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Appendix A
Graphed results.
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Figure Al. Ranking of retrofit interventions from best (1) to worst (17) as Chicago’s electric grid decarbonizes.
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Figure A2. Ranking of Chicago retrofit interventions from best (1) to worst (17) considering the time value of

carbon.
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Figure A3. Ranking of retrofit interventions from best (1) to worst (17) as Los Angeles’s electric grid
decarbonizes.
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Figure A4. Ranking of Los Angeles retrofit interventions from best (1) to worst (17) considering the time value of
carbon.
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Figure AS. Total carbon associated with Chicago retrofit interventions, assuming linear decarbonization.
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Figure A6. Total carbon associated with Los Angeles retrofit interventions, assuming linear decarbonization.
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Appendix B

Energy modeling assumptions.
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Figure Bl. Gas equipment assumptions used to translate EP prototype model to Design Builder model.
Above are the equipment assumptions taken from the prototype building for the base case with predominantly gas-
fueled equipment. The equipment in blue text represents electric equipment, the equipment in red text represents gas
equipment, and the equipment in yellow was separated because electrification of the stove was a specific retrofit
intervention and we wanted to be able to analyze the energy consumption from that individual piece of equipment.
Power was summed among all equipment in each category. The fraction of radiant, latent, and lost heat were
averaged among all equipment within the category.
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Figure B3. Electric equipment assumptions used to translate EP prototype model to Design Builder model.
Below are the equipment assumptions taken from the prototype building for the base case with predominantly
electric equipment. The equipment in blue text represents electric equipment, the equipment in red text represents
gas equipment, and the cooking equipment, also in blue, was separated because electrification of the stove was a
specific retrofit intervention and we wanted to be able to analyze the energy consumption from that individual piece
of equipment. Power was summed among all equipment in each category. The fraction of radiant, latent, and lost
heat were averaged among all equipment within the category.
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Release date: May 2018
Table CE4.1 Annual household site end-use consumption by fuel in the U.S.—totals, 2015
Number of housing unit Total site energy consumptionl

Electricity (billion kWh) Natural gas (billion cubic feet) Propane (million gallons) Fuel oil/kerosene (million gallons)

Total U.S.2 Total Space heat Water heat Air condi-ti Refrig-erat: Otherd  Total Space heat Water heat Otherd  Total Space heat Water heat Otherd  Total Space heat Water heat Other
All homes 118.2 1,267 187 173 214 89 604 3,963 2,678 1,019 266 3,952 2,549 835 567 3,381 2,891 432 57
Census region and division
Northeast 21 172 20 21 18 14 99 895 628 206 61 869 572 175 122 2,874 2,451 390 Q
New England 5.6 42 3 6 3 4 27 158 106 42 10 365 239 79 47 1,519 1,322 175 Q
Middle Atlantic 15.4 130 17 15 15 11 72 737 522 164 51 504 333 96 75 1,356 1,129 215 Q
Midwest 26.4 252 39 30 28 20 135 1,508 1,157 297 54 1,166 887 206 73 Q Q N Q
East North Central 181 165 25 20 18 14 89 1,115 857 212 45 695 509 Q 53 Q Q N Q
West North Central 8.3 87 14 10 10 6 46 394 300 85 9 471 378 74 20 Q Q N N
South 44.4 618 98 95 140 34 250 772 486 209 77 1,321 828 235 258 371 330 Q Q
South Atlantic 235 316 47 52 70 18 129 385 248 102 35 740 448 118 Q 355 314 Q Q
East South Central 7.2 105 21 19 18 5 41 117 76 27 14 223 166 37 19 Q Q N N
West South Central 13.8 197 29 24 53 11 80 270 162 81 28 358 214 80 64 Q Q N N
West 26.4 225 30 27 28 20 120 787 407 307 73 595 262 218 115 74 51 Q Q
Mountain 85 80 8 7 15 7 43 375 241 116 18 278 124 100 Q N N N N
Mountain North 42 36 4 3 3 3 22 253 170 75 8 123 Q Q Q N N N N
Mountain South 43 45 4 4 12 3 21 122 71 41 10 155 Q 79 29 N N N N
Pacific 17.9 145 22 20 13 14 76 413 167 191 55 317 138 118 61 74 51 Q Q
Census /i
Urban 94.7 935 117 116 172 69 461 3,578 2,396 939 242 983 566 222 196 2,296 1,965 300 Q
Urbanized area 82.2 804 95 97 153 60 399 3,151 2,093 837 221 783 423 184 176 1,925 1,634 260 Q
Urban cluster 125 131 21 20 19 9 62 427 304 102 22 200 143 38 19 371 331 Q N
Rural 23.5 332 70 57 42 20 143 385 282 80 23 2,968 1,984 613 372 1,085 926 132 Q
Metropolitan or micropolitan statistical area
In metropolitan statistici 98.5 1,019 134 129 182 74 500 3,503 2,340 919 244 2,700 1,664 644 392 2,494 2,116 330 48
In micropolitan statistice 123 155 35 27 18 9 65 319 235 67 17 552 383 86 82 380 345 Q Q
Not in metropolitan or n 7.4 93 18 17 14 5 39 141 103 33 5 700 502 105 93 Q Q 71 Q
Climate region6
Very cold/Cold 425 379 53 46 32 31 216 2,253 1,668 481 105 1,919 1,307 437 175 2,200 1,949 215 Q
Mixed-humid 335 412 79 63 64 25 181 986 684 236 65 1,490 1,005 209 277 1,156 922 217 Q
Mixed-dry/Hot-dry 12.7 97 6 7 22 10 53 319 117 154 48 162 49 84 29 Q Q N N
Hot-humid 228 315 36 44 95 18 122 262 138 88 36 221 99 64 58 Q Q N N
Marine 6.7 64 13 12 2 5 32 143 71 60 12 Q Q Q 29 Q Q N Q
Housing unit type
Single-family detached 73.9 931 133 107 172 65 455 3,117 2,197 727 193 3,439 2,303 645 491 2,841 2,513 276 52
Single-family attached 7 60 8 8 10 5 29 270 186 64 20 48 Q Q Q Q Q Q N
Apartments in buildings 9.4 63 10 11 7 5 30 252 137 90 26 83 Q Q Q 172 129 Q N
Apartments in buildings 211 128 18 27 15 10 58 249 105 122 22 63 Q Q Q 223 113 110 N
Mobile homes 6.8 85 17 20 11 4 33 75 53 17 5 319 165 95 59 84 76 Q Q
Year of construction
Before 1950 20.8 183 27 22 27 13 94 995 726 219 50 670 506 111 53 1,071 927 138 Q
1950 to 1959 126 117 16 13 22 9 57 545 387 126 33 264 171 65 28 675 594 74 Q
1960 to 1969 12.8 122 17 14 24 9 58 444 302 115 27 368 247 83 Q 461 396 43 Q
1970 to 1979 18.3 197 37 29 32 13 86 516 341 142 34 441 322 76 44 451 397 45 Q
1980 to 1989 16 176 25 26 30 12 83 364 222 112 30 422 230 90 103 376 303 59 Q
1990 to 1999 16.8 209 29 30 35 14 100 524 347 144 33 695 437 178 80 171 148 Q N
2000 to 2009 17 218 30 31 37 15 105 487 296 139 52 905 516 186 202 164 123 40 Q
2010 to 2015 3.8 45 6 8 7 3 21 88 57 23 7 186 119 47 20 Q Q Q N
Total square footage8
Fewer than 1,000 26.6 176 29 35 21 13 78 404 201 169 34 279 109 120 50 284 175 98 Q
1,000 to 1,499 26.1 262 42 47 41 17 114 573 340 183 49 422 261 105 56 258 187 68 Q
1,500 to 1,999 17.5 205 33 29 40 14 90 556 370 144 42 496 368 82 45 417 382 27 Q
2,000 to 2,499 14.1 164 22 20 30 12 80 584 410 136 38 764 545 137 82 400 343 47 Q
2,500 to 2,999 10.8 133 19 13 24 10 68 538 397 116 25 403 270 82 51 620 544 67 Q
3,000 or greater 231 328 42 30 59 23 174 1,308 959 271 78 1,588 997 308 283 1,402 1,260 126 Q
Number of household members
1 member 28.7 211 39 21 37 18 96 747 578 126 43 537 388 94 54 548 501 40 Q
2 members 42.7 457 72 55 81 33 215 1,341 962 294 86 1,758 1,153 322 283 1,242 1,076 156 Q
3 members 19.4 221 29 33 37 15 107 728 471 206 51 695 448 145 102 699 578 103 Q
4 members 15.5 207 25 32 34 13 104 634 372 214 48 558 316 157 86 558 461 96 Q
5 members 7.2 105 14 20 16 6 48 296 178 96 21 273 169 80 24 146 118 Q Q
6 or more members 4.6 67 7 13 9 4 34 217 116 83 18 131 75 Q 20 188 157 Q N
Main heating fuel
Natural gas 57.7 514 21 29 103 46 314 3,758 2,663 892 203 29 Q Q Q 23 13 Q Q
Electricity 40.9 557 155 109 81 29 184 132 9 74 48 620 181 157 282 Q 10 Q Q
Fuel oil/kerosene 5.8 51 3 9 6 4 30 16 Q 9 6 127 42 Q 56 3,223 2,807 381 Q
Propane 5 60 4 9 8 4 35 Q N Q Q 2,833 2,249 468 116 Q N Q N

1Consumption and expenditures for biomass (wood), coal, district steam, and solar thermal are excluded. Electricity consumption from on-site solar photovoltaic generation (i.e., solar panels) is included.
2Total U.S. includes all primary occupied housing units in the 50 states and District of Columbia. Vacant housing units, seasonal units, second homes, military houses, and group quarters are excluded

3includes main (primary) and secondary space heating.

4includes end uses not in this table. A more detailed breakout of end uses is shown in the Series 5 tables,

SHousing units are classified using criteria created by the U.S. Census Bureau based on 2010 Census data. Urbanized areas are densely settled groupings of blocks or tracts with 50,000 or more people. Urban clusters have at least 2,500 but less than 50,000 people. All other areas
6These climate regions were created by the Building America program, sponsored by the U.S. Department of Energy’s Office of Energy Efficiency and Renewable Energy (EERE).

7Rented includes households that occupy their primary housing units without paying rent.

8Total square footage includes all basements, finished or conditioned (heated or cooled) areas of attics, and conditioned garage space that is attached to the home. Unconditioned and unfinished areas in attics and attached garages are excluded. The square footage for some hou:
Q= Data withheld because either the Relative Standard Error (RSE) was greater than 50% or fewer than 10 cases responded.

N = No cases responded.

(*) Number rounds to zero.

Notes: Because of rounding, data may not sum to totals. See RECS Terminology for definition of terms used in these tables.

Source: U.S. Energy Information Administration, Office of Energy C ion and Efficiency Statistics, Forms EIA-457A, C, D, E, F, G of the 2015 Residential Energy Consumption Survey.

Figure B5. Benchmarking based on 2015 RECS data
Highlighted cells indicate building characteristics in our study scope.
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CHICAGO_5A_2006

const mtl

Exterior Roof Asphalt_shingle
Exterior Roof 0SB_1/2in
Exterior Roof total

Gable_end cement_stucco
Gable_end Bldg_paper_felt
Gable_end 0SB_5/8in
Gable_end Air_4_in_vert
Gable_end Drywall_1/2in

Gable_end total

Interior Ceiling ceil_consol_layer
Interior Ceiling Drywall_1/2in
Interior Ceiling tot:

Exterior Wall syn_stucco
Exterior Wall sheathing_conso
Exterior Wall 0SB_7/16in
Exterior Wall wall_consol_layel
Exterior Wall Drywall_1/2in

Exterior Wall total
Interior Floor Plywood_3/4in
Interior Floor Carpet_n_pad
Interior Floor total

Exterior Window  Glass

Exterior Door door_const

yr_doe

2006
2006

2006
2006
2006
2006
2006

2006
2006

2006
2006
2006
2006
2006

2006
2006

2006
2006

roughness
MediumRout
MediumSmc

MediumSmc
Smooth
MediumSmc

MediumSmc

Rough
MediumSmc

MediumSmc
Rough
MediumSmc
Rough
MediumSmc

Rough
MediumSmc

Smooth

thick_m

0.006
0.013
0.019
0.019

0.016

0.013
0.454
0.340
0.013
0.353
0.003
0.013
0.011
0.140
0.013
0.179
0.019
0.025
0.044

0.036

0.750

5.875

13.901

7.058

kSI_W_p_mK USI_W_p_mZ

0.082
0.116

0.721

0.116

0.160

0.062
0.160

0.087
0.094
0.116
0.058
0.160

0.115
0.060

0.072

5.358

2431

0.179

0.363

1.988

0.944

0.428

0.031

0.064

RSI_m2K_p_'

0.187

0.411

5.595

2.756

1.060

2.335

31.766

15.646

SHGC

0.334

vT

0.880

dens_kg_p_n spht_J_p_kg!

1,121.292
544.627

1,865.580

544.627

800.923

41.929
800.923

400.000
685.008
544.627
120.801
800.923

544.680
32.037

512.640

1,255.200
1,213.360

878.640

1,213.360

1,087.840

776.251
1,087.840

878.640
1,172.332
1,213.360
1,036.258
1,087.840

674.540
836.800

767.580

Figure B6. Chicago 2006 calibration model assembly assumptions. Energy simulation parameters were based on
the EP prototype models and modified per Table 2; fields with red text were modified from case to case.

CHICAGO_5A_1980

const mtl

Exterior Roof Asphalt_shingle
Exterior Roof 0SB_1/2in
Exterior Roof total

Gable_end cement_stucco
Gable_end Bldg_paper_felt
Gable_end 0SB_5/8in
Gable_end Air_4_in_vert
Gable_end Drywall_1/2in

Gable_end total

Interior Ceiling ceil_consol_layer
Interior Ceiling Drywall_1/2in
Interior Ceiling tot

Exterior Wall syn_stucco
Exterior Wall sheathing_conso
Exterior Wall 0SB_7/16in
Exterior Wall wall_consol_layel
Exterior Wall Drywall_1/2in

Exterior Wall total
Interior Floor Plywood_3/4in
Interior Floor Carpet_n_pad
Interior Floor total

Exterior Window  Glass

Exterior Door door_const

yr_doe

2006
2006

2006
2006
2006
2006
2006

1980
2006

2006
2006
2006
1980
2006

2006
2006

1980
2006

roughness
MediumRou¢
MediumSmc

MediumSmc
Smooth
MediumSmc

MediumSmc

Rough
MediumSmc

MediumSmc
Rough
MediumSmc
Rough
MediumSmc

Rough
MediumSmc

Smooth

thick_m

0.006
0.013
0.019
0.019

0.016

0.013
0.454
0.212
0.013
0.225
0.003
0.013
0.011
0.065
0.013
0.104
0.019
0.025
0.044

0.036

0.750

5.875

8.866

4.105

kSI_W_p_mK USI_W_p_m?Z

0.082
0.116

0.721

0.116

0.160

0.062
0.160

0.087
0.094
0.116
0.058
0.160

0.115
0.060

0.072

5.358

2431
0.290

0.284

0.896

0.684

0.944

0.428
0.051

0.050

0.158

0.120

RSI_m2K_p_'

0.187

0.411
3.443

1.117

1.060

2.335
19.550

6.340

SHGC

0.334

vT

0.880

dens_kg_p_n spht_J_p_kg!

1,121.292
544.627

1,865.580

544.627

800.923

41.929
800.923

400.000
685.008
544.627
120.801
800.923

544.680
32.037

512.640

1,255.200
1,213.360

878.640

1,213.360

1,087.840

776.251
1,087.840

878.640
1,172.332
1,213.360
1,036.258
1,087.840

674.540
836.800

767.580

Figure B7. Chicago 1980 base case model assembly assumptions. Energy simulation parameters were based on the
EP prototype models and modified per Table 2; fields with red text were modified from case to case.
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CHICAGO_5A_RENO_LOW

const mtl

Exterior Roof Asphalt_shingle
Exterior Roof 0SB_1/2in
Exterior Roof total

Gable_end cement_stucco
Gable_end Bldg_paper_felt
Gable_end 0SB_5/8in
Gable_end Air_4_in_vert
Gable_end Drywall_1/2in

Gable_end total
Interior Ceiling
Interior Ceiling
Interior Ceiling tot:

ceil_consol_layer
Drywall_1/2in

Exterior Wall syn_stucco
Exterior Wall sheathing_conso
Exterior Wall 0SB_7/16in
Exterior Wall wall_consol_layel
Exterior Wall Drywall_1/2in

Exterior Wall total
Interior Floor Plywood_3/4in
Interior Floor Carpet_n_pad
Interior Floor total

Exterior Window  Glass

Exterior Door door_const

yr_doe
2006
2006

2006
2006
2006
2006
2006

20221
2006

2006
2006
2006
20221
2006

2006
2006

2022L
2006

roughness
MediumRout
MediumSmc

MediumSmc
Smooth
MediumSmc

MediumSmc

Rough
MediumSmc

MediumSmc
Rough
MediumSmc
Rough
MediumSmc

Rough
MediumSmc

Smooth

thick_m

0.006
0.013
0.019
0.019

0.016

0.013
0.454
0.407
0.013
0.420
0.003
0.013
0.011
0.145
0.013
0.185
0.019
0.025
0.044

0.036

0.750

5.875

16.526

7.280

kSI_W_p_mK USI_W_p_mZ

0.082
0.116

0.721

0.116

0.160

0.062
0.160

0.087
0.094
0.116
0.058
0.160

0.115
0.060

0.072

5.358

2431
0.152

0.150

0.399

0.350

0.944

0.428
0.027

0.026

0.070

0.062

RSI_m2K_p_'
0.187 1.060
0.411 2335
6.596 37.450
6.675 37.900
2.508 14.240

SHGC

0.550

VT dens_kg_p_n spht_J_p_kg!
1,121.292  1,255.200
544.627 1,213.360
1,865.580 878.640
544.627 1,213.360
800.923  1,087.840
41.929 776.251
800.923 1,087.840
400.000 878.640
685.008 1,172.332
544.627 1,213.360
120.801 1,036.258
800.923 1,087.840
544.680 674.540
32.037 836.800
512.640 767.580

Figure BS. Chicago shallow envelope model assembly assumptions. Energy simulation parameters were based on
the EP prototype models and modified per Table 2; fields with red text were modified from case to case.

CHICAGO_5A_RENO_HI

const mtl

Exterior Roof Asphalt_shingle
Exterior Roof 0SB_1/2in
Exterior Roof total

Gable_end cement_stucco
Gable_end Bldg_paper_felt
Gable_end 0SB_5/8in
Gable_end Air_4_in_vert
Gable_end Drywall_1/2in

Gable_end total
Interior Ceiling
Interior Ceiling
Interior Ceiling tot

ceil_consol_layer
Drywall_1/2in

Exterior Wall syn_stucco
Exterior Wall sheathing_conso
Exterior Wall 0SB_7/16in
Exterior Wall wall_consol_layel
Exterior Wall Drywall_1/2in
Exterior Wall total

Interior Floor Plywood_3/4in

Interior Floor Carpet_n_pad
Interior Floor total
Exterior Window  Glass

Exterior Door door_const

yr_doe
2006
2006

2006
2006
2006
2006
2006

2022H
2006

2006
2006
2006
2022H
2006

2006
2006

2022H
2006

roughness
MediumRou¢
MediumSmc

MediumSmc
Smooth
MediumSmc

MediumSmc

Rough
MediumSmc

MediumSmc
Rough
MediumSmc
Rough
MediumSmc

Rough
MediumSmc

Smooth

thick_m

0.006
0.013
0.019
0.019

0.016

0.013
0.454
0.767
0.013
0.780
0.003
0.013
0.011
0.388
0.013
0.428
0.019
0.025
0.044

0.036

0.750

5.875

30.691

16.844

kSI_W_p_mK USI_W_p_m?Z

0.082
0.116

0.721

0.116

0.160

0.062
0.160

0.087
0.094
0.116
0.058
0.160

0.115
0.060

0.072

5.358

2431
0.080

0.080

0.149

0.142

0.944

0.428
0.014

0.014

0.026

0.025

RSI_m2K_p_!
0.187 1.060
0.411 2.335
12.425 70.550
12.504 71.000
6.700 38.040
7.045[  40.000

SHGC

0.550

VT dens_kg_p_n spht_J_p_kg!
1,121.292  1,255.200
544.627 1,213.360
1,865.580 878.640
544.627 1,213.360
800.923 1,087.840
41.929 776.251
800.923 1,087.840
400.000 878.640
685.008 1,172.332
544.627 1,213.360
120.801 1,036.258
800.923 1,087.840
544.680 674.540
32.037 836.800
512.640 767.580

Figure BY. Chicago deep envelope model assembly assumptions. Energy simulation parameters were based on the
EP prototype models and modified per Table 2; fields with red text were modified from case to case.
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HOUSTON_2A_2006

const mtl

Exterior Roof Asphalt_shingle
Exterior Roof 0SB_1/2in
Exterior Roof total

Gable_end cement_stucco
Gable_end Bldg_paper_felt
Gable_end 0SB_5/8in
Gable_end Air_4_in_vert
Gable_end Drywall_1/2in

Gable_end total
Interior Ceiling
Interior Ceiling
Interior Ceiling tot:

ceil_consol_layer
Drywall_1/2in

Exterior Wall syn_stucco
Exterior Wall sheathing_conso
Exterior Wall 0SB_7/16in
Exterior Wall wall_consol_layel
Exterior Wall Drywall_1/2in

Exterior Wall total
Interior Floor Plywood_3/4in
Interior Floor Carpet_n_pad
Interior Floor total

Exterior Window  Glass

Exterior Door door_const

yr_doe

2006
2006

2006
2006
2006
2006
2006

2006
2006

2006
2006
2006
2006
2006

2006
2006

2006
2006

roughness
MediumRout
MediumSmc

MediumSmc
Smooth
MediumSmc

MediumSmc

Rough
MediumSmc

MediumSmc
Rough
MediumSmc
Rough
MediumSmc

Rough
MediumSmc

Smooth

thick_m

0.006
0.013
0.019
0.019

0.016

0.013
0.454
0.285
0.013
0.298
0.003
0.013
0.011
0.089
0.013
0.128
0.019
0.025
0.044

0.017

0.750

5.875

11.713

5.058

kSI_W_p_mK USI_W_p_mZ

0.082
0.116

0.721

0.116

0.160

0.062
0.160

0.087
0.094
0.116
0.058
0.160

0.115
0.060

0.072

5.358

2431

0.213

0.532

4.259

0.944

0.428

0.038

0.094

RSI_m2K_p_'
0.187 1.060
0.411 2.335
4.694 26.654
1.879 10.669

SHGC vT
1,121.292
544.627

1,865.580

544.627

800.923

41.929
800.923

400.000
685.008
544.627
120.801
800.923

544.680
32.037

0.334 0.880
512.640

dens_kg_p_n spht_J_p_kg!

1,255.200
1,213.360

878.640

1,213.360

1,087.840

776.251
1,087.840

878.640
1,172.332
1,213.360
1,036.258
1,087.840

674.540
836.800

767.580

Figure B10. Houston 2006 calibration model assembly assumptions. Energy simulation parameters were based on
the EP prototype models and modified per Table 2; fields with red text were modified from case to case.

HOUSTON_2A_1980

const mtl

Exterior Roof Asphalt_shingle
Exterior Roof 0SB_1/2in
Exterior Roof total

Gable_end cement_stucco
Gable_end Bldg_paper_felt
Gable_end 0SB_5/8in
Gable_end Air_4_in_vert
Gable_end Drywall_1/2in

Gable_end total
Interior Ceiling
Interior Ceiling
Interior Ceiling tot

ceil_consol_layer
Drywall_1/2in

Exterior Wall syn_stucco
Exterior Wall sheathing_conso
Exterior Wall 0SB_7/16in
Exterior Wall wall_consol_layel
Exterior Wall Drywall_1/2in

Exterior Wall total
Interior Floor Plywood_3/4in
Interior Floor Carpet_n_pad
Interior Floor total

Exterior Window  Glass

Exterior Door door_const

yr_doe

2006
2006

2006
2006
2006
2006
2006

1980
2006

2006
2006
2006
1980
2006

2006
2006

1980
2006

roughness
MediumRou¢
MediumSmc

MediumSmc
Smooth
MediumSmc

MediumSmc

Rough
MediumSmc

MediumSmc
Rough
MediumSmc
Rough
MediumSmc

Rough
MediumSmc

Smooth

thick_m

0.006
0.013
0.019
0.019

0.016

0.013
0.454
0.212
0.013
0.225
0.003
0.013
0.011
0.002
0.013
0.042
0.019
0.025
0.044

0.017

0.750

5.875

8.866

1.654

kSI_W_p_mK USI_W_p_m?Z

0.082
0.116

0.721

0.116

0.160

0.062
0.160

0.087
0.094
0.116
0.058
0.160

0.115
0.060

0.072

5.358

2431
0.290

0.284

23.662

2.581

0.051

4.167

RSI_m2K_p_!
0.187
0.411
3.443 19.550
3.522 20.000
0.042 0.240

0.156 0.886

SHGC vT
1,121.292
544.627

1,865.580

544.627

800.923

41.929
800.923

400.000
685.008
544.627
120.801
800.923

544.680
32.037

0.334 0.880
512.640

dens_kg_p_n spht_J_p_kg!

1,255.200
1,213.360

878.640

1,213.360

1,087.840

776.251
1,087.840

878.640
1,172.332
1,213.360
1,036.258
1,087.840

674.540
836.800

767.580

Figure Bl1. Houston 1980 base case model assembly assumptions. Energy simulation parameters were based on
the EP prototype models and modified per Table 2; fields with red text were modified from case to case.
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HOUSTON_2A_RENO_LOW

const mtl

Exterior Roof Asphalt_shingle
Exterior Roof 0SB_1/2in
Exterior Roof total

Gable_end cement_stucco
Gable_end Bldg_paper_felt
Gable_end 0SB_5/8in
Gable_end Air_4_in_vert
Gable_end Drywall_1/2in

Gable_end total
Interior Ceiling
Interior Ceiling
Interior Ceiling tot:

ceil_consol_layer
Drywall_1/2in

Exterior Wall syn_stucco
Exterior Wall sheathing_conso
Exterior Wall 0SB_7/16in
Exterior Wall wall_consol_layel
Exterior Wall Drywall_1/2in

Exterior Wall total
Interior Floor Plywood_3/4in
Interior Floor Carpet_n_pad
Interior Floor total

Exterior Window  Glass

Exterior Door door_const

yr_doe
2006
2006

2006
2006
2006
2006
2006

20221
2006

2006
2006
2006
20221
2006

2006
2006

2022L
2006

roughness
MediumRout
MediumSmc

MediumSmc
Smooth
MediumSmc

MediumSmc

Rough
MediumSmc

MediumSmc
Rough
MediumSmc
Rough
MediumSmc

Rough
MediumSmc

Smooth

thick_m

0.006
0.013
0.019
0.019

0.016

0.013
0.454
0.242
0.013
0.255
0.003
0.013
0.011
0.109
0.013
0.148
0.019
0.025
0.044

0.017

0.750

5.875

10.021

5.833

kSI_W_p_mK USI_W_p_mZ

0.082
0.116

0.721

0.116

0.160

0.062
0.160

0.087
0.094
0.116
0.058
0.160

0.115
0.060

0.072

5.358 0.944
2.431 0.428
0.255 0.045
0.250 0.044
0.534 0.094
0.451 0.079

RSI_m2K_p_'
0.187 1.060
0.411 2335
3.919 22.250
3.998 22.700
1.874 10.640

0.441 2.502

SHGC

0.250

VT dens_kg_p_n spht_J_p_kg!
1,121.292  1,255.200
544.627 1,213.360
1,865.580 878.640
544.627 1,213.360
800.923  1,087.840
41.929 776.251
800.923 1,087.840
400.000 878.640
685.008 1,172.332
544.627 1,213.360
120.801 1,036.258
800.923 1,087.840
544.680 674.540
32.037 836.800
512.640 767.580

Figure B12. Houston shallow envelope model assembly assumptions. Energy simulation parameters were based on
the EP prototype models and modified per Table 2; fields with red text were modified from case to case.

HOUSTON_2A_RENO_HIGH

const mtl

Exterior Roof Asphalt_shingle
Exterior Roof 0SB_1/2in
Exterior Roof total

Gable_end cement_stucco
Gable_end Bldg_paper_felt
Gable_end 0SB_5/8in
Gable_end Air_4_in_vert
Gable_end Drywall_1/2in

Gable_end total
Interior Ceiling
Interior Ceiling
Interior Ceiling tot

ceil_consol_layer
Drywall_1/2in

Exterior Wall syn_stucco
Exterior Wall sheathing_conso
Exterior Wall 0SB_7/16in
Exterior Wall wall_consol_layel
Exterior Wall Drywall_1/2in

Exterior Wall total
Interior Floor Plywood_3/4in
Interior Floor Carpet_n_pad
Interior Floor total

Exterior Window  Glass

Exterior Door door_const

yr_doe
2006
2006

2006
2006
2006
2006
2006

2022H
2006

2006
2006
2006
2022H
2006

2006
2006

2022H
2006

roughness
MediumRou¢
MediumSmc

MediumSmc
Smooth
MediumSmc

MediumSmc

Rough
MediumSmc

MediumSmc
Rough
MediumSmc
Rough
MediumSmc

Rough
MediumSmc

Smooth

thick_m

0.006
0.013
0.019
0.019

0.016

0.013
0.454
0.582
0.013
0.595
0.003
0.013
0.011
0.235
0.013
0.275
0.019
0.025
0.044

0.017

0.750

5.875

23.416

10.816

kSI_W_p_mK USI_W_p_m?Z

0.082
0.116

0.721

0.116

0.160

0.062
0.160

0.087
0.094
0.116
0.058
0.160

0.115
0.060

0.072

5.358

2431
0.106

0.105

0.246

0.227

0.944

0.428
0.019

0.019

0.043

0.040

RSI_m2K_p_!
0.187 1.060
0.411 2.335
9.431 53.550
9.510 54.000
4.058 23.040

0.953 5.409

SHGC

0.250

VT dens_kg_p_n spht_J_p_kg!
1,121.292  1,255.200
544.627 1,213.360
1,865.580 878.640
544.627 1,213.360
800.923 1,087.840
41.929 776.251
800.923 1,087.840
400.000 878.640
685.008 1,172.332
544.627 1,213.360
120.801 1,036.258
800.923 1,087.840
544.680 674.540
32.037 836.800
512.640 767.580

Figure B13. Houston deep envelope model assembly assumptions. Energy simulation parameters were based on
the EP prototype models and modified per Table 2; fields with red text were modified from case to case.
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LA_3B_2006

const mtl

Exterior Roof Asphalt_shingle
Exterior Roof 0SB_1/2in
Exterior Roof total

Gable_end cement_stucco
Gable_end Bldg_paper_felt
Gable_end 0SB_5/8in
Gable_end Air_4_in_vert
Gable_end Drywall_1/2in
Gable_end total

Interior Ceiling ceil_consol_layer

Interior Ceiling
Interior Ceiling tot:

Drywall_1/2in

Exterior Wall syn_stucco
Exterior Wall sheathing_conso
Exterior Wall 0SB_7/16in
Exterior Wall wall_consol_layel
Exterior Wall Drywall_1/2in

Exterior Wall total
Interior Floor Plywood_3/4in
Interior Floor Carpet_n_pad
Interior Floor total

Exterior Window  Glass

Exterior Door door_const

yr_doe

2006
2006

2006
2006
2006
2006
2006

2006
2006

2006
2006
2006
2006
2006

2006
2006

2006
2006

roughness
MediumRout
MediumSmc

MediumSmc
Smooth
MediumSmc

MediumSmc

Rough
MediumSmc

MediumSmc
Rough
MediumSmc
Rough
MediumSmc

Rough
MediumSmc

Smooth

thick_m

0.006
0.013
0.019
0.019

0.016

0.013
0.454
0.285
0.013
0.298
0.003
0.013
0.011
0.089
0.013
0.128
0.019
0.025
0.044

0.020

0.750

5.875

11.713

5.058

kSI_W_p_mK USI_W_p_mZ

0.082
0.116

0.721

0.116

0.160

0.062
0.160

0.087
0.094
0.116
0.058
0.160

0.115
0.060

0.072

5.358

2431

0.213

0.532

3.691

0.944

0.428

0.038

0.094

RSI_m2K_p_'
0.187 1.060
0.411 2.335
4.694 26.654
1.879 10.669

SHGC

0.334

vT

0.880

dens_kg_p_n spht_J_p_kg!

1,121.292
544.627

1,865.580

544.627

800.923

41.929
800.923

400.000
685.008
544.627
120.801
800.923

544.680
32.037

512.640

1,255.200
1,213.360

878.640

1,213.360

1,087.840

776.251
1,087.840

878.640
1,172.332
1,213.360
1,036.258
1,087.840

674.540
836.800

767.580

Figure Bl4. Los Angeles 2006 calibration model assembly assumptions. Energy simulation parameters were based
on the EP prototype models and modified per Table 2; fields with red text were modified from case to case.

LA_3B_1980

const mtl

Exterior Roof Asphalt_shingle
Exterior Roof 0SB_1/2in
Exterior Roof total

Gable_end cement_stucco
Gable_end Bldg_paper_felt
Gable_end 0SB_5/8in
Gable_end Air_4_in_vert
Gable_end Drywall_1/2in

Gable_end total
Interior Ceiling
Interior Ceiling
Interior Ceiling tot

ceil_consol_layer
Drywall_1/2in

Exterior Wall syn_stucco
Exterior Wall sheathing_conso
Exterior Wall 0SB_7/16in
Exterior Wall wall_consol_layel
Exterior Wall Drywall_1/2in

Exterior Wall total
Interior Floor Plywood_3/4in
Interior Floor Carpet_n_pad
Interior Floor total

Exterior Window  Glass

Exterior Door door_const

yr_doe

2006
2006

2006
2006
2006
2006
2006

1980
2006

2006
2006
2006
1980
2006

2006
2006

1980
2006

roughness
MediumRou¢
MediumSmc

MediumSmc
Smooth
MediumSmc

MediumSmc

Rough
MediumSmc

MediumSmc
Rough
MediumSmc
Rough
MediumSmc

Rough
MediumSmc

Smooth

thick_m

0.006
0.013
0.019
0.019

0.016

0.013
0.454
0.212
0.013
0.225
0.003
0.013
0.011
0.002
0.013
0.042
0.019
0.025
0.044

0.020

0.750

5.875

8.866

1.654

kSI_W_p_mK USI_W_p_m?Z

0.082
0.116

0.721

0.116

0.160

0.062
0.160

0.087
0.094
0.116
0.058
0.160

0.115
0.060

0.072

5.358

2431
0.290

0.284

23.662

2.581

0.944

0.428
0.051

0.050

4.167

0.455

RSI_m2K_p_!
0.187 1.060
0.411 2.335
3.443 19.550
3.522 20.000
0.042 0.240

0.156 0.886

SHGC

0.334

vT

0.880

dens_kg_p_n spht_J_p_kg!

1,121.292
544.627

1,865.580

544.627

800.923

41.929
800.923

400.000
685.008
544.627
120.801
800.923

544.680
32.037

512.640

1,255.200
1,213.360

878.640

1,213.360

1,087.840

776.251
1,087.840

878.640
1,172.332
1,213.360
1,036.258
1,087.840

674.540
836.800

767.580

Figure B15. Los Angeles 1980 base case model assembly assumptions. Energy simulation parameters were based
on the EP prototype models and modified per Table 2; fields with red text were modified from case to case.
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LA_3B_RENO_LOW

const mtl

Exterior Roof Asphalt_shingle
Exterior Roof 0SB_1/2in
Exterior Roof total

Gable_end cement_stucco
Gable_end Bldg_paper_felt
Gable_end 0SB_5/8in
Gable_end Air_4_in_vert
Gable_end Drywall_1/2in

Gable_end total
Interior Ceiling
Interior Ceiling
Interior Ceiling tot:

ceil_consol_layer
Drywall_1/2in

Exterior Wall syn_stucco
Exterior Wall sheathing_conso
Exterior Wall 0SB_7/16in
Exterior Wall wall_consol_layel
Exterior Wall Drywall_1/2in

Exterior Wall total
Interior Floor Plywood_3/4in
Interior Floor Carpet_n_pad
Interior Floor total

Exterior Window  Glass

Exterior Door door_const

yr_doe
2006
2006

2006
2006
2006
2006
2006

20221
2006

2006
2006
2006
20221
2006

2006
2006

2022L
2006

roughness
MediumRout
MediumSmc

MediumSmc
Smooth
MediumSmc

MediumSmc

Rough
MediumSmc

MediumSmc
Rough
MediumSmc
Rough
MediumSmc

Rough
MediumSmc

Smooth

thick_m

0.006
0.013
0.019
0.019

0.016

0.013
0.454
0.212
0.013
0.225
0.003
0.013
0.011
0.058
0.013
0.097
0.019
0.025
0.044

0.020

0.750

5.875

8.866

3.824

kSI_W_p_mK USI_W_p_mZ

0.082
0.116

0.721

0.116

0.160

0.062
0.160

0.087
0.094
0.116
0.058
0.160

0.115
0.060

0.072

5.358

2431
0.290

0.284

1.007

0.747

0.944

0.428
0.051

0.050

0.177

0.132

RSI_m2K_p_'
0.187 1.060
0.411 2.335
3.443 19.550
3.522 20.000
0.993 5.640
1038
0.587 3.335

SHGC

0.250

VT dens_kg_p_n spht_J_p_kg!
1,121.292  1,255.200
544.627 1,213.360
1,865.580 878.640
544.627 1,213.360
800.923  1,087.840
41.929 776.251
800.923 1,087.840
400.000 878.640
685.008 1,172.332
544.627 1,213.360
120.801 1,036.258
800.923 1,087.840
544.680 674.540
32.037 836.800
512.640 767.580

Figure B16. Los Angeles shallow envelope model assembly assumptions. Energy simulation parameters were
based on the EP prototype models and modified per Table 2; fields with red text were modified from case to case.

LA_3B_RENO_HIGH

const mtl

Exterior Roof Asphalt_shingle
Exterior Roof 0SB_1/2in
Exterior Roof total

Gable_end cement_stucco
Gable_end Bldg_paper_felt
Gable_end 0SB_5/8in
Gable_end Air_4_in_vert
Gable_end Drywall_1/2in

Gable_end total
Interior Ceiling
Interior Ceiling
Interior Ceiling tot

ceil_consol_layer
Drywall_1/2in

Exterior Wall syn_stucco
Exterior Wall sheathing_conso
Exterior Wall 0SB_7/16in
Exterior Wall wall_consol_layel
Exterior Wall Drywall_1/2in

Exterior Wall total
Interior Floor Plywood_3/4in
Interior Floor Carpet_n_pad
Interior Floor total

Exterior Window  Glass

Exterior Door door_const

yr_doe
2006
2006

2006
2006
2006
2006
2006

2022H
2006

2006
2006
2006
2022H
2006

2006
2006

2022H
2006

roughness
MediumRou¢
MediumSmc

MediumSmc
Smooth
MediumSmc

MediumSmc

Rough
MediumSmc

MediumSmc
Rough
MediumSmc
Rough
MediumSmc

Rough
MediumSmc

Smooth

thick_m

0.006
0.013
0.019
0.019

0.016

0.013
0.454
0.604
0.013
0.617
0.003
0.013
0.011
0.245
0.013
0.285
0.019
0.025
0.044

0.020

0.750

5.875

24.272

11.218

kSI_W_p_mK USI_W_p_m?Z

0.082
0.116

0.721

0.116

0.160

0.062
0.160

0.087
0.094
0.116
0.058
0.160

0.115
0.060

0.072

5.358

2431
0.102

0.101

0.236

0.218

0.944

0.428
0.018

0.018

0.042

0.038

RSI_m2K_p_!
0.187 1.060
0.411 2.335
9.783 55.550
0.863 56.000
4.234 24.040
4579 26.000
0.800 4.542

SHGC

0.250

VT dens_kg_p_n spht_J_p_kg!
1,121.292  1,255.200
544.627 1,213.360
1,865.580 878.640
544.627 1,213.360
800.923 1,087.840
41.929 776.251
800.923 1,087.840
400.000 878.640
685.008 1,172.332
544.627 1,213.360
120.801 1,036.258
800.923 1,087.840
544.680 674.540
32.037 836.800
512.640 767.580

Figure Bl7. Los Angeles deep envelope model assembly assumptions. Energy simulation parameters were based
on the EP prototype models and modified per Table 2; fields with red text were modified from case to case.
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Electricity
Natural Gas
District Cooling
District Heating
Steam
Gasoline
Diesel

Coal

Fuel Oil No 1
Fuel Oil No 2
Propane

Other Fuel 1
Other Fuel 2

Site to Source Conversion Factor per EP9.5

3.167
1.084
1.056
3.613
1.2
1.05
1.05
1.05
1.05
1.05
1.05
1

1

Figure B18. Site to source conversion factors per EnergyPlus v9.5.

area (m2)

source
houston

average

average

chicago

average

117.514

117.514

117.514

exp_ann_kWh_p_m2
DOE Prototype m Climate Studio

max_ann_kWh  pv_ann_prod pv_ann_prod_75%cov  pv_eff
Climate Studio 0.75 0.197

3095.069 181856.9692 35825.82294 26869.3672
3458.3505 203202.3003 40030.85316 30023.13987
2742.0745 161116.0714  31739.86607 23804.89955

Figure B19. Estimated solar radiation and PV-generated electricity from PV array. The PV array in this analysis
is assumed to cover 75% of the prototype models’ roof area. These estimates were used to determine whether
the proposed area of PV on the south-side of the roof could be reasonably achieved with PV arrays in other

configurations with different roof aspects.
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Appendix C

Energy modeling results.

Date/Time Room Electricity Room Gas Lighting System Pumps  Heating (Gas)  Cooling (Electrici DHW (Gas) Exterior lighting Totals
kWh kwh kwh kWh kwh kwh kWh kWh kwh

1/1/2002 585.309 267.9252 143.2104 148.4652 18191.26 0 486.871 29.26059
2/1/2002 546.2884 250.0636 129.3513 134.0976 14747.69 0 439.7546 26.42892
3/1/2002 604.8193 276.8561 143.2104 148.4652 11631.56 0.036148 486.871 29.26059
4/1/2002 547.0019 250.1693 138.5907 143.676 7166.753 86.51702 471.1656 28.3167
5/1/2002 604.8193 276.8561 143.2104 148.4652 3541.659 186.798 486.871 29.26059
6/1/2002 585.309 267.9252 138.5907 143.676 1093.873 480.799 471.1656 28.3167
7/1/2002 604.8193 276.8561 143.2104 148.4652 312.4106 893.189 486.871 29.26059
8/1/2002 604.8193 276.8561 143.2104 148.4652 630.7775 599.1968 486.871 29.26059
9/1/2002 585.309 267.9252 138.5907 143.676 1743.03 292.7847 471.1656 283167
10/1/2002 604.8193 276.8561 143.2104 148.4652 5572.098 25.0749 486.871 29.26059
11/1/2002 585.309 267.9252 138.5907 143.676 10485.02 0.942797 471.1656 28.3167
12/1/2002 565.7987 258.9944 143.2104 148.4652 16877.95 0 486.871 29.26059

7024.4215 1686.1869 1748.058 2565.338365 34451985  13368.52462 Tot Site Elec

3215.2086 91994.0811 5732.514 100941.8037 Tot Site Gas

114310.3283 Tot Site Engy

151759.0327 Tot Source Engy

Figure C1. Chicago energy simulation results for pre-1980°s base case.

Date/Time Room Electricity Room Gas Lighting System Pumps  Heating (Electrici Cooling (Electrici DHW (Electricity) Exterior lighting Totals Total Reductions
kWh kWh kwh kwh kWh kWh kWh kWh kwh kwh

1/1/2002 635.571 158.369 143.210 148.465 7422.212 0.000 129.832 29.261
2/1/2002 593.199 147.811 129.351 134.098 6019.405 0.000 117.268 26.429
3/1/2002 656.756 163.648 143.210 148.465 4752.383 0.015 129.832 29.261
4/1/2002 593.925 147.890 138.591 143.676 2929.395 85.284 125.644 28.317
5/1/2002 656.756 163.648 143.210 148.465 1450.123 183.579 129.832 29.261
6/1/2002 635.571 158.369 138.591 143.676 448.356 475.062 125.644 28.317
7/1/2002 656.756 163.648 143.210 148.465 128.244 886.706 129.832 29.261
8/1/2002 656.756 163.648 143.210 148.465 258.726 592.544 129.832 29.261
9/1/2002 635.571 158.369 138.591 143.676 715.001 288.253 125.644 28.317
10/1/2002 656.756 163.648 143.210 148.465 2282.665 24.127 129.832 29.261
11/1/2002 635.571 158.369 138.591 143.676 4285.009 0.902 125.644 28.317
12/1/2002 614.385 153.090 143.210 148.465 6887.132 0.000 129.832 29.261

7627.573 1686.187 1748.058 37578.651 2536.471 1528.670 344.520 53050.131 Tot Site Elec -39681.606 Reduction (incre:

1900.508 1900.508 Tot Site Gas 99041.296 Reduction fr 198!

54950.639 Tot Site Engy 59359.690 Reduction fr 198!

170069.915 Tot Source Engy -18310.882 Reduction (incre:

Figure C2. Chicago energy simulation results for electrification: “all electric” case.

Date/Time Room Electricity Room Gas Lighting System Pumps  Heating (Electrici Cooling (Electrici DHW (Gas) Exterior lighting Totals Total Reductions
kWh kWh kwh kwh kwh kwh kwh kWh kWh kWh

1/1/2002 585.309 267.925 143.210 148.465 7402.344 0.000 486.871 29.261
2/1/2002 546.288 250.064 129.351 134.098 6001.094 0.000 439.755 26.429
3/1/2002 604.819 276.856 143.210 148.465 4733.084 0.036 486.871 29.261
4/1/2002 547.002 250.169 138.591 143.676 2916.278 86.517 471.166 28.317
5/1/2002 604.819 276.856 143.210 148.465 1441.164 186.798 486.871 29.261
6/1/2002 585.309 267.925 138.591 143.676 445116 480.799 471.166 28.317
7/1/2002 604.819 276.856 143.210 148.465 127.125 893.189 486.871 29.261
8/1/2002 604.819 276.856 143.210 148.465 256.675 599.197 486.871 29.261
9/1/2002 585.309 267.925 138.591 143.676 709.269 292.785 471.166 28.317
10/1/2002 604.819 276.856 143.210 148.465 2267.384 25.075 486.871 29.261
11/1/2002 585.309 267.925 138.591 143.676 4266.538 0.943 471.166 28.317
12/1/2002 565.799 258.994 143.210 148.465 6867.933 0.000 486.871 29.261

7024.422 1686.187 1748.058 37434.004 2565.338 344.520 50802.529 Tot Site Elec -37434.004 Reduction (incre:

3215.209 5732.514 8947.723 Tot Site Gas 91994.081 Reduction fr 198!

59750.251 Tot Site Engy 54560.077 Reduction fr 198!

170590.940 Tot Source Engy -18831.907 Reduction (incre:

Figure C3. Chicago energy simulation results for electrification: “electric heating” case.
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Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

635.571
593.199
656.756
593.925
656.756
635.571
656.756
656.756
635.571
656.756
635.571
614.385

7627.573

kwh

158.369
147.811
163.648
147.890
163.648
158.369
163.648
163.648
158.369
163.648
158.369
153.090

1900.508

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh

148.465
134.098
148.465
143.676
148.465
143.676
148.465
148.465
143.676
148.465
143.676
148.465

1748.058

kwWh

18240.090
14792.690
11678.980
7198.989
3563.677
1101.836
315.160
635.819
1757.114
5609.649
10530.410
16925.130

92349.544

Cooling (Electrici DHW (Gas)

kWh

0.000
0.000
0.015
85.284
183.579
475.062
886.706
592.544
288.253
24.127
0.902
0.000

2536.471

kWh

486.871
439.755
486.871
471.166
486.871
471.166
486.871
486.871
471.166
486.871
471.166
486.871

5732.514

Exterior lighting Totals
kWh

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

13942.809 Tot Site Elec
99982.566 Tot Site Gas
113925.375 Tot Site Engy

152537.978 Tot Source Engy

Figure C4. Chicago energy simulation results for electrification: “electric cooking” case.

Date

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps

kWh

148.465
134.098
148.465
143.676
148.465
143.676
148.465
148.465
143.676
148.465
143.676
148.465

1748.058

Heating (Gas)

kwWh

18191.260
14747.690
11631.560
7166.753
3541.659
1093.873
312.411
630.778
1743.030
5572.098
10485.020
16877.950

91994.081

Cooling (Electrici DHW (Electricity) Exterior lighting

kwWh

0.000
0.000
0.036
86.517
186.798
480.799
893.189
599.197
292.785
25.075
0.943
0.000

2565.338

kWh

129.832
117.268
129.832
125.644
129.832
125.644
129.832
129.832
125.644
129.832
125.644
129.832

1528.670

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

14897.195 Tot Site Elec
95209.290 Tot Site Gas
110106.485 Tot Site Engy

150386.287 Tot Source Engy

Figure C5. Chicago energy simulation results for electrification: “electric water heater” case.

Date/Time

Figure C6. Chicago energy simulation results for shallow envelope retrofit: “shallow all” case.
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1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh

148.465
134.098
148.465
143.676
148.465
143.676
148.465
148.465
143.676
148.465
143.676
148.465

1748.058

kWh

6907.300
5597.131
4459.521
2626.002
950.479
133.560
6.241
19.144
172.919
1286.741
3596.630
6106.136

31861.805

Cooling (Electrici DHW (Gas)

kwWh

0.000
0.000
0.156
37.820
90.799
283.300
573.277
421.505
219.662
17.868
0.593
0.000

1644.979

kWh

486.871
439.755
486.871
471.166
486.871
471.166
486.871
486.871
471.166
486.871
471.166
486.871

5732.514

Exterior lighting Outside Dry-Bulb Temperature

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

°C

-4.645
-2.522

3.824

9.948
15.307
21.109
24.134
21.775
18.136
10.981

4.734
-3.683

12448.165 Tot Site Elec
40809.528 Tot Site Gas
53257.693 Tot Site Engy

83660.867 Tot Source Engy

Total Reductions
kWh

-574.285 Reduction (incre:
959.238 Reduction fr 198!
384.953 Reduction fr 198!

-778.946 Reduction (incre:

Total Reductions
kWh

-1528.670 Reduction (incre:
5732.514 Reduction fr 198!
4203.844 Reduction fr 198

1372.746 Reduction fr 198

Total Reductions
kWh

920.360 Reduction fr 198!
60132.276 Reduction fr 198!
61052.636 Reduction fr 198!

68098.166 Reduction fr 198!



Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh

148.465
134.098
148.465
143.676
148.465
143.676
148.465
148.465
143.676
148.465
143.676
148.465

1748.058

kwWh

17939.720
14547.090
11480.840
7065.116
3450.612
1046.093
283.411
586.568
1672.359
5464.461
10331.800
16632.230

90500.299

Cooling (Electrici DHW (Gas)

kWh

0.000
0.000
0.000
83.116
173.995
467.891
883.375
586.556
282.452
22.592
0.803
0.000

2500.779

kWh

486.871
439.755
486.871
471.166
486.871
471.166
486.871
486.871
471.166
486.871
471.166
486.871

5732.514

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

kWh

13303.966 Tot Site Elec
99448.022 Tot Site Gas
112751.987 Tot Site Engy

149935.315 Tot Source Engy

Total Reductions
kWh

64.559 Reduction fr 198!
1493.782 Reduction fr 198!
1558.341 Reduction fr 198!

1823.718 Reduction fr 198!

Figure C7. Chicago energy simulation results for shallow envelope retrofit: “shallow ceiling” case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps

kWh

148.465
134.098
148.465
143.676
148.465
143.676
148.465
148.465
143.676
148.465
143.676
148.465

1748.058

Heating (Gas)

kwWh

7825.910
6355.812
5082.724
3013.958
1158.089
193.512
13.652
39.718
266.287
1650.499
4177.242
6977.137

36754.539

Cooling (Electrici DHW (Gas)

kwWh

0.000
0.000
0.000
37.114
85.239
276.062
567.781
405.566
203.035
13.649
0.339
0.000

1588.785

kWh

486.871
439.755
486.871
471.166
486.871
471.166
486.871
486.871
471.166
486.871
471.166
486.871

5732.514

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

kWh

12391.971 Tot Site Elec
45702.261 Tot Site Gas
58094.233 Tot Site Engy

88786.624 Tot Source Engy

Total Reductions
kWh

976.553 Reduction fr 198!
55239.542 Reduction fr 198!
56216.096 Reduction fr 198!

62972.408 Reduction fr 198!

Figure C8. Chicago energy simulation results for shallow envelope retrofit: “shallow envelope” case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh

148.465
134.098
148.465
143.676
148.465
143.676
148.465
148.465
143.676
148.465
143.676
148.465

1748.058

kWh

14410.850
11636.280
9139.915
5540.314
2644.497
781.257
206.682
432.640
1234.486
4133.520
8176.238
13265.240

71601.919

Cooling (Electrici DHW (Gas)

kwWh

0.000
0.000
0.884
80.830
192.847
439.640
754.571
538.918
300.642
34.625
1.602
0.000

2344.559

kWh

486.871
439.755
486.871
471.166
486.871
471.166
486.871
486.871
471.166
486.871
471.166
486.871

5732.514

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

kWh

13147.745 Tot Site Elec
80549.642 Tot Site Gas
93697.387 Tot Site Engy

128954.721 Tot Source Engy

Total Reductions
kWh

220.780 Reduction fr 198!
20392.162 Reduction fr 198!
20612.941 Reduction fr 198!

22804.312 Reduction fr 198!

Figure C9. Chicago energy simulation results for shallow envelope retrofit: “shallow infiltration” case.
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Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh kwWh
148.465 11904.670
134.098 9706.171
148.465 7759.095
143.676 4767.667
148.465 2160.077
143.676 513.834
148.465 83.535
148.465 205.448
143.676 775.581
148.465 3226.832
143.676 6671.335
148.465 10881.360
1748.058
58655.605

Cooling (Electrici DHW (Gas)

kWh kWh
0.000 486.871
0.000 439.755
0.000 486.871
48.539 471.166
98.203 486.871
331.722 471.166
725.808 486.871
465.218 486.871
197.437 471.166
9.962 486.871
0.169 471.166
0.000 486.871

1877.058

5732.514

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

Total Reductions

kWh kWh

12680.244 Tot Site Elec
67603.327 Tot Site Gas
80283.571 Tot Site Engy

688.281 Reduction fr 198!
33338.476 Reduction fr 198!
34026.757 Reduction fr 198

113440.339 Tot Source Engy 38318.693 Reduction fr 198!

Figure C10. Chicago energy simulation results for shallow envelope retrofit: “shallow wall” case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh kwWh
148.465 17400.710
134.098 14097.360
148.465 11104.460
143.676 6835.765
148.465 3356.606
143.676 1021.156
148.465 284.771
148.465 580.630
143.676 1627.814
148.465 5255.308
143.676 9993.507
148.465 16129.740
1748.058
87687.827

Cooling (Electrici DHW (Gas)

kwWh kWh
0.000 486.871
0.000 439.755
0.151 486.871
86.772 471.166
190.337 486.871
484.810 471.166
897.280 486.871
605.652 486.871
299.282 471.166
27.269 486.871
1.073 471.166
0.000 486.871

2592.627

5732.514

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

Total Reductions

kWh kWh

13395.813 Tot Site Elec
96635.549 Tot Site Gas
110031.362 Tot Site Engy

-27.288 Reduction fr 198!
4306.254 Reduction fr 198!
4278.966 Reduction fr 198

147177.475 Tot Source Engy 4581.558 Reduction fr 198

Figure C11. Chicago energy simulation results for shallow envelope retrofit: “shallow window” case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh kwWh
148.465 3908.011
134.098 3098.506
148.465 2446.678
143.676 1344.597
148.465 334.115
143.676 13.541
148.465 0.000
148.465 0.000
143.676 2.469
148.465 338.090
143.676 1743.807
148.465 3246.886
1748.058
16476.700

Cooling (Electrici DHW (Gas)

kwWh kWh
0.001 486.871
0.002 439.755
1.486 486.871
40.266 471.166
96.886 486.871
283.827 471.166
537.123 486.871
425.606 486.871
217.353 471.166
25.107 486.871
2.118 471.166
0.001 486.871

1629.774

5732.514

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

Total Reductions

kWh kWh

12432.960 Tot Site Elec
25424.422 Tot Site Gas
37857.383 Tot Site Engy

935.565 Reduction fr 198
75517.381 Reduction fr 198(
76452.946 Reduction fr 198(

66935.259 Tot Source Engy 84823.774 Reduction fr 198(

Figure C12. Chicago energy simulation results for deep envelope retrofit: “deep all” case.
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Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh

148.465
134.098
148.465
143.676
148.465
143.676
148.465
148.465
143.676
148.465
143.676
148.465

1748.058

kwWh

17826.550
14457.940
11415.670
7024.520
3429.590
1034.148
276.290
575.855
1653.709
5423.837
10262.510
16521.840

89902.459

Cooling (Electrici DHW (Gas)

kWh

0.000
0.000
0.000
82.118
171.321
463.419
879.339
583.172
280.748
22.545
0.801
0.000

2483.463

kWh

486.871
439.755
486.871
471.166
486.871
471.166
486.871
486.871
471.166
486.871
471.166
486.871

5732.514

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

Total Reductions
kWh kWh

13286.649 Tot Site Elec
98850.182 Tot Site Gas
112136.831 Tot Site Engy

81.876 Reduction fr 198!
2091.622 Reduction fr 198!
2173.498 Reduction fr 198!

149232.414 Tot Source Engy 2526.618 Reduction fr 198

Figure C13. Chicago energy simulation results for deep envelope retrofit: “deep ceiling” case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.2884
604.8193
547.0019
604.8193

585.309
604.8193
604.8193

585.309
604.8193

585.309
565.7987

7024.4215

kwh

267.9252
250.0636
276.8561
250.1693
276.8561
267.9252
276.8561
276.8561
267.9252
276.8561
267.9252
258.9944

3215.2086

Lighting

kWh

143.2104
129.3513
143.2104
138.5907
143.2104
138.5907
143.2104
143.2104
138.5907
143.2104
138.5907
143.2104

1686.1869

System Pumps

kWh

148.4652
134.0976
148.4652
143.676
148.4652
143.676
148.4652
148.4652
143.676
148.4652
143.676
148.4652

1748.058

Heating (Gas)

kwh
5604.011
4558.179
3687.646
2125.302
684.9428
63.47871
0.558382
1.765361
68.97723
856.5658
2822.009
4842.964

25316.39928

Cooling (Electrici DHW (Gas)

kwh

0

0

0
22.79477
49.05453
198.4737
427.1179
315.975
142.8293
6.428143
0.050992
0

1162.724335

kwWh

486.871
439.7546
486.871
471.1656
486.871
471.1656
486.871
486.871
471.1656
486.871
471.1656
486.871

5732.514

Exterior lighting Totals

kWh

29.26059
26.42892
29.26059
28.3167
29.26059
28.3167
29.26059
29.26059
28.3167
29.26059
28.3167
29.26059

344.51985

Total Reductions
kWh kWh

11965.91059 Tot Site Elec
34264.12188 Tot Site Gas
46230.03247 Tot Site Engy

1402.614 Reduction fr 198
66677.682 Reduction fr 198
68080.296 Reduction fr 198

75038.34694 Tot Source Engy 76720.686 Reduction fr 198!

Figure C14. Chicago energy simulation results for deep envelope retrofit: “deep envelope” case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh

148.465
134.098
148.465
143.676
148.465
143.676
148.465
148.465
143.676
148.465
143.676
148.465

1748.058

kWh
10806.610
8823.799
7075.766
4325.508
1880.509
386.571
43.371
117.481
576.358
2793.796
5990.600
9820.468

52640.836

Cooling (Electrici DHW (Gas)

kwWh

0.000
0.000
0.000
39.591
77.209
295.161
687.804
436.977
173.549
6.756
0.023
0.000

1717.070

kWh

486.871
439.755
486.871
471.166
486.871
471.166
486.871
486.871
471.166
486.871
471.166
486.871

5732.514

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

Total Reductions
kWh kWh

12520.256 Tot Site Elec
61588.559 Tot Site Gas
74108.815 Tot Site Engy

848.268 Reduction fr 198!
39353.245 Reduction fr 198
40201.513 Reduction fr 1981

106413.649 Tot Source Engy 45345.383 Reduction fr 198

Figure C15. Chicago energy simulation results for deep envelope retrofit: “deep wall” case.

77



Date/Time

kWh
1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas
kWh
585.309 267.925
546.288 250.064
604.819 276.856
547.002 250.169
604.819 276.856
585.309 267.925
604.819 276.856
604.819 276.856
585.309 267.925
604.819 276.856
585.309 267.925
565.799 258.994
7024.422
3215.209

Lighting

kwh
143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps

kwh
148.465
134.098
148.465
143.676
148.465
143.676
148.465
148.465
143.676
148.465
143.676
148.465

1748.058

Heating (Gas)
kwh

16768.770
13513.930
10548.600
6469.565
3143.807
946.870
263.424
541.630
1529.276
4925.817
9563.311
15538.770

83753.770

Cooling (Electrici DHW (Gas)

kWh

kWh

0.000
0.000
2.014
105.963
238.460
552.770
968.292
675.475
359.275
46.752
2.684
0.000

2951.686

kWh
486.871
439.755
486.871
471.166
486.871
471.166
486.871
486.871
471.166
486.871
471.166
486.871

5732.514

Exterior lighting

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

Total Reductions
kWh

13754.872 Tot Site Elec
92701.493 Tot Site Gas
106456.364 Tot Site Engy

144050.097 Tot Source Engy

Figure C16. Chicago energy simulation results for deep envelope retrofit: “deep window” case.

Date/Time Room Electricity Room Gas Lighting
kwh kWh kWh kwh
1/1/2002 585.309 267.925 143.210
2/1/2002 546.288 250.064 129.351
3/1/2002 604.819 276.856 143.210
4/1/2002 547.002 250.169 138.591
5/1/2002 604.819 276.856 143.210
6/1/2002 585.309 267.925 138.591
7/1/2002 604.819 276.856 143.210
8/1/2002 604.819 276.856 143.210
9/1/2002 585.309 267.925 138.591
10/1/2002 604.819 276.856 143.210
11/1/2002 585.309 267.925 138.591
12/1/2002 565.799 258.994 143.210
7024.422 1686.187
3215.209

System Pumps  Heating (Gas)

kWh
148.465
134.098
148.465
143.676
148.465
143.676
148.465
148.465
143.676
148.465
143.676
148.465

1748.058

kwh

18191.260 0.000
14747.690 0.000
11631.550 0.035
7166.669 86.458
3541.515 186.832
1093.884 480.624
312.323 893.341
630.889 599.262
1743.042 292.874
5572.029 25.002
10485.020 0.943
16877.950 0.000
2565.372

91993.821

Cooling (Electrici DHW (Gas)

kWh
486.871
439.755
486.871
471.166
486.871
471.166
486.871
486.871
471.166
486.871
471.166
486.871

5732.514

Exterior lighting Generation (Elec! Totals

kWh
29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

kWh

-5121.514274

Figure C17. Chicago energy simulation results for renewable energy: “pv” case.

Date/Time Room Electricity Room Gas Lighting
kwh kwWh kWh kwh
1/1/2002 585.309 267.925 143.210
2/1/2002 546.288 250.064 129.351
3/1/2002 604.819 276.856 143.210
4/1/2002 547.002 250.169 138.591
5/1/2002 604.819 276.856 143.210
6/1/2002 585.309 267.925 138.591
7/1/2002 604.819 276.856 143.210
8/1/2002 604.819 276.856 143.210
9/1/2002 585.309 267.925 138.591
10/1/2002 604.819 276.856 143.210
11/1/2002 585.309 267.925 138.591
12/1/2002 565.799 258.994 143.210
7024.422 1686.187
3215.209

System Pumps  Heating (Gas)

kWh kwh
148.465 18191.260 0.000
134.098 14747.690 0.000
148.465 11631.550 0.035
143.676 7166.669 86.458
148.465 3541.515 186.832
143.676 1093.884 480.624
148.465 312.323 893.341
148.465 630.889 599.262
143.676 1743.042 292.874
148.465 5572.029 25.002
143.676 10485.020 0.943
148.465 16877.950 0.000
1748.058 2565.372
91993.821

Cooling (Electrici DHW (Gas)

kWh
486.871
439.755
486.871
471.166
486.871
471.166
486.871
486.871
471.166
486.871
471.166
486.871

5732.514

kWh

8247.044 Tot Site Elec
100941.544 Tot Site Gas
109188.587 Tot Site Engy

135539.020 Tot Source Engy

Exterior lighting Generation (Elec! Totals

kWh
29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

kWh

-9324.388482

kWh

4044.169 Tot Site Elec
100941.544 Tot Site Gas
104985.713 Tot Site Engy

122228.518 Tot Source Engy

Figure C18. Chicago energy simulation results for renewable energy: “pv + battery” case.
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Total
kWh

Total
kWh

-386.347 Reduction fr 198
8240.311 Reduction fr 198!
7853.964 Reduction fr 198!

7708.936 Reduction fr 198!

| Reduction

5121.481 Reduction (incre:
0.260 Reduction fr 198!
5121.741 Reduction fr 198

16220.012 Reduction fr 198!

| Reduction

9324.355 Reduction (incre:
0.260 Reduction fr 198!
9324.615 Reduction fr 198!

29530.515 Reduction fr 198



Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kWh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh

165.680
150.618
158.149
158.149
173.211
150.618
173.211
165.680
158.149
173.211
158.149
150.618

1935.440

kWh

4473.155
3300.677
2182.560
853.364
232175
32.472
0.000
0.000
155.095
1224.735
1943.846
3780.863

18178.941

Cooling (Electrici DHW (Gas)

kWh

35.176

78.464
143.362
255.769
433.476
615.857
698.268
685.345
532.915
293.566
178.791

79.560

4030.550

kwh

357.085
322.528
357.085
345.566
357.085
345.566
357.085
357.085
345.566
357.085
345.566
357.085

4204.387

Exterior lighting Outside Dry-Bulb Temperature

kwh

Figure C19. Houston energy simulation results for pre-1980°s base case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kwh

635.571
593.199
656.756
593.925
656.756
635.571
656.756
656.756
635.571
656.756
635.571
614.385

7627.573

kwh

158.369
147.811
163.648
147.890
163.648
158.369
163.648
163.648
158.369
163.648
158.369
153.090

1900.508

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

°C

10.503
12.766
16.204
20.489
24.028
27.019
28.271
28.206
26.436
20.327
17.097
12.537

15021.119 Tot Site Elec
25598.537 Tot Site Gas

40619.656 Tot Site Engy

75320.697 Tot Source Engy

System Pumps  Heating (Electrici Cooling (Electrici DHW (Electricity) Exterior lighting Totals

kWh

165.680
150.618
158.149
158.149
173.211
150.618
173.211
165.680
158.149
173.211
158.149
150.618

1935.440

kwh

1244.520
918.039
607.853
237.527

64.759
9.064
0.000
0.000

43.278

340.624
541.335
1051.206

5058.204

kWh

34.335

76.961
141.356
253.464
431.163
613.876
696.603
683.368
531.296
291.483
176.523

78.152

4008.580

kWh

95.223
86.008
95.223
92.151
95.223
92.151
95.223
95.223
92.151
95.223
92.151
95.223

1121.170

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

kwWh

21781.674 Tot Site Elec
1900.508 Tot Site Gas
23682.182 Tot Site Engy

71042.712 Tot Source Engy

Figure C20. Houston energy simulation results for electrification: “all electric” case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

694.865
648.541
718.027
649.282
718.027
694.865
718.027
718.027
694.865
718.027
694.865
671.703

8339.122

kwh

158.369
147.811
163.648
147.890
163.648
158.369
163.648
163.648
158.369
163.648
158.369
153.090

1900.508

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Electrici Cooling (Electrici DHW (Gas)

kWh

165.680
150.618
158.149
158.149
173.211
150.618
173.211
165.680
158.149
173.211
158.149
150.618

1935.440

kwWh

1235.251
911.474
602.709
235.655

64.114
8.967
0.000
0.000

42.829

338.208
536.789
1044.077

5020.073

kwWh

35.176

78.464
143.362
255.769
433.476
615.857
698.268
685.345
532.915
293.566
178.791

79.560

4030.550

kWh

357.085
322.528
357.085
345.566
357.085
345.566
357.085
357.085
345.566
357.085
345.566
357.085

4204.387

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

kWh

21355.892 Tot Site Elec
6104.895 Tot Site Gas
27460.787 Tot Site Engy

74251.815 Tot Source Engy

Figure C21. Houston energy simulation results for electrification: “electric heating” case.

79

Total Reductions
kwh

-6760.555 Reduction (incre:
23698.030 Reduction fr 198
16937.474 Reduction fr 198!

4277.985 Reduction fr 198!

Total Reductions
kWh

-6334.773 Reduction (incre:
19493.642 Reduction fr 198!
13158.869 Reduction fr 198!

1068.882 Reduction (incre:



Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

635.571
593.199
656.756
593.925
656.756
635.571
656.756
656.756
635.571
656.756
635.571
614.385

7627.573

kwh

158.369
147.811
163.648
147.890
163.648
158.369
163.648
163.648
158.369
163.648
158.369
153.090

1900.508

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh

148.465
134.098
148.465
143.676
148.465
143.676
148.465
148.465
143.676
148.465
143.676
148.465

1748.058

kwWh

18240.090
14792.690
11678.980
7198.989
3563.677
1101.836
315.160
635.819
1757.114
5609.649
10530.410
16925.130

92349.544

Cooling (Electrici DHW (Gas)

kWh

0.000
0.000
0.015
85.284
183.579
475.062
886.706
592.544
288.253
24.127
0.902
0.000

2536.471

kWh

486.871
439.755
486.871
471.166
486.871
471.166
486.871
486.871
471.166
486.871
471.166
486.871

5732.514

Exterior lighting Totals
kWh

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

13942.809 Tot Site Elec
99982.566 Tot Site Gas
113925.375 Tot Site Engy

152537.978 Tot Source Engy

Figure C22. Houston energy simulation results for electrification: “electric cooking” case.

Date

Figure C23. Houston energy simulation results for electrification: “electric water heater” case.

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Date/Time

Figure C24. Houston energy simulation results for shallow envelope retrofit: “shallow all” case.

80

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps

kWh

148.465
134.098
148.465
143.676
148.465
143.676
148.465
148.465
143.676
148.465
143.676
148.465

1748.058

Heating (Gas)

kwWh

18191.260
14747.690
11631.560
7166.753
3541.659
1093.873
312.411
630.778
1743.030
5572.098
10485.020
16877.950

91994.081

System Pumps  Heating (Gas)

kWh

148.465
134.098
148.465
143.676
148.465
143.676
148.465
148.465
143.676
148.465
143.676
148.465

1748.058

kWh

6907.300
5597.131
4459.521
2626.002
950.479
133.560
6.241
19.144
172.919
1286.741
3596.630
6106.136

31861.805

Cooling (Electrici DHW (Electricity) Exterior lighting

kwWh

0.000
0.000
0.036
86.517
186.798
480.799
893.189
599.197
292.785
25.075
0.943
0.000

2565.338

kWh

129.832
117.268
129.832
125.644
129.832
125.644
129.832
129.832
125.644
129.832
125.644
129.832

1528.670

Cooling (Electrici DHW (Gas)

kwWh

0.000
0.000
0.156
37.820
90.799
283.300
573.277
421.505
219.662
17.868
0.593
0.000

1644.979

kWh

486.871
439.755
486.871
471.166
486.871
471.166
486.871
486.871
471.166
486.871
471.166
486.871

5732.514

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

14897.195 Tot Site Elec
95209.290 Tot Site Gas
110106.485 Tot Site Engy

150386.287 Tot Source Engy

Exterior lighting Outside Dry-Bulb Temperature

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

°C

-4.645
-2.522

3.824

9.948
15.307
21.109
24.134
21.775
18.136
10.981

4.734
-3.683

12448.165 Tot Site Elec
40809.528 Tot Site Gas
53257.693 Tot Site Engy

83660.867 Tot Source Engy

Total Reductions
kWh

-574.285 Reduction (incre:
959.238 Reduction fr 198!
384.953 Reduction fr 198!

-778.946 Reduction (incre:

Total Reductions
kWh

-1528.670 Reduction (incre:
5732.514 Reduction fr 198!
4203.844 Reduction fr 198

1372.746 Reduction fr 198

Total Reductions
kWh

920.360 Reduction fr 198!
60132.276 Reduction fr 198!
61052.636 Reduction fr 198!

68098.166 Reduction fr 198!



Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity

kWh
585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

Room Gas

kWh
267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kwh
143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps

kwh
148.465
134.098
148.465
143.676
148.465
143.676
148.465
148.465
143.676
148.465
143.676
148.465

1748.058

Heating (Gas)
kwh

17939.720
14547.090
11480.840
7065.116
3450.612
1046.093
283.411
586.568
1672.359
5464.461
10331.800
16632.230

90500.299

Cooling (Electrici DHW (Gas)

kWh

0.000
0.000
0.000
83.116
173.995
467.891
883.375
586.556
282.452
22.592
0.803
0.000

2500.779

kWh
486.871
439.755
486.871
471.166
486.871
471.166
486.871
486.871
471.166
486.871
471.166
486.871

5732.514

Exterior lighting

kWh
29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

Totals
kWh

13303.966 Tot Site Elec
99448.022 Tot Site Gas
112751.987 Tot Site Engy

149935.315 Tot Source Engy

Total Reductions
kWh

64.559 Reduction fr 198!
1493.782 Reduction fr 198!
1558.341 Reduction fr 198!

1823.718 Reduction fr 198!

Figure C25. Houston energy simulation results for shallow envelope retrofit: “shallow ceiling” case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity

kWh
585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

Room Gas

kWh
267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kwh
143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps

kwh
148.465
134.098
148.465
143.676
148.465
143.676
148.465
148.465
143.676
148.465
143.676
148.465

1748.058

Heating (Gas)
kwh

7825.910
6355.812
5082.724
3013.958
1158.089
193.512
13.652
39.718
266.287
1650.499
4177.242
6977.137

36754.539

Cooling (Electrici DHW (Gas)

kwWh

0.000
0.000
0.000
37.114
85.239
276.062
567.781
405.566
203.035
13.649
0.339
0.000

1588.785

kWh
486.871
439.755
486.871
471.166
486.871
471.166
486.871
486.871
471.166
486.871
471.166
486.871

5732.514

Exterior lighting

kWh
29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

Totals
kWh

12391.971 Tot Site Elec
45702.261 Tot Site Gas
58094.233 Tot Site Engy

88786.624 Tot Source Engy

Total Reductions
kWh

976.553 Reduction fr 198!
55239.542 Reduction fr 198!
56216.096 Reduction fr 198!

62972.408 Reduction fr 198!

Figure C26. Houston energy simulation results for shallow envelope retrofit: “shallow envelope” case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity

kWh
585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

Room Gas

kWh
267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kwh
143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps

kwh
148.465
134.098
148.465
143.676
148.465
143.676
148.465
148.465
143.676
148.465
143.676
148.465

1748.058

Heating (Gas)
kwh

14410.850
11636.280
9139.915
5540.314
2644.497
781.257
206.682
432.640
1234.486
4133.520
8176.238
13265.240

71601.919

Cooling (Electrici DHW (Gas)

kwWh

0.000
0.000
0.884
80.830
192.847
439.640
754.571
538.918
300.642
34.625
1.602
0.000

2344.559

kWh
486.871
439.755
486.871
471.166
486.871
471.166
486.871
486.871
471.166
486.871
471.166
486.871

5732.514

Exterior lighting

kWh
29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

Totals
kWh

13147.745 Tot Site Elec
80549.642 Tot Site Gas
93697.387 Tot Site Engy

128954.721 Tot Source Engy

Total Reductions
kWh

220.780 Reduction fr 198!
20392.162 Reduction fr 198!
20612.941 Reduction fr 198!

22804.312 Reduction fr 198

Figure C27. Houston energy simulation results for shallow envelope retrofit: “shallow infiltration” case.
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Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh

165.680
150.618
158.149
158.149
173.211
150.618
173.211
165.680
158.149
173.211
158.149
150.618

1935.440

kwWh

2105.389
1515.109
912.139
308.230
54.736
3.309
0.000
0.000
26.180
441.314
795.087
1752.762

7914.255

Cooling (Electrici DHW (Gas)

kWh

23.578

63.045
125.687
244170
421.021
600.440
679.220
669.178
513.405
268.798
155.119

56.674

3820.333

kWh
357.085
322.528
357.085
345.566
357.085
345.566
357.085
357.085
345.566
357.085
345.566
357.085

4204.387

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

kWh

Total Reductions
kWh

14810.901 Tot Site Elec
15333.851 Tot Site Gas
30144.753 Tot Site Engy

210.217 Reduction fr 198
10264.686 Reduction fr 198
10474.903 Reduction fr 198

0.000

63528.019 Tot Source Engy 11792.678 Reduction fr 198

Figure C28. Houston energy simulation results for shallow envelope retrofit: “shallow wall” case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps

kWh

165.680
150.618
158.149
158.149
173.211
150.618
173.211
165.680
158.149
173.211
158.149
150.618

1935.440

Heating (Gas)

kwWh

4076.732
3000.730
1970.334
766.622
203.717
27.014
0.000
0.000
135.327
1107.643
1758.680
3446.790

16493.589

Cooling (Electrici DHW (Gas)

kwWh

32.709

75.209
138.872
250.789
426.898
607.885
688.945
676.187
524.820
286.870
173.850

75.510

3958.545

kWh
357.085
322.528
357.085
345.566
357.085
345.566
357.085
357.085
345.566
357.085
345.566
357.085

4204.387

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

kWh

Total Reductions
kWh

14949.113 Tot Site Elec
23913.185 Tot Site Gas
38862.298 Tot Site Engy

72.005 Reduction fr 198!
1685.353 Reduction fr 198!
1757.358 Reduction fr 198

73265.734 Tot Source Engy 2054.963 Reduction fr 198!

Figure C29. Houston energy simulation results for shallow envelope retrofit: “shallow window” case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.3090
546.2884
604.8193
547.0019
604.8193
585.3090
604.8193
604.8193
585.3090
604.8193
585.3090
565.7987

7024.422

kwh

267.9252
250.0636
276.8561
250.1693
276.8561
267.9252
276.8561
276.8561
267.9252
276.8561
267.9252
258.9944

3215.209

Lighting

kWh

143.2104
129.3513
143.2104
138.5907
143.2104
138.5907
143.2104
143.2104
138.5907
143.2104
138.5907
143.2104

1686.187

System Pumps  Heating (Gas)

kWh

165.6797
150.6179
158.1488
158.1488
173.2106
150.6179
173.2106
165.6797
158.1488
173.2106
158.1488
150.6179

1935.440

kwWh

416.5135
295.0944
121.0467
33.2927
0.2623
0.0000
0.0000
0.0000
0.0000
39.3537
104.6713
353.4169

1363.652

Cooling (Electrici DHW (Gas)

kwh

10.76637
37.80737
83.34398
189.3767
334.9658
464.0331
522.0495
519.3593
411.4937
198.2132
107.4866
31.54798

2910.444

kWh
357.085
322.5284
357.085
345.566
357.085
345.566
357.085
357.085
345.566
357.085
345.566
357.085

4204.387

Exterior lighting Totals

kWh

29.26059
26.42892
29.26059
28.3167
29.26059
28.3167
29.26059
29.26059
28.3167
29.26059
28.3167
29.26059

344.520

kWh

Total Reductions
kWh

13901.012 Tot Site Elec
8783.248 Tot Site Gas
22684.259 Tot Site Engy

1120.107 Reduction fr 198
16815.290 Reduction fr 198
17935.397 Reduction fr 198

53545.545 Tot Source Engy 21775.152 Reduction fr 198(

Figure C30. Houston energy simulation results for deep envelope retrofit: “deep all” case.
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Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh

165.680
150.618
158.149
158.149
173.211
150.618
173.211
165.680
158.149
173.211
158.149
150.618

1935.440

kwWh

4329.774
3186.881
2084.793
794.523
203.183
24.419
0.000
0.000
127.848
1128.957
1844.063
3645.171

17369.611

Cooling (Electrici DHW (Gas)

kWh

32.940

75.486
138.845
250.796
432.291
619.713
703.708
691.541
534.729
289.219
176.087

76.915

4022.268

kWh

357.085
322.528
357.085
345.566
357.085
345.566
357.085
357.085
345.566
357.085
345.566
357.085

4204.387

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

kWh

Total Reductions
kWh

15012.836 Tot Site Elec
24789.207 Tot Site Gas
39802.044 Tot Site Engy

8.282 Reduction fr 198!
809.330 Reduction fr 198!
817.612 Reduction fr 198!

74417.153 Tot Source Engy 903.544 Reduction fr 198!

Figure C31. Houston energy simulation results for deep envelope retrofit: “deep ceiling” case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.9252
276.8561
276.8561
267.9252
276.8561
267.9252
258.9944

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.5907
143.2104
143.2104
138.5907
143.2104
138.5907
143.2104

1686.187

System Pumps

kWh

165.680
150.618
158.149
158.149
173.211
150.6179
173.2106
165.6797
158.1488
173.2106
158.1488
150.6179

1935.440

Heating (Gas)

kwWh

1081.523
767.427
403.483
113.473

9.650
0.06934
0

0

0.846086

147.0827
337.369

887.0087

3747.932

Cooling (Electrici DHW (Gas)

kwh

12.1655
41.08074
88.11653
202.2602
362.1757
506.6678
571.7333
570.6202
447.4962

220.073

116.1192
33.30715

3171.816

kwWh

357.085
322.5284
357.085
345.566
357.085
345.566
357.085
357.085
345.566
357.085
345.566
357.085

4204.387

Exterior lighting Totals

kWh

29.26059
26.42892
29.26059
28.3167
29.26059
28.3167
29.26059
29.26059
28.3167
29.26059
28.3167
29.26059

344.520

kWh

Total Reductions
kWh

14162.384 Tot Site Elec
11167.528 Tot Site Gas
25329.912 Tot Site Engy

858.735 Reduction fr 198
14431.009 Reduction fr 1981
15289.744 Reduction fr 198

56957.871 Tot Source Engy 18362.826 Reduction fr 198(

Figure C32. Houston energy simulation results for deep envelope retrofit: “deep envelope” case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh

165.680
150.618
158.149
158.149
173.211
150.618
173.211
165.680
158.149
173.211
158.149
150.618

1935.440

kWh

1761.826
1251.956
711.981
216.919
29.183
0.744
0.000
0.000
6.486
297.186
603.831
1445.271

6325.381

Cooling (Electrici DHW (Gas)

kwWh

18.295

55.392
116.605
238.315
422.548
604.413
684.936
675.669
517.102
258.663
143.485

47.182

3782.604

kWh

357.085
322.528
357.085
345.566
357.085
345.566
357.085
357.085
345.566
357.085
345.566
357.085

4204.387

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

kWh

Total Reductions
kWh

14773.172 Tot Site Elec
13744.977 Tot Site Gas
28518.150 Tot Site Engy

247.946 Reduction fr 198
11853.560 Reduction fr 198!
12101.506 Reduction fr 198!

61686.192 Tot Source Engy 13634.505 Reduction fr 198!

Figure C33. Houston energy simulation results for deep envelope retrofit: “deep wall” case.
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Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas Lighting
kWh kWh kwh
585.309 267.925 143.210
546.288 250.064 129.351
604.819 276.856 143.210
547.002 250.169 138.591
604.819 276.856 143.210
585.309 267.925 138.591
604.819 276.856 143.210
604.819 276.856 143.210
585.309 267.925 138.591
604.819 276.856 143.210
585.309 267.925 138.591
565.799 258.994 143.210
7024.422 1686.187
3215.209

System Pumps

kwh
165.680
150.618
158.149
158.149
173.211
150.618
173.211
165.680
158.149
173.211
158.149
150.618

1935.440

Heating (Gas)
kwh

3850.554
2833.872
1852.063
716.391
187.099
23.902
0.000
0.000
123.699
1039.921
1655.749
3261.196

15544.446

Cooling (Electrici DHW (Gas)

kWh

35.132

77.894
142.949
255.093
431.421
611.640
692.420
679.847
528.073
291.189
178.102

78.663

4002.423

kWh

357.085
322.528
357.085
345.566
357.085
345.566
357.085
357.085
345.566
357.085
345.566
357.085

4204.387

Exterior lighting Totals

kWh

kWh
29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

Total Reductions
kWh

14992.992 Tot Site Elec
22964.042 Tot Site Gas
37957.034 Tot Site Engy

72375.826 Tot Source Engy

Figure C34. Houston energy simulation results for deep envelope retrofit: “deep window” case.

Date/Time

Figure C35. Houston energy simulation

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kwh

Room Electricity Room Gas

kwh

kwh
585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kWh
585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

Lighting
kwWh kWh
267.925 143.210
250.064 129.351
276.856 143.210
250.169 138.591
276.856 143.210
267.925 138.591
276.856 143.210
276.856 143.210
267.925 138.591
276.856 143.210
267.925 138.591
258.994 143.210
1686.187
3215.209

Lighting
kWh kwh
267.925 143.210
250.064 129.351
276.856 143.210
250.169 138.591
276.856 143.210
267.925 138.591
276.856 143.210
276.856 143.210
267.925 138.591
276.856 143.210
267.925 138.591
258.994 143.210
1686.187
3215.209

System Pumps

System Pumps  Heating (Gas)

kWh
165.680
150.618
158.149
158.149
173.211
150.618
173.211
165.680
158.149
173.211
158.149
150.618

1935.440

kWh
165.680
150.618
158.149
158.149
173.211
150.618
173.211
165.680
158.149
173.211
158.149
150.618

1935.440

Heating (Gas)

kwh
4473.146
3300.504
2182.505
853.355
231.892
32.507
0.000
0.000
154.982
1224.790
1943.888
3780.842

18178.410

kwh
4473.146
3300.504
2182.505
853.355
231.892
32.507
0.000
0.000
154.982
1224.790
1943.888
3780.842

18178.410

35.144

78.447
143.355
255.708
433.543
615.772
698.269
685.228
532.892
293.549
178.802

79.559

4030.268

35.144

78.447
143.355
255.708
433.543
615.772
698.269
685.228
532.892
293.549
178.802

79.559

4030.268

kWh

Cooling (Electrici DHW (Gas)

357.085
322.528
357.085
345.566
357.085
345.566
357.085
357.085
345.566
357.085
345.566
357.085

4204.387

kWh

Cooling (Electrici DHW (Gas)

357.085
322.528
357.085
345.566
357.085
345.566
357.085
357.085
345.566
357.085
345.566
357.085

4204.387

Exterior lighting Generation (Elec! Totals

kwh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

kWh

-6834.268707

results for renewable energy: “pv” case.

kWh

8186.568 Tot Site Elec
25598.006 Tot Site Gas
33784.574 Tot Site Engy

53675.099 Tot Source Engy

Exterior lighting Generation (Elec! Totals

kWh

3

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

44.520

kWh

-10490.41733

kWh

4530.419 Tot Site Elec
25598.006 Tot Site Gas
30128.425 Tot Site Engy

42096.076 Tot Source Engy

Figure C36. Houston energy simulation results for renewable energy: “pv + battery” case.
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28.127 Reduction fr 198!

2634.496 Reduction fr 198!
2662.622 Reduction fr 198!

2944.871 Reduction fr 198!

Total Reductions

kWh

6834.551 Reduction (incre:
0.531 Reduction fr 198!
6835.082 Reduction fr 198!

21645.598 Reduction fr 198

Total Reductions

kWh

10490.699 Reduction (incre:
0.531 Reduction fr 198!
10491.231 Reduction fr 198!

33224.621 Reduction fr 198/



Date/Time Room Electricity Room Gas Lighting System Pumps  Heating (Gas)  Cooling (Electrici DHW (Gas) Exterior lighting Totals

kWh kwh kwh kWh kwh kwh kWh kWh kwh

1/1/2002 585.309 267.9252 143.2104 91.3632 3511.204 71.09305 394.1666 29.26059
2/1/2002 546.2884 250.0636 129.3513 82.5216 2799.124 61.74611 356.0216 26.42892
3/1/2002 604.8193 276.8561 143.2104 91.3632 2891.357 67.97474 394.1666 29.26059
4/1/2002 547.0019 250.1693 138.5907 88.416 2179.042 97.6507 381.4516 28.3167
5/1/2002 604.8193 276.8561 143.2104 91.3632 1567.828 127.1083 394.1666 29.26059
6/1/2002 585.309 267.9252 138.5907 88.416 1085.211 190.7685 381.4516 28.3167
7/1/2002 604.8193 276.8561 143.2104 91.3632 795.8548 274.9639 394.1666 29.26059
8/1/2002 604.8193 276.8561 143.2104 91.3632 632.4669 274.0673 394.1666 29.26059
9/1/2002 585.309 267.9252 138.5907 88.416 801.4513 259.2759 381.4516 28.3167
10/1/2002 604.8193 276.8561 143.2104 91.3632 1401.483 164.2334 394.1666 29.26059
11/1/2002 585.309 267.9252 138.5907 88.416 2267.332 120.6576 381.4516 28.3167
12/1/2002 565.7987 258.9944 143.2104 91.3632 3238.53 78.23531 394.1666 29.26059

7024.4215 1686.1869 1075.728 1787.77481 344.51985  11918.63106 Tot Site Elec

3215.2086 23170.884 4640.9942 31027.0868 Tot Site Gas

42945.71786 Tot Site Engy

71379.66666 Tot Source Engy

Figure C37. Los Angeles energy simulation results for pre-1980°s base case.

Date/Time Room Electricity Room Gas Lighting System Pumps  Heating (Electrici Cooling (Electrici DHW (Electricity) Exterior lighting Totals Total Reductions
kWh kWh kwh kwh kWh kWh kWh kWh kwh kwh

1/1/2002 635.571 158.369 143.210 91.363 888.641 69.705 105.111 29.261
2/1/2002 593.199 147.811 129.351 82.522 709.501 60.643 94.939 26.429
3/1/2002 656.756 163.648 143.210 91.363 732.703 66.450 105.111 29.261
4/1/2002 593.925 147.890 138.591 88.416 551.740 95.688 101.720 28.317
5/1/2002 656.756 163.648 143.210 91.363 397.383 123.699 105.111 29.261
6/1/2002 635.571 158.369 138.591 88.416 275.031 187.114 101.720 28.317
7/1/2002 656.756 163.648 143.210 91.363 201.933 272.543 105.111 29.261
8/1/2002 656.756 163.648 143.210 91.363 160.668 271.467 105.111 29.261
9/1/2002 635.571 158.369 138.591 88.416 203.708 256.909 101.720 28.317
10/1/2002 656.756 163.648 143.210 91.363 356.316 162.201 105.111 29.261
11/1/2002 635.571 158.369 138.591 88.416 575.280 119.310 101.720 28.317
12/1/2002 614.385 153.090 143.210 91.363 819.877 77.003 105.111 29.261

7627.573 1686.187 1075.728 5872.781 1762.731 1237.598 344.520 19607.118 Tot Site Elec -7688.487 Reduction (incre:

1900.508 1900.508 Tot Site Gas 29126.579 Reduction fr 198!

21507.626 Tot Site Engy 21438.092 Reduction fr 198!

64155.893 Tot Source Engy 7223.774 Reduction fr 198

Figure C38. Los Angeles energy simulation results for electrification: “all electric” case.

Date/Time Room Electricity Room Gas Lighting System Pumps  Heating (Electrici Cooling (Electrici DHW (Gas) Exterior lighting Totals Total Reductions
kWh kWh kwh kwh kwh kwh kwh kWh kWh kWh

1/1/2002 585.309 267.925 143.210 91.363 881.382 71.093 394.167 29.261
2/1/2002 546.288 250.064 129.351 82.522 702.635 61.746 356.022 26.429
3/1/2002 604.819 276.856 143.210 91.363 725.788 67.975 394.167 29.261
4/1/2002 547.002 250.169 138.591 88.416 546.983 97.651 381.452 28.317
5/1/2002 604.819 276.856 143.210 91.363 393.556 127.108 394.167 29.261
6/1/2002 585.309 267.925 138.591 88.416 272.409 190.769 381.452 28.317
7/1/2002 604.819 276.856 143.210 91.363 199.775 274.964 394.167 29.261
8/1/2002 604.819 276.856 143.210 91.363 158.762 274.067 394.167 29.261
9/1/2002 585.309 267.925 138.591 88.416 201.180 259.276 381.452 28.317
10/1/2002 604.819 276.856 143.210 91.363 351.800 164.233 394.167 29.261
11/1/2002 585.309 267.925 138.591 88.416 569.145 120.658 381.452 28.317
12/1/2002 565.799 258.994 143.210 91.363 812.935 78.235 394.167 29.261

7024.422 1686.187 1075.728 5816.349 1787.775 344.520 17734.980 Tot Site Elec -5816.349 Reduction (incre:

3215.209 4640.994 7856.203 Tot Site Gas 23170.884 Reduction fr 198!

25591.183 Tot Site Engy 17354.535 Reduction fr 198!

64682.807 Tot Source Engy 6696.860 Reduction fr 198!

Figure C39. Los Angeles energy simulation results for electrification: “electric heating” case.
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Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

635.571
593.199
656.756
593.925
656.756
635.571
656.756
656.756
635.571
656.756
635.571
614.385

7627.573

kwh

158.369
147.811
163.648
147.890
163.648
158.369
163.648
163.648
158.369
163.648
158.369
153.090

1900.508

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh

91.363
82.522
91.363
88.416
91.363
88.416
91.363
91.363
88.416
91.363
88.416
91.363

1075.728

kwWh

3540.123
2826.474
2918.905
2197.992
1583.076
1095.653

804.449

640.060

811.522
1419.475
2291.774
3266.186

23395.689

Cooling (Electrici DHW (Gas)

kWh

69.705
60.643
66.450
95.688
123.699
187.114
272.543
271.467
256.909
162.201
119.310
77.003

1762.731

kWh

394.167
356.022
394.167
381.452
394.167
381.452
394.167
394.167
381.452
394.167
381.452
394.167

4640.994

Figure C40. Los Angeles energy simulation results for electrification:

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps

kWh

91.363
82.522
91.363
88.416
91.363
88.416
91.363
91.363
88.416
91.363
88.416
91.363

1075.728

Figure C41. Los Angeles energy simulation

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps

kWh

91.363
82.522
91.363
88.416
91.363
88.416
91.363
91.363
88.416
91.363
88.416
91.363

1075.728

Heating (Gas)

kwWh

3511.204
2799.124
2891.357
2179.042
1567.828
1085.211

795.855

632.467

801.451
1401.483
2267.332
3238.530

23170.884

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

kWh

Total Reductions
kWh

12496.739 Tot Site Elec
29937.192 Tot Site Gas
42433.930 Tot Site Engy

-578.108 Reduction (incre:
1089.895 Reduction fr 198!
511.788 Reduction fr 198!

72029.088 Tot Source Engy -649.421 Reduction (incre:

“electric cooking” case.

Cooling (Electrici DHW (Electricity) Exterior lighting

kwWh

75.676
65.726
72.356
103.945
135.302
203.065
292.688
291.733
275.989
174.820
128.435
83.278

1903.013

kWh

105.111

94.939
105.111
101.720
105.111
101.720
105.111
105.111
101.720
105.111
101.720
105.111

1237.598

results for electrification:

Heating (Gas)

kWh

742.247
520.061
504.048
360.310
185.146
87.080
33.082
14.288
43.358
146.107
358.707
633.833

3628.267

Cooling (Electrici DHW (Gas)

kwWh

44.395
44.742
62.507
93.518
124.463
175.181
240.752
247.342
231.065
144.431
87.816
42.133

1538.345

kWh

394.167
356.022
394.167
381.452
394.167
381.452
394.167
394.167
381.452
394.167
381.452
394.167

4640.994

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

Totals Total Reductions

kWh

kWh

13271.467 Tot Site Elec
26386.093 Tot Site Gas
39657.560 Tot Site Engy

-1352.836 Reduction (incre:
4640.994 Reduction fr 198!
3288.158 Reduction fr 198

70633.262 Tot Source Engy 746.405 Reduction fr 198

“electric water heater” case.

Exterior lighting

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

Totals Total Reductions

kWh

kWh

11669.201 Tot Site Elec
11484.470 Tot Site Gas
23153.671 Tot Site Engy

249.430 Reduction fr 198!
19542.617 Reduction fr 198!
19792.047 Reduction fr 198!

49405.525 Tot Source Engy 21974.142 Reduction fr 198!

Figure C42. Los Angeles energy simulation results for shallow envelope retrofit: “shallow all” case.
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Date/Time Room Electricity Room Gas Lighting System Pumps  Heating (Gas)  Cooling (Electrici DHW (Gas) Exterior lighting Totals Total Reductions

kWh kWh kwh kwh kwh kwh kwWh kWh kWh kWh

1/1/2002 585.309 267.925 143.210 91.363 3488.909 70.479 394.167 29.261
2/1/2002 546.288 250.064 129.351 82.522 2781.794 61.138 356.022 26.429
3/1/2002 604.819 276.856 143.210 91.363 2873.080 67.019 394.167 29.261
4/1/2002 547.002 250.169 138.591 88.416 2163.402 96.239 381.452 28.317
5/1/2002 604.819 276.856 143.210 91.363 1554.117 125.323 394.167 29.261
6/1/2002 585.309 267.925 138.591 88.416 1074.014 188.979 381.452 28.317
7/1/2002 604.819 276.856 143.210 91.363 785.026 273.932 394.167 29.261
8/1/2002 604.819 276.856 143.210 91.363 622.338 272.922 394.167 29.261
9/1/2002 585.309 267.925 138.591 88.416 790.786 258.624 381.452 28.317
10/1/2002 604.819 276.856 143.210 91.363 1387.986 163.433 394.167 29.261
11/1/2002 585.309 267.925 138.591 88.416 2249.802 120.136 381.452 28.317
12/1/2002 565.799 258.994 143.210 91.363 3216.667 77.650 394.167 29.261

7024.422 1686.187 1075.728 1775.876 344.520 11906.732 Tot Site Elec 11.899 Reduction fr 198

3215.209 22987.921 4640.994 30844.124 Tot Site Gas 182.963 Reduction fr 198

42750.856 Tot Site Engy 194.862 Reduction fr 198!

71143.650 Tot Source Engy 236.016 Reduction fr 198

Figure C43. Los Angeles energy simulation results for shallow envelope retrofit: “shallow ceiling” case.

Date/Time Room Electricity Room Gas Lighting System Pumps  Heating (Gas)  Cooling (Electrici DHW (Gas) Exterior lighting Totals Total Reductions
kWh kWh kwh kwh kwh kwh kwWh kWh kWh kWh

1/1/2002 585.309 267.925 143.210 91.363 1101.382 50.099 394.167 29.261
2/1/2002 546.288 250.064 129.351 82.522 818.048 49.076 356.022 26.429
3/1/2002 604.819 276.856 143.210 91.363 816.633 63.774 394.167 29.261
4/1/2002 547.002 250.169 138.591 88.416 583.443 95.127 381.452 28.317
5/1/2002 604.819 276.856 143.210 91.363 343.553 125.758 394.167 29.261
6/1/2002 585.309 267.925 138.591 88.416 194.425 178.952 381.452 28.317
7/1/2002 604.819 276.856 143.210 91.363 104.617 249.274 394.167 29.261
8/1/2002 604.819 276.856 143.210 91.363 62.118 256.658 394.167 29.261
9/1/2002 585.309 267.925 138.591 88.416 112.061 238.756 381.452 28.317
10/1/2002 604.819 276.856 143.210 91.363 284.781 149.095 394.167 29.261
11/1/2002 585.309 267.925 138.591 88.416 597.170 96.367 381.452 28.317
12/1/2002 565.799 258.994 143.210 91.363 967.680 50.238 394.167 29.261

7024.422 1686.187 1075.728 1603.174 344.520 11734.031 Tot Site Elec 184.600 Reduction fr 198

3215.209 5985.911 4640.994 13842.114 Tot Site Gas 17184.973 Reduction fr 198!

25576.145 Tot Site Engy 17369.573 Reduction fr 198!

52166.527 Tot Source Engy 19213.140 Reduction fr 198!

Figure C44. Los Angeles energy simulation results for shallow envelope retrofit: “shallow envelope” case.

Date/Time Room Electricity Room Gas Lighting System Pumps  Heating (Gas)  Cooling (Electrici DHW (Gas) Exterior lighting Totals Total Reductions
kWh kWh kwh kwh kwh kwh kwh kWh kWh kWh

1/1/2002 585.309 267.925 143.210 91.363 2818.110 89.196 394.167 29.261
2/1/2002 546.288 250.064 129.351 82.522 2217.914 76.722 356.022 26.429
3/1/2002 604.819 276.856 143.210 91.363 2294.517 89.954 394.167 29.261
4/1/2002 547.002 250.169 138.591 88.416 1717.162 121.478 381.452 28.317
5/1/2002 604.819 276.856 143.210 91.363 1220.112 157.419 394.167 29.261
6/1/2002 585.309 267.925 138.591 88.416 834.691 213.471 381.452 28.317
7/1/2002 604.819 276.856 143.210 91.363 617.574 277.774 394.167 29.261
8/1/2002 604.819 276.856 143.210 91.363 487.568 280.251 394.167 29.261
9/1/2002 585.309 267.925 138.591 88.416 616.924 259.059 381.452 28.317
10/1/2002 604.819 276.856 143.210 91.363 1093.321 179.531 394.167 29.261
11/1/2002 585.309 267.925 138.591 88.416 1809.352 135.985 381.452 28.317
12/1/2002 565.799 258.994 143.210 91.363 2604.561 95.561 394.167 29.261

7024.422 1686.187 1075.728 1976.402 344.520 12107.258 Tot Site Elec -188.627 Reduction fr 198!

3215.209 18331.807 4640.994 26188.010 Tot Site Gas 4839.077 Reduction fr 198

38295.268 Tot Site Engy 4650.450 Reduction fr 198

66731.490 Tot Source Engy 4648.177 Reduction fr 198

Figure C45. Los Angeles energy simulation results for shallow envelope retrofit: “shallow infiltration” case.
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Date/Time Room Electricity Room Gas Lighting System Pumps  Heating (Gas)  Cooling (Electrici DHW (Gas) Exterior lighting Totals Total Reductions

kWh kWh kwh kwh kwh kwh kwWh kWh kWh kWh

1/1/2002 585.309 267.925 143.210 91.363 1807.297 32.228 394.167 29.261
2/1/2002 546.288 250.064 129.351 82.522 1404.461 32.758 356.022 26.429
3/1/2002 604.819 276.856 143.210 91.363 1408.249 41.472 394.167 29.261
4/1/2002 547.002 250.169 138.591 88.416 1034.213 67.782 381.452 28.317
5/1/2002 604.819 276.856 143.210 91.363 664.355 87.718 394.167 29.261
6/1/2002 585.309 267.925 138.591 88.416 414.189 144726 381.452 28.317
7/1/2002 604.819 276.856 143.210 91.363 251.365 231.817 394.167 29.261
8/1/2002 604.819 276.856 143.210 91.363 171.272 235.229 394.167 29.261
9/1/2002 585.309 267.925 138.591 88.416 263.195 226.036 381.452 28.317
10/1/2002 604.819 276.856 143.210 91.363 552.263 120.677 394.167 29.261
11/1/2002 585.309 267.925 138.591 88.416 1038.586 73.574 381.452 28.317
12/1/2002 565.799 258.994 143.210 91.363 1606.660 31.938 394.167 29.261

7024.422 1686.187 1075.728 1325.955 344.520 11456.811 Tot Site Elec 461.820 Reduction fr 198!

3215.209 10616.104 4640.994 18472.307 Tot Site Gas 12554.780 Reduction fr 198!

29929.118 Tot Site Engy 13016.600 Reduction fr 198!

56307.701 Tot Source Engy 15071.965 Reduction fr 198

Figure C46. Los Angeles energy simulation results for shallow envelope retrofit: “shallow wall” case.

Date/Time Room Electricity Room Gas Lighting System Pumps  Heating (Gas)  Cooling (Electrici DHW (Gas) Exterior lighting Totals Total Reductions
kWh kWh kwh kwh kwh kwh kwWh kWh kWh kWh

1/1/2002 585.309 267.925 143.210 91.363 3174.983 65.904 394.167 29.261
2/1/2002 546.288 250.064 129.351 82.522 2520.033 57.839 356.022 26.429
3/1/2002 604.819 276.856 143.210 91.363 2590.571 64.164 394.167 29.261
4/1/2002 547.002 250.169 138.591 88.416 1956.036 92.888 381.452 28.317
5/1/2002 604.819 276.856 143.210 91.363 1395.652 120.985 394.167 29.261
6/1/2002 585.309 267.925 138.591 88.416 958.964 183.832 381.452 28.317
7/1/2002 604.819 276.856 143.210 91.363 692.095 269.088 394.167 29.261
8/1/2002 604.819 276.856 143.210 91.363 545.343 267.945 394.167 29.261
9/1/2002 585.309 267.925 138.591 88.416 700.530 254.000 381.452 28.317
10/1/2002 604.819 276.856 143.210 91.363 1236.933 158.798 394.167 29.261
11/1/2002 585.309 267.925 138.591 88.416 2026.719 114.820 381.452 28.317
12/1/2002 565.799 258.994 143.210 91.363 2920.318 72.368 394.167 29.261

7024.422 1686.187 1075.728 1722.630 344.520 11853.487 Tot Site Elec 65.144 Reduction fr 198

3215.209 20718177 4640.994 28574.380 Tot Site Gas 2452.707 Reduction fr 198

40427.866 Tot Site Engy 2517.851 Reduction fr 198

68514.620 Tot Source Engy 2865.047 Reduction fr 198!

Figure C47. Los Angeles energy simulation results for shallow envelope retrofit: “shallow window” case.

Date/Time Room Electricity Room Gas Lighting System Pumps  Heating (Gas)  Cooling (Electrici DHW (Gas) Exterior lighting Totals Total Reductions
kWh kWh kwh kwh kwh kwh kwh kWh kWh kWh

1/1/2002 585.309 267.925 143.210 91.363 164.768 10.492 394.167 29.261
2/1/2002 546.288 250.064 129.351 82.522 85.707 12.049 356.022 26.429
3/1/2002 604.819 276.856 143.210 91.363 75.773 17.048 394.167 29.261
4/1/2002 547.002 250.169 138.591 88.416 40.058 34.660 381.452 28.317
5/1/2002 604.819 276.856 143.210 91.363 7176 39.516 394.167 29.261
6/1/2002 585.309 267.925 138.591 88.416 0.014 85.858 381.452 28.317
7/1/2002 604.819 276.856 143.210 91.363 0.000 167.861 394.167 29.261
8/1/2002 604.819 276.856 143.210 91.363 0.000 175.015 394.167 29.261
9/1/2002 585.309 267.925 138.591 88.416 0.000 173.008 381.452 28.317
10/1/2002 604.819 276.856 143.210 91.363 7.234 71.770 394.167 29.261
11/1/2002 585.309 267.925 138.591 88.416 44.921 35.617 381.452 28.317
12/1/2002 565.799 258.994 143.210 91.363 126.262 10.397 394.167 29.261

7024.422 1686.187 1075.728 833.291 344.520 10964.147 Tot Site Elec 954.484 Reduction fr 198!

3215.209 551.913 4640.994 8408.116 Tot Site Gas 22618.971 Reduction fr 198

19372.263 Tot Site Engy 23573.455 Reduction fr 198

43837.852 Tot Source Engy 27541.815 Reduction fr 198(

Figure C48. Los Angeles energy simulation results for deep envelope retrofit: “deep all” case.
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Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh

91.363
82.522
91.363
88.416
91.363
88.416
91.363
91.363
88.416
91.363
88.416
91.363

1075.728

kwWh

3386.312
2698.953
2785.015
2082.483
1479.774
1007.716

718.237

560.569

725.526
1316.685
2165.092
3117.604

22043.966

Cooling (Electrici DHW (Gas)

kWh

67.506
58.017
61.943
88.775
114.158
177.077
266.562
266.631
252773
158.590
117.345
75.256

1704.633

kWh

394.167
356.022
394.167
381.452
394.167
381.452
394.167
394.167
381.452
394.167
381.452
394.167

4640.994

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

kWh

Total Reductions
kWh

11835.489 Tot Site Elec
29900.169 Tot Site Gas
41735.658 Tot Site Engy

83.142 Reduction fr 198!
1126.918 Reduction fr 198!
1210.060 Reduction fr 198!

69894.777 Tot Source Engy 1484.890 Reduction fr 198

Figure C49. Los Angeles energy simulation results for deep envelope retrofit: “deep ceiling” case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps

kWh

91.363
82.522
91.363
88.416
91.363
88.416
91.363
91.363
88.416
91.363
88.416
91.363

1075.728

Heating (Gas)

kwWh

519.381
346.593
340.327
211.678
84.871
24.852
5.651
1.178
9.561
69.188
223.842
436.167

2273.290

Cooling (Electrici DHW (Gas)

kwWh

16.098
17.327
21.985
39.825
41.622
90.130
183.667
196.272
194.715
85.863
47.358
16.493

951.355

kWh

394.167
356.022
394.167
381.452
394.167
381.452
394.167
394.167
381.452
394.167
381.452
394.167

4640.994

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

kWh

Total Reductions
kWh

11082.211 Tot Site Elec
10129.493 Tot Site Gas
21211.704 Tot Site Engy

836.420 Reduction fr 198
20897.594 Reduction fr 198
21734.014 Reduction fr 198

46077.733 Tot Source Engy 25301.934 Reduction fr 198(

Figure C50. Los Angeles energy simulation results for deep envelope retrofit: “deep envelope” case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas

kWh

585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kwh

267.925
250.064
276.856
250.169
276.856
267.925
276.856
276.856
267.925
276.856
267.925
258.994

3215.209

Lighting

kWh

143.210
129.351
143.210
138.591
143.210
138.591
143.210
143.210
138.591
143.210
138.591
143.210

1686.187

System Pumps  Heating (Gas)

kWh

91.363
82.522
91.363
88.416
91.363
88.416
91.363
91.363
88.416
91.363
88.416
91.363

1075.728

kWh

1514.165
1161.035
1149.468
815.264
481.782
272.079
133.293
76.655
144.023
382.814
812.112
1329.229

8271.919

Cooling (Electrici DHW (Gas)

kwWh

21.133
23.338
31.396
55.822
71.450
125.498
212.871
216.500
207.913
101.337
56.966
20.211

1144.434

kWh

394.167
356.022
394.167
381.452
394.167
381.452
394.167
394.167
381.452
394.167
381.452
394.167

4640.994

Exterior lighting Totals

kWh

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520

kWh

Total Reductions
kWh

11275.290 Tot Site Elec
16128.122 Tot Site Gas
27403.412 Tot Site Engy

643.341 Reduction fr 198!
14898.965 Reduction fr 198!
15542.306 Reduction fr 198!

53191.728 Tot Source Engy 18187.939 Reduction fr 198!

Figure C51. Los Angeles energy simulation results for deep envelope retrofit: “deep wall” case.
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Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Room Electricity Room Gas Lighting
kWh kWh kwh
585.309 267.925 143.210
546.288 250.064 129.351
604.819 276.856 143.210
547.002 250.169 138.591
604.819 276.856 143.210
585.309 267.925 138.591
604.819 276.856 143.210
604.819 276.856 143.210
585.309 267.925 138.591
604.819 276.856 143.210
585.309 267.925 138.591
565.799 258.994 143.210
7024.422 1686.187
3215.209

System Pumps

kwh
91.363
82.522
91.363
88.416
91.363
88.416
91.363
91.363
88.416
91.363
88.416
91.363

1075.728

Heating (Gas)
kwh
3116.311
2470.818
2538.524
1916.125
1364.897
937.000
674.095
529.836
682.852
1208.610
1985.022
2864.745

20288.836

Cooling (Electrici DHW (Gas)

kWh

1

67.314
58.961
65.651
94.725
123.645
186.620
270914
269.944
255.706
160.409
116.240
73.795

743.923

kWh

394.167
356.022
394.167
381.452
394.167
381.452
394.167
394.167
381.452
394.167
381.452
394.167

4640.994

Exterior lighting Totals

kWh

Total Reductions
kWh kWh
29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

344.520 11874.779 Tot Site Elec
28145.039 Tot Site Gas
40019.818 Tot Site Engy

43.852 Reduction fr 198!
2882.048 Reduction fr 198!
2925.900 Reduction fr 198!

68116.648 Tot Source Engy 3263.018 Reduction fr 198

Figure C52. Los Angeles energy simulation results for deep envelope retrofit: “deep window” case.

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Figure C53. Los Angeles energy simulation results for renewable energy:

Date/Time

1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002

Figure C54. Los Angeles energy simulation results for renewable energy:
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Room Electricity Room Gas

kwh

Room Electricity Room Gas

kwh

kWh
585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

kWh
585.309
546.288
604.819
547.002
604.819
585.309
604.819
604.819
585.309
604.819
585.309
565.799

7024.422

Lighting
kWh kwh
267.925 143.210
250.064 129.351
276.856 143.210
250.169 138.591
276.856 143.210
267.925 138.591
276.856 143.210
276.856 143.210
267.925 138.591
276.856 143.210
267.925 138.591
258.994 143.210
1686.187
3215.209

Lighting
kWh kwh
267.925 143.210
250.064 129.351
276.856 143.210
250.169 138.591
276.856 143.210
267.925 138.591
276.856 143.210
276.856 143.210
267.925 138.591
276.856 143.210
267.925 138.591
258.994 143.210
1686.187
3215.209

System Pumps  Heating (Gas)

kWh
91.363
82.522
91.363
88.416
91.363
88.416
91.363
91.363
88.416
91.363
88.416
91.363

1075.728

System Pumps  Heating (Gas)

kWh
91.363
82.522
91.363
88.416
91.363
88.416
91.363
91.363
88.416
91.363
88.416
91.363

1075.728

kwh
3511.204
2799.123
2891.357
2179.048
1567.831
1085.219
795.885
632.109
801.614
1401.562
2267.329
3238.530

23170.811

kwh
3511.204
2799.123
2891.357
2179.048
1567.831
1085.219
795.885
632.109
801.614
1401.562
2267.329
3238.530

23170.811

71.099
61.745
67.980
97.651
127.130
190.854
275.014
274.055
259.273
164.303
120.651
78.244

1787.997

71.099
61.745
67.980
97.651
127.130
190.854
275.014
274.055
259.273
164.303
120.651
78.244

1787.997

kWh

Cooling (Electrici DHW (Gas)

394.167
356.022
394.167
381.452
394.167
381.452
394.167
394.167
381.452
394.167
381.452
394.167

4640.994

kWh

4640.994

Cooling (Electrici DHW (Gas)

394.167
356.022
394.167
381.452
394.167
381.452
394.167
394.167
381.452
394.167
381.452
394.167

Exterior lighting  Generation (Elect Totals Total Reduction

kWh

3

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

44.520

kWh kWh kWh

-5013.126424 6905.727 Tot Site Elec
31027.014 Tot Site Gas
37932.741 Tot Site Engy

5012.904 Reduction (incre:
0.073 Reduction fr 198!
5012.977 Reduction fr 198

55503.720 Tot Source Engy 15875.946 Reduction fr 198!

“pv” case.

Exterior lighting  Generation (Elect Totals Total Reduction

kWh

3.

29.261
26.429
29.261
28.317
29.261
28.317
29.261
29.261
28.317
29.261
28.317
29.261

44.520

kWh kWh kWh

-12032.091 0.000 Tot Site Elec
31027.014 Tot Site Gas
31027.014 Tot Site Engy

11918.631 Reduction (incre:
0.073 Reduction fr 198!
11918.704 Reduction fr 198!

33633.283 Tot Source Engy 37746.384 Reduction fr 198

“pv + battery” case.



Appendix D

Total carbon assumptions and results.

EPA emission factors | elec gas
(at point of purchase) |#C02e/MWh kgCO2e/kWh grid loss factor emissionrate  CO2 factor CH4 factor N20 factor emission rate
(kgCO2e / kWh) (kgCO2 / mmBtu) (kgCH4 / mmBtu) (kgCH4 / mmBtu) (kgCO2e / kWh)
https://www.epa https://www.epa EPA Emission Factors April 2021 (CO2 + CH4 * 25 + N20 * 298)
houston 822.000 0.373 0.052 0.393 53.060 0.025 0.030 0.181
los angeles 515.500 0.234 0.053 0.247 53.060 0.025 0.030 0.181
chicago 990.800 0.449 0.053 0.475 53.060 0.025 0.030 0.181
nyc 234.500 0.106 0.053 0.112 53.060 0.025 0.030 0.181
zero 0.000 0.000 0.000 0.000 53.060 0.025 0.030 0.181

Figure DI1. Grid emission factors.
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Report Summary

Created with Tally
Non-commercial Version 2021.11.01.01

Author Allison Hyatt

Company Harvard Graduate School of Design
Date 3/6/2022

Project Thesis

Location Cambridge, MA

Gross Area 220.8 m?

Building Life 30 years

Goal and Scope of Assessment

The building under study is the single-family detached house
prototype DOE model in Houston, TX, Los Angeles, CA, and
Chicago, IL. The scope includes building envelope upgrades to
the wall insulation, roof insulation, air sealing, and windows for
both a shallow and deep envelope cose. The timeframe is limited
to an assessment period of thirty years.

Boundaries Cradle to grave, inclusive of
biogenic carbon; see appendix for a
full list of materials and processes
14,561 83.52 7329 1,092 2.682E-004 334,296 287,222 46,354
kg COzeq kg SOzeq kg Neq kg Oseq kg CFC-11eq M) MJ MJ
100%
50%
0%
123456 123456 123456 123456 123456 123456 123456 123456
Global Warming Acidification Eutrophication Smog Formation Ozone Depletion Primary Energy Non-renewable Renewable
Potential Potential Potential Potential Potential Demand Energy Energy
Legend

Design Options
I 22_hous_2_shallow
I 2a_hous_3_deep
Il 3b_la_2 shallow
[ 3b_la_3_deep
Il 52 chi 2 shallow
I 5a_chi 3 deep

Figure DS. Tally report summary.
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Results per Life Cycle Stage, itemized by Division

10,631 23,969 131.7 8.136 1472 359,328
kg kg CO,eq kg SOzeq kg Neq kg Oseq M)
100% = =
= =
»
=
50%
0%
12 3 456 12 3 456 12 3 456 12 3 456 12 3 456 12 3 456
Mass Global Warming Acidification Eutrophication Smog Formation Non-renewable
Potential Potential Potential Potential Energy
Legend

»— Net value (impacts + credits)

Design Options

Option 1 - 2a_hous_2_shallow
Option 2 - 2a_hous_3_deep
Option 3 - 3b_la_2_shallow
Option 4 - 3b_la_3_deep
Option 5 - 5a_chi_2_shallow
Option 6 - 5a_chi_3_deep

Product [A1-A3]

- 06 - Wood/Plastics/Composites
07 - Thermal and Moisture Protection
08 - Openings and Glazing

1l

Transportation [A4]

I os- Wood/Plastics/Composites
I 07 - Thermal and Moisture Protection
[ 08 - Openings and Glazing
Maintenance and Replacement [B2-B5]
- 06 - Wood/Plastics/Composites
[ 07 - Thermal and Moisture Protection
[ o8- Openings and Glazing

End of Life [C2-C4]

[ o6- Wood/Plastics/Composites
[ 07 - Thermal and Moisture Protection
[ o8- Openings and Glazing
Module D [D]

:l 06 - Wood/Plastics/Composites
[ 07 - Thermal and Moisture Protection
[ o8- Openings and Glazing

Figure D6. Tally results per life cycle stage, itemized by division.
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Calculation Methodology

LIFE CYCLE ASSESSMENT METHODS

The following provides a description of terms and methods
associated with the use of Tally to conduct life cycle assessment for
construction works and construction products. Tally methodology is
consistent with LCA standards ISO 14040-14044, 1SO 21930:2017,
1SO 21931:2010, EN 15804:2012, and EN 15978:2011. For more
information about LCA, please refer to these standards or visit
www.choosetally.com.

Studied objects

The life cycle assessment (LCA) results reported represent an
analysis of a single building, multiple buildings, or a comparative
analysis of two or more building design options. The assessment
may represent the complete architectural, structural, and finish
systems of the building(s) or a subset of those systems. This may be
used to compare the relative environmental impacts associated with
building components or for comparative study with one or more
reference buildings. Design options may represent a full or partial
building across various stages of the design process, or they may
represent multiple schemes of a full or partial building that are
being compared to one another across a range of evaluation
criteria.

Functional unit and reference unit

A functional unit is the quantified performance of a product,
building, or system that defines the object of the study. The
functional unit of a single building should include the building type
(e.g. office, factory), relevant technical and functional requirements
(e.g. regulatory requirements, energy performance), pattern of use
(e.g. occupancy, usable floor area), and the required service life. For
a design option comparison of a partial building, the functional unit
is the complete set of building systems or products that perform a
given function. It is the responsibility of the modeler to assure that
reference buildings or design options are functionally equivalent in
terms of scope and relevant performance. The expected life of the
building has a default value of 60 years and can be modified by the
modeler.

The reference unit is the full collection of processes and materials
required to produce a building or portion thereof and is quantified
according to the given goal and scope of the assessment over the
full life of the building. If construction impacts are included in the
assessment, the reference unit also includes the energy, water, and
fuel consumed on the building site during construction. If
operational energy is included in the assessment, the reference unit
includes the electrical and thermal energy consumed on site over
the life of the building.

Data source

Tally utilizes a custom designed LCA database that combines
material attributes, assembly details, and architectural specifications
with environmental impact data resulting from the collaboration
between KieranTimberlake and thinkstep. LCA modeling was
conducted in GaBi 8.5 using GaBi 2018 databases and in accordance
with GaBi databases and modeling principles.

Figure D7. Tally calculation methodology (1/3).

The data used are intended to represent the US and the year 2017.
Where representative data were unavailable, proxy data were used.
The datasets used, their geographic region, and year of reference
are listed for each entry. An effort was made to choose proxy
datasets that are technologically consistent with the relevant entry.

Data quality and uncertainty

Uncertainty in results can stem from both the data used and their
application. Data quality is judged by: its measured, calculated, or
estimated precision; its completeness, such as unreported
emissions; its consistency, or degree of uniformity of the
methodology applied on a study serving as a data source; and
geographical, temporal, and technological representativeness. The
GaBi LCI databases have been used in LCA models worldwide in
both industrial and scientific applications. These LCI databases have
additionally been used both as internal and critically reviewed and
published studies. Uncertainty introduced by the use of proxy data
is reduced by using technologically, geographically, and/or
temporally similar data. It is the responsibility of the modeler to
appropriately apply the predefined material entries to the building
under study.

System boundaries and delimitations

The analysis accounts for the full cradle to grave life cycle of the
design options studied across all life cycle stages, including material
manufacturing, maintenance and replacement, and eventual end of
life. Optionally, the construction impacts and operational energy of
the building can be included within the scope. Product stage
impacts are excluded for materials and components indicated as
existing or salvaged by the modeler. The modeler defines whether
the boundary includes or excludes the flow of biogenic carbon,
which is the carbon absorbed and generated by biological sources
(e.g. trees, algae) rather than from fossil resources.

Architectural materials and assemblies include all materials required
for the product’s manufacturing and use including hardware,
sealants, adhesives, coatings, and finishing. The materials are
included up to a 1% cut-off factor by mass except for known
materials that have high environmental impacts at low levels. In
these cases, a 1% cut-off was implemented by impact.



Calculation Methodology

LIFE CYCLE STAGES

The following describes the scope and system boudaries used to
define each stage of the life cycle of a building or building product,
from raw material acquisition to final disposal. For products listed in
Tally as Environmental Product Declarations (EPD), the full life cycle
impacts are included, even if the published EPD only includes the
Product stage [A1-A3].

Product [EN 15978 A1 - A3]

This encompasses the full manufacturing stage, including raw
material extraction and processing, intermediate transportation, and
final manufacturing and assembly. The product stage scope is listed
for each entry, detailing any specific inclusions or exclusions that fall
outside of the cradle to gate scope. Infrastructure (buildings and
machinery) required for the manufacturing and assembly of
building materials are not included and are considered outside the
scope of assessment.

Transportation [EN 15978 A4]

This counts transportation from the manufacturer to the building
site during the construction stage and can be modified by the
modeler.

Construction Installation [EN 15978 A5] (Optional)

This includes the anticipated or measured energy and water
consumed on-site during the construction installation process, as
specified by the modeler.

Maintenance and Replacement [EN 15978 B2-B5]

This encompasses the replacement of materials in accordance with
their expected service life. This includes the end of life treatment of
the existing products as well as the cradle to gate manufacturing
and transportation to site of the replacement products. The service
life is specified separately for each product. Refurbishment of
materials marked as existing or salvaged by the modeler is also
included.

Operational Energy [EN 15978 B6] (Optional)

This is based on the anticipated or measured energy and natural
gas consumed at the building site over the lifetime of the building,
as indicated by the modeler.

End of Life [EN 15978 C2-C4]

This includes the relevant material collection rates for recycling,
processing requirements for recycled materials, incineration rates,
and landfilling rates. The impacts associated with landfilling are
based on average material properties, such as plastic waste,
biodegradable waste, or inert material. Stage C2 encompasses the
transport from the construction site to end-of-life treatment based
on national averages. Stages C3-C4 account for waste processing
and disposal, i.e., impacts associated with landfilling or incineration.

Module D [EN 15978 D]

This accounts for reuse potentials that fall beyond the system
boundary, such as energy recovery and recycling of materials. Along
with processing requirements, the recycling of materials is modeled
using an avoided burden approach, where the burden of primary
material production is allocated to the subsequent life cycle based
on the quantity of recovered secondary material. Incineration of
materials includes credit for average US energy recovery rates.

PRODUCT CONSTRUCTION

END-OF-LIFE MODULE D

A1. Extraction AA4. Transport B1. Use

A2. Transport (to site) B2. Maintenance
(to factory) A5. Construction B3. Repair
Installation

A3. Manufacturing

B4. Replacement
B5. Refurbishment

B6. Operational energy
B7. Operational water

C1. Demolition D. Benefits and loads
beyond the system

C2. Transport
boundary from:

(to disposal)

C3. Waste processing 1. Reuse

C4. Disposal 2. Recycling

3. Energy recovery

Life-Cycle Stages as defined by EN 15978. Processes included in Tally modeling scope are shown in bold. Italics indicate optional processes.

Figure D8. Tally calculation methodology (2/3).
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Calculation Methodology

ENVIRONMENTAL IMPACT CATEGORIES

A characterization scheme translates all emissions and fuel use
associated with the reference flow into quantities of categorized
environmental impact. As the degree that the emissions will result
in environmental harm depends on regional ecosystem conditions
and the location in which they occur, the results are reported as
impact potential. Potential impacts are reported in kilograms of
equivalent relative contribution (eq) of an emission commonly
associated with that form of environmental impact (e.g. kg CO.eq).

The following list provides a description of environmental impact
categories reported according to the TRACI 2.1 characterization
scheme, the environmental impact model developed by the US EPA
to quantify environmental impact risk associated with emissions to
the environment in the United States. TRACI is the standard
environmental impact reporting format for LCA in North America.
Impacts associated with land use change and fresh water depletion
are not included in TRACI 2.1. For more information on TRACI 2.1,
reference Bare 2010, EPA 2012, and Guinée 2001. For further
description of measurement of environmental impacts in LCA, see
Simonen 2014.

Acidification Potential (AP) kg SOzeq

A measure of emissions that cause acidifying effects to the
environment. The acidification potential is a measure of a
molecule’s capacity to increase the hydrogen ion (H*) concentration
in the presence of water, thus decreasing the pH value. Potential
effects include fish mortality, forest decline, and the deterioration of
building materials.

Eutrophication Potential (EP) kg Neq

A measure of the impacts of excessively high levels of
macronutrients, the most important of which are nitrogen (N) and
phosphorus (P). Nutrient enrichment may cause an undesirable shift
in species composition and elevated biomass production in both
aquatic and terrestrial ecosystems. In aquatic ecosystems, increased
biomass production may lead to depressed oxygen levels caused by
the additional consumption of oxygen in biomass decomposition.

Global Warming Potential (GWP) kg CO.eq

A measure of greenhouse gas emissions, such as carbon dioxide
and methane. These emissions are causing an increase in the
absorption of radiation emitted by the earth, increasing the natural
greenhouse effect. This may, in turn, have adverse impacts on
ecosystem health, human health, and material welfare.

Ozone Depletion Potential (ODP) kg CFC-11eq

A measure of air emissions that contribute to the depletion of the
stratospheric ozone layer. Depletion of the ozone leads to higher
levels of UVB ultraviolet rays reaching the earth’s surface with
detrimental effects on humans and plants. As these impacts tend to
be very small, ODP impacts can be difficult to calculate and are
prone to a larger margin of error than the other impact categories.

Figure D9. Tally calculation methodology (3/3).
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Smog Formation Potential (SFP) kg Oseq

A measure of ground level ozone, caused by various chemical
reactions between nitrogen oxides (NO,) and volatile organic
compounds (VOCs) in sunlight. Human health effects can result in a
variety of respiratory issues, including increasing symptoms of
bronchitis, asthma, and emphysema. Permanent lung damage may
result from prolonged exposure to ozone. Ecological impacts
include damage to various ecosystems and crop damage.

Primary Energy Demand (PED) MJ (lower heating value)

A measure of the total amount of primary energy extracted from
the earth. PED tracks energy resource use, not the environmental
impacts associated with the resource use. PED is expressed in
energy demand from non-renewable resources and from renewable
resources. Efficiencies in energy conversion (e.g. power, heat, steam,
etc.) are taken into account when calculating this result.

Non-Renewable Energy Demand MJ (lower heating value)

A measure of the energy extracted from non-renewable resources
(e.g. petroleum, natural gas, etc.) contributing to the PED.
Non-renewable resources are those that cannot be regenerated
within a human time scale. Efficiencies in energy conversion (e.g.
power, heat, steam, etc.) are taken into account when calculating
this result.

Renewable Energy Demand MJ (lower heating value)

A measure of the energy extracted from renewable resources (e.g.
hydropower, wind energy, solar power, etc.) contributing to the
PED. Efficiencies in energy conversion (e.g. power, heat, steam, etc.)
are taken into account when calculating this result.



LCI Data

END-OF-LIFE [C2-C4]

A Life Cycle Inventory(LCl) is a compilation and quantification of
inputs and outputs for the reference unit.The following LCI provides
a summary of all energy, construction, transportation, and material
inputs present in the study. Materials are listed in alphabetical order
along with a list of all Revit families and Tally entries in which they
occur, along with any notes and system boundaries accompanying
their database entries. Each entry lists the detailed scope for the LCI
data sources used from the GaBi LCl database and identifies the LCI
data source.

For LCI data sourced from an Environmental Product Declaration
(EPD), the product manufacturer, EPD identification number, and
Program Operator are listed. Where the LCl source does not
provide data for all life cycle stages, default North American
average values are used. This is of particular importance for
European EPD sources, as EPD data are generally only provided for
the product stage, and North American average values are used for
the remaining life cycle stages.

Where specific quantities are associated with a data entry, such as
user inputs, energy values, or material mass, the quantity is listed on
the same line as the title of the entry.

Figure D10. Tally Life Cycle Inventory data (1/5).
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TRANSPORTATION [A4]

Default transportation values are based on the three-digit material
commodity code in the 2012 Commodity Flow Survey by the US
Department of Transportation Bureau of Transportation Statistics
and the US Department of Commerce where more specific
industry-level transportation is not available.

Transportation by Barge
Scope:
The data set represents the transportation of 1 kg of material from the manufacturer
location to the building site by barge.

LClI Source:
GLO: Average ship, 1500t payload capacity/ canal ts (2017)
US: Diesel mix at filling station ts (2014)

Transportation by Container Ship
Scope:
The data set represents the transportation of 1 kg of material from the manufacturer
location to the building site by container ship.

LClI Source:
GLO: Container ship, 27500 dwt payload capacity, ocean going ts (2017)
US: Heavy fuel oil at refinery (0.3wt.% S) ts (2014)

Transportation by Rail
Scope:
The data set represents the transportation of 1 kg of material from the manufacturer
location to the building site by cargo rail.

LCI Source:
GLO: Rail transport cargo - Diesel, average train, gross tonne weight 1000t / 726t
payload capacity ts (2017)
US: Diesel mix at filling station ts (2014)

Transportation by Truck
Scope:
The data set represents the transportation of 1 kg of material from the manufacturer
location to the building site by diesel truck.

LCI Source:
US: Truck - Trailer, basic enclosed / 45,000 Ib payload - 8b ts (2017)
US: Diesel mix at filling station ts (2014)



LCI Data (continued)

END-OF-LIFE [C2-C4]

Specific end-of-life scenarios are detailed for each entry based on
the US construction and demolition waste treatment methods and
rates in the 2016 WARM Model by the US Environmental Protection
Agency except where otherwise specified. Heterogeneous
assemblies are modeled using the appropriate methodologies for
the component materials.

End-of-Life Landfill
Scope:

Materials for which no recycling or incineration rates are known, no recycling occurs
within the US at a commercial scale, or which are unable to be recycled are landfilled.
This includes glass, drywall, insulation, and plastics. The solids contents of coatings,
sealants, and paints are assumed to go to landfill, while the solvents or water
evaporate during installation. Where the landfill contains biodegradable material, the
energy recovered from landfill gas utilization is reflected as a credit in Module D.

LCI Source:
US: Glass/inert on landfill ts (2017)
US: Biodegradable waste on landfill, post-consumer ts (2017)
US: Plastic waste on landfill, post-consumer ts (2017)

Concrete End-of-Life
Scope:
Concrete (or other masonry products) are recycled into aggregate or general fill
material or they are landfilled. It is assumed that 55% of the concrete is recycled.
Module D accounts for both the credit associated with off-setting the production
aggregate and the burden of the grinding energy required for processing.

LCI Source:
US: Diesel mix at refinery ts (2014)
GLO: Fork lifter (diesel consumption) ts (2016)
EU - 28 Gravel 2/32 ts (2017)
US: Glass/inert on landfill ts (2017)

Metals End-of-Life
Scope:

Metal products are modeled using the avoided burden approach. The recycling rate at
end of life is used to determine how much secondary metal can be recovered after
having subtracted any scrap input into manufacturing (net scrap). Net scrap results in
an environmental credit in Module D for the corresponding share of the primary
burden that can be allocated to the subsequent product system using secondary
material as an input. If the value in Module D reflects an environmental burden, then
the original product (A1-A3) contains more secondary material than is recovered.

LCI Source:
Aluminum - RNA: Primary Aluminum Ingot AA/ts (2010)
Aluminum - RNA: Secondary Aluminum Ingot AA/ts (2010)
Brass - GLO: Zinc mix ts (2012)
Brass - GLO: Copper (99.99% cathode) ICA (2013)
Brass - EU-28: Brass (CuZn20) ts (2017)
Copper - DE: Recycling potential copper sheet ts (2016)
Steel - GLO: Value of scrap worldsteel (2014)
Zinc - GLO: Special high grade zinc IZA (2012)

Wood End-of-Life
Scope:
End of Life waste treatment methods and rates for wood are based on the 2014
Municipal Solid Waste and Construction Demolition Wood Waste Generation and
Recovery in the United States report by Dovetail Partners, Inc. It is assumed that 63.5%
of wood is sent to landfill, 22% to incineration, and 14.5% to recovery.

LCI Source:
US: Untreated wood in waste incineration plant ts (2017)
US: Wood product (OSB, particle board) waste in waste incineration plant ts (2017)
US: Wood products (OSB, particle board) on landfill, post-consumer ts (2017)
US: Untreated wood on landfill, post-consumer ts (2017)
RNA: Softwood lumber CORRIM (2011)

Figure D11. Tally Life Cycle Inventory data (2/5).
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LCI Data

PRODUCT [A1-A3]

Materials and components are listed in alphabetical order along
with a list of all Revit families and Tally entries in which they occur.
The masses given here refer to the quantity of each material used
over the building's life-cycle, which includes both Product [A1-A3]
and Use [B2-B5] stages.

Additional provided data describing scope boundaries for each life

cycle stage may be useful for interpretation of the impacts

associated with the specific material or component. Each material or

component is listed with its service life, or period of time after
installation it is expected to meet the service requirements prior to

replacement or repair. This value is indicated in parentheses next to

the mass of the material associated with the listed Revit family.
Values for transportation distance or service life shown with an
asterisk (*) indicate user-defined changes to default values. Values
for service life shown with a dagger (1) indicate materials identified
by the modeler as existing or salvaged.

Aluminum extrusion, AEC - EPD 4,571.0 kg

Used in the following Revit families:
new_wall_polyiso_3in_hous
new_wall_polyiso_4in_la
new_wall_polyiso_7in_chi

Used in the following Tally entries:
Fiber cement panel

Description:
Extruded aluminum part. Industry-wide EPD from the Aluminum Extruders Council.

Life Cycle Inventory:
For information and quantities, see EPD

Product Scope:
Cradle to gate

Transportation Distance:
By truck: 663 km

End-of-Life Scope:
95% Recovered
5% Landfilled (inert material)

Module D Scope:
Product has 36.4% scrap input while remainder is processed and credited as avoided
burden

LCI Source:
RNA: Aluminum extrusion, mill finish - AEC (A1-A3) ts-EPD (2015)
RNA: Primary Aluminum Ingot AA/ts (2010)
RNA: Secondary Aluminum Ingot AA/ts (2010)

EPD Source:
11240237.101.1

EPD Designation Holder:
Aluminum Extruders Council (AEC)

EPD Program Operator:
UL Environment

EPD Expiration:
10/4/2021

Cellulose insulation, blown 4,567.4 kg

Used in the following Revit families:
reno_clg_attic_cellulose_7in
reno_clg_attic_cellulose_8in
reno_wall_core_cellulose

Used in the following Tally entries:
Cellulose insulation, blown

Description:
Blown-in cellulose insulation

Figure D12. Tally Life Cycle Inventory data (3/5).
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1,517.1 kg (30 yrs)
1,521.0 kg (30 yrs)
1,532.9 kg (30 yrs)

97.7 kg (30 yrs)
732.9 kg (30 yrs)
3,736.9 kg (30 yrs)

Life Cycle Inventory:
Waste paper fibers
Boric acid
Boraxpentahydrate

Product Scope:
Cradle to gate

Transportation Distance:

By truck: 1020 km

End-of-Life Scope:
100% Landfilled (biodegradable waste)

LCI Source:
DE: Cellulose fibre blowing insulation material (EN15804 A1-A3) ts (2017)

Exterior grade plywood, US 4,327.9 kg

Used in the following Revit families:
new_wall_polyiso_3in_hous
new_wall_polyiso_4in_la
new_wall_polyiso_7in_chi

1,436.4 kg (30 yrs)
1,440.2 kg (30 yrs)
1,451.4 kg (30 yrs)

Used in the following Tally entries:
Plywood, exterior grade

Description:
Plywood, unfinished

Life Cycle Inventory:
Proxied by interior grade plywood

Product Scope:
Cradle to gate, uncoated

Transportation Distance:
By truck: 468 km

End-of-Life Scope:
14.5% Recovered
22% Incinerated with energy recovery
63.5% Landfilled (wood product waste)

Module D Scope:
Recovered wood products credited as avoided burden.

LCI Source:
RNA: Softwood plywood CORRIM (2011)

Fasteners, stainless steel 45.7 kg

Used in the following Revit families:
new_wall_polyiso_3in_hous
new_wall_polyiso_4in_la
new_wall_polyiso_7in_chi

15.2 kg (30 yrs)
15.2 kg (30 yrs)
15.3 kg (30 yrs)

Used in the following Tally entries:
Fiber cement panel

Description:
Stainless steel part, appropriate for use as fasteners and specialized hardware (bolts,
rails, clips, etc.). Data based on industry-wide EPDs for primary and secondary metal
from the World Steel Association.

Life Cycle Inventory:
100% Stainless steel

Product Scope:
Cradle to gate

Transportation Distance:
By truck: 1001 km

End-of-Life Scope:
98% Recovered
2% Landfilled (inert material)

Module D Scope:
Product has 58% scrap input while remainder is processed and credited as avoided
burden

LCI Source:
RER: Stainless steel Quarto plate (304) Eurofer (2010)
GLO: Steel turning ts (2017)
US: Electricity grid mix ts (2014)
RER: Stainless steel flat product (304) - value of scrap Eurofer (2010)



LCI Data (continued)

Fiber cement board
Used in the following Revit families:
new_wall_polyiso_3in_hous
new_wall_polyiso_4in_la
new_wall_polyiso_7in_chi

6,688.1 kg

2,219.7 kg (30 yrs)
2,225.5 kg (30 yrs)
2,242.8 kg (30 yrs)

Used in the following Tally entries:
Fiber cement panel

Description:
Medium density fiber cement board, for interior and exterior, as cladding material for
curtain-type ventilated facades, roofing, for decorative interior finishing, drywall,
foundation base, or permanent formwork. Default thickness 5/16".

Life Cycle Inventory:
40% Cement
10% Cellulose
25% Sand
25% Fly ash

Product Scope:
Cradle to gate, excluding any coatings

Transportation Distance:
By truck: 172 km

End-of-Life Scope:
100% landfilled (10% biodegradable waste, 90% inert waste)

Module D Scope:
Credit associated with energy recovered from landfill gas utilization

LCI Source:
DE: Fly ash (EN15804 A1-A3) ts (2017)
US: Portland cement PCA/ts (2014)
DE: Cellulose fibre boards (EN 15804 A1-A3) ts (2017)
US: Silica sand (Excavation and processing) ts (2017)

Fluid applied synthetic polymer air barrier
Used in the following Revit families:
new_wall_polyiso_3in_hous
new_wall_polyiso_4in_la
new_wall_polyiso_7in_chi

1,585.3 kg

526.2 kg (30 yrs)
527.5 kg (30 yrs)
531.6 kg (30 yrs)

Used in the following Tally entries:
Fluid applied synthetic polymer air barrier

Description:
Liquid-applied rubberized membrane

Life Cycle Inventory:
34% Calcium carbonate
30% Polymer blend (SBS)
1% Silica
5% Titanium dioxide
30% Water

Product Scope:
Cradle to gate for materials only, neglects manufacturing requirements

Transportation Distance:
By truck: 555 km

End-of-Life Scope:
70% Landfilled (plastic waste) (excludes water evaporation)

LCI Source:
US: Styrene-butadiene rubber (SBR) ts (2017)
US: Silica sand (flour) ts (2017)
US: Tap water from groundwater ts (2017)
US: Titanium dioxide pigment ts (2017)
US: Limestone flour (5mm) ts (2017)
US: Electricity grid mix ts (2014)

Glazing, double, insulated (air) 2,862.9 kg
Used in the following Revit families:
Fixed 2,862.9 kg (30 yrs)

Used in the following Tally entries:
Glazing, double pane IGU

Description:
Glazing, double, insulated (air filled), 1/8" (4 mm) float glass clear, inclusive of sealant,
and spacers

Figure D13. Tally Life Cycle Inventory data (4/5).
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Life Cycle Inventory:
Double-pane glass IGU (Air filled, with spacer and sealant)

Product Scope:
Cradle to gate

Transportation Distance:
By truck: 940 km

End-of-Life Scope:
100% Landfilled (inert waste)

LCI Source:

DE: Double glazing unit ts (2017), modified to exclude coating and argon

Glazing, triple, insulated (air)
Used in the following Revit families:
Fixed

Used in the following Tally entries:
Glazing, triple pane IGU

Description:

2,167.2 kg

2,167.2 kg (30 yrs)

Glazing, triple, insulated (air filled), 1/8" (4 mm) float glass clear, inclusive of sealant,

and spacers

Life Cycle Inventory:
Triple-pane glass IGU (Air filled, with spacer and sealant)

Product Scope:
Cradle to gate

Transportation Distance:
By truck: 940 km

End-of-Life Scope:
100% Landfilled (inert waste)

LCI Source:

DE: Insulation glass compound (3 panes) ts (2017), modified to exclude coating and

argon

Paint, exterior acrylic latex
Used in the following Revit families:
new_wall_polyiso_3in_hous
new_wall_polyiso_4in_la
new_wall_polyiso_7in_chi

Used in the following Tally entries:
Fiber cement panel

Description:

457.1kg

151.7 kg (10 yrs)
152.1 kg (10 yrs)
153.3 kg (10 yrs)

Acrylic-based latex paint for exterior applications. Associated reference table includes

primer.

Life Cycle Inventory:
20.5% Binding agent
35% Pigments and fillers
40% Water
4.5% Organic solvents

Product Scope:
Cradle to gate, including emissions during application

Transportation Distance:
By truck: 642 km

End-of-Life Scope:
100% to landfill (plastic waste)

LCI Source:
DE: Application paint emulsion (building, exterior, white) ts (2017)

PIR rigid foam insulation, roof, R=20.5, PIMA - EPD
Used in the following Revit families:

new_clg_attic_polyiso_12in
new_clg_attic_polyiso_4in
new_clg_attic_polyiso_8in
new_wall_polyiso_3in_hous
new_wall_polyiso_4in_la

new_wall_polyiso_7in_chi

Used in the following Tally entries:
Polyisocyanurate (PIR), board

5,880.3 kg

1,213.1 kg (30 yrs;
404.4 kg (30 yrs
1,617.5 kg (30 yrs;
563.5 kg (30 yrs
753.3 kg (30 yrs;

)
)
)
)
)
1,328.5 kg (30 yrs)



LCI Data (continued)

Description:
Polyisocyanurate rigid foam roof insulation with glass-fiber reinforced facers, R-value
of 20.5, 3.5" thickness (89 mm). Industry-wide EPD from the Polyisocyanurate
Insulation Manufacturers Association.

Life Cycle Inventory:
For information and quantities, see EPD

Product Scope:
Cradle to gate

Transportation Distance:
By truck: 250 km

End-of-Life Scope:
100% Landfilled (plastic waste)

LCI Source:
RNA: Polyisocyanurate rigid foam board roof insulaton, R=20.5 (A1-A3) ts-EPD (2013)

EPD Source:
EPD10043

EPD Designation Holder:
Polyisocyanurate Insulation Manufacturers Association

EPD Program Operator:
NSF International

EPD Expiration:

2/6/2020
Window frame, vinyl, divided operable 1,966.3 kg
Used in the following Revit families:
Fixed 1,966.3 kg (30 yrs)

Used in the following Tally entries:
Window frame, vinyl

Description:
Vinyl divided operable window frame inclusive of steel bracing

Life Cycle Inventory:
46% PVC part
54% metal reinforcement (Zinc-coated steel)

Product Scope:
Cradle to gate, excludes hardware, casing, sealant

Transportation Distance:
By truck: 496 km

End-of-Life Scope:
100% Landfilled (plastic waste)

LCI Source:
DE: Window frame PVC-U (EN15804 A1-A3) ts (2017)

Figure D14. Tally Life Cycle Inventory data (5/5).
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Row Labels
2a_hous_2_shallow
[A1-A3] Product
Ceilings
Walls
Windows
[A4] Transportation
Ceilings
Walls
Windows
[B2-B5] Maintenance and Replacement
Ceilings
Walls
Windows
[C2-C4] End of Life
Ceilings
Walls
Windows
[D] Module D
Ceilings
Walls
Windows
2a_hous_3_deep
[A1-A3] Product
Ceilings
Walls
Windows
[A4] Transportation
Ceilings
Walls
Windows
[B2-B5] Maintenance and Replacement
Ceilings
Walls
Windows
[C2-C4] End ofLife
Ceilings
Walls
Windows
[D] Module D
Ceilings
Walls
Windows
3b_la_2_shallow
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Figure D15. Envelope retrofits’ embodied emissions by life cycle stage. End of Life and Module D
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Walls 2.11 1.10 305.14 5.07E-12 472.43 44173 31.14
Windows 0.37 0.09 45.91 8.44E-12 786.76 735.63 51.86
[D] Module D 0.05 0.00 -20.80 2.43E-11 -361.06 -327.04 -33.55
Ceilings 0.01 0.00 3.94 -4.60E-12 -68.45 62.00 6.36
Walls 0.04 0.00 -16.85 197611 -292.61 -265.04 27.19
Windows 0.00 0.00 0.00 0.00E+00 0.00 0.00 0.00
5a_chi_3_deep 83.52 i 7.33 14,560.69 I 2.68E-04 334,296.44 287,221.90 46,353.75 I 10,630.87
[A1-A3] Product 120.49 i 5.17 18,775.17 I 2.69E-04 436,548.86 {  345,246.50 90,564.54 I 10,528.67
Ceilings 11.51 0.75 2,887.94 [ 1.25E04 71,715.43 68,040.59 3,683.63 | 1,359.67
Walls 96.19 i 3.78 13,625.18 [ 1.44E04 328,511.39 @ 243,301.09 84,437.64 I 7,757.66
Windows 12.79 0.64 2,262.05 2.52608 | 36,322.04 33,904.81 2,443.26 | 1,411.34
[A4] Transportation 1.27 0.10 273.36 9.36E-12 3,975.29 3,880.16 96.13
Ceilings 0.11 0.01 24.72 8.47€13 359.51 350.90 8.69
Walls 0.85 0.07 184.15 6.31E-12 2,677.94 2,613.86 64.76
Windows 0.30 0.02 64.49 2.21E12 937.84 915.39 22.68
[B2-B5] Maintenance and Replacement 0.93 0.07 207.35 1.10E-10 4,594.90 4,128.78 462.11 102.19
Ceilings 0.00 0.00 0.00 0.00E+00 0.00 0.00 0.00 0.00
Walls 0.93 0.07 207.35 1.10E-10 4,594.90 4,128.78 462.11 102.19
Windows 0.00 0.00 0.00 0.00E+00 0.00 0.00 0.00 0.00
[C2-C4] End of Life i 9.06 280 2,326.98 7.24E-11 6,492.90 6,072.42 425.26
Ceilings 134 0.58 124.76 1.10E-11 1,025.19 958.57 67.58
Walls : 7.27 212 2,140.12 4.99E11 4,403.56 4,118.86 287.54
Windows 0.45 0.10 62.10 1.14E11 . 1,064.15 995.00 70.14
[D] Module D R -48.22 0.81 & 7,022.17 -6.20€-07 & 37931 & -117,315.50 -72,105.96 -45,194.29
Ceilings 20.01 0.00 3.94 -4.60E-12 -0.09 68.45 62.00 6.36
Walls L -48.21 .81 & -7,018.23 -6.206-07 & 379.22 & -117,247.05 & -72,043.96 -45,187.93
Windows 0.00 0.00 0.00 0.00E+00 0.00 0.00 0.00 0.00

Grand Total p 270.00 0 26.36 {0 41,653.89 625604 [0 3,497.73 {1111,027,066.32 {1 847,350.58 {0 177,884.3a [ 35,119.37

Figure D16. Envelope retrofits’ embodied emissions by life cycle stage (cont.). End of Life and Module D
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Appendix E
Life Cycle Cost calculations.

Equations E1 — ES, published by DOE, describe how to calculate each cashflow considered in the LCC calculations
per the “Methodology for Evaluating Cost-Effectiveness of Residential Energy Code Changes” [37]:

down payment = Rpp * C (E1)

Where, C — The “first cost” incurred at the onset (year zero).

mortgage fee = Ry * C * (1 — Rpp) (E2)
property tax, = Rp * C * (1 + Ey)” (E3)
ES, = ESy * (1 + Ep)” (E4)

Where, ES, — Energy savings at year, y (kWh);
ES, — Energy savings at year zero (kWh);

Er — Fuel price escalation factor.

(1 —=Rpp)*C*12 (E5)
R\ 2"

(1+78) -1

mortgage payment =

A+ Ry)T ¥+ -1 ]} (Eo6)

tax deductiony = Ry * {property tax, + mortgage payment x Ry * [RMI (L + Ry )T+

Where, R;; —Marginal income tax rate.

RC. = {O, ymodL # 0 (E7
my = |\(1+Ey)Y *FC,, ymodL =0

Where, RC,,, — Replacement cost of efficiency measure that has an expected life L less than the analysis period;
m — Retrofit measure, m, with a service life, L, that is less than the analysis period, P;
FC,, — First cost of measure m;

ymodL — Modulo operator, which gives the remainder after dividing y by L.

PmodL)

RVm=(1+EH)P*FCm*( L

(E8)

Where, RV, — Residual value for efficiency features with remaining useful life at the end of the analysis period,
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Time value of carbon results.

‘Ju2w2o1]da.d 1onpo.d 0 anp pappy SUOISSIUD PIIPOGULD OSID 24dM 242Y] UD2L IDY] L0 SUOISSTUD [PUOD.L2dO [PI1dA) 2y YjIm SuoD 10Y]
a10o1pul Mo u1 payy3ijy3iy a4 1oy sjja) poriad Apnis upaA-A3.41y) Y] 4240 SUOISSIULD UOGIDD Ul DSDIUDUL [[DADA0 UD Ul SIINSDA UOLJUDALIIU] J1fO472.4
2y} IvYyJ 21021pUl pad ul payS1y3ry aun Y] §1127) 94 € JO 104 JUNOISIP D SUISN UOGADD JO dNIDA dull] dY] 12} O PaIYSIdM 24D SUOISSIULD UOGADD DY |

DI JUNOISIP UOGIDI 9% € D JIPUN SJUIUISSISSD )T pub ‘)T ‘uonvpnuis £31oua s_osvo1y) wo.f syynsa. pajiduio)) 19 aansi,J

N

SLSLLS8 8v9'8SY'6 0L8YY0S 6£€'9928 ov6'LSTL 086'£LLZ'0L 99€'668'6 2606577 LPE0LO'Y LvSTr8’s SELTSLL SLrizeoL ELESYI'S 9£2Z2E0L 862°55V0L 862°55Y0L 862'55Y0L 862'5SY0L i/22006% 62
0v8'VES L0vTvL6 917961 6ZEVISE BLISLY'L 882'985'0L LYE96L'0L 5982657 1590619 L18°L01'6 LIESBEL LETLEIOL VELYLE'S LY6V66TL £56'89L°0L £56'89L°0L £56'89L°0L £56'89L°0L i/22006% 82
9886606 0897E0DL 20LZ8ES 65£°69L'8 8Y6'669'L L£22050L 1S908L'7 LLEQLED 2S0°18E6 989228 9/1°686' £06'086'0L S20260°LL S20T60'LL S20T60'LL S20760'LL i/22006% 12
z882LES 0zLSEEDL  §99TLSS 2582806 Lv6086L ocszsy 2992959 £8Y'299'6 £29Lrs zs8'89L'9 09ElEELl  OeveLZLL oBLVZYLL  9BLVZVLL  9BLWIVLL i/22006% 92
6007596 T6LSYI0L  SYOBLIS LE8°E0E s.8'891'8 1yL81L0S 2699L'9 85£256'6 Lesess L16'ESED Log'68TZL OESLOLLL  OESLOLLL  OESL9LLL {22004 52
L69°EVE's S9US960L  9BEBYES £562856 Lv6ELY'S 0LE6ILS £89°£969 8260501 SYSL86% SESTYS9 0865921 yLvseTL  9sSOTLTL  LWLYS6TL 1220064 vz
200zZ0L 8E8°€209 LyvoLe’s 6569998 68EVZES 2999L1'L osv'essOL  LLLLSTE LLBOVLY BLLLEOEL  LEESTETL TLLVBYTL  TLUVBYTL  TLUVBYEL  ZLLVBYTL 11220064 €2
2926v50L 559029 YSSOL0L  0S£'926%8 LzLvey's 196'L6€"L 0lZS/80L  98BYES'S sLyLoLzL L60°EV69 LSBELYEL 8606971 L 86985871 869898l 869°8S8TL  869°8S8TL 1122006 z2
66£'5980L 069°06€9 LSSLYOL  LyLYeLe 02Z0rSTL  Yv98YIS 02LELIL 99vL0ZLL  £E60286 09v'280°eL 06E°LSLL 9LLLEREL  LS6SLOEL  60SL6ZEL BSYVYTEL  BSYWYZEL  BSYWIZEL  SSYYITEL 1220064 12
8996198 0Lr2859 596695 291671 9LELLO9 ceLTveL oLgLes'LL vesvLrEL 2e6'69€L 9LO6OV6L  62Z89V'EL  SEV9EIEL Q0ETLYYL  T6LIYIEL  Z6LLYIEL  90ETULVYL 11220064 02
E9VLTSLL £88°6LL9 V90VSL'6 6L6'E0EEL LY9'T66'S 96€'LL0'8 9£9°€88'LL 28L6L8EL 0169852 890'VL9YL 9LTUBEL 8ZE'LOLYL Y0150V L 9Y0'L50'YL 9EZOLLYL 9EZOLLYL i/92006% 6L
87648 1862608 L 6L2°€86'9 LE0°80LEL 92reiLy BLLGLES syLovzTL £85°562L LISVLIEL 06ZVLLSL 8Y508SYL STyl STyl STyl syl 1/22006% 8L
s8v'6ezTL 0LLSBYEL 8LLTOLL 665'£58'9 6086958 6vEL09TL veyvesyL 2568008 6LLL95'SL 298'980'5L §5£'906'7L §5£906'7L 55£9067L 55£906L 1/22000% L1
0£E'9652L EVED68EL 195°80v'L 285'LeSyL 1288Y5'9 6889288 69558671 1270628 0SLVE09L L86'ESESL L86ESESL L86ESESL L86ESESL 1/22006% 9L
L9ZPL6TL YSO0°LOEYL 8L8'0E9L 085'€05'2L 1ZE9rs'sL 6LIELEL LLLYYLY 0811606 LELSLEEL LUIZ9sL VEL'6ES'S £6L'G159L 69E'ELISL 226'LL8'SL r9'08e'9L 9L YLE'SL 9LSYL8'SL 9LSVL8'SL 9LSPL8SL 95 PLBSL i/22006% 5L
6BVEOEEL  SOTOELYL  TvL6SBL 8982871 0LLTLO9L  688TZYSL  OZLLYEY 91669 L6E9LLEL  B0SBLOZL  9LL'6809L 80E'66.8 L9TLL0LL  ¥20'959'%L  6SZYSE9L  SLEOKYO0Z  E£L0'68TIL  £L0'68TOL  £L068Z9L  EL0GSZOL  E€L0'6BTIL  (/5700BY vL
ESEBLLSL  SESS60B 8Y0S9TEL 260E6Y'9L  9/5S8ESL  VESSSLL £E8 VY96 289681 6orZLS9L £91°650'6 S09LZSLL  EZTYOSIL  LBEWYEOL VBOLLLOL  YBYLLLOL  VBYLLLOL  VBYLLLOL i/32006% €L
YOLEEISL  LOVBEES 6662991 EVLTOEOL  00ZOLEL 8LLVESS £LELOYL £79°690°2L Zr6 0EE’s 57 Lv08L VEZOSELL VIOLSZLL  LIS69¥'BL  VLOUBZLL  LLS69YBL /220063 zL
SLLTOU9L  £s5BESB 6882L07L L00ESEOL  90ELES'L £0TET0L  VEBESOSL ZeL18sL 080196 0L9'8858L woos L SYYE6LLL  SYYE6LLL  SYYBBLLL  SYYEBLLL {122006%
96£859L  60Z9VEB 9L0°G6Y YL LhYTZ08L  L6SBSELL  SYOBLEL 69L6ESOL  6viSOSSL 9616686 0sE9vLBL £98°90v'8L 8CYEEE8BL  BIVEEESL  BLVEEESL  STYEESHL 1220064 0L
OLEEBOLL  SESLLLG 82662671 0zLE9sBL  SSEELELL  9LOESOE SYE'SSEOL  EL90LESL 09vzs98L ZU96L0L  0zL0eL6L 69065681  EpeeSSL  LEY'EsE8L  LEvESSSL  LEvESS'BL LevesgBl Levesg8lL  /oz000N 6
LBS6SLL  EVEBEE 9z8LLESL ylOOZU6L  9ELSIYBL  SZZS6rs LECrYoL ve0zLT6L 5070801 THETLEDZ LBLZS6L  EZLOVLOC  vEG6YYSL  vEGeVYL  YEGEYYEL  veEseyvEL  vesevysl  /¢00DY 8
SvLELLBL  T6v'999'6 09L'6€8'5L ploeeo6L  B0ZBIEBL  Z80WYS'E £2zere9L S6e'88L61 6LULLEOL  TLLLZE0Z L0S50SL0Z  ZEVEEOOZ  ZEVEEOOZ  CEVEEO0C  CEVEEOOZ  CEWEEO0Z  Vaz00 L
09v'£998L  98Y'956' SEEPLETL €2YV8TOZ  YSTLES6L  YOV0088 6L5'LSYLL 19028807 ze9'L VIE6YS'LT COELEIL  SEVPESOL  SEVYEOOZ  SEVYEYOZ  SEVVEY0Z  SEYVES0Z  (/az00B 9
vy 12Tl 18LSSTOL  S9L'€089L SS6T6B0Z  ZLEEZLOZ  9LY'Y906 S90°L6L 80566607 1885, vre's6Lee ELTYLOTZ  BIVESTIZ  BIVESTIZ  BOVESILZ  BOVESTLT  BIVESTIZ  (/2T00BY §
80EV08'6L 9£82950L 8LB'LOELL £L0°LTL0T 6VE9EES LIEV1S8L SLEELY'LT 851°028' 0219822 68972922 2L0°168'12 2L0°1L68'L2 2L0°1L68'12 2L0°L68'1T 20681 {/3200BY v
voL86Y'BL  BEVEGE0Z  Z2L6/80L  SLLUZELL SBERYEIZ  6EVILIE 19269061 £102/222  SEVSYBIZ  E9LVLLTL LIS 1YS'ET 02188922 BIBYSEEL  VOSLVSTC  VORLVSTZ  VOBLYSTZ  VOBLYSZIL  vOSLYSTZ /92000 £
OvLESO'6L L6E0LO'LZ ELL90TLL 826'L9€'8L 186'L2L9L 9620282 258686'LC 2867066 6E8'LYY6L £LLOV6TZ 86400522 50007521 666'€527C E9TLLEET 525'550'C BETVITET BETVILEL 8ETVILEL 8ETVITEL 8ETVIIEL /320004 T
YELYZI6L 20007912 L62T05'LL 98L7168L 1¥9'5099L S02'515'ET 280'6v9'22 0802020 922 18L'EL 760'LEZ0Z L69LELLL 8LE'BTIET 22BGLLET 90291621 6L9'L86T 1891072 06LLLLYT $96'026'€2 $96'026'€2 59602662 59602662 596°026€C /320004 L
9LVELO'9E ¥26'686'2€ SETSLT6T 66V'LEBEL 06v'0ZL'LE LZeEEL'LT EV0'SS9'ST €9€'122'08 206'6L6°EL 12088802 8L8OLTLL 6LETSL'ST 96L0SL'ST ZES666'Y L L90°£51'SE 008'LEL'6T S8Z'986'YC 988'155'0Y V65'8EL'9T VLLUEEE'IT ¥65'LY8'YT yLLIZY0'8T ¥6S'8£97C i/22006% 0
wiz z60% 8ESH 895°L seroL €090 szl £ove L69'LL vivoL ssv'6 seeL €920 LTr'egs 090~ Lo 2880 9950 +/22006% quia™oon

ovLsz8L

VOLVELEL

1209

soe'ses’se
8911

8LTVOLEL

stovL

990892 812289

S6SBYLT SZY'SLL99  0688LOE £56706L 166087'L vEYLLY vEBYLLY $
V8L 98T L 5580 0g

1080 220064

OLVELZ0Z  $Z6'6822C  S9S'88ELL  69LOBV'6L  OLBEOLLL  L990ZZ'%Z  EO0S'SZE'EZ  EVL'B0GOL  ZOL'EOLYL  [Z0'BE8'0Z  BZ8'69TBL  6LTLEEVZ  96U'LLB'EZ  T69EOSEL  [9O'LEL'SZ  OZUSZEWZ  SBTLELYT  90G'0ZS'SZ  V6S'SE9WT  VEG'BEOVT  V6GBEOVT  P6SBEOVZ  Y6G'BEOVZ  1/aZ000Y  uueasn quoTIyd

00000020L  OL99BELL  OEELSY 08991071 0992162 0v5'92ET oLZELL'SL 0988l 056866+ 060518 00£'6£8'L ov8'569'L 000'92¢'6 08E'90¥'S 000°66L 08E'LE0'SL 0001005 025 v69'L 000602 o0zsE0v'e 0000 92000 wurywquETy
PYSLPE00L  ZTLVIZYE 0ZLYLY'SL 65588519 281°058'86 £6°L0L26 wrey'se 1922057 Y9 '6v508 £ZE°€09'29 220'8YY'66 6V5'569'96 825°608'0% £2LLY6' 06260256 995'286'66 805°006'L v08'LP600L  VOS'LPEO0L  POS'LY600L  VOS'LY6'00L  PO8'LY6'00L JA7ymy uue~seb™ays™doTIyo
LeS6LYE LLGSO6'LL  L65V2ZZL  95T0ZSTL  6V9'9BTEL  T/BYSL'EL  096ZEY'ZTL  LL6'L6ETL  SYLUVL'EL  ¥PT089TL  O9GEOEEL  ELBGGEEL  SOLBYMZL 62920805 S6LL68YL  60BTHEEL  LELOSO'ES  STSBIEEL  GCGBOEEL  GZGBIEEL  SZGBIEEL  STTBIEEL syt uue-oape

%00E a1e1junoosip

neqsopad 9p7ad. lle"doap llemolieys lleo9je. lle"se6

ioes ! e e ssomss e we ovomo

115



‘Juawaov)dad Jonpo.d 0) anp pappy SUOISSIUD PAIPOGULD OSID 24dM 2.42Y) ‘UL J0Y) L0f SU0ISSIUD [DUODLIAO [DI1dA]

ayy ypm Suopy vy a1pa1pul Mmool u1 pajy3iysiy aiv oy sjja0) poriad Apnis upad-A3.411y) 2y} 4240 SUOISSIUID UOGADD Ul DSDIAIUL [DADA0 UD UL SINSDL UONJUDALIIU]
fo.a.4 2yJ JpY) 2VI1PUL Pad Ul paIYSyY31y a4v Y] §]12)) 0%/ JO 2I.4 JUNOISIP D SUISH UOGIDD JO dNIDA dUll) DY) 1)1 OF PAIYSION 24D SUOISSIULD UOGADD dY |
‘I JUNOISIP UOGIDI %/ D JIPUN SJUIUISSISSD ))T puv ‘p)T ‘uonvinuiis £51oua s 08vo1y) woaf syynsa. papduwo)) ‘7o aansiy

£92'1¥8 vELEEL'E 060°LL9'L 18'8ELT 09Lb0Y' v2SVOY'E 0zL6LZE YSO'LLYL 868'066'L 2506267 8508957 606020 68E'GSE'E Y00'0L8'L LEg9LYE L0Z6LY'E L' VETL8S'E 0/z€9r'E oLzeov'e 0zE9'e 0LzEI'E 0ze9v'e /020064 62

25L0P0 YSY2SEE £90°88L'L 198'626'C LSv'2LST LY8Tr9E 659'805°€ 8rY085'L L9z 0ELT SBOVEL'E LT £LE099'E 992065 506000 600'0L8°E £89°LLYY Tr502L'E eUr'LS9Y 669'50L'E 669'50L'E. 669°G0L'E 669'50L' 669°G0L'E /220064 87

2962528 9TL'L85'E LETEL6'L LS6VELE (223475 0v8'L68'S S9TYSL'E 6L0°L69'L 088627 LLY'ESE'S 0LL0V6T 665'9L6'E ¥85°LY8'E 8960717 oLeorLy 059'7L6's 086'086'€ $20°L0LY 860'596'S 860'596'€ 860'596'€ 860'596'€ 860'696'€ /920064 2

699°087'E ¥ZT8ES'E 151190 LEEVSEE 66L'SY6T 689°0LLY £90°LL0 SSY'608'L 9E6'8EY'T y12885° 286'57L'E L9L06LY S6rOLLY 9£8°0627 YLLOEY'Y 9.9°88LY 6v9°65C'Y 9IS VEEY 559ZrTY S99V S59ZVTY S59TrTy S59ZKTY /320064 92

oLeveLe 006901y 8570617 S07'685'€ £9E'IGL'E LE9TOVY 8928627 LLU986L 2996097 68E'6E8'E. L0Z'99€'E SLLYSY'Y 0ET86EY Y6LLSY'T 8260y £88°L8Y'Y v28135'Y ceLz0LY Y9665 LY9'665Y LY9'6ESY Y9665 Lr9'6ESY /520064 5T

810686 £8EV6EY 06LEVET 0sY'0v8'E 856'LLEE 220'sLLY 9EL'66SY SY9'LL07T 8EET6LT LvLgoLy SEE'LO9E £00'86L'Y 90L'90LY 810729 £6L°2L0° S19°G6LY 2898 2871805 9Ly'LS8Y y8Y'L6LS 9LY'LS8Y y8Y'L6LS oLyLs8Y 1020064 T

0L6€92Y 066'L0L'Y 958°£057 L8Z60LY §66'£09' £LT60L'S SLO'LZEY 0999127 208'486C L1568 £96'€58'€ £98°€EL'S EES'GE0 2908 888'L2Y'S 808°LEL'S £52'812' LLYE8E's SEVL6LS SEVLELS SEVLOLS SEVL6LS SEVLELS /520064 €2

8YY'Z98Y 62L'LE0'S 90v'€897 LE6'96EY 555098° 226'99%'s 055'592' 928 LLET 8Y6'961' L1r'80Ly LLezLy £ET'E6Y'S 120'88€'S 818200 LY8'L08'S 005°06%'S LES'€8S'S PLE09LS S5Z°1L95's SST195S SST'195'S S52195'S SST'L98'S 1020064 22

6181887 S0E'EBE'S YYTLL8T 9LLVOLY Y6LOELY L09°6V8'S 6EL'VEY'S YS8LEST YELOZY'E 959°2E0'S 20v LYY 65L'LL8'S 28L'59L'S ILOELZE 68E7LT9 SE8VLES BLEWLE'S 9ESEILY £75°056'S £75'056'S £V5°056'S £75'056'S EVS°056'S 11220064 12

L5109 0rL'09L's Le22L0' 622251’ 09661y 6£0°6529 625'8209 £89°6€8 810998 o VBE'S Ly £02'6829 SvL89LY 126°L80'E $52580' ££0°9829 ¥85°268'9 LY80£0' 60L¥SL'9 180°£9€'9 180°£9€°9 60L¥5L'9 180°£9€'9 /920064 02

S61'685'S 0SEEIL'D 187182 621'98E'S ovE6LLY SI1ZL699 925°050'9 6855067 86£9L6'E 888'L9L'S 09£°150'5 Lyv'6zL'y £55°0099 285°8L9'8 YSETLLL 8609229 5900789 £69950'2 1207189 1207189 £95°0£89 1950489 1207189 /520064 61

8EV'086'S Y8L 65’9 86815 6LY'EIL'S 00v'090° 020°99L'L. 2902069 086801 9YS06LY 022'591'9 £8£°G07'S 805°002'L. 965290 280'986'€ V68719, S26'96L'L. 0L8'8LEL. 1657085 L9682 LL9'68TL LL9°682L LL9'682L LL9'68ZL /520064 8L

690°66€'9 611950, SL9E9LE £26'991'9 829VLY'S Lv9'£99'L L0Z'S8E'L 609°92€'E vBg'Esy'y 9819659 09L°€8L'S YYSYOLL 8L6'955'L 209'LLTY L6L5h1'8 oLL0LL 68L'V68L. Le1ZYL 8Y6'66L'L 8Y6'66.'L. 8Y6'66L'L 8Y6'66.'L. 8Y6'66LL {/02006% L1

Y00°LP89 89E°055'L. 890°£20 £09'865'9 259°€6L'S 9LEV0Z'8 LLL206L LLY6SS'E 9GLL6LY 195'850'L £29°881'9 298°EVT8 9966808 127905 €009LL'8 096628 YLEGLE'B 8LIVYI8 TH6'SrE's PYESPES Yr6'SYES P6'SPE'S PYESYES 1/22006% 9L

V6T 9TEL v68'8L0'8 £96'80€ 015090 8026619 289'8LL'8 £26°55'8 $E9'808'E 665EEL'S 099255, 928'129'9 2e6/028'8 86'159'8 08’128y £21'92'6 £95°918'8 086'596'8 9086526 091°086'8 0910868 0910868 0910868 0910868 /020064 L

SEL'6EBL LLy'v9's 165019 OVLYSS'L 2518899 06L'E6E'6 96L'LY0'6 6ETSLOY 1S626v'S 9vE'180'8 YSE'S80L L6E'BEY'S £29°1526 LOY'65LS 156'8L6'6 88E0ES'LL SYSE6S'6 086'€66'LL 2025556 2UTs55 2025556 225556 2UT5556 1/62006% 1

PL8'L8E'S 925'6Y2'6 2eeeE6Y 8L5°€80'8 §LY'L60'L. £LL0500L 005'089' 905098 8GV'LL8'S 0v0'Ly9'8 626°L85'L. 98066001 959'6066 695°028' 8LY'LLI0L 0907600L  ¥60'59Z0L £01°066°0L LyLvezoL LyLvzzoL LyLvezoL LyLvzzoL LyLvezoL /920064 €L

S20'5L6'8 £66'968'6 $99°8L2S 82Y'6v9'8 962 765'L £9ZVSLOL  YEL'BSEOL L5997 088'882'9 EEE'TST6 z20zLLe 12090801 25066501 866'906'S 206vTy'LL 75900801 059°€86'0L OLPLEELL 0£8'686'0L 812269'LL 0E8'6E60L 812269'LL 0E8'6E6DL /02006 L

LLTE09' 28L'6850L 2LL8r9s 8889526 £68'52L'8 290°L0'LL YOZESO'LL EVET66 2016229 966'668' £98°6/9'8 Trv29g'LL 9860VELL 88Y'02€'9 svovezTL 689°955LL 905°Z5L'LL 609°2LZL 619°50L'LL 619°0L'LL 619°60LLL 619°50L'LL 6L9GOL'LL  1/5200B% LL

880'8987L L90'LEE'LL PYSEP09 0EL'206'6 0LLY69'8 9SS ZLETL 820'658'LL L08'LYE'S 6EL'00ZL. 96626501 vSY'L826 £18'LLETL SSEVELTL 22629L'9 0L€'080°EL £89°S9ETL 18L'SLSTL LEE8L6TL 210525°2L 21052521 21052521 z10'525'2L 21062521 1/02006% oL

26L766'0L TwTreLTL 2659979 12666501 6EE'E0E'G. SEVTLLEL 09L'689ZL EELSLLS 8yLVOLL 90 VEE'LL 9LS'LE6'6 0v8'LETEL S67Y867L 128°98TL. 9665661 £STLETEL PYSSYEL yoY'L88'EL £9L°L0V'EL €9L'L0V'EL £9L°107'EL £9L'L0V'EL €9LL0EL  1/92006% 6

LrvoLLL 8€62L6L £52°616'9 9E9°LEE'LL £L5Y56'6 Sv9'9607L Lov'LLG'EL SE8GLLY GEVENT'S 126 TLTL 90768901 68y bILYL 9618681 o8rLL SLLSL6YL LypLSLYL  STEL6EWL 19169871 988°66EL 988'6EEYL 988°6EEL 988'68€VL 988'6EEYL /92006 8

LE6'L85TL YY0'LBS'EL L09°80v'L uzieLzt £6€'159'0L LLY'E80'sL 618251 EV6EPS9 610288 9/8946TL 0ES°LLELL £00'95L'5L 6LL598L LL878Z8 SL0720'9L 29v'8rLSL 8EL'SOP'SL 68826851 8LOEVESL 8LYEVE'SL 8L9EVESL 8LYEVESL 8L9€VESL /92006 £

£60°69¥'EL L1258 £98°1L26'L 66108621 166'96€"LL 6vZ6ELIL L9L7hS'SL 6102002 £16°L80'6 15T588'EL 8S6ELLTL  ¥TEILTIL 6L£°9065L 2187988 969°5hL'LL 5880291 L6v'ERY'IL L6€'500°ZL 9ELLLYIL 9ELLLY'9L 9ELLLYIL 9ELLLYIL 9ELLLYIL /520063 9

626'LLYL L0v'Z68'SL £8E9LY'8 260'688'EL 08LV6L'ZL 166'89ZLL 006289'9L 09LZ6v'L £95'8600L szT S8yl SEL'9T0EL 80L'ZSELL 29L610°LL 8YE'SEY's S685hEBL PLYEVELL TYELe9LL 89£°561'8L ££6'995'LL LL6'995LL 10699521 126'998'LL LL6'99G'LL  1/02000% §

yoL02rSL 9L8V00'LL 0EL'6906 82€°L98L SLrBp0'EL L28LLYBL VOTL6LLL 2199108 £9v'5080L LEZ L6851 ¥96°LE6EL 95£'995'8L SwLLLZL £2€°6L0L 80L'0E9'6L L15°£558L 956'LL8'BL 2Ur6ov6L 999'96£'8L 999'96/'8L 999°96£8L 999'96'8L 999°'9648L  1/52006% ¥

81200591 L1z561'8L LL90L's 12910651 Y08'196°EL vz LLLEL 800°EV0'6L sLLus's 6Y8'L9G'LL LE0010LL 129161 62v'998'6L sze'say6L SLL6580L SLTY00'LZ v5°958'6L £6626102  SEETEROT EvzLor  ZerzLLor 2EVTLLOZ ZEVTLI0Z  ZepTLLOZ (/02000 €

BETGSILL 288'897'6L YE6'EBEDL VELVLOLL 0EL'6EEYL y9TSSLLT 8LO9LEOC  6LTBLLG 6LLLLETL 0v£'002'8L SLS'LS6'5L 6L0°(STIT  OV6'6V80Z 096'619'LL LIS YLY'TT 205°9V2'12 20590917 86506222 20802517 Z0E0ZS'LT 20802512 20E025'1C 2080281 (/32006% T

660°L68'8L  YOL'LEB0OZ  608OLLLL 99£°502'8L 698'V86'5L 26198922 OVEZ08'T 769028 L9LLezEL 26LYLYEL S09VLOLL  VLOSYLTT  9EV60ETT L5E°EEY'TL 92L'1y0'rT L8L°88LTT 896'8LLET  OV6'0S8'ET Y2L9T0eT  vTL920ET YZL9206T  YvTL9Z0ET  b2L9T0'ET  1/9200B% L

OLVELO9E  vZ6'686TE  SETSLT6L 66v'LE6'6L 06v'0ZL'LE LZEeELLT £V0'SS9ST  ESE'LZTOE 206'6L6'EL L208€80Z  8/80LTULL 6lETSIST  96L0SL'ST 2ES'666L 190°51'5E 00S'LEL6Z  S8Z9E6WZ  988'LSSOV  6S'BEL9Z  VLUSEE'DZ  v6SLVBYZ  YLLTVO'BZ  v6S'BEIYC  /2Z00Y O

vizL 8197 1026 9EG'LL 0059 8820 080 2897 £69°L 678°9 EvT9- £L0°L 99%°0 859'596 0Ev'0- 1810~ 185°0- 807°0- /520064 oaLIquiaToon

€81°0SL'EE VL SZEL 8210LS9L ST 188 YOLVETEL 81Z€9L'6 LLUSZE L SOE'SER'SE  6ZV'EOL'S! 6VSL9E'L- 8LTVOLEL  66€'8967 298 0v8'LL 990°€92- 8122895 2L9V68'L 565'8Y2 STY'SLL'9Y  068'8L0E £96'06'L 66'057'L VESPLL'Y YERVLLD s

S9v'E 989'L 68022 8EL'9Z 2091 0S0°L EL6'L 89Z°LL 895, 9LYSL Sl LLT ssLL v8L'98C'L SS8'0: 8220 80€'L L080: 1/22006%

OLVELZOZ  vZ6'6BZZZ  S9S'88ELL  69L'0BY'6L  OLB'EOLLL 1990222 E0S'8ZE'EZ  EVL'BOSOL  ZOL'E9L'VL  [ZO'BEB'OZ  8I869TBL  GZLLEEWZ  960'LLB'EZ  Z69'EOE'EL  L9O'LEL'ST  OZL'SZE'WZ  SSTLELYZ  90S0ZS'ST  V6S'BEOVZ  VES'BEOVZ  V6S'BEIVZ  VES'BEOVZ  v6S'8E9'Z  (/oZ000Y  uueasNTquiTIyo

0000008'5L  00000L0L  OL9'9BE'LL 0EE'LSY 089'9L0%L 0992167 0vS'9ZET OLZELL'6L  098EBL- 056'866- 060'518 00L'68'L 0v8'569'L 000'92¢'6 08£'90¥'S 000661 08E'LEQ'SL 000005’ 025'v69'L 000602 0Z5°80v'E 0000 920001 WurjuqusTIy

PPSLY600L PG LYE00L  CZLYIZYE 0zLvLY'SL 695'885'L9 2809886 €6v'L0LT6  Teyvey'sT  L9ZT0LSy 2v9'6v5'08 12860929 220'8YY66  6VS'GE9'96 8256080V ECLLYES 06260256 99578666 805'006'L VOS'LYE00L  $OBLY600L  YOSLY6O0L  OS'LY6'00L  POS'LYE'00L  JK/umf uueTsebausdoTiyd

69L'VV0Y 185618 LL6'S96'LL 165'v22TL 95202521 6v9'982EL 28YSLEL 0962E0'ZL LL6'LEETL SvLyLEL Y2891 996'E0E'EL £18'G6EEL SOLBYYZL 62520805 S6LL68YL 608Z6'EL LEL'OSO'ES  STG'BIEEL S25'898°EL S25'89EEL SIZSB9E’EL  SZSBOEEL A/umy uueo81"3Ys™do Iy
%00°L ajes junoosip

neq+op™ad opad I1e"dasp lIemojjeys IIe9p Ile"seb.

imes B s wn owvomo

116



‘Juawaov)dad Jonpo.d 0) anp pappy SUOISSIUD PAIPOGULD OSID 24dM 2.42Y) ‘UL J0Y) L0f SU0ISSIUD [DUODLIAO [DI1dA]

ayy ypm Suopy vy a1pa1pul Mmool u1 pajy3iysiy aiv oy sjja0) poriad Apnis upad-A3.411y) 2y} 4240 SUOISSIUID UOGADD Ul DSDIAIUL [DADA0 UD UL SINSDL UONJUDALIIU]
fo.ga.4 2yJ JpY) 2VI1PUL Pad Ul paIYSyY31Y a4v JVY] S]] 04 € JO aI.4 JUNOISIP D SUISH UOGIDD JO dNIDA dUll) DY) 1)1 OF PAIYSION 24D SUOISSIULD UOGADD dY |
24 JUNOISIP UOQADD % € D JIPUN SJUIUISSISSY )T pupv ‘LT ‘uonvinuils A5.1oua s_uoisnogy woaf synsa. pajiduwo)) *€o aansiy

sieveLe L16'VEE'E £eszzee LEQ'ESTY 589225 090ZLY'Y 18E'89ZY £65'566 9LL0LSE LLO'SOY'Y 121189 Y09'59P'y £S0VEEY 18600v'E 6VLEE0Y 09Y'6EEY €628y 28v'L8Ls 989'SLY'Y 989'5Lt'y 989'SLY'Y 989'SL'Y 989'SLY'Y /020064 62

815908 920'SEV'E 86L'6LEE 829°08EY 59£'829' ST ZEV'96EY 66£G80E 61T LL9E €22 LESY TLI09LE 256657 SLOYOVY LLOE0S'E L9LVSLY L00°60LS 6599197 EBTVELS 956'609'7 956'609' 956'609' 956'609'7 956609 /220064 87

YLL068T ££0'885'E vLLBLYE 150218y olzLeLe 554089 52825 L96°LLLE 985°/8L'E OVE'ELIY £ES'EL8'E 695°L8L'Y 166°L657 1018098 YOr'6L2Y £EL'E09Y 6GL'SSLY PLLLLOY SSTBYLY SsTevLy SSTBYLY ssTevLy SsT8YLY /920064 2

SEVLLET 61TV LEE°1TSE 60v'LY9Y SEE6YRE 1411287 SLLYI9Y 00£°€L2E 291°L06'8 OVSELEY 0vL'686'S 989'6/8 LE6'SELY YYE9LLE 98L'L0V'Y SY8'LYLY VLgL68'Y Lz1zTELy £0£°068 £0£068'% £0£°0687 £0£068 £0£°068' /320064 92

8549908 9YSESLE 8L6'929°€ LE8'98LY €196 £18696 001508 66V'LLE'S 161810 9v6'L56' 2EP60LY 9£0'920°S 51088 SE8'LT8'E 020°0v5 00L'v88Y 8V VY0 1609927 vTy'Le0's Y2r'LE0'S Y2rLE0'S Y2y LE0'S Y2rLE0'S /520064 5T

L9L'8SLE 251'998' 18L'SELE 9EV'0E6Y 151880 L8LYLLS £228Y6Y YY9TLYE EVLBELY ¥89'90L'S sLLzezy 858'9L1'S SSEVT0S 0L926'E 12z9L9Y £29°0805 060'961's VLLEBEY 9v5'88L's 8EL'Z20'9 9v5'88L'S 8EL'TZ09 9v5'88L'S 1020064 T

Y2552 9EL'Z8E'E 098'L48 6VE'BLOS 042902y LEZ89ZS 0£9'960°s £28°9L5°€ 5062927 588'652S 969°65E YILZEE'S 980°GLLS 0560907 L0918 Trs'L8LS £L6'LSE'S 1825157 S0TVES €0 PVE'S S0TVPES 0T VYE'S E0ZYYES /520064 €2

0EL'LSEE L09'LoLY 962696 669°0£2S 8SYZEEY 8L292Y'S 0L5'6Y2' 8ZLY89E 26L'06EY 189'LLY'S 18069y 621260’ 6EE0EES 8LLT8LY 200196 886/9£E'S 2eS2LS'S SvL059 625°905's 625105'S 625'105's 625'005'S 62805'S 1020064 22

¥99°LSY'E 6v9VZTY $61280 029°L8€E' YTV 990°685's £50°L0'S 259V6LE 9152esY 212085s 202529 £68'959'S 6VZ067'S 29280y 2E8'60L'S 860°L67'S 806'£L9' 89206L7 §99°699's 5996995 §99°699's §99'699's §99°699°s 11220064 12

ySLLZES 88E'LGEY vL8LSYY L9v'208' 5089657 8EL'98L'S 692'695' YOLLILY 161899 819'LvL's 856°69LY 009'928's 956799°s 60528y og6veLs 110299 9’88 8LLG6E 892°0£9'9 95L'6€8' S5L'668'S 892°0£9'9 95'668'S /920064 02

0/8'199'8 0E6'L8Y'Y L080EEY 92LSLLS Y6LYVELY ovY'626's LYE'9EL'S 9vL'520' LE6°L6LY 1v0°026' 9/89067 86€°L00'9 509°%28'S SE90LSY 120°12r's L8'1E8'S £69°€209 566'180'S LY6710'9 Lv6710'9 LELVELY LELELY Lv6710'9 /520064 61

9zLLLLE 88E°9L9Y SzL09v 861488 022'9L8% £28°£0L'9 LEV'806'S 8LSOpLY SL8'LYEY 879'260°9 £80'%50'S opv'L8L'Y EVE666G YSLLOLY 259°€85°S £28'9009 YOy P0Z'9 SSYVELS 96£°561'9 96£'66L9 96€°G61'9 96E'56L'9 9686619 /520064 8L

8/8v88'E 6.8'VSLY LYSESY V18909 905220's £V5°0629 069'580°9 yL60L2Y 2EL'060'S 8/5'0829 S0£'502s £88'99€'9 £2€8°6L1'9 986'8Y8Y L9L'ISLS 2€0°L81'9 YE60IS'9 £88°L15'S 852'18E'9 85Z'18E'9 852'18E'9 85Z'18E'9 857'L8E'9 {/02006% L1

27100 925°L68 £BETELY 62L'5729 LBLELLS 652679 1928929 LY0'66E 9EBTNTS 5668979 9LB'LIES 688'455'9 E0LVIEY 9GYT66Y 969°€26'S EY9LED 2522859 EETESSS $69'2L5'9 §69°2L59 S69°2L5'9 $69'2L5'9 $69°2L59 1/22006% 9L

Lov'1TLy LSYYP0'S SSevL8Y 00LEEY'Y LL882ES L1£9°€L9'9 60£°95' 2L0°LESY LzLoov's 5908999 £ELTLSS 929'VSL'9 999'5559 06ZPYL'S 2071019 2286959 61L61L'9 0£8'61L'S 9£8'69L'9 9/8'69L9 9/8'69L'9 9/8'692'9 9/869L9 /020064 1

LLLUSKTY S8L'S6L'S 5850205 £60'929'9 822'88Y'S 9v8'EL8Y 866'6v9'9 £76'999 21295 1567989 S1y'889's S92'LS6'9 ELETSLY 819862 6vv'v8T9 9L£'689'8 LLLEBEY $9099L'L 26269 262169 262169 2U6TLE9 262169 1/52006% 1

YOrULEY 899'LSE'S €0Z'LLL'S 948289 508299 290°080°. 86v'6v8'9 156908 886'82L' Sv8'890'L £90°688'S £86'59L'L. £88'%56'9 LLSLSY'S £86°2L'9 695°€96'9 $09°26L'L 8918909 29128L'L 291281t 291Z81'L 291Z8L'L 29LZ8LL /520064 €1

BE9'E0SY 802215’ 6EEITES 229°620L L9v'228's E9V'T6TL £86'VS0'L. 09L'L56 858'006'S L6082 6E8VEDD 296'088'L 625°€9L'L Y0E'129's 211999 9OVTLLL 28E'80V'L £120529 929°L6E'L 6219858 929'L6E'L 6219858 929'L6E'L {/02006% 21

LyL'889Y YISLLYS 62L'98%'S LIS OPZL SEL'L66'S LETLIGL £69'992'L. 769660 £88°LL0°9 8EE'66Y'L. ¥88'5129 1682092 SEVBLEL £76'68L' 812989 0v9'L8EL YE90E9'L BLLLEYD 55619 §95°619'L S55°619'. 5956192 S55°619'L /520064 LL

68L2L5'8 206'LV8'S £1£059' 9TLLSYL 600'LLL'D VLS9ELL 2E9v8Y'L $8925Z 0220929 SLEVZLL 198209 £9v'088'L. 88L665'L LY9'€96's S0ZELOL 692°609'L £55'658'L. 1580899 TrLBr8'L TwLeye’L TyLey8L TyLBYeL TyLeveL {102006% 0L

LYTLT6Y 6EEEL0'9 YET 028 85v'L89'L. L9EZ9E'Y 219896 LLL60LL 9920L7's 920°8Y7'9 870'956'L. LEY 659 LLE'590'8 8L LTBL 1S5ZrL9 66€'587'L. LYS'LEBL OVE'S60'8 946289 985°€80'8 985'€80'8 985°€80'8 9856808 985°€80'8 1/22006% 6

¥88'890's 6£0'%02'9 Y866’ 206°LL6'L. LEZ'E559 2eLL028 9V OVE'L. PLS2USS L9V'LY9'9 62Lv61'8 Y9226L'9 8EE'L0E'S 5197908 1289289 196'€05'2 v£92L0%8 002'88€'8 0£9%E0'L 760'92€'8 ¥60°92€'8 Y60'92€'8 60928’ 60°92€'8 /920064 8

1560225 09L'06E'9 989VLL9 6576Y1'8 828'6vL'9 9657’8 659818 ISL6EL'S LLLOY8Y LLSOPY'S 2£0°966'9 8559558 Y6 V0E'S 2€9915'9 080'6Z'L. VS8 VLES 9vE'88S'8 oLLSYTL 11858 1485458 118558 1485158 1085158 /520064 £

085°LLE'S 598'185'9 £26'65E9 LELE6E'S £2£°256'9 £85°£0L'8 6L0%2's £96'LLE'S £E6'SYO'L. 88L°€69'8 £16'502'L. SSTELE'S 629°€95°8 LELZLLY 296'096'C. 6627958 966’5788 180°€9%'L £51'E€8'8 €91°EE8'8 £51'668'8 £91°E€8'8 £51'668'8 /520064 9

L06'8E5'S Lze'6LL9 S2L0859 6Y5'5Y9'8 £68'091'L. 0188968 6EL'9.9'8 2086809 LLELSTL 209756'8 L60Z2Y'L 259'LL0'%6 8620188 SEY'ELE'D 186618 8221288 9LELLLE ££6'989'L Lr1'860'6 1v1'860'6 1518606 Y1860 Ly1'860%6 i/62006% §

PL0'S0L'S 0042869 LT LYY 5167068 0TLSLEL VL8'LETE Tv0'L86'8 186'LL29 0E0'SLY'L. 0VZELT6 ESLVPIL 286'6VE'6 SYS VL0 006°02L'L. YLLSYY'S $98'G80'6 LLL78ES £8S°LL6L 260°LLES 260°LLES 260°LLE'S 260'LLES 260°LLES 1/22006% ¥

92298 18LZ6LL $99°606'9 £902LL'6 166'965'L LLOSISS £51'502'6 ovL'09v'9 1826692 1866616 960'VL8L 28v'089'6 18L9YE’ L2SVEEL 8Y1'669'8 Lyr'ese’s 652'999'6 oLLSSL 5222596 s22259' $22289'% 522259’ $22259% /020064 £

£152509 LY6°L0V'L. PSLBSLL ST LYY L0628 L97°008'6 LOE'18Y'6 Y6659 652086 SE6VBLG 6LE0LLE 96E'6LE'6 8296 £95'VS5'L. 2210968 616696 L1VT'956' £9L'66E'8 L6L'LY6'6 L6L 1766 L6L176'6 L6L 1766 L6LL76' 1/22006% ¢

680629 98L0E9'L 668°2LEL Tv9°08L'6 879'650'8 SLY600L 190596 £95°6989 £91'891'8 £8v'8L00L 629°€SE'8 8L6'9L20L 0009166 66L°L8L'L. 926'822'6 0££'826'6 YE6PSZ0L 95£°199'8 SYO'0PZOL SvoorZ0L SYOOKZOL  SPO'OVTOL Svo0pZOL  1/92006% L

ez 160'655'8L 960°€6L'LZ L68°6LV0L LVT6LL0Z  6LLL9TTL 652'S8ETL 0ZLY8S'ET 2S08L'L 8E808£°0L 182509 L6L'68T0L 08186071 569'L99'8 Y6L85L'5L 18L190EL  Z8S'19L0L 69286181 T LYOTL 99L1b2TL 9vZ'95L0L 99L'0S6'EL ovZTLYSOL  1/02006% 0

L 209 (32 T 8v5Y 0e8H- sevo 988 9918 SSE0LL- Tl 580 200 Ly 90zL L 09L'0 ezl /52006 1aWqa~00M SNy

VLTTEL'EE  O6VLLLL S69°L1L0L ZEE°109° 98LLSE'L vzgore- SEVBLLLL 6TLOEY'ST  62L9TV'S vv08- 5060455 6L9WLL 198'6609L TEL699'0L  6SGOLE'LL SYT'S6L'S 150288 LS8L86'8L  Z0V'Z0V'T £96'06'L 66'057'L 9vE'85s's 9vE'8SS'S s 29["snoy

L0z’ 0006 2069 szLy EVS'L 8£6°0 969'0 ¥80°E vzozL L86'€9L: €90 0zr's 5050 190°L 226 0L YEZ O S06°L i/22000%  omBWquiaTsNoy

LLrizy'e 160'658'L 980'Y65'L 19522001 1671088 608°L6E0L 61485001 0LL650°L zizELY'S 8E8'08E0L LETV09'8 L8v'EZS 0L 08Y'ELZ0L SE9VLOE Y6505 1zz9zzo0L 28529501 60£LL6'S 9wz LrSoOL VT LYSOL OVTLYSOL  9YTLYS'OL  OvZTLVSOL /070D uueTesn quiasnoy

0000008'5L  000000L  OLO66LYL 0EE'LSY oLgLLELL 0/8'€98'L 0vS'9ZET 0S§'SZE9L  0V9ZETL- 056'866- 069°€€2- 00£'68'L 090°2v9 00v'252'9 095'5€8 000'661 0969826 000°005'L 025'769'L 000602 0Z5°80V'E 0000 92000 MUjwquaTSNoy

900'865'S7  900'86S'ST  8ZSLOLLL SLLL8Y'ET LL6YYLEL L0Z68L7T TWOV96TT  BYTERL'S 055075 L 98110672 LS8'eEESL 886L9V'ST  SBLELE'ET TIZT9ELTL  S68VOLD 05LY6E'LT 8l6'LZY'VC  80S'006'L LES'B6G'ST  LESB6G'ST LES'865'ST LES'B6S'ST  LES'B6S'ST 2h/umy ue"sebays™dosnoy

611°085'y 295'981'8 YBETILYL ¥20099'L (AR 9E8TLOGL 2662661 ZLO'LOG'EL  £9L069WL LSE6L6TL 1060181 £98'020'5L ELLGYEYL £08'80S'VL  Z68'SSE'LT 882 ZYL9L 00€'209'5L PLLIBLLZ  6LLIZOSL 6LL1Z0SL 6LLLZ0SL 6LLLZO'SL  6LL'LZOSL K/ ue~oaje-aus™dosnoy
%00 ajes unoosip

neqsop™ad op™ad. I1e"dasp lIemojjeys IIe9p Ile"seb.

imes B soomose ey wn wowson

117



‘Juawaov)dad Jonpo.d 0) anp pappy SUOISSIUD PAIPOGULD OSID 24dM 2.42Y) ‘UL J0Y) L0f SU0ISSIUD [DUODLIAO [DI1dA]

ayy ypm Suopy vy a1pa1pul Mmool u1 pajy3iysiy aiv oy sjja0) poriad Apnis upad-A3.411y) 2y} 4240 SUOISSIUID UOGADD Ul DSDIAIUL [DADA0 UD UL SINSDL UONJUDALIIU]
fo.a.4 2yJ JpY) 2VI1PUL Pad Ul paIYSyY31y a4v Y] §]12)) 0%/ JO 2I.4 JUNOISIP D SUISH UOGIDD JO dNIDA dUll) DY) 1)1 OF PAIYSION 24D SUOISSIULD UOGADD dY |
24 JUNOISIP UOQADD %/ D JIPUN SJUIUISSISSY )T pupv ‘LT ‘uonvinuils A5.1oua s _uoisnogy woaf synsa. pajiduwo)) ‘pr aansiy

695206 969'0L'L WYL90'L 66.'800'L ££8'991'L SLY'LOY'L Z8g'ELY'L 152266 s85Z8L'L 09L'65Y'L 9EV'60ZL Liz6Ly'L SEISEY'L 095'92L'L L9L'9EE'L 9Ty Ley'L 90L'v8Y'L 6682521 155°28Y'L LS5'Z8y'L Lsszay'L Lssz8y'L 1s5°28Y'L /020064 62

67596 520281 911 SLY'L05'L SS5°8YTL 8LLEIS'L YS8TLG'L SLLL90'L 99€°597'L LOE'L95'L 960%62'L 95£°285'L 0EL'9ES'L 61’502 269°627'L 125796'L 9£9'885'L SSL99L'L 62€°985'L 62€'985'L 626°985'L 62€'985'L 628°985'L /220064 87

258°80'L 99,997’ 6LLZ2ZL YE6ZLIL £96'6€'L EVTELIL £94'8L9'L SE0'9ELL LY6'eSE'L 268°0L9'L £89'V8E'L 6v5'E69'L 659°€09'L 86.'687'L LLL6TsL 0LLSYY'L 0v8'669'L 00LvEY'L USL6YL eusL69'L USL6YL 2UEL6Y'L USL69L /920064 2

989°50L'L 00E°ESE'L L£99°L0E'L ove'szLL oLv'ezy'L 0LE06L'L 990'Z8L'L £85°S1TL L1L8YYL 8528 LLo'L8YL £60Z18'L SLLBSLL 780°08€'L 558989'L 60609L'L 628'8L8'L L87'VESL 881918 88L9LE'L 88L918L 88L918'L 88L918'L /320064 92

¥80°E8L'L LEO'8YYL YOZ66EL 6v9'9P8'L £65'62'L 969°16'L LLEeg8'L 9v9°00€'L £21°085'L 199°ZL6'L $28°585'L PY6'8E6'L 5z8'188'L 069°9L5'L SEVLSLL £LLV88L LYL9YE'L 106°LY9'L LZe'er6’L LZeere’L LZe'er6'L Lze'er6'L 1zZeer6'L /520064 5T

006'59Z'L £6€°6Y5'L ByLLEVL YI6'SLEL 009'9€9'L Y6L'670T Zv0'e8eE'L 169'L6E'L 9€9'859'L 1v5'9¥0T 962°969'L 029'vL0T £SSEL0T 850'085'L SE0VL8'L §90'910Z 1167280 PEBOSLL YS€'6L0 STVELY'T YSE'6L0T SIVELYT YSE6L0 1020064 T

EISTSEL 158°£59'L 6v6°'L09'L 82TVLLT 29L1SLL 082°€61'Z S98'12L'T oLL68Y'L WwLvLLL 508682 LEO'SLE'L 168612 208¥51T 299°069'L 812'5007 0614517 1822 £18°68'L 6067227 6064222 606722 606722 606722 11520064 €2

626Y'L 006°€LL'L S80VLLL vzze9ee yyLess'L 018'9YET SBE0L2T BYEE6S'L £46'868'L 260€VET 060Z6'L 06Z'SLET LIES0ET 600'608'L €851 £61'80ET YLLYBET 007'LL0T 2590887 2590862 259°08€T 2590867 259°08€T 1020064 22

28L055'L ££0'868'L LLOES'L 085°020'2 9067007 980°LLST TIE6LYT 288V0L'L L06'LE0T 80L°L0ST 9E0'BL0T 095'LS'T 689°99%'C 6£9'G86'L YLLS6ZT 99697 200'155'C 8612517 862°LYST 862LYST 862 LVST 862'LYST 867LYST 11220064 12

L0580 8860807 6£9°080 £02'80L7 6v7SYLT 2989897 Y9€'665' 0r'ZY6'L VELYLLT 909789 86v'622T 69v'6LLT 1586897 YEL'LLOT L1zTLo 0892597 wus6LLT 165816 LETELLE 609'52L7 609°52LT LETELLE 609°52LT /920064 02

Lev'SLLL YOLELLT 828660 weLLT 1175627 EV6'VL8T 0Z€'18LT 6L6'156'L £2892€T 88808 EVL6LET 2886067 TLLvEsT £LL912 LEV'829T 5£9°£28T 290267 15079v'T 2079167 2079167 6LVL6T 2617267 207’9167 /520064 61

SLL668L Lzzseee 9L8'9LT PLE'S96T 96095+ 68L'9L0°E 21096 $55'8807 9916877 SLELLoe £89°GY5'C 0z5ELLE 008'L20°8 LWTLLET L2r'218e 0£5°520'8 180'52L'E SES'9E9T 055021’ 055021 085°02L'E 095021’ 085°02L'E /520064 8L

65L280T 186118V £60'V00' 988°2LL'E 220829 2z5'162 SEEVBLE esLvELT L0V'E99T 208982 188'€2LT L9v'LEE'E 9ze'EETE 82T L85T 1626008 098628 Ly8'90v'e 1607887 886'88€'E 886'8EE'E. 886'8EE'E 886'8EE'E 886'8EE'E {/02006% L1

£50°GLLT 91299 08825 886'76E'E 7861187 826'L25'€ 9ETLOV'E SBLLEET 9YB'6Y8T 6VE9LS'E £557L6T 699795 659°657'€ VEBYLLT Y6612 SL6EIV'E TL6'LLSE 6958108 s JAVEZT33 LTS Lues'e LIS 1/22006% 9L

908 L2ET 96v'8Y8T WYTSLT 1£9289'8 £28'800° £9Y'89L'E eYLSYo'E 8958557 SEEBYOE £6v'29L'E 2sBLLE 9%6LYLEE SETLOLE £L8'006 Legshr'e £5Y'90L'E 99€'828'E 898622 808228 808228 808228 208228 808228 /020064 1

81Z06V'T L68'LP0'E LLUSY6T 226988 Ly'6LZE 952 ZE0Y SY6'006' 899'LELT 68,292 898'520% 2U89EEE 061°180'% 96096 viz80L'E 1159898 85'590's LSE'960 BE9'6SSY YOV'060'Y $O7'060'7 YOY'060Y $07°060'% YOY'0607 1/52006% 1

£E5199T £92'192 [RATIES 900°65 1LY LO8 th's PISTLEY LLOVLLY Y08°626C v8LIL6Y'E 6L9'L0€EY £SY'0L5'E £L8'99€Y LET8ELY 68L'52€'E 995'7Y6' 8IG°ENTY 960°E8EY 981698 TELILEY ZeL9LEY TELILEY TELILEY cELUEY /520064 €1

050'1587% 0ES'68Y'E S98'LLEE LELOSYY 166689 0ES'9L9Y 26199%'y 9SEVELE 195°SEL'E 9126097 ¥8E°028'E ¥552L9'Y L06'VESY V65'8SS'E 989022 9505y £16'689' 824956 vOL'E8YY L6V'SEV'S Y0L'E89Y L6Y'SEV'S Y0L'€89Y {/02006% 21

290508 L6L°E8L'E 968°£09°€ 9v9'L9LY €96°EVEE 189°6€6 S28'8LLY e 950°L66'E 198'Le6Y LL8'L80Y £69'666'7 (e 969°L08'E YELILGY YOY'858%Y 102810 669662 126010 126010 126010 126010 126'0L0' /520064 LL

6VL'958 £91'S66'E 8yr'098's 296'60's 080022y S9Y'S8ZS SYEELLS ¥25'885'E 058'92Y 260'LL2S 8S6'ELEY L09'6VE'S SL0Z6L'S VETYLOY £92288 26v'861'S L8Y'69E'S 8500857 589°L9E'S S89'L9E'S S89'LIES S89'L9E'S S89'L9E'S {102006% 0L

659267 S28VLTY 6L90ELY 609'LSY'S SISy LV'559's LT UY'S LZL6E8'E 0ET9LSY 88799’ SEL08YY 080'%2L' 95'555'S LEV6SEY 2250LLS L8E295'S SYE'SYL'S 29LLy8Y £00°LEL'S €00'LEL'S £00°LEL'S £00°LEL'S E00°LEL'S 1/22006% 6

SyLLeL's 290'%L5'y 128611y 222°e88's Tis'Les’y 626°150'9 992'¥58's 105801y 995'968'7 L0 YL L00'S S9LTL'9 BEE VYOS 165799 89v'285'S YSL186'S 615LYL'9 £9v'98L'S £65°88L'9 £65'861'9 £65°861'9 £65°85L'9 65861’ /920064 8

SYLB66'E LYTv68Y sizeeLy LYS'LYT9 81691’ 226vLy'9 §90'%92'9 960°96€ 92€°667' ¥99°79¥'9 £87°8SE'S 66V'€55'9 Trr09e'9 TLUL66Y 0EL'6L6'S £48°89E9 SY8'LLS'Y SIS6YSS 5628959 5628959 5628959 5628959 5628959 /520064 £

859°8L2Y YY8IELS 092090 S5v'8L9'9 865'L€5'S 9918269 6v520L'9 £23°E0L'Y 8L0'909'S L6L'LL69 L9E°EEL'S YrTTIo0L ££9'508'9 06Y'0VE'S ZLLpEES £9L7189 ¥628E0'L 186°LE6'S 9L0'820'L. 9£0°820'L 9L0°820'L. 9L0'820'L. 9£0°820'L /520064 9

y9L'BLSY £2V'E09' BLYYLYS LY6'SYLL 018'8L6'S BELELYL 8TLLLLL 060°€£0'S Y05'866'S Y6E'LOV'L 20LvELY LOL'E0S'L 007282, vZEVLLS 66v'LLL'9 SSLL6TL SLE'0ES'L 0v9°€5€'9 Lv0'025'L LY0'02S'L Lv0'0zS'L LY0'0TS'L 1v0025'L i/62006% §

SE9'868 £99'66'S L67°E6L'S YIL'VI'L LTLeeey L50°286'L. 6VLELSL LOV'SBES 668179 L6v'6L6L LEL9S9 818208 SL8'L6LL L28wLL9 $26'L52L SES'LOBL £71'850'8 68619 vy9v0'8 yiyov0's vryov0'’s viyov0's yryov0’s /520064 v

6ES'LYTS 6SE'SLY'D 9€0°6619 See'L8l's ovr9LLY Log'8Y'8 Ll60LZE S8ET9LS 189°£989 958'eLv'8 1296202 00€°065'8 T Lees 0EETYS'9 655'65L'L. £Y9LYES £12229'8 €8T VLTL 569'609'8 $69'609'8 $69°609'8 $69'609'8 5696098 /020064 £

Ly'809's YEPP98'9 8962699 £60'75L'8 £6L057L 21’180 SL9'58L'8 25L'6919 STYBYEL 920290 PLTSISL 129°16L'6 6v8'026'8 £62°000'L. 82L°20€8 8L6'L86'8 89£'522'6 28Y'EBLL YLETLTE YLETIT YLETLZE YLETITE PLETIZE 1/22006% ¢

8£0°L009 SY6YYEL 9T L60L 6/8'99€'6 €9€'85L'L. LLULLLS 290006 99E°L659 518298 8LL'10L'6 EYE'LY0'8 980'5E8' 808'GY56 PLE06Y'L 616688 9174856 oS L8 926'82€'8 0vZ'£58'% ovTL98' 0vZ'£58%6 0VZ'£58'%6 0v2'£58% 1/92006% L

ez 160'655'8L 960°€6L'LZ L68°6LV0L LVT6LL0Z  6LLL9TTL 652'S8ETL 0ZLY8S'ET 2S08L'L 8E808£°0L 182509 L6L'68T0L 08186071 569'L99'8 Y6L85L'5L 18L190EL  Z8S'19L0L 69286181 T LYOTL 99L1b2TL 9vZ'95L0L 99L'0S6'EL ovZTLYSOL  1/02006% 0

£00°L olze €26 sl 6EVT 2250 SET0 ev0'L 6v'S 6L52L [ 3a Syl 6510 160°€ 7690 70 90L0 ovL0 /52006 1aWqa~00M SNy

VLTTEL'EE  O6VLLLL S69°L1L0L ZEE°109° 98LLSE'L vzgore- SEVBLLLL 6TLOEY'ST  62L9TV'S vv08- 5060455 6L9WLL 198'6609L TEL699'0L  6SGOLE'LL SYT'S6L'S 150288 LS8L86'8L  Z0V'Z0V'T £96'06'L 66'057'L 9vE'85s's 9vE'8SS'S s 29["snoy

L0z’ 0006 2069 szLy EVS'L 8£6°0 969'0 ¥80°E vzozL L86'€9L: €90 0zr's 5050 190°L 226 0L YEZ O S06°L i/22000%  omBWquiaTsNoy

LLrizy'e 160'658'L 980'Y65'L 19522001 1671088 608°L6E0L 61485001 0LL650°L zizELY'S 8E8'08E0L LETV09'8 L8v'EZS 0L 08Y'ELZ0L SE9VLOE Y6505 1zz9zzo0L 28529501 60£LL6'S 9wz LrSoOL VT LYSOL OVTLYSOL  9YTLYS'OL  OvZTLVSOL /070D uueTesn quiasnoy

0000008'5L  000000L  OLO66LYL 0EE'LSY oLgLLELL 0/8'€98'L 0vS'9ZET 0S§'SZE9L  0V9ZETL- 056'866- 069°€€2- 00£'68'L 090°2v9 00v'252'9 095'5€8 000'661 0969826 000°005'L 025'769'L 000602 0Z5°80V'E 0000 92000 MUjwquaTSNoy

900'865'S7  900'86S'ST  8ZSLOLLL SLLL8Y'ET LL6YYLEL L0Z68L7T TWOV96TT  BYTERL'S 055075 L 98110672 LS8'eEESL 886L9V'ST  SBLELE'ET TIZT9ELTL  S68VOLD 05LY6E'LT 8l6'LZY'VC  80S'006'L LES'B6G'ST  LESB6G'ST LES'865'ST LES'B6S'ST  LES'B6S'ST 2h/umy ue"sebays™dosnoy

611°085'y 295'981'8 YBETILYL ¥20099'L (AR 9E8TLOGL 2662661 ZLO'LOG'EL  £9L069WL LSE6L6TL 1060181 £98'020'5L ELLGYEYL £08'80S'VL  Z68'SSE'LT 882 ZYL9L 00€'209'5L PLLIBLLZ  6LLIZOSL 6LL1Z0SL 6LLLZ0SL 6LLLZO'SL  6LL'LZOSL K/ ue~oaje-aus™dosnoy
%00°L ajes unoosip

neqsop™ad op™ad. I1e"dasp lIemojjeys IIe9p Ile"seb.

imes B soomose ey wn wowson

118



‘Juawaov)dad Jonpo.d 0) anp pappy SUOISSIUD PAIPOGULD OSID 24dM 2.42Y) ‘UL J0Y) L0f SU0ISSIUD [DUODLIAO [DI1dA]

ayy ypm Suopy vy a1pa1pul Mmool u1 pajy3iysiy aiv oy sjja0) poriad Apnis upad-A3.411y) 2y} 4240 SUOISSIUID UOGADD Ul DSDIAIUL [DADA0 UD UL SINSDL UONJUDALIIU]
fo.ga.4 2yJ JpY) 2VI1PUL Pad Ul paIYSyY31Y a4v JVY] S]] 04 € JO aI.4 JUNOISIP D SUISH UOGIDD JO dNIDA dUll) DY) 1)1 OF PAIYSION 24D SUOISSIULD UOGADD dY |
D4 JUNOISIP UOGADI % € D JIPUN SJUIUISSISSD ))T pup ‘YT ‘uonvinuils £51oua s_sajaSul so7 wodf synsa papduwio)) *co aansi,y

881'98ET LYL'60L'E vBLOYE'L £6L'GZLE 6YL1ZY'T 609'6ESE VYL 80V'E 8ZV'S6L'L 5007627 65282 280°129C 0£9'619'E EES'6EV'E ¥68'S0L'Z L0V'T'T OL8'6LY'E OvLLLY'E 0€5°002C 886'VEY'E 886'VE9'E 886'VEYE 886'VEY'E 886VEYE 1/82006% 62

VLLLSY'T 6E0'E0ZE 68E'866'L 6V6'8LZE 20V Y6r'T LBL'SYIE LO0'LLS'E L6Z'6V8'L SZ8'T9ET L0 IBE'E ¥89'669'7 092'82L'E 6LLTYSE 0L0'691L' 08Z'9EST VEBYYY'S 260°02L'E 9L6'88L'Y BEOVYLE BEOVYLE BEOVYLE BEOVYLE BEOVYLE i/32006% 82

L05'LEST LEL'66Z'E LYE'8S0T LISSLEE VEZ'69ST LLLSSLE LEEILIE 69L706'L oLLeer'e Y0S'Z8Y'E vL908LT 80L'OVE'E 000°6¥9°€ EVLVETT 89£719'7 9L0'829'E G69'LEB'E EVSVEET 65958 6SE'958'E 65€'958°€ 6GE'9SE'E 6GE9G8E i/22006% L2

25V°L09T SOL'86E'E 160021 EB6VLY'E LLE'9YI'T 9Z8'L98'E LTBVTLE EL6'196'L 124905 6L6'985'E S60798C LLE'SSE'E 0LY'8SL'E L9L'L0ET 6EL°069'C BLE6'9ELE 9Y9'IVE'E 6L5VOV'T 6V0'ZL6'E 6Y0'2L6'E 6V0'ZLE'E 6V0'ZLE'E 6V0'TLE'E i/22006% 92

9195897 Y0005 V69°E8LZ zerLise 005247 198686 25988 0140202 £26'1857 885769 £100867 LL6ELOY ez 18e 2070067 Lov'iLe 920°6v8E V0590 9Lr9ve LT 160 LT 160y LLZL60Y LT 160 LLZL60Y /320061 ST

9¥T'99LT 6V0'S09'E S0T6Y2T 886229 LLY'L08'T LLEEOLY 699'LG6'E £6€'1807 1BE'659' 9Zv'S08'E 81S'8E0E 061961 L9E'/86'E B0E'LYY'T S09VS8Z L6Y'Y96'E 966'98L'Y 8LO'LSST LYE'ELTY 6ES'LV0'S LYE'ELTY 6ES'LY0'S LY6ELTY i/82006% ¥T

EETOVBT LozELLE 189°91€ Tro'LELE $69'1682 8Lv9zLy 6120407 SE8EVLT 2916807 685616 £L9°62LE sL0zzey 286901y 151ST EVTOr6T 2eres0y 90921EY 8v5°129 99E0VEY 998 0VEY 99E0VEY 99E0VEY 99E0VEY /520004 €2

OLLYEST L6G'VZ8'E L8L'98ET €65 EVE'E Y'BLET ELTESEY STET6LY 051802 L8€'128T 9LLLEDY V9S'E2TE BEL'LSY'Y L6L0ETY ¥86'685'C 05¥'820°E SE6'S0ZY V86'LYY'Y SLE90LT LLS0LY'Y LISOLY'Y LLS0LY'Y LIS0LY'Y LISOLY'Y 1/82006% zT

2847220 VEEBEL'E L9L'LSY'T L06'8S6'E 008'£90'E LLBERYY S60'8LEY V6EVLTT LLE'S06T 262851y LLZ0zeE 062'585'Y L60°LSE'Y £89'£99C VOEBLLE ELLZEEY VYT SLS'Y 995°L8LT 69709 69709 69709 69709 69709 /320064 12

oleByLs 715450 ZLv8LT 188 0EEY vegesLe 188819 8E9LvY'y 6685652 95L'E667 o0v0'e8Ty 68°6LY'E 6v82eLy o8 8y'y LT 9014818 9L029%'y LoszuLy 9LYSHBL SYEELS'S Se8TvLy se8Tvly BYEELSS sesTvly /920004 02

LE8'90ZE ovzeLLY SYY'L09T 866661 629'VSZ'E 8E6'9SLY £90°L85'Y S06TLY'T 156'280'E ZES LYY SLY'TTS'E VES V98 vrreesy SYL'0E8T 0LZ60E'E BE6'G6SY 9/8'€S8'Y 6ZE'LS6T 0z1'588' 0Z1'588' OLEV00'S OLE'P00'S 0Z1'588" i/22006% 6L

THOE0EE L1908 8995897 866526 197 esEe 1v9°668 66v8LLY 26258V ovSLLE 8L8ENSY 671829 0Lv0L0S JATREYEY 6705167 8 80Y'E 9L8EELY £6v'666 6709V0E £L9'1605 ££9'180S £L9'1E05 £9'1805 £LO'LE0S  (/52000% 8L

EELTOVE 9SL'EEY'Y 829917 BLLSSY'Y SEBTSY'E 9E9'9Y0'S ¥50'098'Y 158685 £0L°0LZ'E 61089 V66'9EL'E ¥8L09L'S LS6'E06'Y 1082008 V080LS'E LEB'S/8Y 9/8'692'S 828'/STE ¥29'28L'S vZ9°28L'S vZ9'Z8L'S ¥29'28L'S vZ928L'S i/82006% £L

L61905E 890995 See6v8T 157685y 02985 SE0B6L'S 958'5005 9v99E92 128898’ 009028 YOL6YBE 80951ES 0L0°1505 9L5260E 821919 9012205 296°60E's £°LETE 2o0u8ee's 20LBEES 2018EE'S 2o0u8eE's 20UBEES  (/52000% 9L

EZE'609'C LLLEOLY 20L'VE6T seLeLy ELL'EYY'E 9L6°ESE'S ZE0'9SL'S IVLSLLT 688'69Y'C 812696 LISVI6'E 9L0°SLY'S 209202 £5€S8LE zL9veL'e 69LTLLS LBO'EIY'S 008'82€E SVZ'86Y'S SYZ'86Y'S SYZ'86Y'S SYZ'86Y'S SYZ'86Y'S 1/82006% SL

E09'LLLE V88 VY8 EVLT20E 676898 LOO'ELL'E S6SVLS'S TLLOLE'S BLTL6LT SB6'ELS'E VLLYLLS VISEBOY 8ZE'6£9'S 089'8S€'S VL6082 0SE9EB'E 66L'SETB £L6'929'S 20T'9E€'9 £61'€99'S £61'€99'S £61'€99'S £61'€99'S £61'€99'S i/32006% ¥L

LeL6zge LeZ 066 9TV ELLE 1105105 161988 £60089°5 PEOOLYS L1882 07189 6652925 610902 8058085 [ LrE6LEE LY Ig6E LeL'L8Y'S 85605 07 LESE 6806585 680'688'S 680°€E8S 6806885 680°CEBS  (/92000Y €L

S00'VY6'E BE6'6EL'S 828902 89Y'S9L'S £8£'200 VEV'0S8'S SEL'VEY'S 695296 LY9'L6L'E £29°5TY's 00Z'ZEEY £9£'286'S £20'689'S L2208y’ 86'690' vZr'zs9's 959'696'S LYL'LE9E 180'800'9 £85°96L'L 180'800'9 £85'96L'L 1808009 i/82006% zL

S2E290% 9ELV6LS £€0°E0EE 2er0ze’s 99822LY 1765209 6518085 965950 06£'506€ 96£'885° 99L29%'y vz ToLy 159585 £7LS85E 80261y £66'1285 SvLgrLo 95T 9vLE vZessl9 vee88L9 vZe88L9 yee88L9 veeB8L9  i/5Z000% LL

VLO6L6'L 096'25%'S VZLTOYE SY0'08Y'S 785°9vT'y 9249029 YST'LLE'S V6T BYLE 286°220 8Y0'95L'S LE0'96SY ELLLYED LYvZ'LE0D 169269 LLEY £89'966'S 80Z'EEE'D £v9'858'C ELE'ELEY EL6'ELED EL6'ELEY ELO'ELED ELO'ELE'D i/82006% 0L

LZL60EY 6V5'9L9'S 88LYOSE Y IYI'S 6Y6'ELEY 8266€9 LL§'95L'9 EVLIVTE BITEVLY 0EL'826'S ZL6EELY £25'L8S'9 BLLTITY BLY'E08'E Z8E LYYy £85°9LL'9 Y0Z'€25'9 0V VLE'E £61'695'9 £61'6959 £61'695'9 £61'6959 £61'995'9 /320064 6

ELO6EY'Y SV0'S8L'S £LE'609'C 08LELE'S 91508y SLLY8S'9 89Z'LYE'9 SZOOYE'E 525492 L65°90L'9 626'SL8Y £S9'EEL VYS'86E9 285°LL6'E £08°085Y £58'198'9 006'8LL9 SE9E60Y 8YL'Z9L9 8YL'29L'9 8YLZ9L9 8YLZ9L'9 8YLZ9L'9 i/22006% 8

£8L2LSY £6G'856'S £68°LLLE £61'886'S ZzZE0r9'y 1522819 905°LES'9 9TTOVY'E 1SS'S6EY 68L'682'9 2027220 799'5€6'9 005°065'9 OLL'SEDY LZT8LLY 60472559 £9Y'026'9 vrroLTy £10'696'9 £10'696'9 £10'696'9 £10'696'9 £10'696'9 i/22006% £

8YE60LY SSELEL9 LeLezse 6687919 s 6Ly 5205869 () zerevse 8Ly L2sy £8V'8L5'9 £182LLS zerenis 512889 £9L95LY L1658y 0626729 180°8ZL'L L86THEY £96°€LLL £96°6L1'L £96°ELLL £96°6L1L €96ELLL (/520064 9

629°058 SIY'1ZE9 V66'EVE'E v/8'25€'9 816726 962'S6L'L SLT'626'9 SELEYIE 0VZ'E99'Y 1882499 650'82E'S YYO'8SE'L 298'166'9 8Y8'08ZY £95'500'8 69£°156'9 VZ6'LYE'L STTELY'Y 2816882 Z8L'68E'L 781682 28L'68E'L Z8L'68E'L i/22006% §

871966 0zLLIs9 vLET90Y 097 'EVS9 509°0L0 SsULYL €5LLELL LeTesie L1808 2e0el89 L0628V’ S8LBLSL 219102, VL2 60vY vEL'SSLS Zee09L'L 181295, 22y 109 858019 858019 858019 858019 858019 /320004 ¥

ZE09PL'S £5Y°90L'9 vBLYBLY VIL'6EL'Y £20°222'S 06Y°EE9L. 89Z'LGE'L V00'2L8E LETLY6'Y ELT'6L0L 8E5'269'S 6019082 999°LLY'L 255 LYSY 90V 0LE'S ZEVSLEL LY0'68L'L SYOSYLY £8L'688'L £8L'6E8'L €8L'6E8'L £8L'6E8'L £8L'6E8' i/22006% €

ELY'00E'S LY9'L06'9 60L60E'Y LS6'LY6'9 SOV'6LE'S V6Y°298'L 908'LLS'L. 9L'886'C 8Y9'560'S 065'L6Z'L. vLLZ28S EEE'OV0'S 96L0V9'L 86L°LL9Y 8LL'69Y'S 98E'965'L. 8147208 10888 6SEVLOB 6SEVLO'E 6SEVLOS 6SEVLOB 6SEVLOS i/32006% 7

STresy's oLgvLLL 00068 9Lz 0sLL L8LOVS'S 6968608 096'86.'L 60801 8LS'BYTS LEE0LSL 811966 £95'1828 207°698 1818 0L8'EETS L1zve8L 00v'8928 ¥S9VEDS 06591€'8 065°9LE' 065°9L€'8 0659168 0659LE8 (/52006 L

80T'ETV'LT 7ze'820'8L 09L'E6Z6L 280'228'L L08'90L'8L 061'S0Z'0L 6297166 VELLEBOT EET'LSTY LYYSEL'L LELLLL'S 00Z'VLER v8L'S86'6 9£9'£89'S vZ8'98L'YL SBE'LSYTL Z080LL'8 vLO0'L9L'8L £80'990°0L £09°092°0L £80'SLL8 £09'696'LL 1809958 i/22006% 0

szze 9660 98L' 15622 157 zese €670 07T 065 0986 ozl ovv's 09v0 30 988 vE90 S1v0 010 /32006 dUBUqUIZ"00N )

9L6V8LOL 650°0VE'YL- OVLLYE'LL 062Zv8 L6E'T99'0L LEL'L6Y- Y0E'SED'BL VST'TY8'8T ozLT'L L0V'00L'L- 85€'919'6- veLvoL L9EOYL9L 9ZE'8Z6'Y SYL'66ZSL E0LBYY'L 69£'889'C LL9'SEV'ST 809'LLLT £56'V06'L 66'0SZ'L 285°£98'S 255°'L98'S $ o0e|

129 £v8L- 1243 L1SLLY 1889 £66'9 £8L10 616 855°8 S9pL 855°L- 8z8'LL ovL0 88L°1Z vy £56°0 6190 080°€ 1/22006% dUIBWGWel

80Z'€29'S 2TEBLEL 0LL2LSY TLYIEL LL0°20L's 0ZE'LYES 6262808 YYO'LEZ'Y EL6'SOV'S LYYSEL'L 189°9/1'9 066'625'8 v8Y'S0L'8 9£9°296'% ¥Z8'208'S $00°650'8 20€°LLS'8 69'58LS £80'995'8 1809958 £80'995'8 £80°9958 180°995'8 i/22006% uueTasn"quiaTe|

1) 3onpoud :AjleL. 1) 3onpoud :AjleL.

000°008'SL 000°002°04 06602LY L 0EE'LSY 06L'66£ZL 0£8'€98'L 00£'648'L 069°009'9L OvLYSLL 056866~ 06L8S1- 00£'648'L 096'¥ZL 000'786'8 08E'86EY 000661 08E'L8S'EL 000°005"L 025'769'L 000602 0ZS'E0V'E 0000 92006 WurjwrqusTe|

VIOLZOLE  YLOUZOLE  Eev'6ILOL  928'0.WC  CCLBZL9L  69L0066Z  6E0SYLSL  9LL'BOV'S VLLZYBEL  0L0BBL9Z  L0£TLYSL  VZLVYBOE  0BEV/SSL  OLVYBY'LL  €0C9SSYL €6098692  Z6LUE66L  80S006'L 807200 [80UTOLE  [80UZ0NE  LBOLZONE  LBULTOLE /UMt uue"seb-aus~doe|

0000 12L°506'9 LLZ'Z80'LL 1ET'SP'LL 062'SLZ'LL 68Y'GER'LL 6LLVI8'LL LYL'Y96'0L LEOVELLL 8SZ'L0L'ZL LL89SY'LL TEL'906'LL £8Y'ES8'LL 102'699'LL 086'VELLL L9V LLTEL 6EL'96Y'TL BLL'LO9'6L LE9'BLELL LE9'BLE'LL LE9'BLE'LL LE9'BLE'LL LE9'BLE'LL JK/ymy - uueoaa”ays doe|
%00 2181 wnoosip

neqsopad 9p™ad. l1e"doop llemoyjeys H1eo9 lle"seb

imes B soomowe oy wn smowso

119



‘Juawaov)dad Jonpo.d 0) anp pappy SUOISSIUD PAIPOGULD OSID 24dM 2.42Y) ‘UL J0Y) L0f SU0ISSIUD [DUODLIAO [DI1dA]

ayy ypm Suopy vy a1pa1pul Mmool u1 pajy3iysiy aiv oy sjja0) poriad Apnis upad-A3.411y) 2y} 4240 SUOISSIUID UOGADD Ul DSDIAIUL [DADA0 UD UL SINSDL UONJUDALIIU]
fo.a.4 2yJ JpY) 2VI1PUL Pad Ul paIYSyY31y a4v Y] §]12)) 0%/ JO 2I.4 JUNOISIP D SUISH UOGIDD JO dNIDA dUll) DY) 1)1 OF PAIYSION 24D SUOISSIULD UOGADD dY |
D4 JUNOISIP UOGADI %/ D JIPUN SJUIUISSISSD ))T pup ‘YT ‘uonvinuils £51oua s_sajaSul so7 wodf synsa papduwio)) ‘9 aansiy

YLY06L 060°0£0'L LL9TY9 902'SE0'L 61208 6LY'TLLL LEL6ZLL LTLY6S 6L8'65L YYEL80'L 212898 666'86L'L 0EE'6EL'L 895°£69 199618 96L°ZEL'L ELE96LL 916'82L £L0'V0Z'L £L0'V0Z'L £L0V0Z'L EL0'V0Z'L £L0'V0Z'L 1/82006% 62

EYLSY8 961°20L'L 599'£89 LL9'L0LL LyE'8S8 £SSVST'L 0£1'80Z'L 8SE'9E9 0L0°EL8 8SY'EIL'L £86'826 6262821 €80°612'L L6EIVL 8SL2L8 BLIELE'L 6110821 99V LYY'L 8SE'88T'L 89£'88Z'L BSE'BBT'L 8SE'88T'L BSE'BBL'L i/32006% 82

S¥6'v06 0SE'6LLL L08'SEL £L02S8LL LEV'8LE LETVEL LT6T'L £06°089 586'698 L06'VZ'L 9L0'v66 VELTLE'L BLYYOE'L 5¥9'86L LS8'EE6 6£6'962'L LTL69E"L 9ESVER VYS8LEL YYS'BLE'L YrS8LE'L YYSBLE'L VYSBLE'L i/22006% L2

162896 06'L9Z'L LOELBL ZL1892'L 7TLT86 BEE9EY'L VEZEBE'L £9582L 88086 YYOZEE'L £6G°€90'L 928'89%'L BZLG6E'L 0SS'¥S8 02Z'666 VZLLBE'L 809'S9Y'L £56768 Yo'SLY'L Zvo'sLY'L Z0'SLY'L o'SLY'L Zv0'SLY'L i/22006% 92

LL09E0L L6205E'L 6Lvzv8 ve9sE'L 2Ug150'L 1889ES'L 190'08'L 995°64L 90966 8252wl SHOBEL'L LS 6LrEey'L 69616 991°690'L 98 v8Y'L 002895'L 097’556 S628L5'L $628L5'L S628L5'L S628L6L S6TBSL (/92000 62

£68°80L'L YSLYYY'L 8BE'L06 0E6°LSY'L 8LLSZLL IV IYY'L $99'€85'L 9EL'VER 69£'G90'L 150'528'L LT 659'189'L 696'£6G'L SLE'BLE L00VYL'L 908'885'L vL6'LL9'L ZveTeo’L S££°889'L Y8207 SL£°889'L YY87207 S2£'889'L i/82006% ¥T

8619811 885Y5'L S8Yv96 S95°ESS'L UBE0TL 9L56SL'L 125 V69'L 525268 eLEOPLL Lg'LEg'L 286208 SLEG6LL 286001 L98'9v0'L 8807221 22000L'L €EvS6LL 906'€60'L 6869081 686°908'L 6869081 686'908'L 686908t /320004 ¢

ZET69Z'L 660'759'L 666 LE0'L SLET99'L Ly1'88T'L 9v£'288'L BEL'ELE'L 200556 6610221 LE09VL'L 8SLY6E'L LEE'SZ6'L V1S'628'L wLozL't VLL60E'L vZ0'618'L ELLLZEL B6LYOLL'L 6LY'EEE'L 6LY'EE6'L 6LY'EE'L 6LY'EEE'L BLY'EEE'L 1/82006% zT

BLO'BSE'L 988'69L'L 6ETVOL'L LL9'8LLL BLE'BLEL BESVLOT 850°06'L 258°120'L £19'G0€"L 092'898'L 6VLL6Y'L 010907 085°£S6'L 155'861'L 8SY'LOV'L SSEYE'L 165'550C ELY'2STL 228'890C 728890 228890 228'890C 28890 /320064 12

L1706 808681 8LL662L 1981207 008025t 9559512 2985207 S95°LLZL 90026€'L 8E0'666'L 21968t LLEV0ZZ 1197607 02821 961128 0092802 w8ve6lT 8LL199°E 8921097 or9ELZZ 0V9ELZT 8921097 OV9EIZZ (/520004 02

v98'YSS'L Zve'9207 VT YIT'L LOV'9E0T 980'8.8'L SYY'90ET zeee 6L6'69L'L L6LY6Y'L LL6'8EL'T V06'L0L'L E19'85ET VETLYZT LeeeeL 625'709'L Z8E'822C 9IPY'ESET 888°EEY'L S6G'89EC 565'89ET SBE9ZY'T S8E'9ZY'T S65'89EC i/22006% 6L

YOLEIT'L 98L8ILZ ovLzSEL 9568L12 66v889'L 968°19v'2 159°9L€7 EL815TL Zev66s'L 6698827 1sv1281 9LrezsT 02L'86EZ L1z89y'L oBILLL 69EVBET 1818157 09T VES'L 96EVEST 96EVEST 96EVEST 96E7ESZ 96EVEST  (/52000% 8L

v9L08L'L 6S6'6LET eV IVl 78Y°LEET £69'908'L 8Y9'0V9T 0Z0'EVS'T OvY'6EE'L E6ELLLL 806'8YY'Z 6LE'SS6'L 9/£°00LT 686'G95C 980°LLS'L 920°£€8'L SLT188T 8SY'LSLT 959°V0L'L VO8'LLLT VO8'LLLT VO8'LLLT YO8'LLLT V08'LLLT i/82006% £L

SLLYO06'L 9SE'Z8Y'T 5L8YS'L 989'V6Y'C Z9L'EE6'L V67'528C LE0'LZLT Loz'eey'L 06L°LES'L LEE'0Z9T 9522607 £0V'688C B09'SYLT 0£0'L89'L £19'696'L ¥98'62LT 2L0'€88'C VLS9SL'L 0£9'L06C 0€9'L067 0€9°L06C 0£9'L06C 0€9°1L06C /320069 91

601807 121959 S9L'LS9'L VLE699T £8Y'890'C 8L2€20° £0S°LLET SZS'EES'L VLE656'L GSL'E08T VLL8ETT 199°L60'E 008'£E6T 20L'86L'L LLZ'E0L'Z ¥56'026'C £88'V80'E VES'6L8'L YrLVOL'E YYLYOL'E YrLYOL'E YYLYOL'E YRLYOLE 1/82006% SL

LLLOBLT 0S0'Zv8'C QILELL'L 991'958C LITEITT B06'VETE BOE'SLLE ZL80r9'L 0£5'9607 £10°000'E £TV'S6ET LLO'BOE'E IVVEVLE LL9PZ6'L SEV0STT 681°LESY 628'00E'E 6989LLE 9L0°2ZE'E 9L0°T2EE 9L0°2TEE 9L0'22E'E 9L0°TTEE i/32006% ¥L

ZerEEET £661070°¢C 8871681 860950 £0289€ LsE'Lov'e 08E°8EEE EELSSLL 18292 610012 £0L'E957 w9eese 88Y'EOE'E VEE6S0T 996'20v'2 Loz vveE 888'L65°E 681512 22955E 229sse 229v55E 229sse 229%S5E (/920004 €L

ZLL96Y'T £98'ESZ'E 860'0£0C S20°0L2'E L86'EEST 9V9'E0LE L1L°995'E vE9'8L8'L LLE00V'T 0ZLYEV'E 0z8°TrLT LIY'I8L'E Z£6'865 88Y'E0ZT £28'9/5C S6C'8LS'E 0ZL6LLE 0LS'20ET SYY'E08'E 788558y SYY'E08'E 768'558'y SYY'E08'E i/82006% zL

951497 £€9'L8Y'E s022LLT 926867 09ELLLT 106296 86918 8EL0L0T 6££8957 051529 L6v9E6T 1657507 158038 zer1seT 0889502 L1828 859°€V0% 989°E9¥'2 989°690% 989°690'% 989°690% 989690 989°690%  {/52000% LL

SEL'LSY'S 8YE'SZLE 09ZV2ET LSB'EVLE SSL'L06Z VOEOVZY VES'EBOY 8Y80SLT ETLBYLT LLY'ZE6'E ZLE'6EL'E VLZ9EEY LLY0TLY £L4°225T 798'6V67 064960 YLL9ZEY VYYL9E9T YISVSEY VIS VSE'Y VISVSEY YIS VSEY VIS VSEY i/82006% 0L

£59'850° 221'986' 85698V 126500 9ETYOL'E 9TLLESY LBE'69EY LOV'LOET L6V’ OV6'T 089'L0ZY SOL'6SE'E 6VL'6E9Y 9v8'80Y'Y L9E'669'7 7589518 S95°EBEY 85629 L9028 ¥8E'659Y V8E'659'Y VBE'659Y V8659 VBE659'Y /320064 6

85L2LTE 051592 S¥0°'1997 SEE'98ZY 285°12EE VZLYS8Y 8ETSL9Y 908°29Y'T 9ZEIVLE 12208 S88'V6SE 2ESVI6'Y SOV LLLY £2£'888°C L6TLLEE SLY'069Y GG9ESE'Y LZL'8LOE L5586y LYS'G86Y L5586 LbS'686'Y LYS'S86' i/22006% 8

1S8°L0S'E LLL'E9SY BLELYBT 6LE'98S'Y 0vO'vSS'E SSSY6L'S 508200 L88'VET 695'99E'E. ZUELIBY £T5°9Y8E 6V0ZLE'S 889°LV0'S S0S°060'E LOL'ELYE YYL8LOS LLY'00E'S 06E'622E 62S'VEE'S 625 VEE'S 62S'VEE'S 625 'VEE'S 625 VEE'S i/22006% £

L869vL'E LLLEssYy 089950 2106 w208t (A 089°25€'S £266187 822209°€ 885SL'S €851y 268°689' 920°L0¥'S Lr8'90E'E 199998 9500LES ovvLL9s 1yrssve 9v6L0L'S 96L0LS 96 L0L'S 9v6£0L'S ov6L0LS (/52006 9

042600 £66'V22'S V68652 SY6'0SZ'S 020'690'7 VT LYE'S 19€°12L'S 999108 VBE'VSE'E 0LY'SLS'S 888'E0Y'Y S9/°180'9 860'6/L'S 0ZE'8ES'E EEELELY 096'SYL'S 0vy'890'9 BZE'L69'E 208°20L'9 208°£01'9 208°£0L'9 208°20L'9 208°£01'9 i/22006% §

6166827 065 £80°88V'E LL58L9S LS8ESEY £S5°E9E'9 828219 evgLzze LeLvzLy 88Y'L065 L9LzLY 88Y£05'9 SE9EBLY 20098L€ 1692y 1118919 LECE6Y'9 LyL'956 205859 1205859 1205659 205859 205659 (/92000 ¥

ELZ'068Y ¥60'286'S £STZEL'E L08'LLO'Y 129'859'7 200°608'9 £92'£65'9 Z6LESY'E S88ZLYY 265 VLE'D ZL0'Zh0's £10'€96'9 6879199 220150 EEB'OELY 6V5'8/5'9 LSL°1Y6'9 LLOEETY 6LV'266'9 6/V'266'9 62669 6LV'266'9 6LV'2669 i/22006% €

8I5'LLEY Ly8'00v'9 LLS'E66'E VEITEY'D VZLYBE'Y 2E9'S8TL LLT9L0'L £85'G69°E 98L°1ZLY 19'98L'9 £S6V6E'S £2Y'0SY'L EV96L0'L V6SVEEY LLY'890'S 8Y0'6E0'L 00L'VEY'L 98E'62SY 286°L8Y'L 756'L8Y'L 286°L8Y'L 286'L8Y'L 756'L8Y'L i/32006% 7

SEE'SSTS 006'878'9 950°8LTY 8167889 SS9'EEE'S 129's6L'L oLr'L0sL 9T YSEE 2LE750'S LsezzL 665 TLLS £56'LL61L 6125.5L 510889 002 €2V’ L8L'LES'L 189561 Evvovey 6895008 6895008 6895008 6895008 6895008 (/52006% L

80T'ETV'LT 7ze'820'8L 09L'E6Z6L 280'228'L L08'90L'8L 061'S0Z'0L 6297166 VELLEBOT EET'LSTY LYYSEL'L LELLLL'S 00Z'VLER v8L'S86'6 9£9'£89'S vZ8'98L'YL SBE'LSYTL Z080LL'8 vLO0'L9L'8L £80'990°0L £09°092°0L £80'SLL8 £09'696'LL 1809958 i/22006% 0

289 00v'0 ot L66T 909L- 8820 oLvL S8 S8v'9 0V E- 909 2920 195 €8l 69€0 weo 8E7 L /320063 dUaWquiao0N |

9L6V8LOL 650°0VE'YL- OVLLYE'LL 062Zv8 L6E'T99'0L LEL'L6Y- Y0E'SED'BL VST'TY8'8T ozLT'L L0V'00L'L- 85€'919'6- veLvoL L9EOYL9L 9ZE'8Z6'Y SYL'66ZSL E0LBYY'L 69£'889'C LL9'SEV'ST 809'LLLT £56'V06'L 66'0SZ'L 285°£98'S 255°'L98'S $ o0e|

129 £v8L- 1243 L1SLLY 1889 £66'9 £8L10 616 855°8 S9pL 855°L- 8z8'LL ovL0 88L°1Z vy £56°0 6190 080°€ 1/22006% dUIBWGWel

80Z'€29'S 2TEBLEL 0LL2LSY TLYIEL LL0°20L's 0ZE'LYES 6262808 YYO'LEZ'Y EL6'SOV'S LYYSEL'L 189°9/1'9 066'625'8 v8Y'S0L'8 9£9°296'% ¥Z8'208'S $00°650'8 20€°LLS'8 69'58LS £80'995'8 1809958 £80'995'8 £80°9958 180°995'8 i/22006% uueTasn"quiaTe|

1) 3onpoud :AjleL. 1) 3onpoud :AjleL.

000°008'SL 000°002°04 06602LY L 0EE'LSY 06L'66£ZL 0£8'€98'L 00£'648'L 069°009'9L OvLYSLL 056866~ 06L8S1- 00£'648'L 096'¥ZL 000'786'8 08E'86EY 000661 08E'L8S'EL 000°005"L 025'769'L 000602 0ZS'E0V'E 0000 92006 WurjwrqusTe|

VIOLZOLE  YLOUZOLE  Eev'6ILOL  928'0.WC  CCLBZL9L  69L0066Z  6E0SYLSL  9LL'BOV'S VLLZYBEL  0L0BBL9Z  L0£TLYSL  VZLVYBOE  0BEV/SSL  OLVYBY'LL  €0C9SSYL €6098692  Z6LUE66L  80S006'L 807200 [80UTOLE  [80UZ0NE  LBOLZONE  LBULTOLE /UMt uue"seb-aus~doe|

0000 12L°506'9 LLZ'Z80'LL 1ET'SP'LL 062'SLZ'LL 68Y'GER'LL 6LLVI8'LL LYL'Y96'0L LEOVELLL 8SZ'L0L'ZL LL89SY'LL TEL'906'LL £8Y'ES8'LL 102'699'LL 086'VELLL L9V LLTEL 6EL'96Y'TL BLL'LO9'6L LE9'BLELL LE9'BLE'LL LE9'BLE'LL LE9'BLE'LL LE9'BLE'LL JK/ymy - uueoaa”ays doe|
%00 2181 wnoosip

neqsopad 9p™ad. l1e"doop llemoyjeys H1eo9 lle"seb

imes B soomowe oy wn smowso

120



Appendix H
Result rankings by city.

Each retrofit intervention is ranked from best (top) to worst (bottom) based on the metric of reduced kWh / § spent
(column 1) or reduced CO2e / $ spent (columns 2 — 7). Each column represents a different decarbonization scenario
(columns 2 — 5) or a different assigned TVC (columns 6 and 7). Retrofit interventions in red text result in a carbon
increase. Cells highlighted in green indicate an improvement in rank, whereas cells highlighted in red represent a
decrease in rank from the previous decarbonization or TVC scenario.

reduced kWh / $ reduced kgCO2e / $ reduced kgCO2e_camx / $ reduced kgCO2e_nyup / $ reduced kgCO2e_zero / $ reduced kgCO2e_tvoc3 / $ reduced kgCO2e_tvoc7 / $
-7765.903 shallow_all -1286.184 shallow_all -1262.289 | shallow_all -1248.163 shallow_all -1236.374 shallow_all -566.658  shallow_all
-159.136 | deep_infil -26.138 | deep_infil -24.81 | deep_inil -24.026 deep_infil -23.371 deep_infil -11.536 | deep_infil
-104.354  shallow_env -17.368 shallow_env 17| shallow_env -16.782 shallow_env -16.6 shallow_env 1| shallow_env 7,693 shallow_env
-02.857  shallow_infil -15.476 shallow_infil +15.271 | shallow_infil -15.15 shallow_infil -15.049 shallow_infil 4/shallo -6.849 | shallow_infil
-83.883  shallow_wall -14.015 shallow_wall +13.672  shallow_wall -13.469 shallow_wall -13.3 shallow_wall 9,455  shallow_wall -6.243 | shallow_wall
139.407  deep_env 22,089 deep_env 21,509 deep_env 21166 deep_env 2088 deep_env 14.538 | deep_env 9.201 | deep_env
102.792 | deep_wall 16.021  deep_wall 15.583 | deep_wall 15.325 deep_wall 15.109 deep_wall 5| deep_wall 6.5, deep_wall
71011 deep_all 11.268 | deep_all 11.089 deep_all 10.984 deep_all 10.896 deep_all 7.403|de 4.682| deep_all
62.179 pv_dc 7.636|pv_dc 3.64 [elec_hig 6.298 elec_htg 8.516 elec_htg 4.692 | pv_dc [ 2618 pv_dc
26249 pv_de+batt 271 shallow_clg 3.317 [pvde 5.663 elec_all 7.661 elec_all 2.142 | pVAdCHDat: 1.214 pv_de+batt
18.431  shallow_clg 3.465 | pv_de+batt 3.261 |elec_all 2.535  shallow_clg 2.638 | elec_wh 1.775 |ShallOWSGIONN 1073
11.967  deep_wdw 1.913 deep_wdw 2.623 shallow_clg 2131 deep_wdw 2.462  shallow_clg 1.248 | deep 0.78 | deep_wdw
8.272  deep_clg 1.05 | deep_clg 2.05| deep_wdw 1.959 elec_wh 2.328 | elec_cook 0.763 [ shallow_wdw 0.466 |shallow_wdw__|
7.704  shallow_wdw 1185 shallow_wdw 1576 [pv_ do+batt 1.468 | elec_cook 2198 deep_wdw | 0.603 0.288[deepclg |
5.423 elec_wh -0.228 | elec_wh 1.196 |shallow_wdw 1.202_ shallow_wdw 1.207 shallow_wdw -0.171 elec_wh -0.181 elec_wh
-8.234 elec_all -0.801 elec_all 1.147 [elec_wh 0.953|deep_clg 0.923 deep_clg -0.566 elec_all -0.408 elec_all
-0.934 elec_htg -0.855 elec_htg 0.989 [deep_clg 0.764|pv_dc -0.468  pv_dc+batt -0.604 elec_htg -0.43 elec_htg
-10.392 elec_cook -1.308 elec_cooking 0.436 | elec_cooking 0.463 |pv_detbatt 4.367pvde -0.882 elec_cooking -0.581 elec_cooking
Figure HI. Chicago retrofit rankings.
HOUSTON | \ \ \ [ | | | |
reduced kWh / $ reduced kgCO2e / $ reduced kgC0O2e_camx / $ reduced kgCO2e_nyup / $ reduced kgCO2e_zero / $ reduced kgCO2e_tvoc3 / $ reduced kgCO2e_tvoc7 / $
+1062.52 shallow_infil -163.987 | shallow_infil -149.307 | shallow_infil -135.81 shallow_infil -124.546 shallow_infil -110.355  shallow_infil 75579 shallow_infil
-112.557 | deep_clg -12.024 | shallow_env -11.757 | shallow_env -11.511 shallow_env -11.306 shallow_env -8.166  shallow_env -5.449 | shallow_env
-72.048 | shallow_env -10.938|deepclg | -10.787 | deep_clg -10.649 deep_clg -10.533 deep_clg 7221 shallow_wall -4.81
-63.505  shallow_wall -10.643 shallow_wall -10.477  shallow_wall -10.325 shallow_wall -10.197 shallow_wall .53 | GSepRCION | -0.527
83.558 pv_dc 9 pv_dc 7.395 [deep_wall 7.259 deep_wall 8.53 | elec_htg 606 | pv_dc 3.216 pv_dc
55.597 deep_wall 7.543 | deep_wall 6.85 shallow_all 6.656 shallow_all 7.146 |deep_wall | 4.732 shallow_all 3.145shallow_clg
51.4 deep_env 7.061shallow_all 6.551 |deep_env 6.643 elec_htg 6.494  shallow_all &[deepwall | 3.091 shallow_all
43.767 shallow_all 6.902 | deep_env. 5.414 |shallow_clg 6.227 |deep_env 6.084 |elec_all 4.214 | deep_env 2.439 |deep_wall
29.549 | pv_dc+batt 5.42| shallow_clg 5.138 pvode 5.408 | shallow_clg 5957 |deep_env. | 4.085 | shallow_clg 2.323|deep_env
28.592 deep_infil 4128 deep_infil 4.382 elec_htg 4.481 | elec_all 5403 shallow_clg | 2.744| deep_infil 1.775 deep_infil
24.45  shallow_clg 3.201 [pidc#batt 3.469 |elec_all 3.283 deep_infil 3.354 elec_wh 1.886 [deepeall 1.043deep_all
22.973 deep_all 3.084 deep_all 3.688 |deep_infil 2.752 | deep_all 2.945|deep_infil | 1.747 | pVSdeEbatt 1.007 | pv_detbatt
6.759 elec_all 1.922|elec_htg 2.911 |deep_all 2.702 | elec_wh 2.619|deep_all 1.233 [elec_all 0.746 |elec_all
5.212 elec_wh 1.905 | elec_all 1.921|elec_wh 2.369 | elec_cook 0.677 | deep_wdw 1 2(,0 0.694 | elec_htg
4.986 | deep_wdw 1.071 | elec_wh 1.835 | pu_de+batt 1587 |pv_dc 0.453  shallow_wdw ) wh 0.463  elec_wh
3.83  shallow_wdw 0.696 | deep_wdw 1.122 |elec_cook 0.682 | deep_wdw -0.468 pv_dc+batt 0.235 deep_wdw
2.835  elec_htg 0.505 | shallow_wdw 0.689 |deep_wdw 0.58 | pv_dc+batt -0.674  elec_cook 0.159| shallow_wdw
-9.008 elec_cook -0.234 elec_cook 0.486 |shallow. wdw 0.468 shallow_wdw 1376)pvde -0.16 elec_cook -0.106 elec_cook
Figure H2. Houston retrofit rankings.
LOS ANGELES I [ [ |
reduced kWh / $ reduced kgCO2e / $ reduced kgCO2e_camx / $ reduced kgCO2e_nyup / $ reduced kgCO2e_zero / $ reduced kgCO2e_tvoc3 / $ reduced kgCO2e_tvoc7 / $
-82.007  shallow_infil -14.651 shallow_infil -14.651 | shallow_infi -15.099  shallow_infil -15.473 shallow_infi 9,86 shallow_infil -6.485| shallow_infil
-63.845 deep_clg -8.558 shallow_env -8.558 | shallow_env -8.492 shallow_env -8.437 shallow_env 5.793 -3.845 shallow_env
-51.408 | shallow_env -7.558 shallow_wall -7.568 | shallow_wall -7.364 shallow_wall -7.202 shallow_wall -5.12|s -3.403] shallow_wall
-47.02 shallow_wall -6.993|deep_clg -6.993 | deep_clg -6.512 deep_clg -6.11 deep_clg : 606 deep_clg
-33.213|pv_dc -1.843 pv_de -1.843|pv_dc -0.432 pv_dc 39.347 | deep_infil 0.4 pv_dc
272,388 deep_infil 41751, deep_infil 41751  deep_infil 40.441 deep_infil 21.413 | shallow_all 18.255 | deep_infil
133762 shallow_all 21.788] shallow_all 21.788 shallow_all 21583 shallow_all 10.987 | shallow_clg 9,561  shallow_all
104.859 | pv_dc+batt 11.828 | shallow_clg 11.828 | shallow_clg 11.37 shallow_clg 8.679 | deep_env 6.064 shallow_clg
67.611  shallow_clg 9.225 | deep_env 9.225 | deep_env 8.927 deep_env 7.256  elec_htg 3.365  deep_env
66.891 | deep_env 6.881|deep_wall 6.881|deep_wall 6.638 deep_wall 6.434 deep_wall | 2.397  deep_wall
51174 deep_wall 6.721|pv_de#batt 6.721|pv_dc+batt 5.975  elec_htg 5319 elec_all 1.783) elec_htg
28.647  deep_all 4.4/ elec_htg 4.4/ elec_htg 4.301 |elec_all 3.674 deep_all pv_de+batt
13132  elec_htg 3.919|deep_all 3.919|deep_all 3.785 deep_all 2,299 elec_wh 1.416  deep_all
8.52 elec_all 3.08 elec_all 3.08 elec_all 2.250|pv_dosbatt | 2212 1.238 elec_all
5.428 | deep_wdw 0.953 elec_wh 0.953 | elec_wh 1.687 elec_wh 0.765 | deep_wdw 0.369  elec_wh
5.325  shallow_wdw 0.783|deep_wdw 0.783| deep_wdw 1.487 [elec_cook 0.71 shallow_wdw [ 0.288| deep_wdw
3.006 | elec_wh 0.74| shallow_wdw 0.74] shallow_wdw 0.773| deep_wdw 0746/pv.dc | 0.46 shallow 0.272| elec_cooking
~7.247 elec_cook 0619 elec_cook 0619 elec_cook 0.723 | shallow_wdw -1.465 | pv_dc+batt | 0.415|elec_cooking | 10.262| shallow_wdw

Figure H3. Los Angeles retrofit rankings.
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