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Limitations of SEER for
Measuring Efficiency

About the Author

CCCCC

By Steve P. Kavanaugh, Ph.D., Member ASHRAE

onventional wisdom assumes that a 30% increase in the seasonal
energy efficiency ratio (SEER) of a unitary air conditioner or heat

pump will result in a 30% decrease in energy consumption. More ex-
actly, a 30% increase in SEER will result in a 30% increase in efficiency
when the outdoor temperature is 82°F (27.8°C) and the indoor tem-
perature is 80°F (26.7°C) — the specified rating conditions. Prediction
of the actual energy or demand savings of modern cooling and heating
equipment with a single indicator can be “seriously inaccurate.”1 As an
example, the performance data of an 18-SEER product line is com-
pared to a 10-SEER product line from the same manufacturer.

• Advertised SEER improved 80%,
while actual SEER improved 45% to 76%,

• EER at 95°F (35°C) improved only
6%, but dehumidification capacity de-
clined 22%,

• Dehumidification capacity declined
during low-speed, high efficiency opera-
tion, and

• Heating seasonal performance factor
(HSPF) declined 2%.

The value of SEER is subject to misin-
terpretation, raises false hopes that the
efficiency levels of air-source heat pumps
and air-conditioning units can be dra-
matically increased, and confuses com-
parisons with competing technologies
that do not have equivalent indicators.
A simple multi-point rating system can
be used to replace the more complex
SEER calculation and will give a more
realistic indication of performance and
energy use at a broader set of conditions.

This article discusses the conditions

(31.5 Btu/lb [73 kJ/kg]). For two-speed
or two-compressor equipment, a bin
method calculation is used in which 66%
of the outdoor bin temperatures are actu-
ally less than the indoor temperature as
shown in Table 1.

Another factor that tends to inflate
SEER is the low required indoor fan ex-
ternal static pressures compared to values
typically required in actual installations.
Values are shown in Table 2. The test
method states that a filter should be in
place but gives no specifications. It is pos-
sible to perform tests with clean, low-effi-
ciency filters. These lower fan pressures
can lead to significant improvements in
efficiency that would not be completely
realized when typical ductwork resistances
and filters with higher efficiencies and
average loads are considered. Proctor and
Parker3 indicate field-measured data is
typically 0.4 in. w.c. (100 Pa) higher than
the values in Table 2.

Furthermore, dehumidification capac-
ity is not an important consideration. It is
possible to obtain ratings with an indoor
coil that has significantly higher nomi-
nal capacity than the compressor. This is
likely to result in a relatively warm cool-
ing coil with a lower dehumidification ca-
pacity4 and much higher unit efficiency
since compressor capacity is a strong func-
tion of evaporator temperature. For ex-
ample, scroll compressors will have
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under which equipment is rated. Also, it
can be demonstrated that this procedure
will result in high SEER values for mod-
ern equipment that have modest or non-
existing improvements in efficiency at
typical operating conditions.

ARI 210/240 Conditions
SEER is the net total cooling capacity

in Btu/h divided by the total power in-
put in Watts with indoor temperatures of
80°F dry bulb and 67°F wet bulb
(26.7°C/19.4°C) and an outdoor air tem-
perature of 82°F (27.8°C) with a penalty
for cycling degradation.2 Tests for deter-
mining cycling degradation also are con-
ducted with an outdoor temperature of
82°F (27.8°C). For equipment that uses a
condenser coil condensate evaporation
technique, the outdoor wet bulb is speci-
fied to be 65°F (18.3°C). At this condi-
tion the outdoor enthalpy (30 Btu/lb [67
kW/kg]) is lower than the indoor value
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approximately 21% higher capacity with 55°F (13°C) evaporat-
ing temperature compared to 45°F (7°C).5 This practice also can
be used to raise part-load efficiency in dual capacity or variable
capacity equipment by operating compressors at low capacity
while operating fans at high speed. Unfortunately, this results in
lower latent capacity at a time when dehumidification require-
ments are a high fraction of total load.4 Operating in this mode
in climates with moderate and high humidity loads is likely to
result in room conditions outside the recommendations of ANSI/
ASHRAE Standard 55-1992, Thermal Environmental Conditions
for Human Occupancy.

A final enhancement to rated SEER is related to the use of
80°F dry bulb and 67°F wet bulb
(26.7°C/19.4°C) for the inlet air condi-
tions rather than more typical room air
temperatures. These values are consistent
with those for other ARI-rated products
that are used in applications where the
ventilation air is mixed with return air.

As shown in Figure 1, mixing room air
with outdoor air typically results in air en-
tering the equipment near these standard
conditions.4 Many applications for unitary
products mix outdoor air in the zone so
that air entering the unit will be near room
temperature. Unfortunately, the 80°F/67°F
(26.7°C/19.4°C) conditions result in an
indoor-to-outdoor temperature difference
of only 2°F (1.1°C) at the SEER rating
point. The value of air entering the equip-
ment should be near the center of the sum-
mer comfort zone.7 A compromise for dry
bulb with metric equivalents would be
77°F (25°C) with 64.4°F (18°C) wet bulb.

An Example
A manufacturer recently introduced a product line of two-

speed air conditioners and heat pumps with model numbers
that imply SEERs of 18.8 Actual SEERs range from 14.5 to
17.65. The manufacturer also supplies a similar product line
that implies a SEER of 109 with actual values ranging from 10
to 10.9. Performance data for 5-ton (18 kW) units are given in
Table 3. These units were chosen to avoid the complications of
oversized indoor coils since this is the largest capacity avail-
able in these product lines. This manufacturer was chosen be-
cause of the clarity of performance data.

The high-speed efficiency of the nominal 18-SEER unit is
only 6% higher than the 10-SEER unit when the outdoor tem-
perature is 95°F (35°C) as indicated in the data presented in
Table 3. Furthermore, this efficiency was achieved at the ex-
pense of dehumidification capacity as indicated by the higher
sensible heat ratio (SHR = Sensible Capacity ÷ Total Capac-
ity). The increase in SHR from 0.68 to 0.75 represents a 22%

reduction in dehumidification capacity.
The EER of the nominal 18-SEER unit at low speed and 85°F

(29.4°C) improved to 16.7. However, higher SHRs (0.80 at 80°F/
67°F [27°F/19°F] and 0.83 at 75°F/63°F [24°F]) indicate a de-
cline in dehumidification performance during periods when the
sensible load will decrease with lower outdoor air temperatures.4

To prevent unacceptable indoor room humidity level increases,
the equipment dehumidification capacity should improve. The
fan speed of the nominal 18-SEER unit would likely have to be
reduced significantly to lower the coil temperature and provide
adequate dehumidification. Table 3 data indicate the unit in
high speed will have an airflow of 430 cfm/ton (710 L/s per kW)

with 85°F (29°C) OAT and 75°F/63°F
(24°C/17°C) IAT. This results in an SHR
of 0.76. The data indicate the SHR will
actually rise to 0.83 at low speed where
the airflow will be 470 cfm/ton (780 L/s
per kW). Designers need data at lower air-
flows to ensure dehumidification is ac-
complished. However, this data would
typically result in lower capacity and ef-
ficiency not reflected in SEER. Thus, si-
multaneous operation at advertised high
efficiency and with high moisture re-
moval capability cannot be expected.

Heating Performance
The two product lines are both avail-

able as heat pumps. Published informa-
tion suggests that the increase in SEER
of the two-speed unit does not translate
into a similar improvement in HSPF. In
fact, the 5-ton (18 kW), 10-SEER heat
pump actually has a higher HSPF than
the nominal 18-SEER unit. The manu-

facturer rates 21 outdoor-indoor coil combinations at this ca-
pacity and the average HSPF is 8.3 Btu/W-hr for the 10-SEER
units. The manufacturer rates 18 coil combinations of the 18-
SEER product line and the average HSPF is 8.1 Btu/W-hr.10

The 18-SEER product line has an average HSPF 2% lower than
the 10-SEER heat pump average.

Summary
• SEER ratings are generated based on an outdoor tempera-

ture of 82°F (27.8°C) and an indoor temperature of 80°F
(26.7°C) for single speed air conditioners and heat pumps.

• SEER ratings for dual capacity units are based on a bin
method calculation. The outdoor temperatures used are less than
the indoor temperature (80°F [26.7°C]) for 66% of the hours.

• Data is available to demonstrate that a nominal 18-SEER
unit will have only a 6% higher EER at 95°F (35°C) outdoor
air temperature than a nominal 10-SEER unit. Thus, the corre-
lation between high SEER and high EER at design tempera-
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Table 1: Bin temperature hours used to
calculate SEER for dual capacity units.2
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Table 2: Minimum indoor fan external
pressures for calculation of SEER.2

Otbasar
Highlight

Otbasar
Highlight



A S H R A E  J o u r n a l | J u l y  2 0 0 2 29

Energy Efficiency

gnitarepO
serutarepmeT

deepSelgniStinUREES01
)s/L449(mfc000,2ta

deepShgiHtinUREES81
)s/L449(mfc000,2ta

deepSwoLtinUREES81
)s/L274(mfc000,1ta

F°,TAO
)C°(

TAI
*bw/bd

CT
*h/utBM RHS latoT

Wk REE CT
*h/utBM RHS latoT

Wk REE CT
*h/utBM RHS latoT

Wk REE

)92(58
76/08 5.06 76.0 09.5 3.01 06 37.0 54.5 11 5.72 08.0 56.1 7.61

36/57 2.65 07.0 37.5 8.9 9.55 67.0 53.5 4.01 5.52 38.0 26.1 7.51

)53(59
76/08 5.75 86.0 82.6 2.9 8.65 57.0 28.5 8.9 1.62 28.0 8.1 5.41
36/57 4.35 17.0 11.6 7.8 9.25 87.0 37.5 2.9 1.42 68.0 87.1 5.31

Table 3: A manufacturer’s performance data of standard and high efficiency air conditioners  (* [°F – 32] ÷÷÷÷÷ 1.8 = °C;
MBtu/h ××××× 0.2931 = kW)

tures is inconsistent and can be mislead-
ing, especially for variable capacity units.

• The heating seasonal performance
factor for a product line of 18-SEER heat
pumps is 2% lower than the average HSPF
for a series of 10-SEER units. Thus, the
correlation between advertised high
SEER and high heating efficiency is in-
consistent and can be misleading.

• The use of dual (or variable) capacity
equipment may result in units that can
attain high SEER rating conditions with-
out acceptable dehumidification. How-
ever, these units can  operated with
adequate dehumidification capacity, but
system effiiency will decline.

• Since the calculation of SEER does
not include a consideration of dehu-
midification capacity, it is possible to
perform the computation with an indoor
coil with much greater nominal capac-
ity than the compressor (oversized in-
door coil and/or dual capacity unit with
compressor in low speed). This will en-
hance SEER but will more likely lead
to indoor humidity levels above the
values recommended by ANSI/ASHRAE
Standard 55-1992, especially at part-
load in humid and moderate climates.

Implications for the Future
Current efforts to reduce energy con-

sumption of unitary equipment are cen-

tered upon raising the minimum allow-
able efficiency using a rating system that
has significant limitations. Many con-
sumers and high efficiency advocates
may assume that raising SEER by 20%,
30%, or even 80% will result in equiva-
lent energy and demand savings in both
cooling and heating modes. Unfortu-
nately, this assumption is likely to be
incorrect with high SEER equipment.
SEER only applies to air-cooled equip-
ment. Continued reliance on this tech-
nology and its associated SEER rating
system limits comparison to other, pos-
sibly more efficient technologies.

A suggested replacement to the exist-
ing SEER rating, that would be no more
difficult than the current system for dual
capacity equipment, is a multipoint rat-
ing system. It is further suggested that the
rating have: limits on airflow per unit ca-
pacity to ensure efficiency is not attained
at the expense dehumidification at all
speeds (or capacities); return air tempera-
tures are near the center of the comfort
zone; and fan power values are reflective
of the requirements of field measured data.
Outdoor air temperatures of 68°F (20°C),
86°F (30°C), and 104°F (40°C) are sug-
gested for a three-point standard. However,
a compromise would be values of 68°F
(20°C), 95°F (35°C) for a two-point stan-
dard. Test condition airflow rates should

be no more than 400 cfm/ton (660 L/s per
kW) at all capacities and 0.4 in. w.c. (100
Pa) should be added to the current ESP
values used to rate SEER.

A simplified multi-point rating system
will provide several benefits that include:

• Provide verifiable and easily acces-
sible performance data of capacity and
demand at extreme conditions for regions
with power distribution limitations.

• Enable the development of verifiable,
realistic, and easily accessible perfor-
mance vs. outdoor temperature correla-
tions for bin method energy calculations
for specific locations.

• Enable the implementation of airflow
or sensible/latent ratio limits that could
be climate adjusted for high or low hu-
midity regions.

• More easily comply with ISO rating
procedures and international standards
development.
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Air into Unit at 80/67°F (27/19°C) Air into Unit at 75/63°F (24/17°C)

Outdoor
Air Mixed

with Return
Air

Room at 75°F (24°C)
Dry Bulb/63°F (17°C) Wet Bulb.

Room at 75°F (24°C)
Dry Bulb/63°F (17°C) Wet Bulb.

Outdoor Air
Introduced into Zone.
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