalpy

Apr.(kWh) 2,019.5 1,123.4 1,123.4
May(kWh) 4,298.3 3,650.0 3,645.4
Jun.(kWh) 6,402.4 6,496.7 6,164.3
Jul.(kWh) 11,698.0 12,794.1 11,695.0

Aug.(kWh) 13,778.3 14,835.9 13,778.2
Sep.(kWh) 6,531.0 6,590.5 6,256.0
Oct.(kWh) 3,532.1 2,944.3 2,944.3
Total(kWh) 48,259.6 48,434.9 45,606.6

Table 5 Electricity consumption in cooling period(é)

No Differential Differential
Economizer Dry Bulb Enthalpy
Intermediate
period 16,381.0 14,308.2 13969.0
(kWh)
Summer period
31,878.6 34,126.7 31637.5
(kWh) ’ ?
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