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Background

Unwanted window solar heat gain during the summer is a major source of cooling energy use in
California residences, particularly in the mild Mediterranean climates within which dwell most
of the state's population. There are numerous ways to control this window solar heat gain,
including fixed "hardware" solutions, e.g., window location, glazing characteristics, overhangs,
and shade screens, and temporary "software" solutions, e.g., drapes, blinds, or shutters, installed
either on the inside or outside of the house. Historically, Title-24 has recognized only the
"hardware" solutions, and ignored the "software" solutions as unreliable, unverifiable, or
anathema to the California lifestyle. There are good reasons for skepticism. In the early 90's,
Title-24 did give partial credit for movable window shades, which was later withdrawn because
of abuse on the part of builders (shades were installed for the compliance inspection, and later
removed), and uncertainty whether they would be used by the occupants.

Despite the above institutional concerns, the potential energy savings from the use of exterior
blinds and shutters are clearly large. For a CIEE project on "Alternatives to Compressive
Cooling" six years ago, the PI found the single most effective strategy for reducing peak indoor
temperatures were exterior window shutters that blocked all daytime window solar heat gain
(Huang 1999). While this strategy was discarded as unacceptable in California, it should be
noted that exterior operable shading devices, either traditional wooden shutters or newer roller
blinds, are extremely common in European countries such as Germany, Italy, Portugal, or Spain.
In dismissing this potential energy strategy a priori, the Commission is in danger of overlooking
a proven and inexpensive strategy that is being used in millions of houses in other parts of the
world with similar climates.

Objectives

The objective of this study is to make a preliminary assessment of the energy savings and cost-
benefit of exterior operable window shading systems combining DOE-2 computer simulations,
and a limited market survey of availability and cost. Some queries have been made on an "as
available" basis with vendors and store staff on user acceptance and operations, but any
systematic market assessment or user survey is beyond the scope of at least this initial phase of
the project.

The aim of the DOE-2 simulations is to quantify the potential savings of these exterior operable
window shading systems (exterior roller blinds and Mediterranean shutters) under various
operating strategies. The aim of the limited market survey is to determine what devices are
currently available in the state, as well as in other countries. The latter task is important because
this is very clearly a developing or immature market in California, so that availability and costs
in other locations may give a better indication of likely mature market situations. Once these
costs are obtained, a cost-benefit analysis will be done to inform the Commission whether and to
what degree such products and strategies should be promoted.

Preliminary survey of exterior operable window shading systems

Define exterior operable window shading systems for study. Our primary contact on the
characteristics and costs of movable shading systems has been Mr. Helmut Blum, president of
European Rolling Shutters, a San Jose company specializing in shutters, awnings, and solar
screens imported from Germany. In addition, we have also contacted Prof. Eduardo Maldanado,



a colleague in Portugal about the characteristics and costs of exterior window shading systems
that are very common in that country. However, we wish to emphasize that the calculated
energy savings potentials in this study are generic, in the sense that any product with similar
solar and thermal properties, and operated in the similar fashion as what was assumed in this
study should produce similar results in terms of their energy performance.

DOE-2 simulations

The aim of the DOE-2 simulations is to quantify the savings of the exterior operable window
shading systems under several likely operating strategies, utilizing an existing set of prototypical
Title-24 residential buildings available from previous LBNL projects (see Huang 2006).

Building conditions for new and old vintage California houses

The building models used in the DOE-2 simulations are prototypical buildings of average size,
and non-directional orientation, i.c., the amounts of wall, roof, and windows in each orientation
has been kept the same. Although such are hardly typical buildings, they do represent average
conditions among the thousands of buildings that each prototype is supposed to represent.

The average floor area for the buildings is assumed to be 1800 ft* for both vintages of houses.
The thermal conditions for the New vintage houses are taken from Package D in the 2005 Title-
24 Residential Building Energy Standard (CEC 2005). The thermal conditions for the Old
vintage houses are taken from a 1992 modeling study of evaporative coolers in California houses
(Huang, Hanford, and Wu 1992). The thermal conditions of both vintages are summarized in
Table 1, although the window Solar Heat Gain Coefficient (SHGC) in locations with no Title-24
SHGC requirements have been modified to make them more representative of actual window
assemblies that meet the U-factor requirements. The dark-colored and light-colored shading
devices are modeled with solar absorptivities of 0.90 and 0.30, respectively, and assumed to add
a layer with a resistance of 0.36 Btu/ft*°F-hr (0.63 W/m2-°-C-hr), as well as two additional air
films, to the window assembly. Table 2 gives the resultant U-factor and SHGC for all
combinations of window and shading devices.

Operating conditions for exterior operable window shading systems.

The energy performance of exterior shading devices varies considerably great deal depending on
how they are operated. In this document, we present simulations based on two control strategies
aimed at bracketing the likely savings from the use of exterior blinds or shutters.

* Energy Optimized, where an automatic controller draws the shading system whenever
non-negligible cooling loads are present’, regardless of home occupancy.

* View Optimized, where shades are automatically controlled (as above) only while the
home is not occupied. To maximize view, shading is not used while the home is
occupied.’

"We experimented with several possible cooling load threshold points as triggers for deploying the shading system. We
ultimately conducted the DOE-2 simulations such that 4 consecutive days with greater than 5 CDD (base = 65 °F) each trigger
deployment of the shading system. A less stringent criterion for sensing the need for shading was considered, but rejected when
it was found to increase heating and overall TDV energy demand due to shoulder season effects.



Table 1. Modeled envelope conditions for houses in the 16 Calif. Climate Zones

R-values Windows Infiltration
B . Found | Area® DOE-2  Base Base X
Ceiling Wall . o fl Code Case Case ELF
Location ation | (% flr) (Table 2) U-factor’ SHGC
Old Houses (pre-Title 24)

CTZ 1 through 13 10 0 0 15 100 0.78 0.007
CTZ 14 through 16 19 0 0 15 100 0.78 0.007
2005 Title 24
CTZ 1 (Arcata) 38 21 5-2ft 14 200 0.57 0.68" 0.005
CTZ 2 (Santa Rosa) 30 13 5-2ft. 16 300 0.57 0.40 0.005
CTZ 3 (Oakland) 30 13 5-2ft. 14 400 0.67 0.70* 0.005
CTZ 4 (Sunnyvale) 30 13 5-2ft. 14 500 0.67 0.40 0.005
CTZ 5 (Santa Maria) 30 13 5-2ft 16 400 0.67 0.70* 0.005
CTZ 6 (Long Beach) 30 13 5-21ft. 14 400 0.67 0.70* 0.005
CTZ 7 (San Diego) 30 13 5-2ft. 14 500 0.67 0.40 0.005
CTZ 8 (El Toro) 30 13 5-2ft. 14 500 0.67 0.40 0.005
CTZ 9 (Pasadena) 30 13 5-2ft. 14 500 0.67 0.40 0.005
CTZ 10 (Riverside) 30 13 5-2ft. 16 300 0.57 0.40 0.005
CTZ 11 (Red Bluff) 38 19 5-2ft 16 300 0.57 0.40 0.005
CTZ 12 (Sacramento) 38 19 5-2ft 16 300 0.57 0.40 0.005
CTZ 13 (Fresno) 38 19 5-2ft 16 300 0.57 0.40 0.005
CTZ 14 (China Lake) 38 21 5-2ft. 14 300 0.57 0.40 0.005
CTZ 15 (EI Centro) 38 21 5-21t. 16 300 0.57 0.40 0.005
CTZ 16 (Mt. Shasta) 38 21 5-2ft 14 600 0.55 0.68" 0.005

1. Walls up to R-19 are modeled with 2x4 16 “ O.C. construction, above R-19 with 2x6 24” O.C. construction.
2. Windows are modeled as equal numbers of 3' x 4' windows in each orientation; window areas based on Package D of 2005

Title-24 Residential Standards.

3. U-1.10 windows are modeled as single-pane, others as double-pane

4. Title-24 has no SHGC requirement for this location; SHGC based on generic product meeting U-value requirements
5.ELF = Effective-Leakage-Fraction used to model the air-tightness of the house (Sherman and Grimsrud 1980); 0.007

corresponds to loose, 0.0056 to moderate, and 0.003 to tight leakage.

Table 2. Modeled window conditions with and without exterior shading

Window type Base Case w/Dk. Shading w/Lt. Shading
Generic description DOE- 1 U 1qpge | Y |suee | Y | sHae
2 code | value value value
Single-pane clear alum frame 100 1.103 | 0.783 | 0.646 | 0.217 | 0.646 | 0.110
Double-pane clear alum w/th. break 200 0.578 | 0.676 | 0.438 | 0.149 | 0.438 | 0.073
Double-pane Low-E alum w/th. break 300 0.576 | 0.392 | 0437 | 0.148 | 0.437 | 0.073
Double-pane clear alum frame 400 0.676 | 0.701 | 0.536 | 0.172 | 0.536 | 0.097
Double-pane Low-E alum frame 500 0.673 | 0.409 | 0.536 | 0.170 | 0.536 | 0.096
Double-pane clear wood frame 600 0.557 | 0.677 | 0.430 | 0.146 | 0.430 | 0.072

? We assumed the home is unoccupied during the 9 AM — 5 PM workday, with the home occupied on weekends.
This results in shading being deployed weekdays from 9-5, with no shading on weekends.



Time-Dependent Valuation of Energy Savings

In 2003 the Commission developed TDV files that give the hour-by-hour value of electricity and
fuel for the 16 California Climate Zones. For each DOE-2 run, we used these files to determine
the total TDV Energy consumption in kBtu (for heating and cooling). We then used the CEC
residential cost of $0.14/TDV kBtu to estimate the energy cost savings associated with each
shading strategy.

Building Energy Simulation: Results and Discussion

Simulation results are presented in Tables 4-7, and in graphical form in Figures 1 and 2. Before
discussing the results in detail, two broad trends merit pointing out:

- The Energy Optimized scenario resulted in significantly (30% - 90%) higher energy
savings than the View Optimized scenario. This highlights the importance of control
strategy assumptions in any assessment of shading systems.

- The light-colored shade (solar absorbtivity = 0.3) resulted in energy savings roughly 10-
25% than the dark-colored shade (absorbtivity = 0.9).

Simulation results for homes complying with the 2004 Title 24 standards are presented in
Figures 1a-1d and in the upper half of Tables 4-7. As is evident in Figure 1a, no energy savings
from shading systems were found® in CTZ 1 (Arcata), 3 (Oakland), 4 (Sunnyvale), and 5 (Santa
Maria. In the other 12 climate zones, annual cooling energy consumption reductions of 25% -
65% were achieved in the Energy Optimized scenario (Table 4). Using the Commission’s Time
Dependent Valuation (TDV) methodology, nearly identical percentage cooling savings were
observed (Table 5). Under the View Optimized scenario, cooling energy savings ranged from 15
— 50% (Table 6). Peak cooling energy demand was reduced by 0.3 — 0.55 kW (Figure 1d) using
a light-colored shading material, and by slightly less with the dark-colored shading material. The
View Optimized scenario resulted in very similar peak cooling energy demand savings in climate
zones such as CTZ02 and CTZ07, while in other climate zones peak cooling demand savings
were substantially lower in the View Optimized scenario.

Simulation results for Pre-Title 24 homes are presented in Figures 2a-2d and in the lower half of
Tables 4-7. In general, we found that shading systems resulted in higher energy savings in these
homes than they did in the Title 24 homes. As can be seen in Figure 2c, light colored shades
resulted in a 20 — 65% reduction in annual cooling energy consumption under the Energy
Optimized scenario, and a 20 — 45% reduction in the View Optimized scenario. Light colored
shades reduced peak cooling demand reduced by 0.35 - 0.6 kW in the Energy Optimized scenario
(Figure 2d), and by 0.05 — 0.5 kW in the View Optimized scenario.

’ By using an alternate shading procedure (described in footnote 2), we were able to simulate small cooling savings
from operable shading systems (on the order of 10 kWh / yr); however, these savings came at the cost of increased
heating consumption, with the result that overall annual energy consumption increased.



Economics of User-Operable Shading Systems

In this section, we present a simple economic analysis of window shading systems. Based on
price estimates provided by Mr. Helmut Blum of European Rolling Shutters, Inc. (San Jose, CA),
we estimated a range of costs for operable shading systems. Based on quoted prices (including
labor) of $25/ft* for aluminum shading and $500 per window for motors, tracks and controls, we
estimated a complete system cost of $15,625 for the modeled DOE-2 home, which has 325 ft* of
windows (Table 3). In addition to this complete system cost, we considered an alternate window
shading scenario, where only windows on the south and west orientations are shaded. We
assumed that this South and West scenario would have roughly half the cost of the Complete
System scenario - $8,050 (Table 3). This scenario presumably would be more cost effective than
the Complete System scenario, since solar gains tend to be highest for south- and west-oriented
windows.

Table 3 — Estimated cost of complete shading system

Estimated Retail Costs for System Components

Motors and Controls, per Window $500
Aluminum Shading, per sq. ft $25

Shaded

window 2006 Cost
Scenario # of Windows area Estimate
Complete System - Shade all orientations 15 325 $15,625
South and West — Shade S&W only 8 162 $8,050

The costs presented in Table 3 may be conservatively high. The market for rolling window
shades in California is small, dominated by small businesses, and appears to be relatively
uncompetitive. Since many components are currently custom-fabricated, a larger market might
offer significant economies of scale. To give a sense of comparison, costs estimates from the
Portuguese market provided by Professor Eduardo Maldonado suggest that aluminum roller
shading material may be available for as little as $3 per square foot, with motors and controls
costing on the order of $250 per unit. Thus, we expect that the cost estimates provided here
represent somewhat of an upper bound.

Energy Cost Savings

Estimates of energy cost savings from light colored shades are presented in Figures 3a (Title 24
Homes) and 3c (Existing Pre-Title 24 homes). For the View Optimized scenario, annual energy
savings in Title 24 homes range from $250 - $1400/yr (Complete System), and roughly 60-70%
of these values in the South and West case. Based on shading system cost estimates presented in
the previous section, these savings equate to simple payback periods of 11 to over 40 years for
the Complete System case, and slightly shorter durations in the South and West case (Figure 3b).
Payback periods are also slightly shorter for shading systems installed in Existing (pre-Title 24)
homes. It should be stressed that since these payback periods are based on TDV savings (which



account for reductions in society-wide costs), they represent a societal rate of return, not the rate
of return seen by a homeowner. Homeowners are likely to pay a lower cost for their energy than
the $0.14/kBtu TDV rate, and are thus likely to see even longer payback periods than those
described above.

Conclusions

A clear trend across every metric analyzed in this study is a heavy dependence on climate. In
northern or coastal climates with minimal cooling loads, e.g. Arcata or Oakland, window shading
systems clearly result in negligible energy benefits. In other climates, window shading system
result in very significant energy savings at the household level, but may result in relatively small
aggregate or societal benefit due to a relatively small overall population (eg, El Centro). Setting
these exceptional regions aside, , it is clear that for a broad swath of California’s climates —
including many fast-growing regions — user-operated window shading systems offer the potential
to substantially reduce cooling energy consumption. However, several key hurdles exist:

- Cost. Our simple cost analysis, while admittedly based on upper-bound costs, suggests
that window shading systems are not, at least in the near term, particularly cost-effective
on the basis of cooling energy savings alone. However, similar to replacing single-pane
with double-pane windows, there are numerous other non-energy benefits, such as
security, privacy, visual and thermal comfort, etc., that will make the system attractive to
customers. For the Commission, a policy question remains whether the energy savings
calculated in this report are reliable enough to warrant giving limited incentives to
encourage their use.

- User Behavior. Based on assumptions of user behavior, a wide range of potential energy
savings from shading systems can be estimated. While it’s true the energy savings of a
movable shading system will be nil if the user chose not to use them, in most probability
the customer base is a self-selected group, i.e., it is highly unlikely that customers would
install such a system if they did not like the appearance or have no intention of using it.
Thus, the question for the Commission should focus less on how acceptable are movable
shading systems among California homeowners, but whether they should encourage their
use by homeowners who do find them appealing.
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Figure 2B - TDV Energy Savings - Existing Homes
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Table 4. Simulation results for movable shading in New and
Old vintage houses in the 16 California Climate Zones

Energy Consumption and Savings in Energy Optimized Scenario

Climate Representative Base Case Dark Shade Light Shade Dark Shade Light Shade
Zone City Heat Cool Peak Cool Heat Cool Peak Cool Heat Cool Peak Cool | Total Cool Savings Peak Cool Savings | Total Cool Savings Peak Cool Savings
(MBtu) (kWh) (kW) (MBtu) (kWh) (kW) (MBtu) (kWh) (kW) kWh % Savings kW % Savings| kWh % Savings kW % Savings
2005 Title 24 Homes

1 Arcata 44.96 0.03 0.03 44.96 0.03 0.03 44.96 0.03 0.03 - 0% - 0% - 0% - 0%
2 Santa Rosa 34.77 490.20 1.94 34.98 263.62 1.58 35.15 208.21 1.48| 226.58 46% 0.36 19%( 281.99 58% 0.46 24%
3 Oakland 24.61 13.56 0.61 24.63 12.78 0.61 24.65 12.78 0.61 0.78 6% - 0% 0.78 6% - 0%
4 Sunnyvale 26.36 39.35 1.14 26.36 39.35 1.14 26.36 39.35 1.14 - 0% - 0% - 0% - 0%
5 Santa Maria 21.73 38.00 1.25 21.73 38.00 1.25 21.73 38.00 1.25 - 0% - 0% - 0% - 0%
6 Long Beach 8.65 528.16 1.53 8.83 191.64 1.25 8.86 158.69 1.25] 336.52 64% 0.28 18%| 369.47 70% 0.28 18%
7 San Diego 6.92 111.94 1.62 6.94 50.13 1.26 6.95 39.25 1.17 61.81 55% 0.36 22% 72.69 65% 0.45 28%
8 El Toro 11.35 291.51 1.36 11.39 150.60 1.01 11.45 117.24 0.91| 140.91 48% 0.35 26%| 174.27 60% 0.45 33%
9 Pasadena 12.18 436.59 1.45 12.23 248.44 1.15 12.26 195.40 1.06] 188.15 43% 0.30 21%| 24119 55% 0.39 27%
10 Riverside 15.72 898.45 2.02 15.91 580.87 1.66 16.01 490.08 1.57| 317.58 35% 0.36 18%| 408.37 45% 0.45 22%
11 Red Bluff 40.54 1645.02 3.18 40.69 1218.63 2.7 40.82  1095.99 2.59| 426.39 26% 0.47 15%( 549.03 33% 0.59 19%
12 Sacramento 33.47 519.25 1.90 33.66 246.77 1.48 33.79 187.60 1.36] 272.48 52% 0.42 22%| 331.65 64% 0.54 28%
13 Fresno 31.39 1546.20 2.23 31.64 1091.50 1.81 31.85 965.55 1.70] 454.70 29% 0.42 19%| 580.65 38% 0.53 24%
14 China Lake 21.97 2998.04 2.74 22.09 2369.82 2.33 22.21 2196.16 2.23| 628.22 21% 0.41 15%( 801.88 27% 0.51 19%
15 El Centro 7.66 4629.74 3.15 7.72 3844.60 2.84 7.80 3632.98 2.74| 785.14 17% 0.31 10%| 996.76 22% 0.41 13%
16 Mt. Shasta 64.34 515.26 1.92 64.88 303.47 1.59 65.03 277.06 1.59] 211.79 41% 0.33 17%| 238.20 46% 0.33 17%

Existing Homes
1 Arcata 52.80 0.16 0.16 52.80 0.16 0.16 52.80 0.16 0.16 - 0% - 0% - 0% - 0%
2 Santa Rosa 39.63 673.45 2.41 39.90 396.53 2.00 40.05 327.13 1.89] 276.92 41% 0.41 17%| 346.32 51% 0.52 22%
3 Oakland 28.70 19.55 0.78 28.75 18.56 0.78 28.77 18.56 0.78 0.99 5% - 0% 0.99 5% - 0%
4 Sunnyvale 30.19 60.93 1.50 30.19 60.93 1.50 30.19 60.93 1.50 - 0% - 0% - 0% - 0%
5 Santa Maria 26.02 51.81 1.56 26.02 51.81 1.56 26.02 51.81 1.56 - 0% - 0% - 0% - 0%
6 Long Beach 10.72 654.07 1.89 10.92 270.41 1.57 10.96 227.45 1.57| 383.66 59% 0.32 17%| 426.62 65% 0.32 17%
7 San Diego 8.69 167.74 1.98 8.70 74.38 1.59 8.72 59.23 1.49 93.36 56% 0.39 20%| 108.51 65% 0.49 25%
8 El Toro 13.68 397.21 1.73 13.75 225.56 1.34 13.80 185.16 1.22] 171.65 43% 0.39 23%| 212.05 53% 0.51 29%
9 Pasadena 14.64 585.12 1.82 14.72 363.26 1.48 14.78 299.84 1.38] 221.86 38% 0.34 19%| 285.28 49% 0.44 24%
10 Riverside 18.74 1155.41 2.57 18.93 805.13 217 19.06 701.53 2.07| 350.28 30% 0.40 16%| 453.88 39% 0.50 19%
11 Red Bluff 46.11 2074.47 3.76 46.28 1586.61 3.48 46.43 1448.95 3.33| 487.86 24% 0.28 7%| 625.52 30% 0.43 11%
12 Sacramento 38.67 735.42 2.43 38.90 401.53 1.97 39.07 319.91 1.84] 333.89 45% 0.46 19%( 415.51 56% 0.59 24%
13 Fresno 36.16  1995.90 2.88 36.46 1480.20 241 36.66 1324.67 229 515.70 26% 0.47 16%| 671.23 34% 0.59 20%
14 China Lake 2418 3593.87 3.31 24.34 2873.00 2.83 2447 267475 2.71| 720.87 20% 0.48 15%( 919.12 26% 0.60 18%
15 El Centro 8.73 5500.62 3.62 8.83 4608.09 3.40 8.91 4367.14 3.29] 892.53 16% 0.22 6% 1,133.48 21% 0.33 9%
16 Mt. Shasta 69.40 634.57 2.34 69.96 382.63 1.91 70.11 354.16 1.91] 251.94 40% 0.43 18%| 280.41 44% 0.43 18%
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Table S. Simulation results for movable shading in New and
Old vintage houses in the 16 California Climate Zones

TDV Energy Consumption and Savings in Energy Optimized Scenario

. . Base Case Dark Shade Light Shade Dark Shade Light Shade
C;?naete Repreg;et;tatlve Cool Total Cool Total Cool Total Cool Savings Total Savings Cool Savings Total Savings
TDV kBtu TDV kBtu TDV kBtu kBtu % Savings kBtu $ Amount kBtu % Savings kBtu $ Amount
2005 Title 24 Homes

1 Arcata 0.48  43,242.80 0.48 43,242.80 0.48 43,242.80 - 0% - $0.00 - 0% - -
2 Santa Rosa 11,549.14  45,565.58 | 6,409.24 40,635.85| 5,087.90 39,475.13| 5,139.90 45% 4,929.73  $690.16 | 6,461.24 56% 6,090.45 852.66
3 Oakland 44729  24,462.81 419.67 24,462.91 419.67 24,475.77 27.62 6% (0.10) ($0.01) 27.62 6% (12.96) (1.81)

4 Sunnyvale 911.04  26,679.24 911.04 26,679.24 911.04 26,679.24 - 0% - $0.00 - 0% - -

5 Santa Maria 1,492.06 22,450.99 1,492.06 22,450.99 1,492.06 22,450.99 - 0% - $0.00 - 0% - -
6 Long Beach 11,442.80 20,037.82 | 4,131.42 12,904.18 | 3,419.50 12,231.59| 7,311.38 64% 7,133.64  $998.71 8,023.30 70% 7,806.23 1,092.87
7 San Diego 3,167.67 10,179.33 1,351.85  8,383.48 1,050.81 8,091.75 1,815.82 57% 1,795.85 $251.42| 2,116.86 67% 2,087.58 292.26
8 El Toro 8,772.40 20,114.54 | 4,85462 16,243.87 | 3,853.75 15,296.89 | 3,917.78 45% 3,870.67 $541.89| 4,918.65 56% 4,817.65 674.47
9 Pasadena 11,439.22  23,607.81 6,670.05 18,887.02| 5,202.74 17,454.05| 4,769.17 42% 4,720.79  $660.91 6,236.48 55% 6,153.76 861.53
10 Riverside 21,743.27 37,445.27 | 14,590.23 30,495.54 | 12,520.31 28,531.96 | 7,153.04 33% 6,949.73  $972.96 | 9,222.96 42% 8,913.31 1,247.86
11 Red Bluff 30,402.36  70,269.65 | 22,442.92 62,453.62 | 20,173.80 60,312.13 | 7,959.44 26% 7,816.03 $1,094.24 | 10,228.56 34% 9,957.52  1,394.05
12 Sacramento 12,663.48 45,485.35| 6,687.89 39,688.87| 5,249.61 38,369.25| 5,975.59 47% 5,796.48  $811.51 7,413.87 59% 7,116.10 996.25
13 Fresno 28,526.67 59,748.46 | 20,378.24 51,825.92 | 18,084.97 49,715.56 | 8,148.43 29% 7,922.54 $1,109.16 | 10,441.70 37% 10,032.90 1,404.61
14 China Lake 55,437.03  77,320.08 | 43,896.79 65,899.71 | 40,726.67 62,855.57 | 11,540.24 21% 11,420.37 $1,598.85 | 14,710.36 27% 14,464.51 2,025.03
15 El Centro 81,075.93  88,660.50 | 67,447.97 75,097.23 | 63,811.53 71,542.29 | 13,627.96 17% 13,563.27 $1,898.86 | 17,264.40 21% 17,118.21  2,396.55
16 Mt. Shasta 11,446.22 74,189.23 | 6,515.15 69,781.37 | 5,895.45 69,299.89| 4,931.07 43% 4,407.86 $617.10| 5,550.77 48% 4,889.34 684.51

Existing Homes

1 Arcata 234  50,758.30 2.34 50,758.30 2.34 50,758.30 - 0% - $0.00 - 0% - -
2 Santa Rosa 15,644.96  54,396.70 | 9,521.94 48,526.62 | 7,899.72 47,053.63 | 6,123.02 39% 5,870.08  $821.81 7,745.24 50% 7,343.07 1,028.03
3 Oakland 654.50 28,634.78 619.50 28,650.14 619.50 28,672.18 35.00 5% (15.36) ($2.15) 35.00 5% (37.40) (5.24)

4 Sunnyvale 1,498.76  30,985.59 1,498.76 30,985.59 1,498.76 30,985.59 - 0% - $0.00 - 0% - -

5 Santa Maria 2,005.56  27,097.25| 2,005.56 27,097.25| 2,005.56 27,097.25 - 0% - $0.00 - 0% - -
6 Long Beach 14,191.98 24,846.34 | 5,764.28 16,628.22 | 4,867.51 15771.06 | 8,427.70 59% 8,218.12 $1,150.54 | 9,324.47 66% 9,075.28 1,270.54
7 San Diego 4,666.79 13,465.85 | 2,040.98 10,850.43 1,586.62 10,409.04 | 2,625.81 56% 2,615.42  $366.16 | 3,080.17 66% 3,056.81 427.95
8 El Toro 11,776.76  25,459.96 | 7,046.77 20,801.29 (| 5,940.09 19,748.26 | 4,729.99 40% 4,658.67  $652.21 5,836.67 50% 5,711.70 799.64
9 Pasadena 15,117.88  29,750.52 | 9,558.88 24,274.60| 7,879.59 22,669.67 | 5,559.00 37% 547592 $766.63 | 7,238.29 48% 7,080.85 991.32
10 Riverside 27,948.74  46,677.59 | 20,024.76 38,960.48 | 17,689.46 36,760.24 | 7,923.98 28% 7,717.11 $1,080.40 | 10,259.28 37% 9,917.35 1,388.43
11 Red Bluff 38,626.75  83,939.12 | 29,574.22 75,053.91 | 27,010.97 72,630.92| 9,052.53 23% 8,885.21 $1,243.93 | 11,615.78 30% 11,308.20 1,583.15
12 Sacramento 17,573.48  55,448.07 | 10,484.60 48,579.26 | 8,624.84 46,882.08| 7,088.88 40% 6,868.81 $961.63 | 8,948.64 51% 8,565.99 1,199.24
13 Fresno 36,979.79  72,901.46 | 27,729.78 63,922.63 | 24,991.13 61,361.94 | 9,250.01 25% 8,978.83 $1,257.04 | 11,988.66 32% 11,539.52 1,615.53
14 China Lake 66,659.94  90,754.00 | 53,477.48 77,735.82 | 49,852.17 74,249.22 | 13,182.46 20% 13,018.27 $1,822.56 | 16,807.77 25% 16,504.87 2,310.68
15 El Centro 96,643.53 105,288.77 | 81,175.91 89,928.87 | 77,039.36 85,877.86 | 15,467.62 16% 15,359.90 $2,150.39 | 19,604.17 20% 19,410.91 2,717.53
16 Mt. Shasta 14,103.16  81,754.45 | 8,349.47 76,532.06 | 7,644.44 75971.96| 5,753.69 41% 522239 $731.13| 6,458.72 46% 5,782.49 809.55
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Table 6. Simulation results for movable shading in New and
Old vintage houses in the 16 California Climate Zones, View Optimized Scenario

Energy Consumption and Savings in View Optimized Scenario

Climate Representative Base Case Dark Shade Light Shade Dark Shade Light Shade
Zone City Heat Cool Peak Cool Heat Cool Peak Cool Heat Cool Peak Cool | Total Cool Savings Peak Cool Savings | Total Cool Savings Peak Cool Savings
(MBtu) (kWh) (kW) (MBtu) (kWh) (kW) (MBtu) (kWh) (kW) kWh % Savings kW % Savings| kWh % Savings kW % Savings|
2005 Title 24 Homes

1 Arcata 44.96 0.03 0.03 44.96 0.03 0.03 44.96 0.03 0.03 - 0% - 0% - 0% - 0%
2 Santa Rosa 34.77 490.20 1.94 34.97 338.12 1.59 35.07 301.17 1.50[ 152.08 31% 0.35 18%| 189.03 39% 0.44 23%
3 Oakland 24.61 13.56 0.61 24.63 13.31 0.61 24.63 13.30 0.61 0.25 2% - 0% 0.26 2% - 0%
4 Sunnyvale 26.36 39.35 1.14 26.36 39.35 1.14 26.36 39.35 1.14 - 0% - 0% - 0% - 0%
5 Santa Maria 21.73 38.00 1.25 21.73 38.00 1.25 21.73 38.00 1.25 - 0% - 0% - 0% - 0%
6 Long Beach 8.65 528.16 1.53 8.72 284.20 1.28 8.74 259.76 1.27| 243.96 46% 0.25 16%| 268.40 51% 0.26 17%
7 San Diego 6.92 111.94 1.62 6.93 68.28 1.27 6.94 61.51 1.18 43.66 39% 0.35 22% 50.43 45% 0.44 27%
8 El Toro 11.35 291.51 1.36 11.37 190.24 1.03 11.39 167.56 1.02 101.27 35% 0.33 24%| 123.95 43% 0.34 25%
9 Pasadena 12.18 436.59 1.45 12.26 311.23 1.42 12.31 268.71 1.41 125.36 29% 0.03 2%| 167.88 38% 0.04 3%
10 Riverside 15.72 898.45 2.02 15.86 700.07 1.70 15.90 642.77 1.69] 198.38 22% 0.32 16%| 255.68 28% 0.33 16%
11 Red Bluff 40.54 1645.02 3.18 40.70 1387.05 2.76 40.79 1315.92 2.64| 257.97 16% 0.42 13%| 329.10 20% 0.54 17%
12 Sacramento 33.47 519.25 1.90 33.60 347.75 1.86 33.63 308.93 1.85 171.50 33% 0.04 2%| 210.32 41% 0.05 3%
13 Fresno 31.39 1546.20 2.23 31.62 1288.20 2.07 31.74 121235 2.06| 258.00 17% 0.16 7%| 333.85 22% 0.17 8%
14 China Lake 21.97 2998.04 2.74 22.06 2641.50 2.71 2212 254317 2.70| 356.54 12% 0.03 1%| 454.87 15% 0.04 1%
15 El Centro 7.66 4629.74 3.15 7.71 4184.05 3.03 7.75 4065.89 3.02] 445.69 10% 0.12 4%| 563.85 12% 0.13 4%
16 Mt. Shasta 64.34 515.26 1.92 64.54 377.89 1.65 64.60 359.38 1.64] 137.37 27% 0.27 14%| 155.88 30% 0.28 15%

Existing Homes
1 Arcata 52.80 0.16 0.16 52.80 0.16 0.16 52.80 0.16 0.16 - 0% - 0% - 0% - 0%
2 Santa Rosa 39.63 673.45 2.41 39.87 486.67 2.02 39.96 439.91 1.92| 186.78 28% 0.39 16%| 233.54 35% 0.49 20%
3 Oakland 28.70 19.55 0.78 28.74 19.24 0.78 28.75 19.22 0.78 0.31 2% - 0% 0.33 2% - 0%
4 Sunnyvale 30.19 60.93 1.50 30.19 60.93 1.50 30.19 60.93 1.50 - 0% - 0% - 0% - 0%
5 Santa Maria 26.02 51.81 1.56 26.02 51.81 1.56 26.02 51.81 1.56 - 0% - 0% - 0% - 0%
6 Long Beach 10.72 654.07 1.89 10.80 388.63 1.58 10.82 356.62 1.58| 265.44 41% 0.31 16%| 297.45 45% 0.31 16%
7 San Diego 8.69 167.74 1.98 8.72 98.64 1.60 8.71 87.61 1.50 69.10 41% 0.38 19% 80.13 48% 0.48 24%
8 El Toro 13.68 397.21 1.73 13.71 278.65 1.35 13.72 248.48 1.32 118.56 30% 0.38 22%| 148.73 37% 0.41 24%
9 Pasadena 14.64 585.12 1.82 14.74 431.27 1.78 14.78 394.56 1.77] 153.85 26% 0.04 2%| 190.56 33% 0.05 3%
10 Riverside 18.74 1155.41 2.57 18.89 937.83 2.19 18.95 877.90 214 217.58 19% 0.38 15%| 277.51 24% 0.43 17%
11 Red Bluff 46.11 2074.47 3.76 46.29 1780.08 3.52 46.38 1698.24 3.39] 294.39 14% 0.24 6%| 376.23 18% 0.37 10%
12 Sacramento 38.67 735.42 2.43 38.80 525.90 2.39 38.86 474 .81 2.38| 209.52 28% 0.04 2%| 260.61 35% 0.05 2%
13 Fresno 36.16  1995.90 2.88 36.41 1698.34 2.63 36.54 1615.70 262| 297.56 15% 0.25 9%| 380.20 19% 0.26 9%
14 China Lake 2418 3593.87 3.31 2430 3183.32 3.27 2437 3071.26 3.26] 410.55 11% 0.04 1%| 522.61 15% 0.05 2%
15 El Centro 8.73 5500.62 3.62 8.81 4993.44 3.55 8.85 4858.15 3.55| 507.18 9% 0.07 2%| 64247 12% 0.07 2%
16 Mt. Shasta 69.40 634.57 2.34 69.60 464.16 1.99 69.66 445 .61 1.98] 170.41 27% 0.35 15%| 188.96 30% 0.36 15%
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Table 7. Simulation results for movable shading in New and
Old vintage houses in the 16 California Climate Zones, View Optimized Scenario

TDV Energy Consumption and Savings in View Optimized Scenario

. . Base Case Dark Shade Light Shade Dark Shade Light Shade
C;:nna:e Repreg;;tatlve Cool Total Cool Total Cool Total Cool Savings Total Savings Cool Savings Total Savings
TDV kBtu TDV kBtu TDV kBtu kBtu % Savings kBtu $ Amount kBtu % Savings kBtu $ Amount
2005 Title 24 Homes
1 Arcata 0.48  43,242.80 0.48 43,242.80 0.48 43,242.80 - 0% - $0.00 - 0% - -
2 Santa Rosa 11,549.14  45,565.58 | 8,102.48 42,316.63 | 7,222.28 41,535.31 | 3,446.66 30% 3,248.95 $454.85| 4,326.86 37% 4,030.27 564.24
3 Oakland 44729  24,462.81 439.35 24,474.53 438.75 24,478.82 7.94 2% (11.72) ($1.64) 8.54 2% (16.01) (2.24)
4 Sunnyvale 911.04  26,679.24 911.04 26,679.24 911.04 26,679.24 - 0% - $0.00 - 0% - -
5 Santa Maria 1,492.06  22,450.99 1,492.06 22,450.99 1,492.06 22,450.99 - 0% - $0.00 - 0% - -
6 Long Beach 11,442.80 20,037.82 | 6,223.64 14,889.75 5,733.35 14,418.81 | 5,219.16 46% 5,148.07  $720.73 5,709.45 50% 5,619.01 786.66
7 San Diego 3,167.67 10,179.33 1,903.98  8,925.77 1,710.88  8,739.19 | 1,263.69 40% 1,253.56  $175.50 1,456.79 46% 1,440.14 201.62
8 El Toro 8,772.40 20,11454 | 5,953.28 17,324.19| 5,282.88 16,666.86 | 2,819.12 32% 2,790.35  $390.65 3,489.52 40% 3,447.68 482.68
9 Pasadena 11,439.22  23,607.81 8,496.31 20,744.29 | 7,432.84 19,736.90 | 2,942.91 26% 2,863.52  $400.89 | 4,006.38 35% 3,870.91 541.93
10 Riverside 21,743.27  37,445.27 | 17,216.57 33,064.55 | 15,910.43 31,808.00 | 4,526.70 21% 4,380.72  $613.30 5,832.84 27% 5,637.27 789.22
11 Red Bluff 30,402.36  70,269.65 | 25,616.07 65,643.63 | 24,282.06 64,392.48 | 4,786.29 16% 4,626.02 $647.64 | 6,120.30 20% 5,877.17 822.80
12 Sacramento 12,663.48 4548535 | 8,958.87 41,902.63 | 8,055.07 41,026.09 | 3,704.61 29% 3,582.72  $501.58 | 4,608.41 36% 4,459.26 624.30
13 Fresno 28,526.67  59,748.46 | 23,911.90 55,341.83 | 22,550.91 54,083.80 | 4,614.77 16% 4,406.63 $616.93 5,975.76 21% 5,664.66 793.05
14 China Lake 55,437.03  77,320.08 | 48,771.65 70,746.65 | 46,926.31 68,967.45 | 6,665.38 12% 6,573.43  $920.28 8,510.72 15% 8,352.63 1,169.37
15 El Centro 81,075.93  88,660.50 | 73,192.84 80,828.63 | 71,116.83 78,801.74 | 7,883.09 10% 7,831.87 $1,096.46 9,959.10 12% 9,858.76  1,380.23
16 Mt. Shasta 11,446.22 74189.23 | 8,216.40 71,15495| 7,778.81 70,769.78 | 3,229.82 28% 3,034.28  $424.80 3,667.41 32% 3,419.45 478.72
Existing Homes
1 Arcata 2.34  50,758.30 2.34 50,758.30 2.34 50,758.30 - 0% - $0.00 - 0% - -
2 Santa Rosa 15,644.96  54,396.70 | 11,527.74 50,505.77 | 10,437.03 49,509.60 | 4,117.22 26% 3,890.93  $544.73 5,207.93 33% 4,887.10 684.19
3 Oakland 654.50 28,634.78 644.80 28,667.46 644.03 28,679.23 9.70 1% (32.68) ($4.58) 10.47 2% (44.45) (6.22)
4 Sunnyvale 1,498.76  30,985.59 1,498.76 30,985.59 1,498.76 30,985.59 - 0% - $0.00 - 0% - -
5 Santa Maria 2,005.56  27,097.25| 2,005.56 27,097.25| 2,005.56 27,097.25 - 0% - $0.00 - 0% - -
6 Long Beach 14,191.98  24,846.34 | 8,436.60 19,181.51 7,779.90 18,544.45] 5,755.38 41% 5,664.83 $793.08 | 6,412.08 45% 6,301.89 882.26
7 San Diego 4,666.79 13,465.85  2,761.36 11,584.44 | 2,433.84 11,251.94] 1,905.43 41% 1,881.41 $263.40 | 2,232.95 48% 2,213.91 309.95
8 El Toro 11,776.76  25,459.96 | 8,478.95 22,198.30| 7,633.83 21,364.15] 3,297.81 28% 3,261.66  $456.63 | 4,142.93 35% 4,095.81 573.41
9 Pasadena 15,117.88  29,750.52 | 11,554.98 26,291.21 | 10,662.85 25,445.46 | 3,562.90 24% 3,459.31 $484.30 | 4,455.03 29% 4,305.06 602.71
10 Riverside 27,948.74  46,677.59 | 22,935.99 41,824.65 | 21,541.35 40,499.28 | 5,012.75 18% 4,852.94  $679.41 6,407.39 23% 6,178.31 864.96
11 Red Bluff 38,626.75  83,939.12 | 33,193.65 78,678.83 | 31,670.27 77,240.87 | 5,433.10 14% 5,260.29 $736.44 | 6,956.48 18% 6,698.25 937.76
12 Sacramento 17,573.48  55,448.07 | 13,191.48 51,194.82 | 12,062.82 50,115.17 | 4,382.00 25% 4,253.25  $595.46 5,510.66 31% 5,332.90 746.61
13 Fresno 36,979.79  72,901.46 | 31,663.94 67,806.16 | 30,199.75 66,463.44 | 5,315.85 14% 5,095.30 $713.34| 6,780.04 18% 6,438.02 901.32
14 China Lake 66,659.94  90,754.09 | 59,027.58 83,247.65 | 56,927.67 81,213.67 | 7,632.36 11% 7,506.44 $1,050.90 9,732.27 15% 9,540.42 1,335.66
15 El Centro 96,643.53 105,288.77 | 87,691.38 96,422.79 | 85,321.89 94,094.49 | 8,952.15 9% 8,865.98 $1,241.24 | 11,321.64 12% 11,194.28 1,567.20
16 Mt. Shasta 14,103.16  81,754.45| 10,224.16 78,069.30 | 9,783.77 77,680.27 | 3,879.00 28% 3,685.15 $515.92| 4,319.39 31% 4,074.18 570.39
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Figure 3B - Payback Period - Title 24 Homes

Figure 3A - TDV Annual Energy Savings - Title 24 Homes
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Figure 3D - Payback Period - Existing Homes

Figure 3C - TDV Annual Energy Savings - Existing Homes
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