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. Statemernt of the Problem:
In the U.S,, billions of dollars are spent annually on energy lost through the use of
inefficient windows. Even wall systems with advanced static glazings and moveable
shading devices are not optimal because they can’t effectively respond to changing solar
and environmental conditions. ‘

How Problem was Addressed:

Electrochromic (EC) smart windows can dynamically control the amount of solar light
and heat entering a building. The energy saving performance of fully dynamic wall
systems containing EC windows was compared with that of static systems using the DOE
2.1E building simulation program. The unique optical and thermal properties of the
SAGE EC window were measured and input into the model. Total costs for different
scenarios were computed over the expected lifetime of the window/wall systems.

Phase I Project Results:

¢ SAGE demonstrated the.capability to produce double pane EC wmdows in which the
transmittance could be repeatedly varied between 2% and 58%.

o The relative impact of switchable EC glazings in buildings when compared to high
performance static glazings is 10% to 20% energy savings across all climatic regions
investigated. Computer analysis by Carnegie Mellon University

¢ Significant life cycle cost savings are predicted for SageGlass EC architectural
windows when compared to conventional solar control windows over an estimated
product lifetime of 20 years.

Commercial Applications and Other Benefits:

Advanced wall systems containing EC windows could be incorporated 1nto a wide range
of residential and commercial buildings. The estimated annual reduction in energy use
could exceed $6 billion if EC captures just 10% of the market. There will also be
significant reductions in peak demand, AC capacity, building operating costs, and
pollutants for the burning of fossil fuels. Over 10,300 development and manufacturing
jobs could be created by 2020.
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Phase 1 Final Results

Introduction:

- The primary objective of Phase I was to investigate the performance benefits of
architectural windows fabricated using EC glazings when compared to those assembled
using commercially available static glazings. The DOE 2.1E energy simulation program
was the evaluation tool for assessing the total annual cooling, hghtmg, and heating
energy use (including peak demand) as a function of glazing type, size, and
environmental conditions. EC devices fabricated on the SAGE pilot line were optically
characterized” and the data was input to the energy simulation program. The computer
simulation compared Sageglass® with tinted low-e glazings used currently.

Approach:

The prototype building for this computer analysis is 2 9368 m’ office building (1:2.5
width:length aspect ratio), with baseline enclosure and HVAC characteristics based on
the ASHRAE 90.1 standard.

While performance benefits for a specific building will vary based on the construction,
occupancy patterns, and context, these parametric simulations provide a broad measure of
the extent of performance benefits for a range of building configurations and climatic
contexts. The parametric analyses yield annual building energy use and costs, and HVAC
equipment sizes. These were used as the basis for developing the first costs and lifecycle
costs of the EC glass options.

Base Building Description:
Figure 1 indicates the schematic plan and elevation of the bulldmg
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Figure 1: Prototype Building Configuration

Tables 1, 2, and 3 summarize the specifications for the enclosure, HVAC and occupancy
characteristics respectively.

* SAGE is grateful for the help of Lawrence Berkeley National Laboratories in optically characterizing the
EC devices.
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Table 1
System/Component Specification
External Wall From outside to inside: metal panel, GWB sheathing, metal stud with fiberglass

1 Internal Walls

insulation, drywall. Solar absorptance = 0.5. U-value = 0.43 W-m2K"'
Metal stud wall with drywall facing. '

Internal floor

1 10 cm concrete slab over metal decking. Floor is assumed to be carpeted.

Ceiling Hung ceiling between the plenum and the space is 12mm acoustic tile.

Roof From outside to inside: gravel ballast, black EPDM surface, expanded
polystyrene insulation on metal decking. Solar absorptance = 0.8. U-value =
0.28 Wm*K!

Ground Slab 10cm concrete slab. The horizontal perimeter insulation consists of 60cm. R-11
expanded polystyrene.
The effective heat transfer through the slab is modeled according to
Winkelmann 1998. .

Glazing Glazing area and type are parametric — see below.
Window frame area is 10% of window area. Frames are thermally broken
aluminum (U-value = 4.6 W-m>K™) _
Static glazing cases have manually deployed internal blinds; Blinds reduce
shading coefficient by 20% and visible transmittance by 50%; reopen
probability = 0.3

Table 2

System/Component Specification .

System Type Packaged variable air volume. There are two packaged rooftop air-handlers one
each for the east and west wings of the building.

Cooling capacity Based on DOE-2 peak loads

Heating capacity 0 (heating done by perimeter baseboards)

Fan size Based on DOE-2 peak loads

Supply air temperature 12.8°C, reset based on cooling demand in warmest zone

Return air path Plenum

Baseboard radiators Hot-water radiators in perimeter zone

Economizer Enthalpy-based

Fan motor Variable frequency

Zone reheat coils No zone reheat

Hot water source Gas-fired boiler

Zone cooling set point 23.3°C (occupied hours), 32.2°C(unoccupied hours)

Zone heating set point 21.1°C (occupied hours), 12.8°C (unoccupied hours)

Operation Schedule As per ASHRAE 90.1

Table 3

Occupancy Specification

People 25.6 m’ per person (gross). Schedule as per ASHRAE 90.1°

Lights Combined task-ambient fluorescent down lighting, with a power density of 17.2
W-m .Schedule as per ASHRAE 90.1

Equipment 10.8 W-m™.Schedule as per ASHRAE 90.1
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Parametric options:
The parameters for the study included climatic context, glazing configuration, glazing
type, EC glass control. These are described further below:

A Table 4: Climatic context

City Heating DD Cooling DD Elec. Cost Gas cost
°C (base 18.3) | °C (base 18.3) | ¢/kWh $/MCF

Madison, W1 4164 289 5.9 4.71
Pittsburgh, PA 3325 . 380 8.1 7.52
San Francisco, CA 1799 38 9.7 6.37
Charlotte, NC 1897 341 6.4 6.57
Houston, TX 862 ‘ 1561 6.6 4.46
Phoenix, AZ 641 2119 7.8 597
Glazing configuration:

Four window-to-wall ratios (WWR) were considered, as shown in Figure 2 below:

12m p!enum
09m
1.2m
" 09m

t

0.14 WWR 0.29 WWR 0.50 WWR 0.71 WWR
Figure 2: Window Configurations

For the EC glass cases, two further configurations were explored: ;
o EC glass on South, East, West facades, with static glazing on north facade
e EC glass on all facades

Glazing Type:

3 SageGlass® prototypes were analyzed. These are switchable double pane windows in
which the visible transmittance can be varied over the ranges indicated. The best
performance was obtained using SAGE 457B. Five static glass types were used as a basis
for comparison.

Table 5: Window le

Glass Name DOE-2 Code U-value Shade Coeff | Vis. Trans.

( ' wm>K! .
Tinted 1 2666 - 1241 0.35 0.41
Tinted 2 : 2667 1.67 0.33 0.41
Tinted 3 2217 .| 2.56 0.54 0.38
Spectrally Select. 1 | 2664 1.67 0.48 0.68
Reflective 1 2401 2.26 0.15 0.07
Sage L11610 - 187 047-0.10 1049-0.03
Sage L3A-42-3 - 1.87 1049-0.10 |0.52-0.01
Sage 457B - 1.87 0.52-0.10 | 0.58-0.02
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The optical performance of 457B SageGlass® (Figure 3) was measured by the Windows
and Daylighting Group at Lawrence Berkeley National Laboratory.

457B Transmittance, 11 states
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Figure 3: SageGlass® Transmittance Spectra

As the voltage is increased from —2.0V to +3.0V, the transmittance ranges from fully
bleached to fully colored. In fact, the tint of the window can be continuously varied in
order to control the solar energy entering the building.

The WINDOW 4.1 software was used convert the measured optical data into the format
suitable for use in the DOE 2.1E energy simulation program. The EC insulating glass
unit (IGU) consisted of an EC outer lite with 0.15 emissivity on the film side. The inner
lite was clear and the spacing between the lites was 0.5” and filled with air. The IGU
with the 0.15 emissivity glazing and U value 1.87 was labeled EC-daylt. As the EC
product approaches maturity, anticipated film improvements will result in a lower
emissivity estimated at 0.08. The U value in this latter case is 1.76, and the IGU is
labeled EC2-daylt in the energy usage tables (Figures 5-10). EC2-daylt values will be
used in the lifecycle analyses since these reflect window costs at product maturity.

Table 6 and Figure 4 show the U-value, Shading Coefficient, and Visible Transmission
for an EC IGU as the voltage is varied from —2.0 to +3.0 volts. As the window
transmittance is linearly decreased, the shading coefficient initially decreases at a rate
greater than linear. Our preliminary analysis did not indicate a further significant
improvement in energy savings due to this non-linear performance.
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Table 6: WINDOW 4.1 Results

U-value IShdCf Tvis
EC3-Neg2.0 0.33 0.52 0.58
EC3-Pos0.8 0.33] 0.32 0.41
EC3-Pos1.1 0.33 0.21 0.24
EC3-Po0s3.0 ~ 0.33 0.1 0.02

0.7
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0.5

'0_ 4 —a— U-value ‘
—m— ShdCf |

0.3 1 Tvis
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Ry St

Figure 4: Plot of WINDOW 4 Data

EC Glass Control:
Three types of control for the EC glass were explored:
e Daylight-based: The EC glass is controlled to meet lighting setpoint of 538 lux
¢ Load-based: The EC glass is controlled proportional to space load i.c. it changes
from bleached to colored state with increasing cooling load
¢ Insolation-based: The EC glass is controlled proportional to incident direct solar
radiation i.e. it changes from bleached to colored state with increasing direct solar
radiation . ‘

Simulation Results:
A number of exploratory simulations were carried out to determine the most critical
variables for a detailed parametric analysis. This initial simulations revealed that:
o Of the three SageGlass® options, Sage 457 had the best performance. Therefore,
the other two SageGlass® options were not considered for additional simulations
e As expected, the impact of the glass area was in proportion to the window-to-wall
ratio. Hence, only 2 WWR options were considered for additional simulations
The remaining options were considered for a detailed and comprehensive parametric
analysis, the results of which are given below.
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Figures 5 through 10 indicate the annual energy use and costs for various parametric
cases in each climate. The total energy use in the building included energy used by office
equipment not related to EC performance. When the equipment contribution was

- removed, the total building energy usage is listed in the column labeled HVAC-Lt. These
values were used to compare and contrast the different glazing systems. The energy
savings were referenced to the Tinted 1 static glazing. For example, in Phoenix total
energy usage in a prototypical building with EC glazings (0.3 window-to-wall ratio,
WWR) and daylighting control (EC-daylt) was 9.1% less than for a bulldmg with Tinted
1 glass. The lower emissivity glazing, EC2-daylt, had improved energy savings — 9.8%
less energy than Tinted 1 glass. Figures 5 through 10 also include peak loads and system
capacities for each climate. It should be noted that energy usage estimates for bu11d1ngs
with EC glazing are calculated with Tinted2 glass on the north facade.

Figure 11 indicates the % savings for different cases in each climatic context.

Figures 12 and 13 indicate the impact of using EC glass on all facades for the Pittsburgh
and Phoenix climates respectively.

Discussion of Simulation Results:

The results indicate that the use of EC glass in commercial buildings is both techmcally
feasible and beneficial for life-cycle energy efficiency. Based on the results from the
energy simulations, the following conclusions may be drawn:

o The relative impact of EC glazings (as measured in terms of % total energy savings)
is between 10% and 20% across all climatic contexts (Figure 11). Note that these
percentages are particularly significant given that over 50% of the floor area of the
simulated office building is internal zones not affected by EC glass. These
percentages would be far greater if only perimeter zones are considered.

e SAGE demonstrated the capability to produce switchable double pane windows in
which the visible transmittance could be repeatedly varied between 2% and 58%. As
the window transmittance is linearly decreased, the shading coefficient (SC) initially
decreases at a rate greater than linear. Our analysis did not indicate a further
significant improvement in energy savings due to this non-linear performance.

¢ The effectiveness of EC glass varies based on the type of control scheme used. The

-analyses showed that the switching based on space load and incident solar radiation in.
particular need to be calibrated to specific enclosure configurations and climatic
contexts (Figures 5 and 6).

e As expected, an analysis of the data showed that EC glass was of minimal benefit on
north-facing facades, at least in terms of energy use (Figures 12 and 13).

e As figures 5 through 10 show, EC-glazing with optimal switching control is able to
reduce the equipment sizes and peak electric demands when compared to Tinted 1
static glazing. This translates into first-cost savings in HVAC equlpment

e Itis anticipated that the EC glass U-value can be reduced further in the short term,
from 1.87 to 1.7. This will result in additional energy savmgs 0f 2%-2.5% as well as
reduced equipment loads.

Life Cycle Cost Comparison:

The Life Cycle Cost (LCC) comparison includes first costs (explained below) and
annual operating expenses (including energy costs). Tables 7 through 12 show LCC



Annual Energy Use and Cost - Phoenix

Peaks Loads and Capacity - Phoenix

ights Heat {Cool Fans Total % Diff HVAC-Lt _|% Diff Cost Tot Cost_ 1% Diff Fan Cap. _{Cool Cap. |Boiler Cap. |Peak Elec
KWim2_|kwivm2 _[kwWivm2_[kwivm2_ |kWhvm2 _[kwWivm2 [(Total) [kwivm2 |(HVAC-) |§/m2 $ ‘Cost) _ myhr-m2__|Wim2 w/m2 Wim2
[ Tinted (W1) 26.2 27. 5.7 44.1 6.7 10.7 . 82.7 - 8.3 77887 - | Tinted1 (W1) 4.8 71.4 40.0 47.9
 Tinted2 (W1) 26.2 27, 4.3 424 6.5 074 -3.0 79.5 -4.0 8.1 76215 -2. | Tinted2 (W1) 4.1 68.4 34 .4 46.5
 Tinted3 (W1) 26.6 27.9 5.5 49.2 7. 6.6 5.4 88.7 7.2 8.8 82331 5.7 | Tinted3 (W1) 7.0 80.5 7.2 50.6
SpecSel1 (W1) 25.1 27.9 4.0 47.5 __6. 1114 0.7 83.5 0.9 8.5 79326 1. SpecSelt (W1) 5.7 82.4 30.2 49.0
[Reflect (W1) 36.8 7.9 6. 44.0 A 121.8 10.0 93. 13.4 9. 85699 10.0 _Reﬂecﬂ (W1) 40 75.2 50. 54.8
EC-daylt (W1} 25.9 A 4. 39.0 6.0 03. +6.8 75.2 -9. 7. 73117 -6. EC-daylt (W1) 2.7 2.8 38, 44.9
EC2-dayit (W1) 25.¢ A ; Y 38.6 6.0 183. -;.. 'V: € -9. 7g0 _7,5'2 -6.6 Egﬁ:;ylw:’l)ﬂ 11 .5 g}.! 3!3.‘ 4: .6
EC-load (W1) 26. 27. 3 404 2 104. -5.4 76. -7.2 . 7456 4.8 ( A 4 X 46.4
EC-solrad (W1) 26.2 27. 4.0 42.7 € 07.4 -3.0 79.4 -4.0 8.2] 76386 -1.9 EC-solrad (W1) 13. 71.3 35.3 471
Tinted1 (W3) 24.8 27.¢ 12.0 64.6 .4 386 - 10.7 - 10.1] 95050 - Tinted1 (W3) 23. 07. 53.5 60.0
| Tinted2 (W3) 24.8 7. 8.7 60.9 . 313 -5.3 03. -6.7 98| 91372 -3.9 Tinted2 (W3 22.2 ( 1. 4f.€ 57.0.
Tinted3 (W3) 4.9 7. 11.7 75.4 108 50.7 8.7 22, 10. 11.1] 104035 .5 Tinted3 (W3) 28. 27.¢ 53.8 65.4
SpecSell (W3) 245 & 7.8 69.7 10 40.0 1.0 : . . 10.5 )82 .3 SpecSel1 (W3) 26. 7.2 44.7 51.0
Reflect! (W3) 30.3 /. ;‘; 55.8 ;.; 35.0 1-?3 (9) B 1\ ).8 :J;: ;Li zgl:ct;l {VV\CBQ)) 20.C 80(9).) Sg; 59.7]
EC-dayit (W3) 24.7 27. ;s 53. .5 23. -10. . -13.4 ). 1 5] -10. |EC-dayit , . 53. 54.3
EC2-dayit (W3) 24.7 7. 0.3 51.¢ 7.4 22. -11. 94, -14.8 8.96] 83942] -11.7 [EC2-dayit (W3) R: 87. 53.4 53.7
EC-load (W3) 26.5 27.! .7 54.€ 7.9 26.6 -8.6 98, -10.8 9.3| 87457 -8.0 |EC-load (W3) _ 3 90. 50.3 58.2
EC-solrad (W3) 24.7 27, .3 62.6 9.4 341 -3.3 106. -4.1 9.9] 93106 -2.0 EC-solrad (W3 21.3 104.¢ 50.2 59.9]
Notes: :
1. Equip refers to energy use by office equipment (computers, etc.) -
2. HVAC-Lt refers to HVAC and Lighting energy use (HVAC-Lt = Total - Equip) Pesk Loads and Capscith
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Tinted 2.56 0.54 0.38] ’
Spectrally select, 1,67 0.48 0.68 EC glass cases have Tinted2 on the north fa ade
Reflactive 2.26 0.15 0.07 All static glass cases have manually operated internal blinds
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Annual Energy Use and Cost - Pittsburgh

Peaks Loads and Capacity - Pittsburgh

Lights Equip Heat Cool Fans Total % Diff. HVAC-Lt |% Diff Cost Tot Cost | % Diff
kwivm2 1kwnm2 _|kwivm2 - |kWivm2 _{kwivm2 | kWih/m2 i(Total) kWivm2 | (HVAC-1t) | $/m2 3 {Cost)
Tinted1 {(W1) 28.2 27.9 49.1 16.4 59 12715 - 99.5 - 2.7} 72372 -
Tinted2 (W1) 282 27.9 40.4 16.0 56 118.1 -7.3 90.2 -9.4 7.4} 689504 =38
Tinted3 (W1) 28.7 27.9 49.2 184 6. 130.8 2.6 102.8 33 8.0] 74807 34
SpecSelt (W1) 26.31 27.9) 39.8| 17.6 8.1 117.8 -7.6 89.9 -9.7 7.4 69620 =3.8
Reflecty (W1) 39.0 27.9 48.1 16.6: 5.8] 1374 7.8 109.5 10.0 8.6 95 11.1
EC-daylt (W1) 274 27.9 38.8[ 154 52 114.7 =100 86.8 -12.8 7.2| 67765 -6.4
EC2-dayit (W1) 274 27.9 37.7 15.3 5.1 1134 -11.0 85.5 -14.1 1 7.18788| _ 67336] -7.0
EC-oad {(W1) 27.9 27.9 36.6 16.1 55| 114.1 =10.5 86.1 -13.5 7.3} 68392 =55
EC-solrad {W1) 27.5 27.9 36.6 16.3 5.6 113.9 -10.6 86.0 -13.6 7.3} 68281 5.7
Tinted (W3) 256 27.9 91.3 23.6 9.1 177.6 - 149.61 - 96| 89609 -
Tinted2 (W3) 25.6 27.9 70.8! 22.§| 8.4 155.6 =124 27.7 -14.7 8.9] 83056 7.3
Tinted3 (W3) 25.8| 27.9 927 28.1 106 185.2 4.3 57.2 5.1 10.1 94723 57
| SpecSei1 (W3) 25.0 27.9 X 26.8 97| _156.2] -120 283 -14.3 91| 85492 4.6
Reflectt (W3) 329 27.9 93.4 19.5 7.5] 1813 2.1 153.3 2.5 9.7] 91300 19
EC.d: 25.3 27.9 .5 20.0 7.4 161.2 =9.2 133.2 =11. 8.8] 82424 -8.0
EC2-dayit (W3) 253 27.9 77.9 19. 1.2 158.1 -11.0 130.1 -13.0 | 868383 81350 -9.2
EC-oad (W3) 25.7, 27.9 71.3] 21.5 7.7 154.2 -13.2 126.2 -15.6 8.7] 81713 -8.8
|EC-solrad (W3) 25.71 27.9 71.3] 215 7.7 154.2 -13.2 126.2 «15.6 9.0] 84417 -5.8
Notes: ‘
1. Equip refers to energy use by office equipment (computers, etc.) ‘
2. HVAC-Lt referes to HVAC and Lighting energy use (HVAC-Lt = Total - Equip)
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Fan Cap., | Cool Cap. | Boilar Cap. | Pesk Elec
m3mr-m2 | Wim2 Wim2 W/m2
Tinted1 (W1) 13.0 54.6 156.4 38.0
Tinted2 (W1) 12.5] 52.7 147, 37.5
Tinted3 (W1) 14.9 61.5] 177.51 40.0
|SpecSei1 (W1) 14.0 584 164.7 39.1
Reflect1 (W1) 124 56.4 150.1 43.5
EC-daylt (W1) 11.4 52.5 135.2 36.5
EC2-dayit {W1) 12 52.0 133.0 36.3
EC-load (W1) 11.9 544 156.1 38.1
EC-solrad (W1) 2.2 51.7 1441 37.9
Tintedt (W3} 20.3 81.5 250.2 453
Tinted2 (W3) 19.3 77.8 233.4 44.1
Tinted3 (W3 244 96.9 208.3 49.3
SpecSel (W3) 22.8] 90.8 272.9 47.7!
Reflect1 (W3 16.5 71.8} ggg.Al 42.1
| EC-dayit (W3) 16.9 73.3 20&! 414
2-d! 16.5 73.7 03.9 41.1
Ei W3 18.5 79.1 225.8 43 QI
C-solrad (W3 19.5l 78.7 237.5 46.4
Peak Loads and Capacities
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Control:
[dayit ______|Switchingbesedondayiighttomest&40b |
load Swit based on 3 cooling load
solrad Switching based on incident direct solar radiation
Window WWR Arga m2
w1 0.3 1382
w3 0.7 3458

All cases assume daylight-based dimming of electrical lights

Floor Area = 9368 m2

EC glass cases have Tinted2 on the north fa ade
All static glass cases have manually opersted intemal blinds




Annual Energy Use and Cost - Charlotte

Peaks Loads and Capacity - Charlotte

Lights  1Equip_~_{Heat Cool Fans Total % Diff __IHVAC-Lt |% Diff _ iCost Tot Cost | % Diff
kWivm2 _lkwivm2_ |kwivm2 kwivm2  [kWivm2 lkwvm2  |(Total)  |kwivm2 | (HVAC-) {/m2 $ (Cost)
Tintedt (W1) 27.1 27.9 194 26.0 52 105.7 - 77.7 - 5.99] 56089 -
Tinted2 (W1) 27.1 279 15.5 25.3] 5.0 100.9 -4.5 72.9 -6.2 5.84] 54689 -2.5
Tinted3 (W1) 276]. 279 18.5] 28.9 56 108.6 2.7 80.6 3.7 6.21} 58168 37
SpecSel1 (W1) 25.6 27.9 14.1 27.5 53 100.4 -5.0 72.5 -6.8 5.86] 54921 2.1
Reflect] (W1) 38.0 27.9 19.7 25.9 53 116.9 10.6 88.9 14.4 6.69] 62695 11.8
EC-dayit (W1) 26.5 279 14.5 21.5 46 95.1] -.100 67.2] -136 5.51] 51580 -8.0
EC2-dayit (W1) 26.5 27.9 14.1 21.3] 46 945| -105 666! -14.3 548] 51375 -8.4
EC-oad (W1) 27.0 27.9 13.1 22.5 4.9 954 -9.8 67.4] -13.3 5.5_!1‘ 52270 -6.8
Tinted1 (W3 25.1 27.9 358 370 71 132.9 - 105.0 = 7.08] 66292 -
Tinted2 (W3) 25.1 279 26,61 354 6.8 1219 -8.3 939| -10.5 8.73] 63090 -4.8
Tinted3 (W3 25.2 27.9 337 43.2 8.1 138.2 4.0 110.3 50 7.49] 70195| 59
SpecSel1 246 27.9 23.1] 408] . 76} 124.1 -6.6 96.2 -8.4 7.02| 65724 -0.9
Reftect] (W3) 31.8 27.9 388] 305 59] 1349 151 107.0] 1.9 7.09] 66377 0.1
EC-daylt (W3) 249 279 32.2 28.§| 59 119. =10.3 91. -13.0 6.3 9451 -10.3
EC2-dayit (W3) 249 279 31.2 30.7] 58] 1206 23 92. -11.8 6.47] 6059 -8.6
EC-load (W3) 25.5 27.9 28.2 29.7| 6.1 117.4] _-116 895! -14.7 8.39] 59862 9.7
Notes:
1. Equip refers to energy use by office equipment (computers, etc.)
2. HVAC-Lt referes to HVAC and Lighting energy use (HVAC-Lt = Total - Equip)
‘60 Charlotte End Energy Use (kWh/im2)
140 R—
120 — ] .
100 | {598 - — - | — V7
80 . S —| MFans |
@Cool
80 - Lo — — Py e — — o — | 1 lOHeat
40 | - B A S, S AN RN ANY NN RN — —_— Equip | |
DLights | ;
20 1] R <1 T R -1 < S 1 B - it 1111 B (217 SR 1274 B —] — tHH- :
0 ?
g £© © £ £ £ & =g ® ® ® ® @& @& ® @ i
: ¢ £ £ & : £ % g 8 8 £ & £ E £2 |
f i3y vy P iiiryiag |
e 5 8 s § g 8 P e F & 2 g § & ‘
Fig. 7

| [eFancar.

8t — Cool Cap.
Boiler Cap..

Peak Elec l
w/m2
Tinted1 (W1) A 40.
Tinted2 (W1) | 398
Tinted3 (W1) 15.6 68.7 423
1 SpecSelt (W1) 146 66.0 41.1
Reflectt (W1) 12.7 60.5, 47.0;
EC-dayit (W1) 11.8 42.0 352
EC2-dayit (W1) 11.6 41.3 35.0
EC-load (W1) 12.4I 44.1 372
Tinted1 {W3) 21.6] 91.0
Tinted2 (W3) 20. 86.2
Tinted3 (W3) 25.9 107.2
SpecSell (W3) 23, 99.5]
Reflect1 (W3) 17.9 77.
EC-d W3 18.0 63.7,
EC2-d 3) 17.5 784
EC-load (W3) 18.4 65.1
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Control.

dayit  |Switchingbasedon daylighttomeet540x |
foad witching basad on s cooling load

solrad Switching based on incident direct sotar radiation

Window WWR Acamz |
w1 03 1382
w3 07 3456

Aaviiaht-bazed

All cases

Floor Area = 9368 m2

of ol

I lights

EC glass cases have Tinted2 on the north fa ade
All static glass cases have manually operated intemal blinds
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Annual Energy Use and Cost - Houston

Peaks Loads and Capacity - Houston

Fig. 8

Lights Equip Heat Cool Fans Total % Ditt HVAC-Lt | % Diff Cost Totcost [% Diff
kwivm2 _{xkwivm2 _{kwivm2_ {kwim2 - [kWivm2 _kWivm2_|(Total] _ |kwivm2 | (HVAC-1t) 2 $ {Cost
Tinted1 (W1) 26.9 279] 87 37.5 54 106.5 - 78.5 - 6.60 61867 -
Tinted2 (W1) 269 27.9 6.8 366 5.3 103.6 27 75.6 3.7 6.50] 60925 -1.5
- |Tinted3 (W1) 27.5 27.9 7.5 39.9 57 108.5 1.9 80.6 2.6 6.79] 63640 29
| SpecSel (W1) 254 27.9 5.7 38.1 5. 102736 747 48 649 60837 -1.7
Refloct? (W1) 385 279 8.8 .1 5.7 119.1 11.9 91.2 16.1 7.43] 69604 12.5
EC-dayit (W1) 26.3 279 59 333 50 98.5 =7.5 70.5| -10.2 621 58178 -6.0
EC2-dayit (W1) 263 27.9} 5.7 33.1 5.0 98.0 7.9 701 _-10.7 6.19} 58021 -6.2
EC-load (W1) 27.0 279 52 346 5.2 99.9 6.1 720 -8.3 6.34| 59380 -4.0
Tinted1 (W3) 249 27.9 15.7 49.9 7.1 125.6 - 97.6 - -
Tinted2 (W3) 249 219 11.5 47.9 8.7 119.0 -52 91.1 -6.7 -3.0
Tinted3 (W3 25.1 279 15.3 58.0 8.1 1344 7.0 1064 9.0 8.0
SpecSelt (W3) 24.6 279 10.1 548 7.7 125.2 -0.3 97.2 -04 33
Reflect] (W3] 320 27.9 17,1 445 6.0 127.5 1.5 99.6 20 0.8
EC-dayit (W3) 248 27.9 13. 44.3 59 116.7 -7.0 @_Bl -9.0 -8.5
EC2-dayit (W3) 248 27.9 13. 43.7 58 1155 -8.0 876|_ _-103 7.3
EC+oad (W3) 25.7 279 12.3 43.0 8.1 115.1 -8.3 87.2 -107 =7.0
Notes:
1. Equip refars to energy use by office equipment (computers, etc.)
2. HVAC-Lt referes to HVAC and Lighting energy use (HVAC-Lt = Total - Equip)
Houston End Energy Use (kWhim2)
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Glass: U(sl) sc|  1vis |
Tinted 3__| Tinted 2.41 035 0.41
Tinted 2__| Tinted Low-e 1.67 0.33 0.41
Tinted 3_ | Tinted 2.56 0.54 0.38
SpecSel | Spectrally select. 1.67 0.48 0.68
Reflect! .| Reflective 226 0.18 0.07] .
£C Sage EC 4578 1.87| 0.52/0.10{ 0.58/0.02
EC2 ECw/ e=0.08 1.76] 0.52/0.09{ 0.58/0.02

FenCsp. _|Cool Cap. |Boiler Cap. |Peak Elec
m3¥hr-m2__ | Wim2 w/m2 wW/m2
Tinted1.(W1) 13.5 66.7 9.7 421
Tinted2 (W1) 13.0 64.5 90.0 41.3
Tinted3 (W1) 15.5 66.6 57.0| - 43.5
| SpecSel1 (W1) 145 63.0 49.3 42,2
Reflectt (W1) 12.6 69.5 94.2 48.0
EC-daylt (W1) 11.6] §2.9 52.5 .0
EC2-dayit (W1) 114 5§2.3| 51.8 388
EC-oad (W1) 12.2 55.1 48.2 41.7
Tinted1 (W3) 214 88.5 71.0 50.3
Tinted2 20.2 84.0 63.6 4&._51
Tinted: 258 105.2 707] 546
SpecSelt (W3) 23.51 97.2] - 60.6] 61.8]
Reflectt (W3) 17.0 87.5] 72, 47.6
EC-dayit (W3) 17.1] 86.7 68.2 46.4
EC2. W3 16. 85.0 67 48.0/"
[ECload (W3) 18.8 721 66.0 48.1
g
g
2
[
g
20 e T e
0—./0-—0-—.._._.___.
[
$SEEEEEEE gEEEEEEE
EEEREEEEREREREE
EE £ § h EEE 2 § h]
w w
Control:
dayit Switching based on dayiight to meet 540 ix
toad S based on cooling load
solrad | Switching based on incident direct solar radiation |
Window Area m2
w1 0.3 1382
w3 07 3458
Al cases daylight-based dimming of electrical lights
Floor Area = 9368 m2

EC glass cases have Tinted2 on the north fa ade
All static glass cases have manually operated internal blinds

—e~Fan Cap.
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Annual Energy Use and C.ost - Madison Peaks Loads and Capacity - Madison

Lights Heat Cool Fans Total % Diff HVAC-Lt |% Dift Cost [70t Cost _|% Diff . Fan Cap. 1Cool Cap. | Boiler Cap. _|Peak Elec

Wvm2 _{swivm2 _lkwivm2_ Lkwivm2 _ {kWivm2 1 kWivm2 i (Tota kWim2 | (HVAC-t) | $/m2 Is {Cost) mihr-m2_ |Wim2 wim2 W/m2
Tinted1 (W1) 282 27.9 738 17.7 65 1542 -1 1262 - 6.06] 56746] - Tinted (W1) 13.2 73.7 187.0 42,7
Tinted2 (W1) 282 27.9 62.7 17.3 621 1424] 77! 1144| -93 5.82| 54486] -4.0 Tinted2 (W1) 12,7 71.7 179.0] 418
Tinted3 (W1) 28.7 279 716 19.6 71| __155.0 05| 1274 o086 6.20] 58065 23 Tinted3 (W1) 15.2 82.1 205.1 44.T|
|SpecSel1 (W1) 264 27.9 58,1 17.9 63| 1367 -11.3] 108.8] -138 567] 53110 -64 SpecSelt (W1) 14.2 71.1 168.9 42,8
Reflect) (W1) 38.5 27.9 74.1 174 s.EF 164.1 64| 136.1 7.8 6.63] 62074 9.4 Reflect! (W1) 12.2 €9.4 176.7 47.1
EC-dayit (W1) 275 279 61.0 15.9 56 1380 -105] 1104 -128 563] _52715] -7.1 EC-daylt (W1) 11.2 65.3 158.3 40.0
EC2-dayit (W1) 275 279 59.7 15.8 56| 1365 -11.5] 1086 -140 559 52386] -7.7 EC2-dayit (W1) 111 64.6 156.3 39.8
'EC-load (W1) 279 279 52.9 16.6 55| 1309| -151]| 103.0{ -184 554 51880 .86 [EC-oad (W1) 11.9] 68.2 141.3 40.4
Tinted1 (W3 258 279l 1227 25.0 99| 2113 - 1834 - 7.44] 69673 - Tinted1 (W3) 20.6 104.5 278.7 52.3
Tinted2 258 27.9 96.5 242 91 1835 -132] 1556 -152 6.87] 64333 _ -7.7 Tinted2 (W3) 19.6 100.2 257.7 50.4}
Tinted3 (W3) 26.0 279 1213 278 1.2 2142 131 1862 1.6 7.67]__711812 31 Tinted3 (W3) 249 1126 309.7 54.9
| SpecSel1 (W3) 252 279 89.7| ! 1 179.7] -149] 1518 -172 693 64882] _-69 |SpecSell (W3) 231 105.7 2954 52,5
[Reflect1 (W3) 32.7 279 1283 204 82| 2176 29 1896 34 7.56] 70860 1.7 Reflect1 (W3) 16.6 87.7 2315 47.3|
EC-dayit (W3) 255 27.9| m.a| 2g.§l 76 1912 95| 1632 -110 6.76] 633531 -01 EC-daylt (W3) 16.1 859 202.2 46.1
EC2-daylt (W3) 255 279 1087 20.0 74| 1876 -11.2] 1596 -13.0 668] 625431 -10.2 EC2-dayit (W3) 15.7 84.2 196.8! 45.7
EC-load (W3) 25.9) 279 969 214] 82| 1803 -147 [ 1524] -189 6,66 62351 -10.5 EC-oad (W3) 17.0 90.3 2349 49.2

Notes:
1. Equip refers to energy use by office equipment (computers, etc.)

2. HVAC-Lt referes to HVAC and Lighting energy use (HVAC-Lt = Total - Equip) R
e e e B e e e e e e e e e Pask Loads and Capacities
Madison End Energy Use (kWh/m2)
250
zm - [N
4 =
- =~ B mFans |
1“ o e e — - [ N . - .......= - = - Ew
E - - OHeat ! -
100 {—fowet - from - == B Bl ot s ssum B : — -— ot o1 Equip ol oo P o —— Oty g——
— B Lights s geggEgeEegesE e A ]
A B sgsss%%s %%%%‘é%%%
RREEREEERRERERY
: 3 I a EoE 3
o B R [ ugg‘ 8 FrEFE g ] § 2
s P EEEEEE eEEEEEEE
< = = 3 - <
11138111 0 N B A A o
g 0 e g ® @ B g ® daylt Switching based on daylight to meet 540 Ix
L load __ {Switching based on space cooling load
solrad Switching based on incident direct solar radiation
Window WWR Area m2
Tinted w1 0.3 1382
Tinted Low-8 w3 0.7 3458
Tinted
Spectrally select. All cases daylight-based dimming of electrical lights
Reflective Floor Area = 9368 m2
Sage EC 4578
ECw/e=z0.08 EC glass cases have Tinted2 on the north fa ade

All static glass cases have manually operated intemal blinds
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Annual Energy Use and Cost - San Francisco

Peaks Loads and Capacity - San Francisco

Lights Equip Heat Cool |Fans Total % Diff HVAC-Lt 1% Diff Cost Tot Cost % Diff

KWivm2  tkwivm2 [kWivm2 |kWivm2  tkwivm2  LkWihvm2 | {Totel) kWinm2 | (HVAC-Ht) |$/m2 3 {Cost}
Tinted1 (W1) 272 2719] 151 186 39| 926 - 64.7 - 7.89] 73951 -
Tinted2 (W1) 272 279 11.7[ 18, 3.8| aa.el 4.3 60.7] 6.2 7.75]_72567]  -1.9
Tinted3 (W1) 277] 279 139] 200l a2 048] 22 66.7] a1 817 76557] 3.5
SpecSel1 (W1) 258 279] 104 196 a1 879l 51 599 -7.4 7.77) 72175 __-1.6
Reflect1 (W1) arg| 279 166 181 40| 1045 729 766 16.4 894 83767 13.3
EC-daylt (W1) 267 279 11.8] 168 as| 867 64 588 9.2 7.56] 70817 4.2
EC2-daylt (W1) 267] 279 11.4] _ 166 35| 861 7.1 58.1|__-10.1 7.53] 70524] 4.6
EC-load (W1) 270 279 99| 17.6 37l _8eil .71 582 -10.1 7.6@{ 71516] _ -33
Tinted1 (W3) 252| 279 28] 284 55 1152 - 872 - 9.13| 85535 -
Tinted2 (W3) 252  279] 204 270 53] 105.8] -81 779 -10.7 8.79] 82302 .38
Tinted3 (W3) 254] 279 264! 33 64| 1200 4.2 921 56 9.72] 91057 65
SpecSel1 (W 248 279l 174l 319 62| 1074 67 795 -89 9.1 74702
Reflect] (W3) 318279 322l 23 45| 11971 40 918 5.2 9.28] 8693 1.6
EC-dayit (W3) 250 27.9 25.9 23.0 44 106.3 -1.7 78.3]  _-10.2 8.43] 79008 -7.6
EC2-daylt (W3) 250 279! 250 22. 43| 1047] 9.0 76.8] -11.9 e.si't‘@}i
EC-load (W3) 254] 2790 224 24 a7 1052 87 7720 114 8.58] 80373 -60
Notes:

1. Equip refers to energy use by office equipment (computers, etc.)
2. HVAC-Lt referes to HVAC and Lighting energy use (HVAC-Lt = Total - Equip)

San Francisco End Energy Use (kWh/m2)
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Control:

daylt Switching based on daylight to meet 540 ix

load Switching based on space cooling load

solrad Switching based on Incident direct solar radiation

Window WWR Arsam2 _

w1 0.3 1382

w3 0.7 3456

Al cases daytight-based dimming of electrical lights

Floor Area = 9368 m2

EC glass cases have Tinted2 on the north fa ade
All static glass cases have manually operated intemal blinds

Fan Cap. _ | Cool Cap.__|Boiler Cap. | Peak Elec
m¥hr-m2__ {W/m2 W/in2 wim2
Tintedt (W1) 13.8 60.5 61.6] 374
Tinted2 (W1) 13.2 58.1 554 36.7
Tinted3 (W1) 15.7 67.7 §5.2 40.0
SpecSelt (W1) 14.4 62.9 45.9 38.2
Reflectt (W1) 129 58.7 774 42.0
EC-davit (W1) 119 54.7 60.2 35.3
EC2-davyit (W1) 11.7 54.0 60.1 35.1
EC-load (W1) 124 56.7 47@1 37.6}
Tinted1 (W3) 21.9 92.0 66.2 46.0
Tinted2 (W3) 20.8] 86.7 60.2 44.5
Tinted3 {(W3) 259 107.5 62.6 50.7
| SpecSelt (W3) 233 97.3| 524 48.4/
|Refloct! (W3) 18.2 774 71 439
EC-dayit (W3) 17.9 76.4 68.1 40.6
EC2-dayit (W3) 17.4 744 68.0 40.1
EC-load (W3) 194 819 64.2 43.5]
Peak Loads and Capacities
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comparisons between SageGlass® and conventional static glazings for the six climatic
areas. For each comparison EC2 daylt characteristics were used. Calculations were
carried out for window-to-wall ratios of 0.3 and 0.7. The initial analysis will focus on

~ the 0.3 WWR (Table ITIIA) with additional comments regarding 0.6 WWR as appropriate.

First Costs:

For first costs, we have included the IGU, a mechanical shading system for static
glazings, controls and installation for SageGlass®, and HVAC equipment costs. In
estimating these first costs, the amounts listed were the estimated costs from the
fabricator or the manufacturer.

IGUs. Estimated IGU prices were as follows: $60 per sq. meter for spectrally
selective, $60 per sq. meter for reflective, $45 per sq. meter for tinted, and $65 for tinted
+ low-e. The SageGlass® IGU is priced at $100 per sq. meter (the estimated price when
high volume manufacturing has been reached).

Mechanical Shading Systems. Because SageGlass® can achieve a transmission of
2% in the darkened state today, we believe that interior shades and blinds as well as
exterior shading devices will not be needed to control glare. (LBNL has reported that a
visible transmission level of roughly 2% would provide sufficient glare control for a
video display terminal positioned immediately adjacent to a west-facing window at peak
sun conditions.") We have included an estimated cost for mechanical shades for the static
glazings.

Controls. Estimated EC control costs include electronics, sensors, wires, software
and installation costs. The window controls will be integrated with the automated
building management system.

HVAC Costs. Referring back to Figures 5 through 10, the analys1s showed that
increased HVAC equipment capacities would be required for the static glazed windows.
There are also added costs for larger ducting, reinforced roofs, increased plenum space

. (space between the floors) and other equipment.

Annual Operating Expenses:

The annual cooling, lighting, fan and heating costs are calculated from the energy
consumption values (HVAC-It) in Figures 5 through 10 and the energy costs for each
locality in Table 4. There are additional operating costs for the four static glazings
including shade replacement and cleaning, UV fading of textiles and fabrics, increased
HVAC maintenance, and reduced life of the HVAC system. This latter HVAC system
expense is based on the increased cycling of the equipment to maintain temperatures

within the comfort zone (68-72°F). EC windows give building owners the ability to
modulate heat gain through the window, reducing cychng stress on HVAC motors and other
equipment. The reduced stress from use of EC windows is estimated to lower annual
maintenance costs and increase equipment life time (reducing depreciation costs). The
above considerations translate into higher annual operating costs for static coated
windows over the 20-year life of the windows.

' M. Moeck, E.S. Lee, K. Papamichael, M. Rubin, and S. Selkowitz, “Visual Quality Assessment of
Electrochromic and Conventional Glazings” SPIE International Symposium on Optical Materials
Technology for Energy Efficiency and Solar Energy Conversion XV, Freiburg, Germany, September, 1996.
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Investment Comparisons:

Life cycle costs for the various window types in a commercial building were
calculated over a period of 20 years. To allow comparison of the six investments, the
© expenses in years 2 through 20 were discounted using a 10.0% rate. This gives us the
LCC or net present value (NPV) of each investment. A lower NPV or LCC is more
desirable. .

For the Phoenix example (0.3 WWR), SageGlass® with daylight-based controls is
compared to the tinted glazing. It is seen from Table 7 that the electrochromic windows
are initially more costly by $33,189. This cost differential is offset by the lower EC
operating expenses. In the first year, the operating expense reduction is $17,889, which
represents an initial return on investment (ROI) of 53.9%. The ROI is defined as the
percent recovery of the first cost differential from the annual savings in operating
expenses. In this case the time for simple payback of the first cost differential is 1.9
years. Payback for the other glazing systems could be as long as 4.7 years (Tinted + low-
e). A review of Tables 7 - 12 indicates lifecycle costs for SageGlass® over a range of
climatic conditions for two window to wall ratios.

- Summary

In a majority of cases, significant life cycle cost savings are predicted for
SageGlass® EC architectural windows when compared to conventional solar control
windows over an estimated product life time of 20 years.

o The energy savings and the time to recover first costs (simple payback) vary for

the different climate conditions chosen.

¢ EC Windows with 0.3 WWR had lower life cycle costs for daylight based control

as opposed to load based control. For Houston and Madison, 0.7 WWR data
showed lower lifecycle costs for the load based control approach.

% Savings of EC-glass compared to Tinted 1
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Figure 11: Percentage total energy savings of EC gléss cases compared to Tinted 1 in different climates
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Impact of EC glass on North facade -Pittsburgh & @~ & "5 T T T Ty
B 1 H ! H H

Lights |Equip |Heat Cool Fans Total % Diff |HVAC-Lt{% Diff |Cost % Diff

s kWh/m2 |kWh/m2 |kWiVm2 |kWh/im2 |kWh/m2 |kWihVm2 {(Total) |kWh/m2 [(HVAC-It)|$/m2 - |(Cost)

Tinted1 (W1) 28.2 27.9 49.1 16.4 5.9] 127.5 - 99.5 - 7.7 -
EC-dayit (W1) 274 27.9 38.8 15.4 52 11471 -10.0 86.8] -12.8 7.23 -6.4
EC-dayit (W1n) 26.8] 279 40.0 15.2 51 1151 -9.7 87.1] -125] - 7.20 -6.8
EC-load (W1) 27.9 27.9 36.6 16.1 55| 1141 -10.5 86.1] -135 7.30 -5.5
EC-load (W1n) 276 27.9 37.4 16.1 56| 1146 -10.1 86.7) -12.9 7.30 -5.5

| Tinted1 (W3) 256 279 91.3 23.6 9.1 1776 -] 1496 - 9.6 -

EC-daylt (W3) 253 27.9 80.5 20.0 74] 161.2 -9.21 1332 -11.0 8.80 -8.0

EC-dayit (W3n) 25.1 27.9 84.8 19.0 7.2 164.0 -7.6] 136.1 -9.1 8.80) -8.0

EC-load (W3) 257 27.9 71.3 21.5 7.7 15421 -13.2| 1262 -15.6 8.72 -8.8

EC-load (W3n) 25.7 27.9 71.8 211 76| 1541 -132| 1262 -157 8.69 -9.1
: : i

‘Notes: ; B T ! "

1. Equip refers to energy use by office ©equipment (computers, etc.) e S
.2, HVAC-Lt referes to HVAC and nghtlng energy use (HVAC-Lt = Total - Equnp)
i
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EC Glass on North - Pittsburgh - End Energy Use (kWh/m2)
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" [controt: : : :
- |dayit Switching based on daylight to meet 540 Ix
~|load Switching based on space coaling load
o ' _ |Window |WWR
) iwi 0.3
w3 0.7

" All cases assume daylight- based dlmmmg of electncal Ilghts o
Floor Area 9368 m2

:EC glass cases marked W1 and w3 have T‘nt_eqz on the_ north fa ade

‘EC  glass cases marked W1n and W3n have EC glass on all facades )

Figure 127 Impact of using EC glass on all facades (i.e. riorth also) Jor Pzttsburgh PA
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Impact of EC glass on North facac 0SS O DU IR
= : _ , z ]
Lights _|Equip  |Heat  [Cool  |Fans  |Total |% Diff |HVAC-Lt)% Dif |Cost  |% Diff T _n
kWh/m2 {kWh/m2 {kWh/m2 Jkwi/m2 |kWh/m2 JkWivm2 J(Total)  [kWim2 f(HVAC-t$/m2  |(Cost)
Tinted1 (W1) 26.2 27.9 5.7 44.1 6.7  110.7] - 82.7 - 8.3 -
EC-daylt (W1) 25.9) 27.9 4.3 39.0 6.0] 103.2 -6.8 75.2 -9.1 78] -6.1
EC-daylt (W1n) 25.3 -27.9 4.5 39.0, 6.0 102.8| -7.1 74.8 -9.5 7.8 -6.6 ___j
EC-load (W1) 26.3 27.9 3.7 40.4 6.3] 104.7] -5.4 76.8 -7.2 8.0 -4.3 ;
EC-load (W1n) 26.5| 27.9 3.9 40.8 6.3] 105.4] 4.8 77.4 -6.4 8.0 .-3.8 i
Tinted1 (W3) 228 279 1200 646] o4 1386 - 1107 -___101 T
EC-dayit (W3) 24.7] 279 10.7] 530 75| 123.8] -10.7] 959] -13.4 91| -107]
EC-dayit (W3n) 24.5 27.9 11.5 51.5) 7.3 1228 -11.4 9491 -14.3 8.9] -11.9
EC-load (W3) 26.5 27.9 9.7 54.6) 79| 126.6 -8.6 98.7f -10.8 9.3 -8.0 :
EC-load (W3n) 26.1 27.9 9.9 54.6) 8.0 126.6! -8.6 98.7f -10.8 9.3 -8.1 ) ,
: ASRHS SR : R R e e - . e
4 S - ; . S
Equlp refers to ene;gy use by office equipment (computers etc ) :
2. HVAC-Lt referes to HVAC and nghtung energy use (HVAC-Lt = Total - Equip) :
; ; ] !
S O U DO AU T T T A I
~ T e e _}
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i
!

Switching based on daylight to meet 540 Ix

Switching based on space cooling load

WWR |Aream2

03] 1382] -

‘Floor Area = 9368 m

«

EC glass cases marked W nd W3 have Tlnted2 on

o7] 34s6)

north fa ade

EC glass cases marked W1n and W3n have EC glass on aII facades b

Fi tgure 13: Impact of usmg  EC giass on all facades ( i.e. north also ) for Phoemx AZ
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SBIR Phase l» DE-FG02-99ER82875

Final Report
LIFE CYCLE COST COMPARISON
Static Glazings vs Electrochromics
(Total Dollars for & 9,368m2 building in Phoenix, AZ)
0.3 Window-to-Wall Ratio
Tinted Spectrally .
insulated glass unit $108,833 $157,203 $145,110 $145,110 - $22 -+ $220,688
Mechanical shading system $41,460 $41,460 $41,460 $41,460 L
Controls " '$37,15 $37,153
HVAC equipment $321,822 - $273.449 $329.418 $300,634 - - $247,483 $257,458
Total $472,115 $472,112 $515,988 $487,204 i 1$505,30 $515,299
Tinted - £s ' EC-Load
Cooling, tighting, heating & fan $82,331 $76,215 $79,326 $85,699 $74,566
HVAC, shade & textile exp. $33.594 $28,842 $32,920 $29,495 $25878
Total $115,925 $105,057 $112,248 $115,194 . $100,444
Life Cycle Costs (20 yrs) $1,459,049 $1,368,521 $1,471,598 $1,487,914 ’-,_S" $1,370,434

Investment Comparison

0.7 Window-to-Wall Ratlo

Life Cycle Cost (20 yrs)

- Tinted Spectrally

Insulated glass unit $272,160 $393,120 $362,880 $362,880 $551,880
Mechanical shading system $103,680 $103,6880 $103,880 $103,680

Controls : _+$37,153 $37,153

HVAC equipment $510,119 $404 977 $468,541 $399,779 - $349,007 $363,000
Total $885,959 $901,777 $935,101 $866,339 .-~ $938,040" $952,032
Cooiing, lighting, heating & fan $104,035 $91,372 $98,213 $91,767 . 04 $87,457

Added HVAC, shade & textile exp. 2,701 35,242 39,330 34,217 - ~$203 $30,186

Tota! . $146,736 $126,614 $137,543 $125,984  -$113,272 $117,643

$1,953,591

investment Comparison

LCC = FC + OE1 + discounted OE in years 2 through 20

ROI = PV yr 1 savings/added FC

Payback when the PV of OE savings/added FC =0

11
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SBIR Phase | » DE-FG02-99ER82875 Final Report

LIFE CYCLE COST COMPARISON

Static Glazings vs Electrochromics
(Total Dollars for a 9,368m2 building in Pittsburgh, PA)

0.3 Window-to-Wall Ratio

°

B Tinted Spectrally Sl
Eirst Costs: Iinted < Reflective .EC-Daylight- EC-Load
Insulated glass unit $108,833 $157,203 $145,110 $145,110 $220 w $220,688
Mechanical shading system $41.460 $41,460 $41,460 $41,460 X%
Controls $37,153 $37,153
HVAC equipment $245 864 $210,684 $233.471 $225.476 - 207,885 - $217,480
Total $396,157 $409,346 $420,041 $412,046 ... $465,726 $475,321
Annual Operating Expenses Tinted TintsLow-E §S . BReflective
Cooling, lighting, heating & fan $74,807 $69,594 $69,620 $80,395
HVAC, shade & textile exp. $30,291 $25.977 _$28.470 $26,568
Total $105,098 $95,571 $98,090 $106,963
Lite Cycle Costs (20 yrs) $1,290,018 $1,222,994 $1,255,133 $1,322,679 $1,267,217

Investment Comparison

0.7 Window-to-Wall Ratio

- Tinted Spectrally
Eirst Costs; Yinted + how-E Selective Reftective =
Insulated glass unit $272,160 $393,120 $362,880 $362.880 $551,880
Mechanical shading system $103,680 $103,680 $103,680 $103,680
Controls $37,153
HVAC equipment 387,386 311,028 63,000 $287,042 316,226
Total $763,226 .-  $807.828 $829,560 $753,602 $905,258
Annual Operating Expenses Tinted Tintshow-E $8 L
Cooling, lighting, heating & fan . $94,723 $83,056 $85,492 $91,300 $81,713
Added HVAC, shade & textile exp. $37,364 $31,328 $34,901 $28,791 $28,826
Total $132,087 $114,384 $120,393 $120.091 $110,539
Life Cycle Cost (20 yrs) $1,887,762 $1,781,642  §$1,854,536

fnvestment Comparison
EC-Daylight vs:

LCC = FC + OE1 + discounted OE in years 2 through 20 . N
ROI = PV yr 1 savings/added FC )
Payback when the PV of OE savings/added FC =0

Table 8
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SBIR Phase | » DE-FG02-9SER82875

0.3 Window-to-Wall Ratlo

Fina! Report

LIFE CYCLE COST COMPARISON

Static Glazings vs Electrochromics
(Total Dollars for a 9,368m2 building in Charlotte, NC)

Eirst Costs;

insulated glass unit
Mechanical shading system
Controls

HVAC equipment

Total

Coaling, lighting, heating & fan
HVAC, shade & textile exp.
Total

Life Cycle Costs (20 yrs)

Tinted Spectraily
Tinted + Low-E Selective
$108,833 $157,203 $145,110
$41,460 $41,460 $41,460
$274,648 $236,270 259,857
$424,941 $434,932 $446,427
Iinted <! £8
$58,168 $54,689 $54,921
31,543 27,293 29,770
$89,711 $81,982 ' $84,691
$1,188,700 $1,132,890 $1,167,451

Betlective ! EC-Load
$145,110 $220,688
$41,460

$37,153 .
$176,303
$434,143

$241,867
$428,437

$52,270

$62,695
26,717 * $22283
$89,412 . $74,553
$1,189,653 $1,068,857

Investment Comparison

0.7 Window-to-Wall Ratio

First Costs:

Insutated glass unit
Mechanical shading system
Controls

HVAC equipment

Totat

Cooling, lighting, heating & fan
Added HVAC, shade & textile exp.
Total

Life Cycle Cost (20 yrs)

Tinted Spectrally

Tinted +_ Low-E Selective Reflective =)
$272,160 $393,12 $362,880 $362,880 $551,880
$103,680 $103,680 $103,680 $103,680

$37,153

$428,564 $344,610 $397,781 260,256
$804,404 $841,410 $864,341 $774,790 $849,289

Iinted Tint+low-E S EC-Load
$104,035 $98,213 $59,862

39,155
$143,190

$124,009

$2,023,459 $1,897,835

$134,532
$2,009,687

25,576
$85,438

Investment Comparison

Tinted R
Tinted +Low-E " . - T
| “Spectrally Selective .
Reflective

LCC = FC + OE1 + discounted OE in years 2 through 20

ROI = PV yr 1 savings/added FC

Payback when the PV of OE savings/added FC = 0

13
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SBIR Phase | » DE-FG02-33ER82875

Final Report

LIFE CYCLE COST COMPARISON

Static Glazings vs Electrochromics
(Total Dollars for a 9,368m2 building in Houston, TX)

0.3 Window-to-Wall Ratio

Life Cycle Costs (20 yrs)

Tinted Spectrally <l

Elrst Costs: Tinted = Selective Beflective . y EC-Load
Insulated glass unit $108,833 $157,203 $145,110 $145,110 $220,688
Mechanical shading system $41,460 $41,460 $41,460 $41,460 2

Controls ) .- $37,1 ' $37,153
HVAC equipment $266,253 $257,858 $251,861 $277,847 . $220,278
Total $416,546 $456,520 $438,431 $464,417 $478,119

Tinted ) £Ss - )

Cooling, lighting, heating & fan $63.640 $60,925 $60,837 $69,604 .. ,021 $59,380
HVAC, shade & textile exp. $31,178 $28.608 $29,252 $29,581 - -$23.411 $24.008 |
Total $94,818 $89,533 $90,089 $99,185 43 . $83,388

$1,223,783 $1,218,769 $1,205,410

$1,308,837

Investment Comparison

0.7 Window-to-Wall Ratio

Eirst Costa:

Insulated glass unit
Mechanical shading system
Controls

HVAC equipment

Total

Cooling, lighting, heating & fan
Added HVAC, shade & textile exp.
Total

Life Cycle Cost (20 yrs)

Tinted Spectraily

Iinted - Selective .
$272,160 $393,120 $362,880 $362,880 $551,880
$103,680 $103,680 $103,680 $103,680

' $37,153

$420,568 - $335,815 $388.586 $349.807
$796,408 $832,615 $855,146 $816,367

Tinted Tint+Low-E 88

$76,072 $68.320 $72,731

$38,807 $31,551 $35,990
$114,879 $99,871 $108,721 $91,841

$1,774,438 81,682,872 $1,780,750 $1,659,164

Investment Comparison

- Tinted . ..
Tinted + LowE =
Spectrally Selective . . -

Reflactive Lol

LCC = FC + OE1 + discounted OE in years 2 through 20

ROl = PV yr 1 savings/added FC
Payback when the PV of OE savings/ad

14

ded FC =0
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LIFE CYCLE COST COMPARISON

Static Glazings vs Electrochromics
(Total Dollars for a 9,368m2 building in Madison, WS)

0.3 Window-to-Wall Ratio

Tinted Spectrally
First Costs: Tinted + _Low-E Selective Reflective =
Insulated glass unit $108,833 $157,203 $145,110 $145,110 $220,688
Mechanical shading system $41,460 $41,460 $41,460 $41,460
Controls . $37,153
HVAC equipment $328,219 $286,642 $284,243 $277,447 272,650
Total $478,511 $485,304 $470,813 $464,017 $530,490
Annuat Operating Expenses Iinted Iintslow-E S8 =
Cooling, lighting, heating & fan $58,065 $54,486 $53,110 $62,074 $51,880
HVAC, shade & textile exp. $33.872 $29,392 $30,191 26,980
Total $91,937 $83,878 $83,301 $90,274 $78,860
Life Cycle Costs (20 yrs) $1,261,223 §$1,189,402 $1,179,998 $1,232,567. 1,201,868

Investment Comparison

0.7 Window-to-Wall Ratio

Tinted Spectraily
Elrst_Costs: Iinted + LOW-E Selective Reflective =
Insulated glass unit $272,160 $393,12 $362,880 $362,880 $551,880
Mechanical shading system $103,680 $103,680 $103,680 $103,680
Controls $37,153
HVAC equipment
Total $825,992 $817,167

Tinted  TintslLow-E S8
$71,812

Cooling, lighting, heating & fan $70,860
Added HVAC, shade & textile exp. 31,745
Total $111,905 $99,517 $102,256 $102,605

Life Cycle Cost (20 yrs) $1,778,706 $1,744,624 $1,758,687 $1,680,698

investment Comparison

LCC = FC + OET1 + discounted OE in years 2 through 20
ROI = PV yr 1 savings/added FC
Payback when the PV of OE savings/added FC =0

Table 11
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LIFE CYCLE COST COMPARISON

Static Glazings vs Electrochromics
(Total Dollars for a 9,368m2 building in San Francisco, CA)

0.3 Window-to-Wall Ratio

Tinted Spectrally
First Costs: Yinted + Low-E Selective Beflective =
Insulated glass unit $108,833 $157,20 $145,110 $145,110 $220,688
Mechanical shading system $41,460 $41,460 $41,460 $41,460
Controls $37,153
HVAC equipment $270,651 $232.272 $251,461 $234.671 $226,675
Total $420,943 - $430,934 $438,031 $421,241

$484,516

Tinted Iint+how-E S¢S £C-Load
Cooling, lighting, heating & fan $76,557 $72,775 $71,516
HVAC, shade & textile exp. 31,369 24,621
Total $107,926 $99,693
Life Cycle Costs (20 yrs) $1,339,778 $1,279,679 $1,305,968 $1,359,302 $1,302,988

Investment Comparison

0.7 Window-to-Wall Ratlo

Tinted Spectrally
Eirst Costs; Tinted + Low-E Beflective EC-Load
Insulated glass unit $272,160 $393,120 $362,880 - $362,880 $551,880
Mechanical shading system $103,680 $103,680 $103,680 $103,680
Controls $37,153
HVAC equipment $429,763 $346,609 $388,985 $309,429 $327.419
Total $805,603 $843,409 $855,545 $775,989 $916,452
Annual_Operating Expenses Iinted TiottLow-E S8 Beflective -Dayllg EC-Load
Cooling, lighting, heating & fan $91,057 $82,302 $85,747 $86,932 - :$78,208 $80,373
Added HVAC, shade & textile exp. $39,207 $32,810 $35,945 $30,064 . $27,267 - | $28.733
Total $130,264 $115,112 $121,692 $116,996 - $105/475:° $109,106
Life Cycle Cost (20 yrs) $1,014,613  $1,823,425 $1,891,575 $1,772,043.8¥ :$1,845,336

Investment Comparlson

LCC = FC + OE1 + discounted OE in years 2 through 20
ROl = PV yr 1 savings/added FC
Payback when the PV of OE savings/added FC =0

Table 12
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