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ABSTRACT 
This paper presents the results of a stlldy investigating the 
energt) performance of electrochromic windows in a prototypi
cal residential bllilding IInder a variety of state-switching con
trol strategies. The DOE-2.1E energy simulation program 
was IIsed to analyze the allIIual cooling energt) and peak 
demand as a function of glazing type, size, and electrochromic 
control strategtj. 

A single-stan) ranch-sh;le home located in the cooling
dominated locations of Miami, Fla., and Phoenix, Ariz., was 
simlliated. Control strategies analyzed were based on incident 
total solar radiation, space cooling load, and olltside air temper
atllre. 

The results show that atl electroc/rromic material with a 
lrigh refleetmlce in the colored state provides the best perfor
mance for all control strategies. On the other lrand, electro
chromic switching IIsing a space-cooling load provides the best 
performOllce for all the electrochromic materials. 

INTRODUCTION 

Cooling energy performance in residential buildings 
is closely linked to the amount of solar radiation that is 
transmitted through the windows. To control cooling 
and maintain comfort, windows with low solar heat 
gain coefficients are used in addition to various types of 
shading devices, such as overhangs, interior shades, or 
exterior obstructions like trees and vegetation. 

These design options, cannot be universally applied 
to all buildings; therefore, researchers continue to 
develop new techniques to help reduce unwanted solar 
heat gain. Electrocluomics is one of the more recent 
methods being used to produce advanced glazings. 
These glazings, whose solar transmission properties can 
change as a function of a variety of exterior and interior 
environmental conditions, provide an alternative to 
more conventional static devices. 

Electrochromic windows also have varying perfor
mance capabilities based on the particular design 
options used in creating the electrochromic material and 
overall window system. Although electrochromics are 

The perfomrance of the incident total solar radiatioll COlI

trol strategy varies as a function of ti,e vollies of solar radia
tion that trigger the bleached and colored states of the 
electrochromic (setpoillt range); i.e., reqllired cooling decreases 
as the setpoint range decreases; also, performallce differences 
among electrochromics increase. 

Tire setpoint range of olltside air temperatllre control of elec
trochromics mllst relate to the ambient wellther conditions prev
alent ill a particular location. If the setpoillt range is too large, 
electroc/rromic cooling perfonnallce is poor. Electrochromics 
compare favorably to conventionallow-e dellr glazings tlrat lrave 
high solar hellt gain coefficients tlrat are IISed with overhangs. 

However, low-e tinted glazillgs with low solar heat gain 
coefficients can olltperfoml certain electrochromics. Overhangs 
should be considered as a desigtl optioll for electroc/rromics 
whose state properties do IlOt change sigtlificalltly between 
blellched and colored states. 

still in the prototype development phase, past energy 
simulation studies on commercial buildings (Sullivan et 
al. 1994a; Selkowitz et al. 1994; Warner et al. 1992; Reiliy 
et al. 1991) have shown the viability of these windows in 
reducing cooling energy and peak load. 

However, little work has been done to provide a 
greater understanding of electrochromic performance in 
the context of typical residential buildings. This paper 
aims to complement this past work by analyzing a pro
totypical single-story residential model using the DOE-2 
(Winkelmann et al. 1993) hour-by-hour building energy 
simulation program. 

Annual and peak cooling energy requinements were 
obtained as a function of window size, electrocluomic 
system type, and electrochromic state-switching control 
strategy. Results were compared to the performance of 
conventional glazings using several types of shading 
devices. 

RESIDENTIAL MODEL DESCRIPTION 
A single-story, slab-on-grade, one-zone house with a 

floor area of 143 m2 (1,540 ft2) in two cooling-dominated 
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geographic locations: Miami, Fla. (hot and humid), and 
Phoenix, Ariz. (hot and dry). Results were analyzed in 
these locations to better understand the impact of elec
trochromics with and without the effect of humidity. In 
Miami, for example, a large portion of the cooling 
energy use is directed toward humidity control (latent 
cooling), whereas, in Phoenix most of the cooling is 
related to air temperature and solar radiation (sensible 
cooling). Table 1 gives an indication of the differences in 
several climatic variables for these locations. 

Wood-frame construction for the residence was used 
with a wall U-factor of 0.30 W /m2·K (0.053 Btu/h·ftz· oF, 
R-19) and a roof U-factor of 0.17 W/m2·K (0.03 
Btu/h·ftz·OJ', R-34). Internal loads for occupants, lights, 
and appliances were modeled by considering a compos
ite process heat gain input with a maximum value of 
10,721 kJ/h (10,163 Btu/h), which is equivalent to a daily 
heat input of 56,932 kJ/day (53,963 Btu/day) sensible 
and 12,875 kJ/day (12,156 Btu/day) latent. 

Infiltration was calculated using an average level of 
building leakage area-D.071 m2 (0.77 ftz). The leakage 
area is a parameter that describes the tightness of the 
structure and it is obtained from pressurization tests. 
Both temperature-induced and wind-induced infiltra
tion components were calculated on an hourly basis. 
Natural ventilation of 10 air changes per hour (ACH) 
also was provided by opening the windows. 

The windows were opened only if the following con
ditions were both met: (1) if the act of opening the win
dows provided more cooling than would be provided 
by the mechanical system with the windows closed, and 
(2) the enthalpy of the outside air was less than the 
enthalpy of the inside air (this condition eliminates the 
possibility of introducing a latent load into the house). 

A dual-setpoint thermostat was used to control the 
space-conditioning system. Heating was set at 21.1OC 
(700F) from 7 a.m. to 11 p.m., with a night setback to 
15.6OC (600J') from 12 p.m. to 6 a.m. Cooling was set at 
25.6OC (78°F) for all hours. A direct-expansion air-cooled 
air-conditioning unit was used for cooling, and a forced
air gas furnace was used for heating. The cooling system 
coefficient of performance (COP) was 2.2 and the fur
nace steady-state efficiency was 0.74. 

FENESTRATION SYSTEMS DESCRIPTIONS 

The residence was modeled with windows facing 
north, east, south, and west. The glazed portion of the 
window was varied simultaneously on each facade at 
values corresponding to 0%, 2%, 4%, 8%, and 12% of the 
residence floor area. Overall glazed area for Ule com
plete residence was therefore 0%, 8%, 16%, 32%, and 
48% of the floor area. An external flush glazed alumi
num frame was used for each window, with a frame 
conductance of 4.6 W/m2·K (0.8 Btu/h·ftz·oF) and an 
area equal to 12% of the respective glazed area. 

The performance of six electrochromic windows was 
compared. Table 2 show the solar/optical/thermal prop
erties of the glazings. Two of the electrochromic materials 
have low reflectance levels typical of most devices; these 
are designated as types (80/20) and (BO/10) representing 
the minimum and maximum visible transmittance levels 
of the electrochromic layer. These material types are 
intended to represent readily achievable performance. 
Two additional materials have reflectance levels that 
increase significantly in the colored state; these are desig
nated (G) and (GX) and represent devices that may be 
available sometime in the future. 

Each of the two low reflective glazings, (80/20) and 
(BO/10), was combined with either of two idealized 
types of low-e glazings. The first, which is designated 
(E), is a clear glass with a low emittance; the second, des
ignated (5), is a spectrally selective glazing with the 
same emittance as the (E) glazing, but with a greatly 
enhanced reflectance in the solar infrared. The (G) and 
(GX) glazing types have their own selectivity, so they 
were only combined with the clear glass WiU, a low 
emittance. Thus, the six glazings as defined in Table 2 
are designated 80/20E, 80/205, 80/JOE, BO/105, GE, and 
GXE. The solar/optical properties of these electrochro
mic windows were varied using control strategies based 
on the following: 

1. Solar COlltrol: The properties of the window were var
ied linearly as a function of the incident total solar 
radiation between low and high switching setpoints. 
The bleached or unswitched state was assumed for 
incident total solar radiation values less than or equal 
to 63 W / m2 (20 Btu/h· ft2). Three different values for 
the colored or fully switched state were examined, 

Table I Representative COOling Load and Heating Load Parameters for the Cities Used In the Analysis 

HDD CDD 
City Latitude Longitude Atl. 18.3°C (6S0F) 23.9°C (7S0F) LED CID 

MiamI. Fla. 25.8 80.3 7 123 (222) 604 (1087) 1155 869 (276) 
Phaenlx.Ariz. 33.1 112.0 1117 733 (1320) 967 (1740) 97 769 (244) 
Notes: 
(I) LED Is lotent Enthalpy-Doys at a bose temp of 23.~C (75°F) and boSd humidity ratio of .OJ 16 and gives on Indication of the effect of latent cooling. 

Defines the amount of energy that must be removed from the otr each hour fa lower It to the reference humIdity ratio without changIng the dry
bulb temp. 

(2) CIO Is Cooling Insolation-Days, kW/m'l (kBtu/h .ft~. at a bose temp at 21.1°C (70°F). Represents the total Insolation hItting on overage 0.09 m2 (1 ft2) 
vertical surface (avg of N. E. S, W) \'/hen temperatures are above a deSignated value. Correlates with cooling lood penalties due to unwanted 
solar gain. 
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Table 2 Glazing Solor/Optlcol/Thermal Properties 

U-Factor 
SHGC SC Tvls W/m2·K (Btu/h.fl2.oF) 

ELECTROCHROMIC Bleached/Colored Bleached/Colored Bleached/Colored Bleached/Colored 
BO/2OE 0.64/0.23 0.67/0.27 0.65/0.16 2.54 (0.~5)/2.62 (0.46) 
BO/203 0.52/0.20 0.65/0.24 0.65/0.16 2.58 (0.45)/2.64 (0.46) 
BOIIOE 0.64/0.16 0.67/0.20 0.65/0.08 2.54 (0.45)12.64 (0.46) 
BOil OS 0.52/0.15 0.65/0.18 0.65/0.08 2.58 (0.45)/2.64 (0.46) 
GE 0.64/0.12 0.67/0.15 0.65/0.06 2.54 (0.45)/2.54 (0.45) 
GXE 0.64/0.03 0.67/0.06 0.65/0.00 2.54 (0.45)/2.53 (0.45) 

CONVENTIONAL 
low-eClear (2641) 0.64 0.75 0.77 1.91 (0.34) 
Low-eCleor (2661) 0.44 0.51 0.70 1.69 (0.30) 
Low-e Tint (2667) 0.29 0.33 0.41 1.77 (0.31) 

Notes: 

(1) Solar Hoot GaIn Coefficient (SHGC). Shading Coefficient ($C), VisIble Transmittance (Ms). and V-Factor ore center-of-gloss values at ASHRAE sum
mer conditlons: 35°C (95°f) outdoor aIr and 23,8°C (75°F) Indoor air temperature. with 12.1 km/h (7.5 mph) outdoor air velocity and near normal 
solor radlotlon of 781.8 W/m' (248.2 8tu/h.ff'). 

(2) Low-e Clear (2641) has a metallic cootlng on the inside surface of the Inner pane with a thermal emissivity of 0.1. The gap width Is 12.7 mm with 
each pane 3,0 mm thick; low-e Cloor (2661) has a low-e meto1!lc coating on the Inside surface of the outsr pone with 0 thermal emlssMty of 0.04, 
The gop width Is 12.7 mm with each pane 3,0 mm thIck; low-e TInt (2667) has a Iow-e metalUe cooting on the Inside surface of the outer pane with 
a thermal emissivity of 0.04. The gap width Is 12.7 mm with each pane 6.0 mm thick. 

i.e., the fully switched state was assumed for incident 
total solar radiation values greater than or equal to 
189 W 1m2 (60 Btu/h·ft2), 315 W 1m2 (100 Btu/h·ft2), 

or 630 W 1m2 (200 Btu/h·ft2). 
2. Space Load COlltrol: The properties of the window 

changed between the unswitched and switched states 
based on the existence of a cooling load in the space 
during the previous hour. If a cooling load was not 
present during the previous hour, the electrochromic 
was set to its bleached (unswitched) state; if a cooling 
load was present during the previous hour, the elec
trochromic was set to its colored (switched) state. 

3. Outside Air Temperatllre COlltrol: The properties of the 
window were varied linearly as a function of the out
side air temperature between low and high switching 
setpoints. The unswitched state was assumed for a 
temperature less than or equal to the thermostat cool
ing setpoint temperature, 25.6"C (78°F); the fully 
switched state was assumed for temperatures greater 
than or equal to 32.2"C (90°F). 

The performance of these electrochromic glazings 
was compared to that of the three conventional double
pane low-e glazings obtained from the DOE-2 window 
library. As shown in Table 2, the solar heat gain coeffi
cients for the three glazings were 0.64, 0.44, and 0.29, 
with corresponding shading coefficients of 0.75, 0.51, 
and 0.33. Although the U-factors for the conventional 
glazings were lower than those of the electrochromic 
glazings, previous work (Sullivan et al. 1994b) indicated 
that U-factor does not have a significant effect on annual 
cooling energy performance; however, one could expect 
a decrease in peak cooling with lower U-factors. Three 
shading schemes also were modeled for use with the 
conventional glazings. In order of increasing solar con
trol effectiveness, they were as follows: 

(1) Interior Shade: Interior shading in which the solar 
heat gain was reduced by 35% if the transmitted direct 
solar radiation through the window was greater than or 
equal to 95 W 1m2 (30 Btu/h·ft2). 

(2) Exterior Obstructioll: Exterior shading provided 
by trees or vegetation with a 50% solar transmittance 
located at a distance of 3.1 m (10 ft) from the wall with 
a height of 3.7 m (12 ft) along the length of each win
dow. 

(3) Exterior Overhallg: Exterior shading provided by 
an overhang with a depth of 0.61 m (2 ft) along the 
length of each window tilted downward 20 degrees. 

Combined obstruction and overhang and combined 
interior shades, obstruction, and overhang also were 
modeled. In addition, the overhang with the electrochro
mic windows also was simulated to ascertain perfor
mance variations with such a device. 

The next part of this study discusses electrochromic 
performance for each of the above control strategies. 
Annual cooling energy use is discussed first, followed 
by peak cooling performance. The electrochromics are 
then compared to more conventional glazings with vari
ous shading devices. We also show the effect of the use 
of overhangs with electrochromics. 

ELECTROCHROMIC GLAZING PERFORMANCE 

Figures 1 and 2 present annual cooling energy use 
for Miami and Phoenix for each of the electrochromic 
windows and controls strategies analyzed in this study. 
Results are presented as a function of window area 
expressed as percent floor area, with windows being 
equally distributed on each facade of the residence. In 
the upper portion of each figure (Figures la, 1b, lc, 2a, 
2b, and 2c) are data comparing the three variations in 
incident total solar radiation switching setpoints; the 
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Figure 1 Annual cooling energy use In Miami, Fla. for a single-story, ranch-style house for various electrochromlc 
glozing types as a function of window size and electrochromlc control strategy. 

lower portion (Figures 1d, Ie, 2d, and 2e) shows results 
using space-cooling load and outside air temperature 
control. 

Interestingly, the overall annual cooling energy use 
varies little between the two geographic locations. For 
both locations for a particular electrochromic material, 
performance for all control strategies is best with the 
spectrally selected glazing (5) than with the clear glaz
ing (E). Also, for the six electrochromic window types, 
cooling energy generally is proportional to the lower 
value of solar heat gain coefficient of the electrochromic 
corresponding to the colored or switched state. The glaz
ing properties presented in Table 2 are presented in such 
an order. The one exception is when using incident solar 
radiation with a large setpoint range--{;3 to 630 W / m2 

(20 to 200 Btu/h· f(2)-as the controlling strategy. In thio 
case, performance cannot be predicted as easily except 
for the GXE electrochromic, which in every case has the 
lowest cooling energy use. 

Required cooling is about 4,500 kWh for a residence 
without windows in both Miami and Phoenix. As the win
dow size increases, required cooling increases to a maxi
mum value of 13,700 kWh in Miami and 12,000 kWh in 
Phoenix, which occurs for the largest window area using 
outside air temperature control in Miami and incident 
solar radiation control in Phoenix. The smallest required 
cooling is obtained using space-cooling load control, i.e., 
for the largest window, the value is about 5,100 kWh in 
Miami and 6,500 kWh in Phoenix. A cost can be associated 
with these figures by simply assuming, for example, an 
electricity cost of $O.lD/kWh, which results in a maximum 
absolute range in the cost of cooling due to windows of 
from $450 to $1,370 per year in Miami and $450 to $1,200 
in Phoenix and a minimum range of from $450 to $510 in 
Miami and $450 to $650 in Phoenix. 

When using incident solar radiation to control state 
switching, as the setpoint range decreases, required cool
ing also decreases, but the differences in performance be-
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Figure 2 Annual cooling energy use In Phoenix, Ariz. for a sIngle-story. ranch-style house for various electrochromic 
glazing types as a function of window size and electrochromic control strategy. 

tween each of the electrochromics increases. Decreasing 
the setpoint range yields cooling energy quantities that 
are more sensitive to the solar heat gain performance 
characteristics of the electrochromic, especially the solar 
properties near the colored state. In Mianti, for example, 
for the largest window size and a large setpoint range-
63 to 630 W /m2 (20 to 200 Btu/h·ft2)-the BO/20E glaz
ing requires 12,000 kWh with a maximum difference in 
performance between the 80/20E and best-performing 
GXE electrochrontic devices of about 1,600 kWh, or 
about 13%. For a small setpoint range-63 to 189 W /m2 
(20 to 60 Btu/h.ft2)-the 80/20E requires about 
9,600 kWh with a maxinmm difference of 3,200 kWh, or 
33%. In Phoenix for the large setpoint range, the 80/20E 
requires 12,000 kWh, with a maximum difference be
tween the 80/20E and GXE devices of 2,500 kWh or 21%; 
for a small setpoint range, the 80/20E requires 10,750 
kWh with a difference of 3,250 kWh or 30%. 

As mentioned previously, space-cooling load control 
of the electrochromics results in the lowest cooling 

energy requirements and the largest variation in perfor
mance for the different electrochromic devices, about 
3,650 kWh for both locations. Recall that space load con
trol is an on/off device and all the electrochromics, 
regardless of orientation, are either bleached or colored 
with no intermediate state. This results in almost no dif
ference in performance of the (E) and (5) type glazings 
because their colored states are similar. Also, the control 
does not differentiate between sensible and latent cool
ing. Therefore, in Miami, the electrochromic is in its col
ored state more often than in Phoenix, resulting in lower 
overall cooling energy requirements for all the glazing 
types. Actually, the performance of the GXE glazing in 
Miami is almost constant with window size. 

Using outside air temperature to control electrochro
ntic switching yields the largest performance difference 
between Miami and Phoenix. Table 1 shows that there is 
a significantly greater number of cooling degree-days in 
Phoenix than in Miami, which results in lower electro
chromic solar transmission properties and thus lower 
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cooling energy requirements. Outside air temperature 
control also affects the linearity of the results. In Miami, 
the (5) type glazings actually outperform the GE and 
GXE glazings. This is because the selected setpoint 
range of 25.5"C to 32.2"C (78°F to 90°F) is such that the 
glazings in Miami are probably closer to the bleached 
state most of the time and the 80/205 and 80/105 glaz
ings have lower solar heat gain coefficients than the 
other glazings. In Phoenix, because the outside air tem
peratures during the cooling season are no doubt greater 
than the upper setpoint temperature, the electrochrom
ics would be more "ften in the colored state and thus 
performance resembles the other control strategies. In 
general, it does not seem advisable to use outside air 
temperature to control electrochromic switching. 

Peak cooling demand is presented in Figures 3 and 4 for 
Miami and Phoenix. Unlike annual cooling energy, there is a 
significant difference in cooling peak for the two locations. 
Although the peak at each location occurs at about the same 
time of year and time of day, the ambient air temperatures 

are significantly different. In Miami, temperatures are in the 
vicinity of 32"C (90"F), whereas in Phoenix the value is 39'C 
(103"F). This results in a peak cooling load in Phoenix that is 
twice as large as that in Miami in a residence with no win
dows, i.e., 1.5 kW is tlle peak in Miami and 3.0 is the peak in 
Phoenix. The largest peak occurs with an 8O/20E glazing 
with the largest size window using incident solar radiation 
control with a large setpoint range; in Miami, the value is 4.2 
kW; in Phoenix it is 6.7 kW. The smallest peak occurs using 
spaax:ooling load control; in Miami, the value is 2.2 kW and 
in Phoenix, the value is 4.3 kW. 

In general, the trends experienced Witll annual cool
ing energy, which were discussed above, are also preva
lent Witll peak cooling, i.e., electrochromic performance 
improves with decreasing setpoint range when using 
incident solar radiation as the control strategy. 5pace-c001-
ing load control results in the smallest peak cooling; out
side air temperature control remains unpredictable and 
nonlinear. These results are different than what was 
reported in Sullivan et aJ. (1994a), which was an analysis 
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Figure 3 Annual cooling energy use In Phoenix, Ariz. for a single-story, ranch-style house for various electrochromic 
glazing types as a function of window size and eleclrochromlc control strategy. 
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of electrochromics in a commercial office building mod
ule. In that study, it was indicated that peak demand 
varied little for different electrochromic control strate
gies. Peak demand in Sullivan et al. (1994a), however, 
was defined for each thermal zone with windows facing 
only one direction. The residential model is a single zone 
with windows facing four directions, which complicates 
the thermal interactions. 

CONVENTIONAL GLAZING AND 
SHADING SYSTEM PERFORMANCE 

Data are presented in Figures 5 and 6 for Miami and 
Phoenix to give some indication of electrochromic per
formance when compared to conventional glazings that 
use various types of shading devices to reduce cooling 
energy use. Results are shown for three low-e glazings 
that have different solar gain characteristics and five 
shading systems, including, in order of solar control 
effectiveness, interior shades, exterior obstructions, exte-

rior overhangs, combined obstructions and overhangs, 
and combined shades, obstructions, and overhangs. 
Also presented in each of these plots are data for the 
GXE electrochromic glazing using incident solar radia
tion control with an intermediate setpoint range of 63 to 
315 W 1m2 (20 to 100 Btu/h·ftl). 

As was the case with the electrochromics presented 
in Figures 1 and 2, there is not much difference in cool
ing for the two locations, regardless of glazing and shad
ing system type. The most cooling required for the 
largest window occurs with the low-e clear glazing with 
the largest solar heat gain coefficient (SHGC = 0.64): 
15,623 kWh in Miami and 16,879 kWh in Phoenix. Using 
a $0.10/kWh utility electricity cost, one can understand 
why solar control glazings and/or shading is desired in 
these locations, in addition, of course, to other reasons 
related to thermal and visual comfort. The least cooling 
occurs with the low-e tinted glazing (SHGC = 0.29) 
using combined exterior obstructions and overhangs or 
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glazing types as a function of window size and shading system. 
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combined shades, obstructions, and overhangs: 6,851 
kWh in Miami and 7,520 kWh in Phoenix. By compari
son, the GXE glazing for the largest window requires 
7,979 kWh in Miami and 8,287 kWh in Phoenix. 

The shading systems, with the exception of the inte
rior shades in Miami, perform reasonably well. A 
greater percentage of the required cooling in Phoenix is 
due to solar radiation than is the situation in Miami, 
where humidity is more of a factor; the interior shades 
are controlled by the amount of incident solar radiation. 
Actually, for the low-e clear glazing with high SHGC, 
the reduction in cooling for all shading systems is 
greater in Phoenix than in Miami. For example, in 
Miami, cooling is reduced by the following percentages 
for the five shading systems: 6%, 14%, 27%, 39%, and 
39%; in Phoenix, the values are 13%, 17%,29%,41 %, and 
43%. The GXE electrochromic glazing is 49% and 52% 
lower in Miami and Phoenix, respectively. As the solar 
heat gain coefficient (SHGC) of the conventional glazing 

is reduced, shading system performance is mitigated 
and there is less of a difference in performance as a func
tion of geographic location. 

In general, almost all the electrochromics and control 
strategies studied and presented in Figures 1 and 2 have 
lower cooling requirements than the high-SHGF, low-e 
clear glazing with overhangs. The exceptions are several 
of the electrochromics in Miami when using outside air 
temperature control; in this case, electrochromic perfor
mance is equal to or better than the configuration with 
exterior obstructions. With the shading systems becom
ing less necessary or effective in reducing solar heat gain 
with decreasing glazing SHGC, as explained above, some 
of the electrochromic devices do not perform as well as 
conventional glazings. This is particularly apparent for 
the low-e tinted glazing with SHGC equal to 0.29, where 
in Miami, the required cooling is 9,693 kWh and in Phoe
nix it is 10,507 kWh. Almost all the electrochromics that 

Incident Total Solar 
63-630Wlm2 

(20-200 Btulh-ft2) 

Incident Total Solar 
63-315 Wlm2 

(20-100 Btulh-ft2) 

Incident Total Solar 
63-189 Wlm2 

(20-60 Btu/h-ft2) 

t2000 

10000 

i 8000 

~ 
1! 6000 
w 
~ 4000 

& 2000 

o 

12000 

10000 ,,-
~ 8000 

16000 

g> 4000 
'8 o 2000 

o 

A 

~ ~ 

.I ~ 

~ 

o 10 20 30 40 50 
Window Area (% Floor Area) 

7a. 

Space Cooling Load 

-d 

o 10 20 30 40 50 
Window Area (% Floor Area) 

7d. 

12000 

10000 

~. '" 8000 
d 

~ 
1! 6000 
w 
~ 4000 ~ 
& 2000 

0 
0 10 20 30 40 60 

Window Area (% Floor Area) 
7b. 

Outside Air Temperature 
25.5C-32.2C 
(78F-90F) 

12000 

10000 

'" ~ 8000 
>-
e' ., 6000 c 

W 
0> 

! 4000 

2000 

0 
0 10 20 30 40 50 

Window Area (% Floor Area) 
7e. 

12000 

10000 

~ '" 8000 

16000 
~ ~ 

...-g> 4000 

& 2000 

0 
0 10 20 30 40 50 

Window Area (% Floor Area) 
7e. 

-6- 80120E -- 801208 

-0- 80110E 

-e- 80110S -- GE 
___ GXE 

Figure 7 Annual cooling energy use ·In MiamI, Fla. for a single-story, ranch-style house with overhangs for various 
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use incident solar radiation with a large setpoint range do 
not perfonn as well as this conventional glazing. 

Although not shown in this paper, the peak cooling 
demand trends for the conventional glazings are similar 
to those for the annual cooling energy use data. In Miami, 
the peak varies from a high of 5.1 kW for the low-e, clear, 
high-SHGC glazing to a low of 2.6 kW for the low-e tinted 
glazing with overhang and obstruction. In Phoenix, the 
values are 8.3 kW and 4.5 kW, respectively. 

Figures 7 and 8 present electrochromic results using 
the same overhang that was used for the conventional 
glazings. There is a definite performance improvement 
for the 80/20 and 80/10 devices, some improvement 
with the GE device, but hardly any improvement in per
fonnance with the GXE electrochromic except when 
using outside air as a control strategy. In fact, cooling 
requirements increase for the GXE electrochromic in both 
locations when using incident solar radiation control 
with the smaller setpoint ranges, i.e., 63 to 315 W /m2 (20 

to 100 Btu/h·ft2) and 63 to 189 W /m2 (20 to 60 Btu/h·ft2). 
TIUs is because the amount of incident solar radiation 
striking the window is reduced because of the overhang; 
thus the SHGC of the electrochromic would be higher 
than without the overhang. This also is true for the other 
electrochromics, but the range of SHGCs of these glaz
ings is not as large as the GXE (Table 2). 

The most dramatic change in performance of the 
electrochromics with overhangs occurs when using out
side air temperature for control. Recall that such a con
trol strategy used in Miami resulted in the largest 
amount of required cooling. This occurred because the 
temperature setpoint range of 25.5"C to 32.2"C (78°F to 
90°F) was too broad to adequately provide control and, 
thus, there remained unwanted solar heat gain. With the 
overhang in place, however, the solar gain has been 
reduced and the electrochromics perform in a manner 
similar to a control strategy using incident solar radia
tion with a midlevel setpoint range. 
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electrochromlc glazing types as a function of window size and electrochromlc control strategy. 
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CONCLUSIONS 

1. Cooling energy use patterns in Miami and Phoenix, 
are similar for the electrochromic glazings and con
trol strategies analyzed. The only exception is the 
electrochromic control strategy that uses outside air 
temperature; in this case, the higher ambient air 
temperatures associated with Phoenix provide bet
ter control. 

2. The GXE electrochromic glazing performs the best 
under most circumstances. GXE consists of an elec
trochromic material having a high reflectance in the 
colored state combined with a low-e clear glass. 

3. Generally, cooling performance is proportional to the 
colored- or switched-state properties of the electro
chromic devices. The electrochromic materials that 
are combined with the spectrally selective low-e glaz
ing outperform those combined with the low-e clear 
glazings. 

4. The smallest required cooling is obtained with the 
GXE electrochromic using space-cooling load con
trol. In Miami, there is only a 14% increase in cooling 
for the largest window above that due to a window
less residence; in Phoenix, the increase is 48%. One 
reason for this difference is that space load control 
does not differentiate between sensible and latent 
cooling. 

5. There is not much difference in cooling for the low-e 
clear (E) and low-e selective (S) type electrochromic 
glazings when using space load control. 

6. Required cooling decreases when using incident so
lar radiation control as the setpoint range decreases. 
However, performance differences among the elec
trochromics increase. At larger window sizes, a small 
setpoint range is desirable to facilitate better solar 
gain control. 

7. The low-e clear (E) and low-e selective (5) type elec
trochromic glazings outperform the high-reflectance 
(G) and (GX) electrochromics when using outside air 
temperature control in Miami. An improvement in 
performance could be obtained by reducing the high 
setpoint temperature, which was 32.2'C (90°F). If 
using outside air temperature control, the upper 
temperature should be correlated to the expected 
ambient weather conditions. 

8. There is a large difference in peak cooling between 
Miami and Phoenix, primarily due to the higher val
ues of ambient air temperature experienced in Phoe
nix. Peak performance trends are similar to annual 
energy variations. 

9. Cooling performance in Miami and Phoenix is simi
lar for the conventional glazings and shading sys
tems analyzed. 

10. Most of the electrochromics and control strategies 
studied have better performance than a conventional 

low-e clear glazing (SHGC = 0.64) used with an over
hang. 

11. The low-e tinted conventional glazing (SHGC = 0.29) 
without shading outperforms the electrochromics 
that use incident solar radiation control with a large 
setpoint range. This also is true for control using out
side air temperature. 

12. The use of overhangs with electrochromic devices is 
a viable design option, particularly for electrochro
mic devices whose state properties may not change 
significantly between bleached and colored states. 
Also, overhangs tend to reduce the cooling perfor
mance differences among electrochromic devices. 

FUTURE STUDIES 

Future studies of electrochromics will focus on the 
following items: 

1. Additional control strategies, such as incident direct 
solar radiation, transmitted total and direct solar radi
ation, space air temperature, and variations in the 
scheduling and mixing of electrochromic control 
strategies. 

2. Analysis of the thermal and visual comfort aspects of 
electrochromic glazings and comparison with more 
conventional glazings. We have completed some pre
liminary work in this area, but correlation of comfort 
to specific electrochromic property variations must be 
documented. 

3. Development of effective solar heat gain and visible 
transmittance parameters for electrochromic devices 
to give an indication of expected energy and comfort 
performance. This requires a statistical analysis of the 
hourly variation of the solar/optical properties of the 
electrochromic devices. 

4. Simulation of electrochromic devices in heating-dom
inated geographic locations. 

5. Analysis of the effects of orientation on electrochro
mic performance. 
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