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ABSTRACT

Deciding whether to use an economy cycle and then whether to use a temperature-based or an en-
thalpy-based economy cycle is a problem that many HVAC designers face today. The controversy
about ,which type of economy cycle should be used was demonstrated at a recent ASHILAE meeting
when one author recommended the use of enthalpy-based economy cycles (Sud 1984) while another
discouraged their use in favor of temperature-based economy cycles (Haines 1984.) This study
quantitatively examines the potential energy savings for two prototypical buildings due to
both types of economy cycles. This was done in a systematic manner in order to give designers
the guidance that they need.

Two different buildings, one more core-dominated than the other, were studied at five
different locations, using the Building Loads Analysis and System Thermodynamics (BLAST) pro-
gram (Hittle 1979). Two different types of systems, terminal reheat and variable air volume
(VAV), were simulated, each with and without economy cycles. For all locations except
Houston, the temperature-based economy cycle achieves most of the savings that can be achieved
by the enthalpy-based economy cycle.

INTRODUCTION

The use of economy cycles is a popular means of saving energy in HVAC systems. Basically, an
economy cycle involves bringing in excess outdoor air in order to utilize "free" cooling when
the outdoor temperature is low enough. Two means of deciding when to bring in excess outdoor
air were studied. The first is based on a comparison of the outdoor air and return-air dry-
bulb temperatures. If the outdoor-air temperature is colder than the return-air temperature,
then outdoor air is used to the extent necessary to maintain the mixed-air temperature as
close as possible to the controller’s set point. If the outdoor-air temperature is higher
than the return-air temperature, minimum outdoor air is used. The enthalpy economy cycle is
similar, but it compares the outdoor-air and return-air enthalpies.

The subtle advantage of the enthalpy economy cycle is that it keeps the outdoor-air
damper at its minimum position under those conditions when the outdoor temperature is cooler
than the return-air temperature but the outdoor humidity is so high that the enthalpy of the
outdoor air is higher than the enthalpy of the return air. Therefore, we can expect the en-
thalpy econom.y cycle to have advantages in climates where it is often moderate but very humid
during the daytime operating hours of the buildings. The enthalpy economy cycle also allows
the continued use of outdoor air if it is warmer than the return air but so dry as to have
lower enthalpy. This may or may not be advantageous and will be discussed later in the
paper. If neither of these conditions occurs frequently, temperature alone will be a suitable
indication of enthalpy .....
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Temperature-based economy cycles use some type of temperature sensor, such as a platinum
resistance temperature detector (RTD). Enthalpy economy cycles require both a temperature
sensor and some type of humidity sensor. Sensors used for temperature are, in general, simp-
ler and much more reliable than those used for measuring humidity. Humidity sensors, on the
other hand, tend to drift from calibration and have extensive maintenance requirements. Prob-
lems with humidity sensors and enthalpy economy cycle controls are discussed by Hittle and
Johnson (1985).

A study of the effects of sensor errors on building energy performance (Kao and Pierce
1983) demonstrated that moderate humidity sensor errors (10 F error in dew point temperature)
can cause significant increases (up to 13%) in system energy consumption. An increase 
system energy consumption of this m~gnitude will negate any additional savings obtained by us-
ing an enthalpy-based economy cycle-instead of a temperature-based economy cycle. This find-
ing highlights the need for an extremely accurate humidity sensor if one wishes to use an en-
thalpy economy cycle.

The objective of this study was to determine potential energy savings that could be
achieved by temperature-based economy cycles and enthalpy-based economy cycles. The potential
energy savings were determined through simulation, using the Building Loads Analysis and
System Thermodynamics (BLAST) program (Hittle 1979).

The first step in this study was to select two prototypical buildings. Five locations in
the United States were chosen, and both buildings were simulated in each of the five loca-
tions. For each building/location, six systems were simulated: (1) a terminal reheat system
with no economy cycle, (2) a terminal reheat system with a temperature economy cycle, (3) 
terminal reheat system with an enthalpy economy cycle, (4) a VAV system with no economy cycle,
(5) a VAV system with a temperature economy cycle, and (6) a VAV system with an enthalpy econ-
omy cycle. The economy cycles simulated in this study are idealized economy cycles. No ac-
counting is made for potential errors in temperature sensors, humidity sensors, or control-
lers.

PROTOTYPE BUILDINGS AND SYSTEMS

Building/Sites

The first building studied was a dental clinic and was intended to be typical of a smal~
office2building. The dental clinic is a single-story building with approximately 9000 ft~
(836 m ) of floor space. The building occupancy, lighting and electrical loads are typical 
small office buildings. The second building was intended to be typical of a large multi-story
office building and was ap~ly desigF~ted "large office building." The large office building
has 20 floors of 22,500 ft ~ (2091 L) each, t hough o nly o ne f loor i s s imulated, a nd t he r e-
sults are multiplied by 20 to get the correct order of magnitude. The building occupancy,
lighting, and electrical loads are at the upper limit of what might be considered typical for
a large office building. The buildings have been described in detail in a university report
by Spitler (1985). As discussed in that report, the large office building is considerably
more "core-dominated" than the dental clinic. The practical effect that this has on economy
cycles will be developed later.

Both buildings were simulated in Phoenix, AZ; Houston, TX; Columbia, MO; Colorado
Springs, CO; and Minneapolis, MN. A brief description of each climate is given in Table I.
It was intended that these sites be typical of different climates throughout the U.S.

Systems

Two types of HVAC systems were simulated: a constant volume terminal reheat system (TRH)
and a variable air volume (VAV) system with baseboard convectors. The terminal reheat system
has a cold deck temperature of 55 F (12.8°C) while the VAV system has a cold deck temperature
of 59 F (15°C). The VAV system uses an AC inverter for flow modulation. Both systems were
assumed to run from 7 a.m. to 5 p.m., Monday through Friday, when the buildings were oc-
cupied. No cooling Was done when the buildings were unocCupied. However, the heating was as-
sumed to be turned on at night when required to keep the buildings at the setback temperature,
60 F (15.6°C). The terminal reheat system’s outdoor air dampers were shut at night, but leak-
age was accounted for by assuming that 10% of the total flow was outdoor air.
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RESULTS

Overview

The results from the simulations are tabulated in Table 2. The savings in cooling energy
that can be achieved by a temperature economy cycle vary between 6% for the dental clinic in
Houston, and 52% for the large office building in Colorado Springs. The idealized enthalpy-
based economy cycles provide additional savings, ranging between 10.2% and -0.44%.

Envelope vs. Core Domination

The first general trend that can be seen in these figures is that, for a given climate,
the large office building gets better performance from a temperature economy cycle than the
dental clinic. This is particularly true for climates where it gets cold in the winter
(Minneapolis, Colorado Springs, Columbia). This trend is caused mainly by the large office
building’s need for cooling throughout the year. Thus, we might extrapolate these results to
say that, as a building becomes ~ncreasingly core-dominated, the relative value of a temper-
ature economy cycle increases, provided there is ample climatic opportunity for free cool-
ing. The envelope vs. core domination of the dental clinic and large office building have
been discussed previously (Spitler 1985).

Reheat vs. VAV S s_Sy_~_~_e_m._s

Another trend that can be observed is that reheat systems seem to make better use of the
temperature-based economy cycle than the VAV systems. This is true for every building except
the Houston large office building. The most likely explanation for this trend is that, as the
outdoor temperature drops, the zone cooling load decreases. For the VAV system, the amount of
system airflow and the amount of cooling required (or saved) decreas. For the reheat system,
however, the system airflow remains constant, and the amount of cooling required (or saved)
does not decrease. Therefore, the reheat system shows more apparent savings, even though the
VAV system is already saving that cooling energy.

Dry Climate Effect

Looking at the idealized enthalpy economy cycles, we see savings of -0.19% and -0.44%.
Intuitively, it would seem that the worst performance the idealized enthalpy economy cycle
could achieve would be equal to that of the temperature economy cycle. However, careful
scrutiny of hour-by-hour results revealed the reason why an enthalpy economy cycle might per-
form slightly worse than the temperature economy cycle. As long as the cold deck is control-
led to a temperature and not an enthalpy, it is possible that the flow entering the cooling
coil with the lowest enthalpy will not necessarily cause the lowest cooling coil energy con-
sumption.

This can be demonstrated with a hypothetical example given in Table 3. If we compare the
return air and the outdoor air, we can see that the outdoor air has a higher temperature but
lower enthalpy than the return air. In this situation, the enthalpy economy cycle will select
100% outdoor air and the temperature economy cycle will select 20% outdoor air. Looking to
the entering conditions for each economy cycle, we see that the enthalpy economy cycle still
has the "advantage" of a slightly lower enthalpy than the temperature economy cycle. The flow
through the cooling coil is sensibly cooled (no water vapor condensed) for both economy
cycles. Looking then at the exit conditions, we can see that the enthalpy economy cycle still
has the lowest enthalpy, by a greater difference than before. Herein lies the problem. The
enthalpy economy cycle actually used more energy than the temperature economy cycle to cool
down to 59 F (15°C). It does have a lower humidity, so, in applications where the humidity 
also controlled, the enthalpy economy cycle may still have an advantage.

How often this problem actually occurs has not yet been determined. It apparently occurs
often enough to give the enthalpy economy cycle no extra advantage over the temperature-based
economy cycle in climates such as Colorado Springs. The degree to which it hampers the per-
formance of the enthalpy economy cycle in other locations could be determined by a special
hour-by-hour dump from BLAST. In the other dry climate examined in this study, Phoenix, the
additional energy savings is less than 2% for every building/system.



Despite the lack of quantitative information, we can make at least one qualitative
generalization. When only sensible cooling will be done regardless of the decision made by an
economy cycle (100% outdoor air or minimum fraction), the temperature economy cycle will
perform equal to or better than an enthalpy economy cycle. The reasoning behind this state-
ment and some more information on the performance of each economy cycle in different regions
of the psychrometric chart is given in Appendix Ao

Other Climates

In other locations, the performance of the enthalpy economy cycle ranges from fair, 3.76%
- 5.96% in Columbia and Minneapolis, to as high as 10% in Houston. The additional savings due
to the use of an enthalpy economy cycle can be found in the last column of Table 2. For
Columbia and Minneapolis the additional savings of the enthalpy economy cycle are small com-
pared to the savings due to the temperature-based economy cycle. Considering the poor reli-
ability of the enthalpy economy cycle, it is unlikely that these savings would be realized.
For Houston, the additional savings are greater than the savings due to the temperature-based
economy, cycle alone. Considering the small savings possible for an ideal economy cycle of
either type, it is questionable whether or not any economy cycle would be worthwhile. For the
temperature-based economy cycle, it would mostly be a matter of economics as to whether or not
the additional controls could pay for themselves. For the enthalpy economy cycle, it might be
wise to wait until more reliable humidity sensors are developed.

CONCLUSION

This study has led to the following conclusions.

Temperature-based economy cycles have potential for substantial cooling energy savings in
most climates, with the possible exception of hot, humid climates such as Houston,
Texas. In hot, humid climates, the use of an economy cycle is not recommended.

° For most locations with moderate humidity levels, the additional potential savings due to
the use of enthalpy economy cycles are small when compared to the savings due to temper-
ature-based economy cycles. Considering the unreliable nature of currently available
humidity sensors, it is unlikely that these savings could be realized. Therefore, temper-
ature-based economy cycles are recommended.

In dry climates, the additional potential savings due to the use of enthalpy economy
cycles are extremely small (negative in one case). It is recommended strongly that en-
thalpy-based economy cycles never be used in dry climates.
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APPENDIX A

Although it is often assumed that a working enthalpy economy cycle will always save energy
when compared to a temperature-based economy cycle, this is simply not true, as was
demonstrated in the main text. This appendix presents a qualitative analysis of how each type
of economy cycle performs under different conditions.

Whenever an economy cycle is used to control the amount of outdoor air brought in, there
will usually be some minimum fraction of outdoor air brought in to satisfy air quality
requirements. We are interested in whether the remaining air will be outdoor air or recircu-
lated return air and what the energy implications of the decision made by the economy cycle
controller will be. For the cases we are particularly interested in, those in which the en-
thalpy-based economy cycle and temperature-based economy cycle make different decisions, the
remaining air will either be all outdoor air or all return air.

Figures A--I and A-2 are psychrometric charts that demonstrate different possibilities.
In each figure the vertical dashed line represents the cold deck set point temperature. Re-
gardless of which decision is made, the air used for cooling will be brought to some point on
this line. The dark line with the arrow represents the psychrometric process that would occur
if return air was used. The starting point of that line represents the thermodynamic state of
the return air. The rest of the psychrometric chart represents possible thermodynamic states
for the outdoor air. The possible states are divided into regions depending on the decisions
made by each of the economy cycles. The two largest regions, i and 2, on each psychrometric
chart have the same decision made by either type of economy cycle and, hence, the same energy
consumption.

Figure A-1 is typical for a situation in which the moisture in the return air will not
condense when recooled to the cold deck set point temperature. Table A-1 summarizes what hap-
pens in each region. Of particular interest is region 3 in which the enthalpy economy cycle
brings in outdoor air. Outdoor air has lower enthalpy than the return air, but it takes more
energy to cool it down to the cold deck set point temperature. This is the region that causes
the relatively poor performance of the enthalpy economy cycle in dry climates. In regions 5
and 6, the enthalpy economy cycle also uses more energy.

In region 4, the enthalpy economy cycle does what it is supposed to do; it rejects overly
humid outdoor air. Whereas the temperature-based economy cycle will bring in outdoor air be-
cause the outdoor air is cooler, the enthalpy economy cycle will not bring in outdoor air be-
cause the outdoor air has a considerably higher enthalpy. In this case, it is the right de-
cision.

Figure A-2 represents a situation where the return air will need to be cooled both sens-
ibly and latently to reach the cold deck set point temperature. Each region of the figure is
described in Table A-2. This situation occurs often in non-arid climates, as well as in
buildings that have high moisture addition in occupied spaces. In this situation, the en-
thalpy economy cycle saves energy in every region except for region 3.

It should be kept in mind that these figures only show two discrete possibilities for re-
turn air conditions. These regions change in size and shape as the return air conditions
change. However, they do give a good qualitative idea of the implications of the use of each
type of economy cycle. Also, one other possibility presents itself here. Should accurate and
reliable humidity sensors be developed at some time in the future, it would be possible to use
a computer to determine whether it is better to bring in outdoor air or to use return air.
This decision could be based on the resulting energy use, rather than temperature or en-
thalpy. This might be called an ideal economy cycle.
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Site

Minneapolis, MN
Colorado Springs, CO
Columbia, MO
Phoenix, AZ
Houston, TX

Description

Very Cold
Cold, dry
Moderate
Hot, dry
Hot, humid

TABLE 1

Weather Sites

Heating
Degree-Days

8382
6423
5046
1756
1396

cooling
Degree-Days

894
531

1205
2334
2745
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TABLE 3

Comparison of Temperature and Enthalpy
Economy Cycles for Given Conditions

Return Air
Dry’bulb temperature 80°F (27.2°C)
Specific humidity (Ib/Ib) .00880
Relative humidity (%) 40
Enthalpy 29.1Btu/Ib

(67.8 kJ/kg)

Flow over Cooling Coil

Enthalpy
Economy Cycle

Frac. outdoor air 1.0

Entering conditions

Inlet dry-bulb -85°F (29.4°C)
Specific humidity (Ib/Ib) .00510
Relative humidity (%) 20
Enthalpy 26,2 Btu/Ib

Exit Conditions

Dry-bulb temp,
Specific Humidity (Ib/Ib)
Relative Humidity (%)
Enthalpy

(60.9 kJ/kg)

59°F (15,0°C)
.00510

48
19.9 Btu/Ib

(46.2 kJ/kg)

Enthalpy Difference 6,3 Btu/Ib
(14,7 kJ/kg)

Outdoor Air
85°F (26.7°C)

.00510
20

26.2 Btu/Ib
(60.0 kJ/kg)

Temperature
Economy Cycle

0.2

81°F (27.2°C)
.00806

36~
28.5 Btu/Ib

(66.4 kJ/kg)

59°F (15.0°C)
.00806

76
23.2 Btu/Ib

(53.9 kJ/kg)

5.4 Btu/Ib
(12.5 kJ/kg)
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Region

TABLE A-I

Description of Regions in Figure A-1

Description of Outdoor Air
(Compared to Return Air)

Temperature
Econ. Cycle
Chooses

Enthalpy
Econ. Cycle
Chooses

Cycle With
Lower Energy
Consumption

2

Lower enthalpy and
lower temperature

Higher enthalpy and
higher temperature

Lower enthalpy and
higher temperature

Higher enthalpy and
lower temperature
(outdoor air will

Higher enthalpy and
lower temperature

Higher enthalpy and
lower temperature
(outdoor air will

Outside

Return

Return

condense) Outside

Outside

condense) Outside

Outside

Return

Outside

Return

Return

Return

Same

Same

Temperature

Enthalpy

Temperature

Temperature

TABLE A-2

Description of Regions in Figure A-2

Region
Description of Outdoor Air
(Compared to Return Air)

Temperature
Econ. Cycle
Chooses

Enthalpy
Econo Cycle
Chooses

Cycle With
Lower Energy
Consumption

Lower enthalpy and
lower temperature Outside

Higher enthalpy and
higher temperature Return

Lower enthalpy and
higher temperature Return

Higher enthalpy and
lower temperature
(outdoor air will condense) Outside

Lower enthalpy and
higher temperature Return

Outside

Return

Outside

Return

Outside

Same

Same

Temperature

Enthalpy

Enthalpy



Dry-Bulb Temperature

Figure A-I. Psychrometric chart for sensible-only cooling of

return air (regions correspond to Table A-I)

Dry-Bulb Temperature

Figure A-2. Psychrometric chart for sensible and latent cooling

of return air (regions correspond to Table A-2)


