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EXECUTIVE SUMMARY

In the 79th Legislature (2005) the Energy Systems Laboratory was required to develop three alternative
methods for achieving 15% above-code energy savings in new residential, commercial and industrial
construction. The Laboratory continues to work closely with code officials, energy raters, manufacturers,
state officials and other stakeholders to develop cost effective energy efficiency measures. This report
presents detailed information about the recommendations for achieving 15% above code-compliant
building energy performance, which are based on the ASHRAE Standard 90.1-2007, for small office
buildings across the State of Texas. The recommendations were developed for three ASHRAE Standard
90.1-2007 climate zones in Texas along with simple payback calculations.

The analysis was performed using an ESL simulation model based on the DOE-2.1e simulation of a
ASHRAE Standard 90.1-2007 code-compliant, small office building and the appropriate TMY2 weather
files. According to the ASHRAE Standard 90.1-2007 Climate Zone, a representative county was selected
in each climate zone: Harris County for Climate Zone 2, Tarrant County for Climate Zone 3, and Potter
County for Climate Zone 4. The ASHRAE 90.1-2007 code-compliant, small office base-case models
were then constructed for each climate zone.

A total of 16 recommendations based on the energy savings above the base-case building were selected.
These measures include building envelope and fenestration, HVAC system, service hot water (SHW)
system, lighting and receptacle, and renewable options. The implementation costs of each individual
measure were also calculated along with simple payback calculations. These measures were then
combined to achieve the total source energy savings of the group is 15% above the base-case ASHRAE
90.1-2007 code-compliant small office building. As a result, three example combinations were proposed
for each climate zone. Each combination was formed to have a different payback period. Figures 1 to 3
present a description of the individual measures and combinations of these measures which achieve 15%
source energy savings above the ASHRAE 90.1-2007 code-compliant building. Annual energy savings,
estimated costs, simple payback, and NOx, SO,, and CO, emissions reduction are provided.
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Annual Energy Savings Annual Annual . " "
B (%" Energy Annual Demand Combined Savings Estimated Cost ($) Simple Estimated
Individual Measures Savings Demand Savings (Energy+Demand) Payback (yrs)
Site Source Savings (% ear Marginal Cost* [ New System Cost®
Glyear)® gs (%) (lyear)® (Slyear) 9 Y
A Envelope and Fenestration Measures
Increased Roof and Wall Insulation R-Value (from 20 to 25 for roof and 13 to 100 0.6% $79 0.5% $14 $94 $9,002 - $13,639 97.0 - 145
13+3.8c.i. for walls)
2 |Decreased Glazing U-Value (from 0.75 to 0.35) 3.5% 1.0% $80 0.5% $16 $96 $10,284 - $15,425 107 - 161
3 0.5 PFWindow Shading (None to 2.5 ft. Overhang for S/E/W) 0.8% 1.3% $231 1.2% $38 $269 $14,159 - $21,238 52.6 - 78.9
Window Shading and Redistribution (20% Equal Window s on All Sides w ith
1.2% 1.5% 269 1.4% 45 315 14,159 - $21,238 450 - 67.5
No Shadings to S=36%, N=20%, EW=12% w ith 2.5 ft. Overhangs for SIEW) ° ° s § h s sS4, s21,
B HVAC System Measures
5 |CO, Based Demand-Controlled Ventilation (DCV) 2.1% 1.6% $253 1.3% $43 $296 $7,367 - $11,051 249 - 37.3
6 ;mngoé;}g)” Conditoner Hfficiency (from 13 SEFR & 11 EER 0 18 SEER & 4.2% 2.7% $830 6.9% $224 $1,053 $12,288 - $18,432 117 - 175
7 |Improved Furnace Efficiency (from 80% to 90% Et) 1.1% 0.4% $46 0.0% $0 $46 $7,900 - $11,850 170 - 255
8 |Improved Fan Efficiency (from 55% to 65%) 2.9% 3.6% $640 2.8% $91 $732 $6,869 - $10,303 94 - 14.1
C Service Hot Water Measures
9 |Improved SHW Heater Efficiency (from 80% to 95% Et) 1.1% 0.4% $46 0.0% $0 $46 $3,456 - $5,184 74.4 - 112
10 |Tankless Gas Water Heater 1.8% 1.6% $264 0.5% $16 $280 $1,414 - $2,120 50 - 7.6
11 |Solar Service Hot Water System (64 sq.ft. collector, 80 gal tank) 3.3% 1.2% $127 -0.2% -$6 $121 $2,880 - $4,320 23.7 - 35.6
D Lighting and Receptacle Measures
12 (I)D:c\r;/assqe: ;.lghtlng Pow er Density based on ASHRAE 90.1-2010 (from 1.0 to 23% 28% $501 3.0% $96 $507 $4.913 - $7.360 82 - 124
13 (?i‘g\elz‘lsszdff')gh““g Power Density based on AEDG-SMO-2011 (from 1.0 to 5.7% 7.0% $1,247 7.5% $241 $1,488 $6,052 - $9,079 41-61
14 | Daylight Dimming Control 6.5% 7.8% $1,387 10.4% $334 $1,721 $15,723 - $23,584 9.1 - 13.7 [] ASHRAE 90.1-2007 — Climate Zone 2
15 | Automatic Receptacle Control for Offices using Occupancy Sensors 2.3% 2.7% $486 3.4% $109 $596 $7,587 - $11,380 12.7 - 19.1 — = g fo the t.ahlel
L ASHRAE 90.1-2007- Climate Zone 3
E Renewable Power Measure o i
16 |40 kW Photovoltaic Array 20.6% 23.1% $4,048 23.6% $760 $4,808 $200,000 - $300,000] 416 - 62.4 ASHRAE 90.1-2007- Climate Zone 4
Description of Combined Measures
Combined Annual Combined || Combined | Combined Combined Savings Combined Estimated Cost NOx Emissions SO, Emissions CO, Emissions
i %)* Simple Estimated i i i
Combination of Measures® Energy Savings (%) SE:VP}rr‘g); Zz‘rlv::gg [SJZ‘T::;: (Energy+Demand) ($) Ipapyback |(yrs) Savings Savings Savings
Site Source ear Marginal Cost* | New System Cost® Annual (Ibs/yr Annual (Ibs/yr Annual (tons/yr
ey | o6 | @yomy (slyean) 9 y (Ibsiyr) (Ibsiyn) (tonsiyr)
Combination 1
14 | Daylight Dimming Control $15,723 - $23,584
13 (?i‘g:“l‘ls;dff')gh““g Pow er Density based on AEDG-SMO-2011 (from 1.0 to 13.3% 16.4% $2,920 18.2% $586 $3,507 $6,052 - $9,079 82 - 123 488 315 203
8 |Improved Fan Efficiency (from 55% to 65%) $6,869 - $10,303
Combination 2
13 Decreased Lighting Pow er Density based on AEDG-SMO-2011 (from 1.0 to $6,052 - $9.079
0.75 Wisq.ft.)
I d Air Conditi Effici fi 13 SEER & 11 EERt0 18 SEER &
6 Epgo;;) ir Condiioner Efficiency (from © 13.7% 15.7% $2,769 17.5% $564 $3,333 $12,288 - $18,432 82 - 123 454 287 191
15 |Automatic Receptacle Control for Offices using Occupancy Sensors $7,587 - $11,380
10 | Tankless Gas Water Heater $1,414 - $2,120
Combination 3
14 | Daylight Dimming Control $15,723 - $23,584
Improved Air Conditioner Efficiency (from 13 SEER & 11 EERto 18 SEER &
13 12,288 - $18,432
12.6 EER) 14.6% 16.2% $2,849 20.6% $664 $3,512 8 ® 12.2 - 183 46.6 29.2 19.7
15 |Automatic Receptacle Control for Offices using Occupancy Sensors $7,587 - $11,380
5 |CO, Based Demand-Controlled Ventilation (DCV) $7,367 - $11,051

Note:
1. Total energy savings from heating, cooling, lighting, equipment and DHW for emissions reductions determination.

N

o0 w

. Savings depend on fuel mixused.

* Energy Cost: Electricity = $0.095/kWh & Demand = $5.00/kW
Natural gas = $0.63/therm

Yearly demand cost = Sum of monthly demand cost for 12 months

Marginal cost = new system cost - original system cost

New system cost = new system costonly

See individual measures above for specific savings

[ASHRAE 90.1-2007 Code-Compliant Building Description]
* Building type: Small Office
* Gross area: 20,000 sq-ft
* Building dimension: 100 ft x 100 ft x 13 ft (WxLxH)
* Number of floors: 2

* Floor-to-floor height: 13 ft
* Window-to-wall ratio: 20%
* HVAC system: SEER 13 or EER 11 Rooftop PSZ & 80% Et Furnace
* DHW: 80% Et Gas Water heater

Figure 1. Individual and Combined Energy Efficiency Measures for an ASHRAE 90.1-2007 Code-Compliant Small Office Building for Climate Zone 2
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Annual Energy Savings Annual Annual : " "
) 9} Energy Annual Demand Combined Savings Estimated Cost ($) Simple Estimated
Individual Measures Savings Demand Savings (Energy+Demand) Payback (yrs)
Site Source Savings (% ear Marginal Cost* [ New System Cost®
Glyear)® gs (%) (slyear)® (Slyear) 9 Y
A Envelope and Fenestration Measures
Increased Roof and Wall Insulation R-Value (from 20 to 25 for roof and 13 to 1.7% 0.9% $112 0.4% $14 $126 $9,002 - $13,639 721 - 108
13+3.8c.i. for walls)
2 |Decreased Glazing U-Value (from 0.65 to 0.35) 4.5% 1.5% $146 0.0% $1 $147 $7,039 - $10,558 48.0 - 72.0
3 0.5 PFWindow Shading (None to 2.5 ft. Overhang for S/E/'W) 0.1% 0.9% $178 1.1% $33 $211 $14,159 - $21,238 67.2 - 101
Window Shading and Redistribution (20% Equal Window s on All Sides w ith
4 0.6% 1.1% 216 1.2% 38 253 14,159 - $21,238 559 - 838
No Shadings to S=36%, N=20%, EM=12% w ith 2.5 ft. Overhangs for S/EW) ° ° ® § $ ® $14, $21,
B HVAC System Measures
5 |CO, Based Demand-Controlled Ventilation (DCV) 2.0% 1.2% $168 0.4% $14 $182 $7,367 - $11,051 40.5 - 60.8
6 '1";”?“5’;’)” Conditoner Efficiency (from 13 SEFR & 11 EER 0 18 SEER & 3.6% 4.2% $729 6.6% $205 $934 $12,288 - $18,432 131 - 19.7
7 |Improved Furnace Efficiency (from 80% to 90% Et) 1.7% 0.7% $76 0.0% $0 $76 $7,900 - $11,850 104 - 156
8 |Improved Fan Efficiency (from 55% to 65%) 2.4% 3.4% $615 3.0% $93 $708 $6,869 - $10,303 9.7 - 145
C Service Hot Water Measures
9 |Improved SHW Heater Efficiency (from 80% to 95% Et) 1.0% 0.4% $48 0.0% $0 $48 $3,456 - $5,184 72.4 - 109
10 | Tankless Gas Water Heater 1.8% 1.6% $265 0.6% $18 $282 $1,414 - $2,120 50 - 75
11 |Solar Service Hot Water System (64 sq.ft. collector, 80 gal tank) 3.6% 1.4% $145 -0.2% -$6 $139 $2,880 - $4,320 20.7 - 31.1
Lighting and Receptacle Measures
12 (Ijbzc\r;/assqefd‘ ;.lghtlng Pow er Density based on ASHRAE 90.1-2010 (from 1.0 to| 1.0% 26% $476 31% $97 $573 $4.913 - $7,360 86 - 129
13 Decreased Lighting Pow er Density based on AEDG-SMO-2011 (from 1.0 to 4.8% 6.6% $1,196 78% $243 $1,439 $6,052 - $9.079 42 - 63
0.75 Wisg.ft.)
14 | Daylight Dimming Control 5.7% 7.5% $1,342 10.4% $325 $1,666 $15,723 - $23,584 9.4 - 14.2 [] ASHRAE 90.1-2007 - Climate Zone 2
15 |Automatic Receptacle Control for Offices using Occupancy Sensors 1.9% 2.6% $462 3.6% $112 $574 $7,587 - $11,380 13.2 - 19.8 I ASHRAE 90.1-2007- Climate Zone 3
E Renewable Power Measure (corresponding to the t?hle:
16 |40 KW Photovoltaic Array 29.3% 34.1% $5,979 25.6% $800 $6,779 $200,000 - $300,000] 295 - 44.3 [C] ASHRAE 90.1-2007- Climate Zone 4
Description of Combined Measures
Combined Annual Combined || Combined | Combined Combined Savings Combined Estimated Cost NOx Emissions SO, Emissions CO, Emissions
i %)* Simple Estimated i i i
Combination of Measures® Energy Savings (%) SE:Veirr‘Z;; 2:31,:53 [SJZ‘T:;: (Energy+Demand) (%) IPaF;baCk |(yrs) Savings Savings Savings
Site Source lyear Marginal Cost* New System Cost® Annual (Ibs/yr Annual (Ibs/yr Annual (tons/yr
ey | o0 | @yemy (slyean) 0 y (Ibsiyr) (Ibsiy) (tonsiyn)
Combination 1
14 | Daylight Dimming Control $15,723 - $23,584
13 g‘;‘;’\e,vazzdff')gh“"g Pow er Density based on AEDG-SMO-2011 (from 1.0 to 112% 15.6% $2,810 18.6% $582 $3,392 $6,052 - $9,079 84 - 127 471 310 194
8 |Improved Fan Efficiency (from 55% to 65%) $6,869 - $10,303
Combination 2
13 Decreased Lighting Pow er Density based on AEDG-SMO-2011 (from 1.0 to $6,052 - $9,079
0.75 Wisq.ft.)
I d Air Conditi Effici fi 13 SEER & 11 EERto 18 SEER &
Epgoé;) ir Gondiioner Efficiency (from © 122% 16.3% $2,932 20.3% $635 $3,567 $12,288 - $18,432 0.2 - 138 401 320 203
8 |Improved Fan Efficiency (from 55% to 65%) $6,869 - $10,303
15 |Automatic Receptacle Control for Offices using Occupancy Sensors $7,587 - $11,380
Combination 3
14 | Daylight Dimming Control $15,723 - $23,584
13 Improved Air Conditioner Efficiency (from13 SEER & 11 EERto 18 SEER & $12.288 - $18.432
12.6 EER) 13.0% 15.1% $2,654 20.3% $633 $3,287 13.1 - 19.6 44.2 27.8 18.6
15 |Automatic Receptacle Control for Offices using Occupancy Sensors $7,587 - $11,380
5 |CO, Based Demand-Controlled Ventilation (DCV) $7,367 - $11,051

Note:
. Total energy savings from heating, cooling, lighting, equipment and DHW for emissions reductions determination.
. Savings depend on fuel mixused.
* Energy Cost: Electricity = $0.095/kWh & Demand = $5.00/kW
Natural gas = $0.63/therm
Yearlydemand cost = Sum of monthly demand cost for 12 months
Marginal cost = new system cost - original system cost
New system cost = new system cost only
See individual measures above for specific savings

NP

o0~ w

[ASHRAE 90.1-2007 Code-Compliant Building Description]

* Building type: Small Office

* Gross area: 20,000 sqg-ft

* Building dimension: 100 ft x 100 ft x 13 ft (WxLxH)

* Number of floors: 2

* Floor-to-floor height: 13 ft

* Window-to-wall ratio: 20%

* HVAC system: SEER 13 or EER 11 Rooftop PSZ & 80% Et Furnace
* DHW: 80% Et Gas Water heater

Figure 2. Individual and Combined Energy Effi ciency Measures for an ASHRAE 90.1-2007 Code-Compliant Small Office Building for Climate Zone 3

January 2012
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Description of Individual Measures

Annual Energ]y Savings Annual Annual Annual Combined Savings Estimated Cost ($)
L (%) Energy Demand Simple Estimated
Individual Measures - Savings ngand Savings (Energy+Demand) - - 5 Payback (yrs)
Site Source (Slyeary? Savings (%) (Slyear)’ ($lyear) Marginal Cost New System Cost
A Envelope and Fenestration Measures
Increase.d Roof and Wall Insulation R-Value (from 20 to 25 for roof and 13 to 2.0% 15% $181 0.4% $11 $192 $9,002 - $13,639 473 - 709
13+3.8c.i. for walls)
2 |Decreased Glazing U-Value (from 0.55 to 0.35) 5.9% 2.6% $289 -0.2% -$5 $285 $6,223 - $9,335 21.9 - 32.8
3 [0.5 PF Window Shading (None to 2.5 ft. Overhang for S/E/W) -1.1% 0.7% $195 2.0% $60 $255 $14,159 - $21,238 55.4 - 83.1
Window Shading and Redistribution (20% Equal Window s on All Sides w ith
4 No Shadings to g:ze%, N=20%, E/\A§=12%E\‘A:|1|th 2.5 ft. Overhangs for SIEW) -0.4% L1 s244 24% s70 s34 $14,159 - $21,238 450 - 675
B HVAC System Measures
5 |CO, Based Demand-Controlled Ventilation (DCV) 3.2% 1.6% $202 0.3% $9 $211 $7,367 - $11,051 34.9 - 52.3
6 'lr;‘_’goé;)” Conditioner Efficiency (from 13 SEER & 11 EER to 18 SEER & 2.1% 2.7% $496 6.1% $181 $676 $12,288 - $18,432 182 - 273 g
7 |Improved Furnace Efficiency (from 80% to 90% Et) 3.5% 1.6% $191 0.0% $0 $191 $7,900 - $11,850 41.3 - 61.9
8 |Improved Fan Efficiency (from 55% to 65%) 1.3% 3.0% $576 3.1% $92 $668 $6,869 - $10,303 10.3 - 15.4 T
c Service Hot Water Measures
9 |Improved SHW Heater Efficiency (from 80% to 95% Et) 1.0% 0.5% $53 0.0% $0 $53 $3,456 - $5,184 64.8 - 97.2
10 | Tankless Gas Water Heater 1.6% 1.6% $273 0.6% $17 $290 $1,414 - $2,120 4.9 - 7.3
11 |Solar Service Hot Water System (64 sq.ft. collector, 80 gal tank) 3.2% 1.4% $151 -0.2% -$6 $146 $2,880 - $4,320 19.8 - 29.6
Lighting and Receptacle Measures
12 [E))iegc\rzlass:f(i.;_igh‘ing Pow er Density based on ASHRAE 90.1-2010 (from 1.0 to| 1.0 23% $436 320 $95 $531 $4.913 - $7,369 93 - 139 -
13 gicsriva/s::ft;ght'”g Power Density based on AEDG-SMO-2011 (from 1.0 to 3.0% 5.7% $1,087 8.0% $236 $1,324 $6,052 - $9,079 46 - 6.9 R e et T
14 | Daylight Dimming Control 4.1% 6.8% $1,275 11.1% $328 $1,603 $15,723 - $23,584 9.8 - 14.7 1 ASHRAE 90.1-2007— Climate Zone 3
15 |Automatic Receptacle Control for Offices using Occupancy Sensors 1.3% 2.3% $429 3.6% $108 $537 $7,587 - $11,380 141 - 21.2 >y
E Renewable Power Measure I SO A0 0T Cmats Zane: 4
{ to the table)
16 |40 kW Photovoltaic Array 27.1% 36.1% $6,528 21.8% $648 $7,176 $200,000 - $300,000 27.9 - 41.8
Description of Combined Measures
Combined Annual Combined || Combined | Combined . . Combined Estimated Cost NOx Emissions SO, Emissions CO, Emissions
. 1 Combined Savings : . :
Combination of Measures® Energy Savings (%) SE:Vei;g); I;:r/ri\:n: I;(:\T:n: (Energy+Demand) ($) Slr:apylzaingrasl)ed Savings Savings Savings
Site Source ($/yeagr)2 (%)g ($/yeagr)3 ($lyear) Marginal Cost* New System Cost® Annual (Ibs/yr) Annual (Ibs/yr) Annual (tons/yr)
Combination 1
14 | Daylight Dimming Control $15,723 - $23,584
13 Decreased Lighting Pow er Density based on AEDG-SMO-2011 (from 1.0 to $6.052 - $9,079
0.75 W/sq.ft.) 8.8% 15.2% $2,878 20.1% $582 $3,460 8.7 - 13.0 48.4 325 19.7
8 |Improved Fan Efficiency (from 55% to 65%) $6,869 - $10,303
10 |Tankless Gas Water Heater $1,414 - $2,120
Combination 2
13 Decreased Lighting Pow er Density based on AEDG-SMO-2011 (from 1.0 to $6.052 - $9,079
0.75 Wisq.ft.)
Improved Air Conditioner Efficiency (from 13 SEER & 11 EER to 18 SEER & $12,288 - $18,432
12.6 EER) 14.0% 15.0% $2,580 17.9% $635 $3,215 104 - 15.7 425 24.6 18.7
2 |Decreased Glazing U-Value (from 0.55 to 0.35) $6,223 - $9,335
15 |Automatic Receptacle Control for Offices using Occupancy Sensors $7,587 - $11,380
10 [Tankless Gas Water Heater $1,414 - $2,120
Combination 3
14 | Daylight Dimming Control $15,723 - $23,584
13 T:goggs)mr Conditioner Efficiency (from 13 SEER & 11 EER to 18 SEER & $12.288 - $18.432
2 |Decreased Glazing U-value (from 0.55 to 0.35) 16.4% 15.9% $2,666 20.1% $633 $3,299 $6.223 - $9.335 149 - 224 43.7 240 19.6
15 |Automatic Receptacle Control for Offices using Occupancy Sensors $7,587 - $11,380
5 |CO, Based Demand-Controlled Ventilation (DCV) $7,367 - $11,051
Note: [ASHRAE 90.1-2007 Code-Compliant Building Description]
1. Total energy savings from heating, cooling, lighting, equipment and DHW for emissions reductions determination. * Building type: Small Office
2. Savings depend on fuel mixused. * Gross area: 20,000 sq-ft
* Energy Cost: Electricity = $0.095/kWh & Demand = $5.00/kW * Building dimension: 100 ft x 100 ft x 13 ft (WxLxH)
Natural gas = $0.63/therm * Number of floors: 2
3. Yearlydemand cost= Sum of monthly demand cost for 12 months * Floor-to-floor height: 13 ft
4. Marginal cost = new system cost - original system cost * Window-to-wall ratio: 20%
5. New system cost = new system costonly * HVAC system: SEER 13 or EER 11 Rooftop PSZ & 80% Et Furnace
6. See individual measures above for specific savings * DHW: 80% Et Gas Water heater

Figure 3. Individual and Combined Energy Efficiency Measures for an ASHRAE 90.1-2007 Code-Compliant Small Office Building for Climate Zone 4

January 2012 Energy Systems Laboratory, Texas A&M University
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1 INTRODUCTION

This report presents detailed information about the recommendations for achieving 15% above code-
compliant building energy performance, which are based on the ASHRAE Standard 90.1-2007, for small
office buildings across the State of Texas. To estimate savings (%) above the ASHRAE 90.1-2007 code-
compliant building from energy efficiency measures, total source energy savings from heating, cooling,
lighting, equipment, and DHW were considered. The recommendations were developed for three
ASHRAE 90.1-2007 climate zones in Texas along with simple payback calculations®. This information is
useful to builders, utility demand side energy managers, building owners and others who wish to
construct small office buildings that exceed the minimum national energy code requirements. The
analysis was performed using an ESL simulation model based on the DOE-2.1e simulation of a ASHRAE
90.1-2007 code-compliant, small office building and the appropriate TMY 2 weather files.

1.1  Organization of the Report

The report is organized in the following order:

e Section 1 presents the introduction and purpose of the report.

e Section 2 presents the methodology that was used.

e Section 3 gives a brief description of 16 individual energy efficiency measures and simulation
input.

e Section 4 provides the results of simulation and cost analysis, including savings from individual
measures along with the simple payback calculations and group measures to achieve15% above
the base-case ASHRAE Standard 90.1-2007 code-compliant building.

e Section 5 is a summary which is followed by references.

! According to the ASHRAE 90.1-2007 Climate Zone, a representative county was selected in each climate zone: Harris County for Climate
Zone 2, Tarrant County for Climate Zone 3, and Potter County for Climate Zone 4.
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2 METHODOLOGY

This section describes the methodology and assumptions that were used in this analysis to develop the
cost-effective recommendations for achieving energy performance better than ASHRAE 90.1-2007 code-
compliant building for small offices across the State of Texas. Section 2.1 presents an overall approach
used in this analysis. Section 2.2 describes the base-case building characteristics. Section 2.3 presents
assumptions used in cost analysis.

2.1 Overview

The analysis was performed using an ESL simulation model based on the DOE-2.1e simulation of a
ASHRAE 90.1-2007 code-compliant, small office building and the appropriate TMY 2 weather files.
According to the ASHRAE Standard 90.1-2007 Climate Zone, a representative county was selected in
each climate zone: Harris County for Climate Zone 2, Tarrant County for Climate Zone 3, and Potter
County for Climate Zone 4 (Figure 4). The ASHRAE 90.1-2007 code-compliant, small office base-case
models were constructed for each climate zone.

A total of 16 energy efficiency measures were then applied to the base-case models to determine the
savings of each measure. These measures were simulated by modifying the selected parameters used for
the DOE-2 simulation model. The solar measures including solar PV and solar DHW were simulated
using the PV-F Chart (Klein and Beckman 1994) and F-Chart (Klein and Beckman 1983) programs,
respectively. The implementation costs of each measure were also calculated along with simple payback
calculations. These measures were then combined to achieve the total source energy savings of the group
is 15% above the base-case ASHRAE 90.1-2007 code-compliant small office building. The results from
individual measures and cost analysis were used to guide the selection of measures for this group
analysis. Another set of simulations was performed with the selected measures applied in combination.
As a result, three example combinations were proposed for each base case in each climate zone. Each
combination was formed to have a different payback period. Finally, the corresponding emissions savings
(NOx, SO,, and CO,) of each combination were calculated based on the eGrid for Texas.
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2.2 Base-Case Building Description

The base-case building simulation model in this analysis is based on the standard design as defined in the
ASHRAE 90.1-20077 and certain assumptions, which are described throughout this document. The base-
case building is a 20,000 sg. ft., square-shape, two story, wood-frame building oriented N, S, E, W, with
a 20% window-to-wall ratio. Four perimeter zones and a central core zone were modeled for each floor
with a floor-to-ceiling height of 13 feet. The other envelope and system characteristics were determined
from the general characteristics and the climate-specific characteristics as specified in the ASHRAE
90.1-2007. Table 1 summarizes the base-case, ASHRAE 90.1-2007 code-compliance building
characteristics used in the DOE-2 simulation tool in this analysis.

2.3 Assumptions for Cost Analysis

The cost analysis for different measures was carried out based on utility costs of $0.095/kWh for
electricity, $5.00/kW for demand charge, and $0.63/therm for natural gas. The electricity rate was
determined based on the annual average prices of Texas commercial electricity for 2010 published by the
U.S. DOE EIA (2011), and demand charges were from the previous study by Cho et al. (2007). For
natural gas rates, the annual average natural gas rates for 2011 were surveyed and averaged for the
following five area categories in Texas: San Antonio, Dallas, all cities except Dallas in Mid-TX,
Amarillo inside city limit, and Amarillo outside city limit (Atmos Energy 2011).

2 per 2009 IECC Section 501.2

January 2012 Energy Systems Laboratory, Texas A&M University



15% Above-Code Analysis for Small Office, p.5

Table 1. Base-Case Building Description

A RAE 90 0[0) ode-Complia
all Office
aracte 0 atio 0 e a arra Potte 0 e
0] 0 0
Building
Building Type Small office Number of occupants = 73
Gross Area (sq. ft.) PNNL-19341 (Thornton et al. 2010) 20,000
Aspect Ratio PNNL-19341 (Thornton et al. 2010) 11 Square shape
Number of Floors PNNL-19341 (Thornton et al. 2010) 2
Floor-to-Floor Height (ft.) ASHRAE 90.1-1989 13.7.1 13 Floor-to-Ceiling Height = 9 ft

Orientation

PNNL-19341 (Thornton et al. 2010)

South facing

Construction

Wall Construction

CoA small office analysis (Kim et al. 2011)

Wood frame with 2x4 studs spaced at
16" on center

Roof Configuration

PNNL-19341 (Thornton et al. 2010)

Flat built-up, Insulation entirely above

deck
Foundation Construction PNNL-19341 (Thornton et al. 2010) 6" concrete slab-on-grade floor
Wall Absorptance DOE 2.1E BDL SUMMARY, Page 12 0.75 Assuming gray, light oil paint
Wall Insulation (hr-sq.ft.-°F/Btu) ASHRAE 90.1-2007 Table 5.5-2 to 5.5-4 R-13
Roof Absorptance ASHRAE 90.1-2007 Sec. 5.5.3.1.1 0.3 Roof reflectance = 0.7
Roof Insulation (hr-sq.ft.-°F/Btu) ASHRAE 90.1-2007 Table 5.5-2 to 5.5-4 R-20 ci
Slab Perimeter Insulation ASHRAE 90.1-2007 Table 5.5-2 to 5.5-4 None Slab-on-grade floor, unheated
Ground Reflectance DOE 2.1E BDL SUMMARY, Page 20 0.24 Assuming grass
U-Factor of Glazing (Btu/hr-sq.ft.-°F)  |ASHRAE 90.1-2007 Table 5.5-2 to 5.5-4 0.75 0.65 0.55 Fixed fenestration
Solar Heat Gain Coefficient (SHGC) ASHRAE 90.1-2007 Table 5.5-2 to 5.5-4 0.25 0.40

Window Area

PNNL-19341 (Thornton et al. 2010)

20% Window to wall ratio

Exterior Shading

ASHRAE 90.1-2007 Table 11.3.1 No.5

None

Space Conditions

Space Heating Set point

Space Cooling Set point

PNNL-19341 (Thornton et al. 2010)

70 F(Occupied), 5 F setback

75 F(Occupied), 5 F setup

Lighting Power Density (W/ft"2)

ASHRAE 90.1-2007 Table 9.5.1

1.0

Equipment Power Density (W/ft"2)

PNNL-19341 (Thornton et al. 2010)

0.75

Mechanical Systems

HVAC System Type

ASHRAE 90.1-2007 11.3.2

Packaged rooftop air conditioner
(CAV, DX, gas furnace)

Air Conditioning System Efficiency

FEDERAL MINIMUM EFFICIENCY
STANDARDS (effective as of 1/1/2010)

13 SEER (<65,000 Btu/h)
11 EER (2135,000 Btu/h and <240,000

Btu/h)
) ) Gas-fired furnace Capacity <
0, - 0,
Heating System Efficiency (%) ASHRAE 90.1-2007 Table 6.8.1E 80% Et 225,000 Btu/h
Cooling Capacity (Btu/hr) ASHRAE 90.1-2007 Appendix G and Autosized
ASHRAE HOF-2009
Heating Capacity (Btu/hr) ASHRAE 90.1-2007 Appendix G and Autosized
ASHRAE HOF-2009
Yes
Economizer ASHRAE 90.1-2007 Table 6.5.1 No (265,000
Btu/h)
Total = 1,565 cfm based on 5
Ventilation (cfm/sq.ft) ASHRAE 62.1-2004 0.08 cfm/person & 0.06 cfm.sq.ft
(ASHRAE 62.1-2004)
Supply Air Flow (cfm/sq.ft) 1.00

SHW System Type

PNNL-19341 (Thornton et al. 2010)

Gas-fired storage water heater
(75 gallon, 75,100 Btu/hr)

SHW Heater Efficiency (%)

ASHRAE 90.1-2007 Table 7.8

80 % Et (SL=1046.5 Btu/h)

SHW Temperature Setpoint (F)

PNNL-19341 (Thornton et al. 2010)

120 F

January 2012

Energy Systems Laboratory, Texas A&M University




15% Above-Code Analysis for Small Office, p.6

3 PROPOSED ENERGY EFFICIENCY MEASURES FOR SMALL OFFICE BUILDINGS

This section documents 16 energy efficiency measures (EEMs) for small office buildings to achieve
above-code energy performance based on the ASHRAE 90.1- 2007 code-compliant small office building
in Texas. Section 3.1 gives a brief description of 16 individual EEMs. Section 3.2 provides input
parameters used in the simulation of each EEM.

3.1 Individual EEMs

Table 2 lists 16 energy efficiency measures considered in this analysis. These include measures for the
building envelope and fenestration, HVAC system, service hot water (SHW) system, lighting and
receptacle, and renewable options. These measures were simulated by modifying the selected parameters
used for the DOE-2 simulation tool.

3.2 Simulation Input for Individual EEMs

Tables 3 to 5 list the input parameters used for the base case and individual EEMs for each climate zone.
The entire row of shaded cells presents the parameters used in the base-case runs. The remaining rows
show the parameters used in the simulation of the individual energy efficiency measures. The shaded
cells in each row indicate the change in the value of the parameter used to simulate the measure.

Table 2. Energy Efficiency Measures

EEM .
EEM Description
No. p
1 Increased Roof and Wall Insulation R-Value
(from 20 to 25 for roof and 13 to 13+3.8c.i. for walls)
2 Decreased Glazing U-Value
Envelope and (from 0.75 (CZ2), 0.65 (CZ3), and 0.55 (CZ4) to 0.35))
Fenestration
Measures 3 0.5 PF Window Shading
(None to 2.5 ft. Overhang for S/IE/W)
0.5 PF Window Shading and Redistribution
4 (20% Equal Windows on All Sides with No Shadings to S=36%, N=20%, E/W=12% with 2.5 ft.
Overhangs for S/E/W)
5 CO,-Based Demand-Controlled Ventilation (DCV)
6 Improved Air Conditioner Efficiency
HVAC System (from 13 SEER & 11 EER to 18 SEER & 12.6 EER)
Measures . Improved Furnace Efficiency
(from 80% to 90% Et)
8 Improved Fan Efficiency
(from 55% to 65%)
9 Improved SHW Heater Efficiency
(from 80% to 95% Et)
Service Hot Water 10 Tankless Gas Water Heater
Measures
11 Solar Service Hot Water System
(64 sq.ft. collector, 80 gal tank)
12 Decreased Lighting Power Density based on ASHRAE 90.1-2010
(from 1.0 to 0.9 W/sq.ft.)
o 13 Decreased Lighting Power Density based on AEDG-SMO-2011
Lighting and (from 1.0 to 0.75 W/sq.ft.)
Receptacle
Measures 14 Daylihgt Dimming Control
15 Automatic Receptacle Control for Offices using Occupancy Sensors
Renewable Power 16 40 kW Photovoltaic Array
Measure
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Table 3. Simulation Input Parameters of Individual EEMs for ASHRAE 90.1-2007 Code-Compliant Small Office Building in Harris County (Climate Zone 2)

Shading (ft) WWR (%) DHW Lighting .
EEM - Roof 1 il c.i. OA EERfOr | pepfor | FUNACe | conetf. | DHW Eff., | DHW Tank | Pump power | Davlioht Auto.
# Energy Efficiency Measure fuaton | revae | UVale | SHeC e | P | core zone (<1100 PSZ (o) | Tete) | veat Loss | eiectric | Density | Png | Recebiacte
Front Right Back Left Front Right Back Left Power | (Wit}
1 |Increased Roof and Wall Insulation R-Value (from 20 25 | 38 | 075 | 025 | O 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 80 |0.0139|0.0038 | 1.0 N N
to 25 for roof and 13 to 13+3.8c.i. for walls)
Envelope | 2 |Decreased Glazing U-Value (from 0.75 to 0.35) 20 0o | 03 | 025 | O 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 80 |0.0139|0.0038| 1.0 N N
and
Fenestration | 5 |0.5 PP Window Shading (None to 2.5 t. Overhang for 20 0 | 075 | 025 | 25 | 25 0 25 | 20 20 20 20 N | 1329 | 1282 | 80 55 80 |0.0139 | 0.0038 | 1.0 N N
Measures S/IE/IW)
Window Shading and Redistribution (20% Equal
4 |Windows on Al Sides with No Shadings to S=36%, 20 0 | 075 | 025 | 25 | 25 0 25 | 36 12 20 12 N | 1329 | 1282 | 80 55 80 |0.0139 | 0.0038 | 1.0 N N
N=20%, E/W=12% with 2.5 ft. Overhangs for S/E/W)
5 |CO,-Based Demand-Controlled Ventilation (DCV) 20 0o | 075 | 025 | o 0 0 0 20 20 20 20 Y | 1329 | 1282 | 80 55 80 |0.0139 | 0.0038 | 1.0 N N
Improved Air Conditioner Efficiency (from 13 SEER &
A 6 |11 EER 10 15 SEER & 12.6 EER) 20 o | 075 | 025 | o 0 0 0 20 20 20 20 N | 1719 | 1505 | 80 55 80 |0.0139|0.0038 | 1.0 N N
Measures
7 |Improved Fumace Efficiency (from 80% to 90% Et) 20 0o | 075 | 025 | o 0 0 0 20 20 20 20 N | 1329 | 1282 | 90 55 80 |0.0139|0.0038| 1.0 N N
8 |Improved Fan Efficiency (from 55% to 65%) 20 0o | 075 | 025 | o 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 65 80 |0.0139|0.0038| 1.0 N N
9 |Improved SHW Heater Efficiency (from 80% to 95% Ef)| | 20 0o | 075 | 025 | o 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 95 |0.0139 00038 | 1.0 N N
SHW
Voasures | 10 |Tankless Gas Water Heater 20 0o | 075 | 025 | o 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 80 00017 | O 1.0 N N
1 :::T;:g"'ce Hot Water System (64 sq.ft. collector, 80 | |, o |07 |0z | o 0 0 0 20 | 20 | 20 | 20 N | 1320 | 1282 8 | 55 | 8 |00139|0.0038 1.0 N N
Decreased Lighting Power Density based on ASHRAE
12 |00 5010 (rom 1.0 10 0.8 Wian 1) 20 0o | 075 | 025 | o 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 80 |0.0139 | 0.0038 | 0.9 N N
Lighting and | 13 g;%eggi‘: ('}E)'::]"‘lgoig“ée;fmzzyﬂb)ased on AEDG- 20 o |07 |02 | o 0 0 0 20 | 20 | 20 | 20 N | 1320 | 1282 8 | 55 | 8 |00139(0.0038| 075 | N N
Receptacle
Measures | 14 |paylight Dimming Control 20 0 0.75 | 0.25 0 0 0 0 20 20 20 20 N 13.29 | 12.82 | 80 55 80 |0.0139 | 0.0038 | 1.0 Y N
15 [Automatic Receptacle Control for Offices using 20 o |07 | 0z | o 0 0 0 20 | 20 | 20 | 20 N | 1320 | 1282 8 | 55 | 8 |00139|0.0038 | 1.0 N Y
Occupancy Sensors
Renewable .
e e | 16 |40 kW Photovoltaic Array 20 o | 075 | 025 | o 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 80 |0.0139|0.0038 | 1.0 N N
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Table 4. Simulation Input Parameters of Individual EEMs for ASHRAE 90.1-2007 Code-Compliant Small Office Building in Tarrant County (Climate Zone 3)

Shading (ft) WWR (%) DHW Lighting .
EEM - Roof 1 il c.i. OA EERfOr | pepfor | FUNACe | conetf. | DHW Eff., | DHW Tank | Pump power | Davlioht Auto.
# Energy Efficiency Measure fuaton | revae | UVale | SHeC e | P | core zone (<1100 PSZ (o) | Tete) | veat Loss | eiectric | Density | Png | Recebiacte
Front Right Back Left Front Right Back Left Power | (Wit}
1 |Increased Roof and Wall Insulation R-Value (from 20 25 | 38 | 065 | 025 | O 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 80 |0.0139|0.0038 | 1.0 N N
to 25 for roof and 13 to 13+3.8c.i. for walls)
Envelope | 2 |Decreased Glazing U-Value (from 0.65 to 0.35) 20 0o | 03 | 025 | O 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 80 |0.0139|0.0038| 1.0 N N
and
Fenestration | 5 |0.5 PP Window Shading (None to 2.5 t. Overhang for 20 0 | 065 | 025 | 25 | 25 0 25 | 20 20 20 20 N | 1329 | 1282 | 80 55 80 |0.0139 | 0.0038 | 1.0 N N
Measures S/IE/IW)
Window Shading and Redistribution (20% Equal
4 |Windows on Al Sides with No Shadings to S=36%, 20 0 | 065 | 025 | 25 | 25 0 25 | 36 12 20 12 N | 1329 | 1282 | 80 55 80 |0.0139 | 0.0038 | 1.0 N N
N=20%, E/W=12% with 2.5 ft. Overhangs for S/E/W)
5 |CO,-Based Demand-Controlled Ventilation (DCV) 20 0 | 065 | 025 | O 0 0 0 20 20 20 20 Y | 1329 | 1255 | 80 55 80 |0.0139 | 0.0038 | 1.0 N N
Improved Air Conditioner Efficiency (from 13 SEER &
A 6 |11 EER 10 15 SEER & 12.6 EER) 20 o | 065 | 025 | O 0 0 0 20 20 20 20 N | 1719 | 1505 | 80 55 80 |0.0139|0.0038 | 1.0 N N
Measures
7 |Improved Fumace Efficiency (from 80% to 90% Et) 20 0o | 065 | 025 | O 0 0 0 20 20 20 20 N | 1329 | 1282 | 90 55 80 |0.0139|0.0038| 1.0 N N
8 |Improved Fan Efficiency (from 55% to 65%) 20 0 | 065 | 025 | O 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 65 80 |0.0139|0.0038| 1.0 N N
9 |Improved SHW Heater Efficiency (from 80% to 95% Ef)| | 20 0 | 065 | 025 | O 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 95 |0.0139 00038 | 1.0 N N
SHW
Voasures | 10 |Tankless Gas Water Heater 20 0 | 065 | 025 | O 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 80 00017 | O 1.0 N N
1 :::T;:g"'ce Hot Water System (64 sq.ft. collector, 80 | |, o | o065 | 02 | o 0 0 0 20 | 20 | 20 | 20 N | 1320 | 1282 8 | 55 | 8 |00139|0.0038 1.0 N N
Decreased Lighting Power Density based on ASHRAE
12 |00 5010 (rom 1.0 10 0.8 Wian 1) 20 0 | 065 | 025 | O 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 80 |0.0139 | 0.0038 | 0.9 N N
Lighting and | 13 g;%eggi‘: ('}E)'::]"‘lgoig“ée;fmzzyﬂb)ased on AEDG- 20 o |06 | 025 | o 0 0 0 20 | 20 | 20 | 20 N | 1320 | 1282 8 | 55 | 8 |00139(0.0038| 075 | N N
Receptacle
Measures | 14 |paylight Dimming Control 20 0 0.65 | 0.25 0 0 0 0 20 20 20 20 N 13.29 | 12.82 | 80 55 80 |0.0139 | 0.0038 | 1.0 Y N
15 [Automatic Receptacle Control for Offices using 20 o | o065 | 02 | o 0 0 0 20 | 20 | 20 | 20 N | 1320 | 1282 8 | 55 | 8 |00139|0.0038 | 1.0 N Y
Occupancy Sensors
Renewable .
e e | 16 |40 kW Photovoltaic Array 20 o | 065 | 025 | O 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 80 |0.0139|0.0038 | 1.0 N N
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Table 5. Simulation Input Parameters of Individual EEMs for ASHRAE 90.1-2007 Code-Compliant Small Office Building in Potter County (Climate Zone 4)

Shading (ft) WWR (%) DHW Lighting .
EEM - Roof 1 il c.i. OA EERfOr | pepfor | FUNACe | conetf. | DHW Eff., | DHW Tank | Pump power | Davlioht Auto.
# Energy Efficiency Measure fuaton | revae | UVale | SHeC e | P | core zone (<1100 PSZ (o) | Tete) | veat Loss | eiectric | Density | Png | Recebiacte
Front Right Back Left Front Right Back Left Power | (Wit}
1 |Increased Roof and Wall Insulation R-Value (from 20 25 | 38 | 055 | 04 0 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 80 |0.0139|0.0038| 1.0 N N
to 25 for roof and 13 to 13+3.8c.i. for walls)
Envelope | 2 |Decreased Glazing U-Value (from 0.55 to 0.35) 20 o | 035 | 04 0 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 80 |0.0139|0.0038 | 1.0 N N
and
Fenestration | 5 |0.5 PP Window Shading (None to 2.5 t. Overhang for 20 0 | 055 | 04 | 25 | 25 0 25 | 20 20 20 20 N | 1329 | 1282 | 80 55 80 |0.0139 | 0.0038 | 1.0 N N
Measures S/IE/IW)
Window Shading and Redistribution (20% Equal
4 |Windows on Al Sides with No Shadings to S=36%, 20 0 | 055 | 04 | 25 | 25 0 25 | 36 12 20 12 N | 1329 | 1282 | 80 55 80 |0.0139 | 0.0038 | 1.0 N N
N=20%, E/W=12% with 2.5 ft. Overhangs for S/E/W)
5 |CO,-Based Demand-Controlled Ventilation (DCV) 20 0o | 055 | 04 0 0 0 0 20 20 20 20 Y | 1329 | 1282 | 80 55 80 |0.0139 |0.0038 | 1.0 N N
Improved Air Conditioner Efficiency (from 13 SEER &
A 6 |11 EER 10 15 SEER & 12.6 EER) 20 0o | 055 | 04 0 0 0 0 20 20 20 20 N | 1719 | 1505 | 80 55 80 |0.0139|0.0038 | 1.0 N N
Measures
7 |Improved Fumace Efficiency (from 80% to 90% Et) 20 0o | 055 | 04 0 0 0 0 20 20 20 20 N | 1329 | 1282 | 90 55 80 |0.0139|0.0038| 1.0 N N
8 |Improved Fan Efficiency (from 55% to 65%) 20 0o | 055 | 04 0 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 65 80 |0.0139|0.0038| 1.0 N N
9 |Improved SHW Heater Efficiency (from 80% to 95% Ef)| | 20 0o | 055 | 04 0 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 95 |0.0139 00038 | 1.0 N N
SHW
Voasures | 10 |Tankless Gas Water Heater 20 0o | 055 | 04 0 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 80 00017 O 1.0 N N
1 :::T;:g"'ce Hot Water System (64 sq.ft. collector, 80 | |, o | os5 | 04 0 0 0 0 20 | 20 | 20 | 20 N | 1320 | 1282 8 | 55 | 8 |00139|0.0038 1.0 N N
Decreased Lighting Power Density based on ASHRAE
12 |00 5010 (rom 1.0 10 0.8 Wian 1) 20 0o | 055 | 04 0 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 80 |0.0139 |0.0038 | 0.9 N N
Lighting and | 13 g;%eggi‘: ('}E)'::]"‘lgoig“ée;fmzzyﬂb)ased on AEDG- 20 o |08 | 04 | o 0 0 0 20 | 20 | 20 | 20 N | 1320 | 1282 8 | 55 | 8 |00139(0.0038| 075 | N N
Receptacle
Measures | 14 |paylight Dimming Control 20 0 0.55 0.4 0 0 0 0 20 20 20 20 N 13.29 | 12.82 | 80 55 80 |0.0139 |0.0038 | 1.0 Y N
15 [Automatic Receptacle Control for Offices using 20 o | o055 | 04 0 0 0 0 20 | 20 | 20 | 20 N | 1320 | 1282 8 | 55 | 8 |00139|0.0038 | 1.0 N Y
Occupancy Sensors
Renewable .
e e | 16 |40 kW Photovoltaic Array 20 o | 055 | 04 0 0 0 0 20 20 20 20 N | 1329 | 1282 | 80 55 80 |0.0139 | 0.0038 | 1.0 N N
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4 RESULTS

This section presents the results of simulation and cost analysis. Section 4.1 provides the detailed results
for three representative counties in each climate zone such as Harris County for Climate Zone 2, Tarrant
County for Climate Zone 3 and Potter County for Climate Zone 4. Section 4.2 presents the group
measures which are the combinations of individual measures for achieving 15% savings above the base-
case, ASHRAE 90.1-2007 code-compliant building.

4.1 Results of Simulation and Cost Analysis

Tables 6 to 8 summarize the results of simulation and cost analysis for Harris, Tarrant, and Potter
Counties, including:

e Annual site energy consumption for different end-uses and total;

e Annual source energy consumption for different fuel types and total;

e Above-code savings (%) for site and source;

¢ Annual energy and demand cost savings;

e Increased cost of implementation (obtained from various resources listed in Appendix A®); and

e Simple payback period.

The annual site energy use was obtained from the BEPS report of the DOE-2 output and then converted
to source energy”. Figures 5 to 10 provide a graphical representation of the site/source energy
consumption of the EEMs for the ASHRAE 90.1- 2007 code-compliant base-case small office building
for Harris, Tarrant, and Potter Counties.

4.1.1 Base-Case Energy Use

The annual total energy consumption of the ASHRAE 90.1-2007 base case for Harris County:
a) Site energy use by end-uses: 704 MMBtu/yr, including
e 21.9% for cooling;
¢ 9.4% for heating;
e 42.6% for lighting and equipment;
e 19.4% for fans and pumps; and
® 6.6% for service water heating.

b) Source energy use by fuel type: 1,992 MMBtu/yr, including
¢ 93.7% for electricity; and
¢ 6.3% for natural gas.

The annual total energy consumption of the ASHRAE 90.1-2007 base case for Tarrant County:
a) Site energy use by end-uses: 732 MMBtu/yr, including
e 18.4% for cooling;
o 14.9% for heating;
e 41.0% for lighting and equipment;
e 19.1% for fans and pumps; and
¢ 6.6% for service water heating.

% The ranges of total implementation cost for some measures were modified according to the recommendations of stakeholders.
4 The source energy multipliers used in this analysis were 3.16 for electricity and 1.1 for natural gas based on Section 405.3 of the 2009 IECC.
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b) Source energy use by fuel type: 1,989 MMBtu/yr, including
¢ 91.3% for electricity; and
e 8.7% for natural gas.

The annual total energy consumption of the ASHRAE 90.1-2007 base case for Potter County:
a) Site energy use by end-uses: 865 MMBtu/yr, including
¢ 10.2% for cooling;
o 31.8% for heating;
o 34.7% for lighting and equipment;
e 17.1% for fans and pumps; and
® 6.2% for service water heating.

b) Source energy use by fuel type: 2,055 MMBtu/yr, including
o 82.4% for electricity; and
e 17.6% for natural gas.

These results suggest that the measures that reduce the lighting and equipment energy use would have the
highest impact on the total energy use for small office buildings in Texas, and for Potter County in
Climate Zone 4, the measures that reduce the heating energy use would have higher impact on the total
energy use compared to Climate Zone 2 and 3. It is also noted that since the above-code performance is
determined based on source energy consumption, the measures reducing electricity consumption will
yield higher savings percentage than the measures decreasing natural gas consumption.

4.1.2 Energy Savings from Various Individual EEMs

The savings results are:
a) Increased Roof and Wall Insulation R-Value:
o Harris County: 1.2% (site energy savings) and 0.6% (source energy savings);
e Tarrant County: 1.7% (site energy savings) and 0.9% (source energy savings); and
o Potter County: 2.9% (site energy savings) and 1.5% (source energy savings).

b) Decreased Glazing U-Value:
e Harris County: 3.5% (site energy savings) and 1.0% (source energy savings);
o Tarrant County: 4.5% (site energy savings) and 1.5% (source energy savings); and
o Potter County: 5.9% (site energy savings) and 2.6% (source energy savings).

¢) 0.5 PF Window Shading:
o Harris County: 0.8% (site energy savings) and 1.3% (source energy savings);
o Tarrant County: 0.1% (site energy savings) and 0.9% (source energy savings); and
o Potter County: -1.1% (site energy savings) and 0.7% (source energy savings).

d) Window Shading and Redistribution:
o Harris County: 1.2% (site energy savings) and 1.5% (source energy savings);
e Tarrant County: 0.6% (site energy savings) and 1.1% (source energy savings); and
o Potter County: -0.4% (site energy savings) and 1.1% (source energy savings).

e) CO,-Based Demand-Controlled Ventilation:
e Harris County: 2.1% (site energy savings) and 1.6% (source energy savings);
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e Tarrant County: 2.0% (site energy savings) and 1.2% (source energy savings); and
o Potter County: 3.2% (site energy savings) and 1.6% (source energy savings).

f) Improved Air Conditioner Efficiency:
o Harris County: 4.2% (site energy savings) and 4.7% (source energy savings);
e Tarrant County: 3.6% (site energy savings) and 4.2% (source energy savings); and
o Potter County: 2.1% (site energy savings) and 2.7% (source energy savings).

g) Improved Furnace Efficiency:
e Harris County: 1.1% (site energy savings) and 0.4% (source energy savings);
e Tarrant County: 1.7% (site energy savings) and 0.7% (source energy savings); and
o Potter County: 3.5% (site energy savings) and 1.6% (source energy savings).

h) Improved Fan Efficiency:
o Harris County: 2.9% (site energy savings) and 3.6% (source energy savings);
o Tarrant County: 2.4% (site energy savings) and 3.4% (source energy savings); and
o Potter County: 1.3% (site energy savings) and 3.0% (source energy savings).

i) Improved SHW Heater Efficiency:
o Harris County: 1.1% (site energy savings) and 0.4% (source energy savings);
e Tarrant County: 1.0% (site energy savings) and 0.4% (source energy savings); and
o Potter County: 1.0% (site energy savings) and 0.5% (source energy savings).

J) Tankless Gas Water Heater:
o Harris County: 1.8% (site energy savings) and 1.6% (source energy savings);
e Tarrant County: 1.8% (site energy savings) and 1.6% (source energy savings); and
¢ Potter County: 1.6% (site energy savings) and 1.6% (source energy savings).

k) Solar SHW System (64 sq. ft. collector, 80 gal tank):
¢ Harris County: 3.3% (site energy savings) and 1.2% (source energy savings);
e Tarrant County: 3.6% (site energy savings) and 1.4% (source energy savings); and
¢ Potter County: 3.2% (site energy savings) and 1.4% (source energy savings).

I) Decreased Lighting Power Density to 0.9 W/sq.ft.:
e Harris County: 2.3% (site energy savings) and 2.8% (source energy savings);
e Tarrant County: 1.9% (site energy savings) and 2.6% (source energy savings); and
o Potter County: 1.2% (site energy savings) and 2.3% (source energy savings).

m) Decreased Lighting Power Density to 0.75 W/sq.ft.:
o Harris County: 5.7% (site energy savings) and 7.0% (source energy savings);
e Tarrant County: 4.8% (site energy savings) and 6.6% (source energy savings); and
o Potter County: 3.0% (site energy savings) and 5.7% (source energy savings).

n) Daylight Dimming Control:
o Harris County: 6.5% (site energy savings) and 7.8% (source energy savings);
e Tarrant County: 5.7% (site energy savings) and 7.5% (source energy savings); and
o Potter County: 4.1% (site energy savings) and 6.8% (source energy savings).
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0) Automatic Receptacle Control for Offices using Occupancy Sensors:
o Harris County: 2.3% (site energy savings) and 2.7% (source energy savings);
e Tarrant County: 1.9% (site energy savings) and 2.6% (source energy savings); and
o Potter County: 1.3% (site energy savings) and 2.3% (source energy savings).

p) 40 kW Photovoltaic Array:
¢ Harris County: 20.6% (site energy savings) and 23.1% (source energy savings);
e Tarrant County: 29.3% (site energy savings) and 34.1% (source energy savings); and
o Potter County: 27.1% (site energy savings) and 36.1% (source energy savings).

Of 16 measures, a solar PV measure presents the most savings (23.1%, 34.1%, and 36.1% source energy
savings) across the counties. A daylight dimming control and decreased lighting power density to 0.75
W/sq.ft measures also resulted in considerable savings (7.8%, 7.5%, and 6.8% source energy savings
with daylight dimming control measure; and 7.0%, 6.6%, and 5.7% source energy savings with decreased
lighting power density to 0.75 W/sq.ft measure). Among the envelope and fenestration measures, a
decreased glazing u-value measure shows a high site energy savings (3.5%, 4.5%, and 5.9% site energy
savings), while the source energy savings becomes lower (1.0%, 1.5%, and 2.6% source energy savings)
due to a high savings in natural gas and the increased cooling energy penalty. Among the HVAC system
measures, an improved air conditioner efficiency measure results in high source energy savings across
the counties (4.7%, 4.2%, and 2.7% source energy savings), and an improved fan efficiency measure
yields 3.6%, 3.4%, and 3.0% source energy savings. In service hot water measures, the solar SHW
system measure with 64 ft* collector and 80 gallon tank is found to be effective only for site energy
savings (3.3%, 3.6%, and 3.2% site energy savings and 1.2%, 1.4%, and 1.4% source energy savings).
Finally, an automatic receptacle control measure presents a source energy savings of 2.7%, 2.6% and
2.3%.

4.1.3 Cost Effectiveness of Various Individual EEMs

It should be noted that, due to the difference in the unit cost of electricity and gas, the energy cost savings
for a measure will not always coincide with the energy savings. These savings depend on the fuel type
associated with the end use affected from that measure. Because of this, measures that reduce electricity
use for space cooling or lighting and equipment resulted in significant energy cost savings compared to
the measures that reduce only gas use.

The solar PV and all three lighting measures that show a significant reduction in electricity use are very
effective in reducing the overall energy cost. The measures that reduce electricity use for cooling and
fans and pumps also result in high energy cost savings. These measures include improved air conditioner
efficiency and improved fan efficiency. An automatic receptacle control measure also shows high cost
savings.

To estimate the cost-effectiveness of measures, the implementation costs of each measure (obtained from
various resources listed in Appendix A), were surveyed along with simple payback calculations. The
cost-effectiveness of a measure depends upon the energy cost savings versus the cost of implementation.
The most cost-effective measure is a decreased lighting power density to 0.75 W/sg.ft. measure (EEM
13) with the shortest payback periods of 4.1 to 6.1 years for Harris County, 4.2 to 6.3 years for Tarrant
County, and 4.6 to 6.9 years for Potter County. The other two lighting measures (EEM 12 and EEM 14)
yield relatively short payback periods: 8.2 to 12.4 years (Harris County), 8.6 to 12.9 years (Tarrant
County), and 9.3 to 13.9 years (Potter County) for EEM 12; and 9.1 to 13.7 years (Harris County), 9.4 to
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14.2 years (Tarrant County), and 9.8 to 14.7 years (Potter County) for EEM 14. Tankless gas water heater
and improved fan efficiency also yield relatively short payback periods.

4.2 Combined EEMs: 15% Source Energy Savings Above ASHRAE 90.1-2007 Code-Compliant
Building

Grouped measures are the combination of individual measures. The results from individual measures and
cost analysis were used to guide the selection of measures for this group analysis. The measures were
combined to achieve the total source energy savings® of the group is 15% above the base-case simulation
of ASHRAE 90.1- 2007 code-compliant small office building. Because the measures are interdependent
in many cases, the resultant savings of grouped measures are not always the same as the sum of the
savings of the individual measures. In a similar fashion as the analysis of the individual measures, the
group measures were simulated by modifying all the parameters of combined individual measures.

As shown in Figures 11 and 13, three group measures were proposed for each base case. In each figure,
the first table summarizes the results obtained from individual measures in terms of annual site energy
savings, annual source energy savings, annual demand savings, energy cost savings, estimated costs for
each measure implemented individually, and payback period. The second table summarizes the results
obtained by implementing combined measures to achieve 15% or more total source energy savings, and
includes: energy savings, energy cost savings, estimated costs, payback period for each combination, and
annual NOx, SO,, and CO, emission savings.

The example groups represent one way of grouping to achieve 15% savings above the base case. In this
analysis, each combination was intended to have a different payback period. The most cost-effective
combination (combination 1) has a payback period of:

a) Harris County: 8.2 to 12.3 years;

b) Tarrant County: 8.4 to 12.7 years; and

c) Potter County: 8.7 to 13.0 years.

A payback period of the least cost-effective combination (combination 3) is:
a) Harris County: 12.2 to 18.3 years;
b) Tarrant Conty: 13.1 to 19.6 years; and
c) Potter County: 14.9 to 22.4 years.

® The estimated total source energy savings include heating, cooling, lighting, equipment, and SHW.
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Table 6. Simulation Results of Individual EEMs for an ASHRAE 90.1-2007 Code-Compliant Small Office Building in Harris County (Climate Zone 2)

. I Source Energy Use by Fuel | Savings Above Base Annual Annual
EEM - Site Energy Use by End-Uses (MMBtu/yr) Type (MMBtu/yr) case (%) Energy | Demand Increased Marginal | Increased New System
# Energy Efficiency Measure ltg & Fans Savings Savings Cost ($) Cost ($) Payback (yrs)
Cooling | Heating X DHW Total Total Elec. Gas Site Source
Equip |&Pumps ($/yr) ($lyr)
Increased Roof and Wall Insulation R-Value (from 20
1 to 25 for roof and 13 to 13+3.8c.. for walls) 153 59 300 137 47 696 1980 1863 117 1.2% 0.6% $79 $14 $9,092 - $13,639 97.0 - 145
Envelope 2 |Decreased Glazing U-Value (from 0.75 to 0.35) 159 38 300 136 47 680 1972 1878 94 3.5% 1.0% $80 $16 $10,284 - $15,425 107 - 161
and
F;"eﬁﬂ'g” 3 Z}SE/T;)W'”C"’W Shading (None 10 2.5 ft. Overhang for 146 70 300 137 47 698 | 1967 | 1839 | 128 0.8% 1.3% $231 $38 $14,159 - $21,238 526 - 78.9
Window Shading and Redistribution (20% Equal
4 |Windows on All Sides with No Shadings to S=36%, 145 68 300 136 47 696 1962 1835 127 1.2% 1.5% $269 $45 $14,159 - $21,238 45.0 - 67.5
N=20%, E/W=12% with 2.5 ft. Overhangs for S/E/W)
5 |CO,-Based Demand-Controlled Ventilation (DCV) 147 59 300 137 47 690 1960 1844 117 2.1% 1.6% $253 $43 $7,367 - $11,051 249 - 37.3
Improved Air Conditioner Efficiency (from 13 SEER &
HVAC 6 11 EER to 18 SEER & 12.6 EER) 124 67 300 137 47 674 1898 1773 125 4.2% 4.7% $830 $224 $12,288 - $18,432 11.7 - 17.5
Measures
7 |Improved Furnace Efficiency (from 80% to 90% Et) 154 59 300 137 47 697 1984 1867 116 1.1% 0.4% $46 $0 $7,900 - $11,850 170 - 255
8 |Improved Fan Efficiency (from 55% to 65%) 150 70 300 118 47 684 1921 1792 129 2.9% 3.6% $640 $91 $6,869 - $10,303 9.4 -14.1
9 |Improved SHW Heater Efficiency (from 80% to 95% Et) 154 67 300 137 39 697 1984 1867 116 1.1% 0.4% $46 $0 $3,456 - $5,184 74.4 - 112
W | 10| Tankless Gas Water Heater 154 | 67 | 300 | 128 | 43 | 691 | 1960 | 1840 | 120 | 1.8% 1.6% $264 $16 $1,414 - $2,120 50-76
1 ;;’I"’t‘;:g‘"ce Hot Water System (64 sq.ft. collector. 80| | 450 | 67 | 300 | 138 | 22 | 681 | 1968 | 1870 | 98 | 33% | 12% | $127 -$6 $2,880 - $4,320 237-356
12 ggi[ezzsl%d(fﬁg:"l"lg f:g:’d\’;;;f';ﬁB based on ASHRAE| | 151 | 69 | 284 | 137 | 47 | 688 | 1936 | 1809 | 127 | 23% | 28% | $501 $96 $4,913 - $7,369 82-124
Lighting and | 13 | o aoes (Lfgr‘r""‘foptg"g?;gj\;‘;';’_’ﬁ‘?fsed on AEDG- 147 | 72 | 261 | 137 | 47 | e64 | 1853 | 1722 | 131 | 57% | 7.0% | $1,247 | $241 | $6,052 - $9,079 41-61
Receptacle
Measures 14 |Daylight Dimming Control 146 71 257 137 47 658 1836 1706 130 6.5% 7.8% $1,387 $334 $15,723 - $23,584 9.1-137
15 g‘;‘é’gﬁi)’fgﬁgﬁi’e Control for Offices using 151 | 68 | 285 | 137 | 47 | 688 | 1937 | 1811 | 127 | 23% | 27% | $486 | $109 $7,587 - $11,380 127-19.1
R;’;Z‘;V::’e'e 16 |40 kW Photovoltaic Array 105 67 204 | 137 47 559 | 1532 | 1408 | 125 | 20.6% | 23.1% | $4,048 $760 $200,000 - $300,000 416 - 62.4
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Table 7. Simulation Results of Individual EEMs for an ASHRAE 90.1-2007 Code-Compliant Small Office Building in Tarrant County (Climate Zone 3)

. I Source Energy Use by Fuel | Savings Above Base Annual Annual
EEM - Site Energy Use by End-Uses (MMBtu/yr) Type (MMBtu/yr) case (%) Energy | Demand Increased Marginal | Increased New System
# Energy Efficiency Measure ltg & Fans Savings Savings Cost ($) Cost ($) Payback (yrs)
Cooling | Heating X DHW Total Total Elec. Gas Site Source
Equip |&Pumps ($/yr) ($lyr)
Increased Roof and Wall Insulation R-Value (from 20
1 to 25 for roof and 13 to 13+3.8c.. for walls) 134 98 300 139 48 719 1972 1811 161 1.7% 0.9% $112 $14 $9,092 - $13,639 72.1 - 108
Envelope 2 |Decreased Glazing U-Value (from 0.65 to 0.35) 139 73 300 138 48 699 1958 1825 134 4.5% 1.5% $146 $1 $7,039 - $10,558 48.0 - 72.0
and
F;"eﬁz"r‘gg” 3 Z}SE:;)W'”“W Shading (None to 2.5 ft. Overhang for 127 | 116 | 300 | 140 48 731 | 1972 | 1790 | 181 0.1% 0.9% $178 $33 $14,159 - $21,238 67.2 - 101
Window Shading and Redistribution (20% Equal
4 |Windows on All Sides with No Shadings to S=36%, 127 113 300 139 48 728 1966 1788 178 0.6% 1.1% $216 $38 $14,159 - $21,238 55.9 - 83.8
N=20%, E/W=12% with 2.5 ft. Overhangs for S/E/W)
5 |CO,-Based Demand-Controlled Ventilation (DCV) 132 98 300 140 48 717 1965 1805 161 2.0% 1.2% $168 $14 $7,367 - $11,051 40.5 - 60.8
Improved Air Conditioner Efficiency (from 13 SEER &
HVAC 6 11 EER to 18 SEER & 12.6 EER) 109 109 300 140 48 706 1906 1733 173 3.6% 4.2% $729 $205 $12,288 - $18,432 13.1 - 19.7
Measures
7 |Improved Furnace Efficiency (from 80% to 90% Et) 135 97 300 140 48 720 1976 1816 160 1.7% 0.7% $76 $0 $7,900 - $11,850 104 - 156
8 |Improved Fan Efficiency (from 55% to 65%) 131 115 300 120 48 715 1921 1741 180 2.4% 3.4% $615 $93 $6,869 - $10,303 9.7 - 145
9 |Improved SHW Heater Efficiency (from 80% to 95% Et) 135 109 300 140 41 724 1981 1816 165 1.0% 0.4% $48 $0 $3,456 - $5,184 72.4 - 109
W | 10| Tankless Gas Water Heater 135 | 109 | 300 | 131 | 44 | 719 | 1957 | 1789 | 168 | 1.8% 1.6% $265 $18 $1,414 - $2,120 50-75
1 ;;’I'at‘;:g"we Hot Water System (64 sq.ft. collector. 80| | ya5 | 109 | 300 | 141 | 21 | 706 | 1962 | 1819 | 143 | 36% | 14% | $145 -$6 $2,880 - $4,320 207 - 311
12 ggi[ezzsl%d(fﬁg:"l"lg f:g:’d\’;;;f';ﬁB based onASHRAE| | 13 | 113 | 284 | 140 | 48 | 718 | 1936 | 1750 | 178 | 19% | 26% | $476 $97 $4,913 - $7,369 8.6 -12.9
Lighting and | 13 | o aoes ;g*;'qgoigvge;gj\;}zﬁyﬁb;‘sed on AEDG- 128 | 119 | 261 | 140 | 48 | 697 | 1857 | 1673 | 184 | 48% | 66% | $1,196 | $243 | $6,052 - $9,079 42-63
Receptacle
Measures 14 |Daylight Dimming Control 127 118 257 140 48 690 1840 1657 182 5.7% 7.5% $1,342 $325 $15,723 - $23,584 9.4 -142
15 g‘;‘é’gﬁi)’fgﬁgﬁi’e Control for Offices using 132 | 113 | 285 | 140 | 48 | 718 | 1938 | 1761 | 177 | 1.9% | 26% | $462 | $112 $7,587 - $11,380 132-198
R;’;Z‘;V::’e'e 16 |40 kW Photovoltaic Array 85 109 | 188 88 48 517 | 1310 | 1137 | 173 | 29.3% | 34.1% | $5979 | $800 $200,000 - $300,000 295 - 44.3
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Table 8. Simulation Results of Individual EEMs for an ASHRAE 90.1-2007 Code-Compliant Small Office Building in Potter County (Climate Zone 4)

. I Source Energy Use by Fuel | Savings Above Base Annual Annual
EEM - Site Energy Use by End-Uses (MMBtu/yr) Type (MMBtu/yr) case (%) Energy | Demand Increased Marginal | Increased New System
# Energy Efficiency Measure ltg & Fans Savings Savings Cost ($) Cost ($) Payback (yrs)
Cooling | Heating X DHW Total Total Elec. Gas Site Source
Equip |&Pumps ($/yr) ($lyr)
Increased Roof and Wall Insulation R-Value (from 20
1 |0 25 for roof and 13 to 13+3.80., for walls) 88 251 300 147 54 840 | 2025 | 1690 | 335 2.9% 1.5% $181 $11 $9,092 - $13,639 47.3 - 70.9
Envelope 2 |Decreased Glazing U-Value (from 0.55 to 0.35) 92 222 300 146 54 813 2002 1698 304 5.9% 2.6% $289 -$5 $6,223 - $9,335 21.9 - 32.8
and
F;"eﬁz"r‘gg” 3 Z}SE:;)W'”“W Shading (None to 2.5 ft. Overhang for 76 296 | 300 | 148 54 874 | 2041 | 1656 | 385 | -1.1% 0.7% $195 $60 $14,159 - $21,238 55.4 - 83.1
Window Shading and Redistribution (20% Equal
4 |Windows on Al Sides with No Shadings to S=36%, 76 291 300 147 54 868 | 2033 | 1654 | 379 -0.4% 1.1% $244 $70 $14,159 - $21,238 45.0 - 67.5
N=20%, E/W=12% with 2.5 ft. Overhangs for S/E/W)
5 |CO,-Based Demand-Controlled Ventilation (DCV) 87 248 300 148 54 837 2022 1689 332 3.2% 1.6% $202 $9 $7,367 - $11,051 349 -523
Improved Air Conditioner Efficiency (from 13 SEER &
AC 6 |11 EER (0 18 SLER & 12.6 EER) 71 275 300 148 54 847 | 1999 | 1637 | 362 2.1% 2.7% $496 $181 | $12,288 - $18,432 18.2 - 27.3
Measures
7 |improved Furnace Efficiency (from 80% to 90% Et) 88 244 300 148 54 834 | 2021 | 1693 | 328 3.5% 1.6% $191 $0 $7,900 - $11,850 41.3 - 61.9
8 |Improved Fan Efficiency (from 55% to 65%) 85 287 300 127 54 853 1994 1619 375 1.3% 3.0% $576 $92 $6,869 - $10,303 10.3 - 15.4
9 |Improved SHW Heater Efficiency (from 80% to 95% Et) 88 275 300 148 45 856 2045 1693 352 1.0% 0.5% $53 $0 $3,456 - $5,184 64.8 - 97.2
W | 10| Tankless Gas Water Heater 88 | 275 | 300 | 139 49 851 | 2022 @ 1666 | 356 | 1.6% 1.6% $273 $17 $1,414 - $2,120 49-73
1 ;;’I'at‘;:g"we Hot Water System (64 sq.ft. collector. 80| | gg | 575 | 300 | 149 | 26 | 837 | 2027 @ 1696 | 331 | 3.2% 1.4% $151 -36 $2,880 - $4,320 10.8 - 29.6
B2 e e 1o oo ety LCTASHRARL g7 2e1 | 284 | 148 | 54 BS54 | 2008 | 1639 | 360 | 12% | 23% | $436 $95 $4,913 - $7,369 9.3 - 139
Lighting and | 13 | o aoes ;ﬁ*;‘qgo'ig"ge;gj\;}zﬁyﬁb;‘sed on AEDG- 84 | 202 | 261 | 148 | 54 | 838 | 1938 | 1558 | 380 | 3.0% | 57% | $1,087 | $236 | $6,052 - $9,079 46-69
Receptacle
Measures | 14 |paylight Dimming Control 82 289 257 148 54 830 | 1915 | 1539 | 377 4.1% 6.8% $1,275 $328 $15,723 - $23,584 9.8-14.7
15 g‘;‘é’gﬁi)’fgﬁgﬁi’e Control for Offices using 87 | 281 | 285 | 148 | 54 | 854 | 2008 | 1640 | 368 | 1.3% 2.3% $429 $108 $7,587 - $11,380 141 - 212
R;’;Z‘;V::’e'e 16 |40 KW Photovoltaic Array 50 275 169 83 54 630 | 1314 | 952 362 | 27.1% | 36.1% | $6,528 $648 $200,000 - $300,000 27.9 - 41.8
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15% Above-Code Analysis for Small Office, p.18

1,000

—

|

]

g 800

= | | - | [ | | _— I [ ] — | — [ ] _— - ]

E 600 N — T T [ i _—
> E - = O EE g = EEEE m am B

MRS B B B B B B BB B BaE NN BEE BB BBE BN BN BN s -
b |

L

o 20010 - B R o O CE BRSO B O R e e L B
=

NI I B B I B R BN BN NN EEEEENRI

01 Window Decreased
Increased | Decreased : C02 Improved Improved | Tankless Decreased Daylight | Automatic
BHS;A%ESB Roof'Wall | Window g\gggﬁlw ngglglt?glil Based \EDCFDEM%‘?d Furnace T;rrlogffd SHW Water |Solar SHW|LPD to 0.9 LSDTSm Dimming Recep Solar PV | Group 1 Group 2 Group 3
( ) Insulation | U-Value 9 on pcv Eff. Heater Eff.| Heater Wisq.ft Wisq i Control Control

Total 704 696 680 698 696 690 674 697 684 697 691 681 688 664 658 688 559 610 608 602
u SHW 47 47 47 47 47 47 47 47 47 39 43 22 47 47 47 47 47 47 43 47
Fans+Pumps 137 137 136 137 136 137 137 137 118 137 128 138 137 137 137 137 137 118 129 137
® Heating 67 59 38 70 68 59 67 59 70 67 67 67 69 72 il 68 67 81 75 66
Lgt+Appl 300 300 300 300 300 300 300 300 300 300 300 300 284 261 257 285 204 229 246 242
u Cooling 154 153 159 146 145 147 124 154 150 154 154 154 151 147 146 151 105 136 116 109

Figure 5. Site Energy Use of Various EEMs for an ASHRAE 90.1-2007 Code-Compliant Small Office Building in Harris County (Climate Zone 2)
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Window Decreased . .
Increased |Decreased : c02 Improved Improved | Tankless Decreased Daylight | Automatic
Base Case RoofWall | Window Wlnd_ow Sha_dln_g &. Based Improved Furnace Improved SHW Water |Solar SHW|LPD to 0.9 LPDto Dimming Recep. Solar PV | Group 1 Group 2 Group 3
(TAR) 3 Shading |Redistributi AC Eff. Fan Eff 0.75
Insulation | U-Value on DCV Eff. Heater Eff.| Heater Wisq.ft Wisq f Control Control
Total 732 719 699 731 728 717 706 720 715 724 719 706 718 697 690 718 517 650 643 637
u SHW 48 48 48 48 48 48 48 48 48 H 44 21 48 48 48 48 48 48 48 48
Fans+Pumps 140 139 138 140 139 140 140 140 120 140 131 141 140 140 140 140 88 120 120 140
= Heating 109 98 73 116 113 98 109 97 115 109 109 109 113 119 118 113 109 133 130 109
Lgt+Appl 300 300 300 300 300 300 300 300 300 300 300 300 284 261 257 285 188 229 246 242
u Cooling 135 134 139 127 127 132 109 135 131 135 135 135 132 128 127 132 85 119 98 97

Figure 6. Site Energy Use of Various EEMs for an ASHRAE 90.1-2007 Code-Compliant Small Office Building in Tarrant County (Climate Zone 3)
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01 Window Decreased
Increased | Decreased : c02 Improved Improved | Tankless Decreased Daylight | Automatic
Ba(slfo(_)re;se RoofWall | Window \S,\I’Eg?nw ngggll?gﬁl Based Igg?f?d Furnace IF‘;:UE?fd SHW Water |Solar SHW|LPD to 0.9 Lg[;;c Dimming Recep. Solar PV | Group 1 Group 2 Group 3
Insulation | U-Value 9 on DCV ; Eff. ~ |Heater Eff.| Heater Wisq.fi. Wféqﬂ Control Control

Total 865 840 813 874 868 837 847 834 853 856 851 837 854 838 830 854 630 789 743 723
uSHW 54 54 54 54 54 54 54 54 54 45 49 26 54 54 54 54 54 49 49 54
mFans+Pumps 148 147 146 148 147 148 148 148 127 148 139 149 148 148 148 148 83 119 138 146
= Heating 275 251 222 296 291 248 275 244 287 275 275 275 281 292 289 281 275 316 243 215
= Lgt+Appl 300 300 300 300 300 300 300 300 300 300 300 300 284 261 257 285 169 229 246 242
u Cooling 88 88 92 76 76 87 71 88 85 88 88 88 87 84 82 87 50 76 68 66

Figure 7. Site Energy Use of Various EEMs for an ASHRAE 90.1-2007 Code-Compliant Small Office Building in Potter County (Climate Zone 4)
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Increased |Decreased : co2 Improved Improved | Tankless Decreased Daylight | Automatic
Base Case Roof'Wall | Window \Nlndqw Shadlng &, Based Improved Furnace Improved SHW Water |Solar SHW|LPD to 0.9 LPD to Dimming Recep. Solar PV | Group 1 Group 2 | Group 3
(HAR) . Shading |Redistributi AC Eff. Fan Eff. 0.75
Insulation | U-Value on DCcv Eff. Heater Eff.| Heater Wisg ft. Wisq it Control Control
Total| 1,992 1,980 1,972 1,987 1,962 1,980 1,898 1,984 1,921 1,984 1,960 1,968 1,936 1,853 1,836 1,937 1,532 1,666 1,679 1,668
m NG 125 117 94 128 127 117 125 116 129 116 120 98 127 131 130 127 125 140 129 124
®mElec.| 1,867 1,863 1,878 1,839 1,835 1,844 1,773 1,867 1,792 1,867 1,840 1,870 1,809 1,722 1,706 1,811 1,408 1,526 1,550 1,544

Figure 8. Source Energy Use of Various EEMs for an ASHRAE 90.1-2007 Code-Compliant Small Office Building in Harris County (Climate Zone 2)
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15% Above-Code Analysis for Small Office, p.20
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Base Case Increased | Decreased Window S‘;\gg?;w& co2 Improved Improved Improved Improved | Tankless Decreased D?_‘;Baifd Daylight | Automatic
(TAR) Roof/Wall | Window Shadin Redislri%uli Based AE} Eff Furnace an Eff SHW Water |Solar SHW| LPD to 0.9 0.75 Dimming | Recep. | Solar PV | Group 1 | Group2 | Group 3
Insulation | U-Value 9 on DCV - Eff. * |Heater Eff.| Heater Wisq ft. Wfsqﬂ Control Control

Total| 1,989 1,972 1,958 1,972 1,966 1,965 1,906 1,976 1,921 1,981 1,957 1,962 1,936 1,857 1,840 1,938 1,310 1,679 1,664 1,688

mNG 173 161 134 181 178 161 173 160 180 165 168 143 178 184 182 177 173 200 196 174

mFlec | 1,816 1,811 1,825 1,790 1,788 1,805 1,733 1,816 1,741 1,816 1,789 1,819 1,759 1,673 1,657 1,761 1,137 1,480 1,468 1,514

Figure 9. Source Energy Use of Various EEMs for an ASHRAE 90.1-2007 Code-Compliant Small Office Building in Tarrant County (Climate Zone 3)
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C?) Base Case Increased |Decreased Window Smr(;?sw& co2 Improved Improved Improved Improved | Tankless Decreased DeL(ijreDai}ed Daylight | Automatic
RoofWall | Window " aing & Based p Furnace p SHW Water [Solar SHW|LPD to 0.9 Dimming Recep. Solar PV | Group 1 Group 2 Group 3
(POT) . Shading |Redistributi AC Eff. Fan Eff. 075
Insulation | U-Value on DCV Eff. Heater Eff.| Heater Wisqg ft. Wisq f Control Control
Total| 2,055 2,025 2,002 2,041 2,033 2,022 1,999 2,021 1,994 2,045 2,022 2,027 2,008 1,938 1,915 2,008 1,314 1,742 1,748 1,729
mNG 362 335 304 385 379 332 362 328 375 352 356 331 369 380 377 368 362 401 321 296
mElec.| 1,693 1,690 1,698 1,656 1,654 1,689 1,637 1,693 1,619 1,693 1,666 1,696 1,639 1,558 1,539 1,640 952 1,341 1,427 1,433

Figure 10. Source Energy Use of Various EEMs for an ASHRAE 90.1-2007 Code-Compliant Small Office Building in Potter County (Climate Zone 4)
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15% Above-Code Analysis for Small Office, p.21

Description of Individual Measures

Annual Energy Savings Annual Annual : " "
) o9} Energy Annual Demand Combined Savings Estimated Cost ($) Simple Estimated
Individual Measures Savings Demand Savings (Energy+Demand) Payback (yrs)
Site Source Savings (% ear Marginal Cost* [ New System Cost®
Glyear)® gs (%) (Slyear)® (Slyear) 9 Y
A Envelope and Fenestration Measures
Increased Roof and Wall Insulation R-Value (from 20 to 25 for roof and 13 to 1.00% 0.6% $79 0.5% $14 $94 $9,002 - $13,639 97.0 - 145
13+3.8c.i. for walls)
2 |Decreased Glazing U-Value (from 0.75 to 0.35) 3.5% 1.0% $80 0.5% $16 $96 $10,284 - $15,425 107 - 161
3 0.5 PFWindow Shading (None to 2.5 ft. Overhang for S/E/'W) 0.8% 1.3% $231 1.2% $38 $269 $14,159 - $21,238 52.6 - 78.9
Window Shading and Redistribution (20% Equal Window s on All Sides w ith
4 1.2% 1.5% 269 1.4% 45 315 14,159 - $21,238 450 - 67.5
No Shadings to S=36%, N=20%, EM=12% w ith 2.5 ft. Overhangs for SIEW) ° ° s § h s S14, s21,
B HVAC System Measures
5 |CO, Based Demand-Controlled Ventilation (DCV) 2.1% 1.6% $253 1.3% $43 $296 $7,367 - $11,051 24.9 - 37.3
6 ;mngoé;’)” Conditoner Hfficiency (from 13 SEFR & 11 EER 0 18 SEER & 2.2% 2.7% $830 6.9% $224 $1,053 $12,288 - $18,432 117 - 175
7 |Improved Furnace Efficiency (from 80% to 90% Et) 1.1% 0.4% $46 0.0% $0 $46 $7,900 - $11,850 170 - 255 | i
8 |Improved Fan Efficiency (from 55% to 65%) 2.9% 3.6% $640 2.8% $91 $732 $6,869 - $10,303 9.4 - 14.1
C Service Hot Water Measures
9 |Improved SHW Heater Efficiency (from 80% to 95% Et) 1.1% 0.4% $46 0.0% $0 $46 $3,456 - $5,184 74.4 - 112
10 |Tankless Gas Water Heater 1.8% 1.6% $264 0.5% $16 $280 $1,414 - $2,120 50 - 7.6
11 |Solar Service Hot Water System (64 sq.ft. collector, 80 gal tank) 3.3% 1.2% $127 -0.2% -$6 $121 $2,880 - $4,320 23.7 - 35.6
Lighting and Receptacle Measures
12 (?Zc\r;/a:qe: ;.lghtlng Pow er Density based on ASHRAE 90.1-2010 (from 1.0 to 23% 28% $501 3.0% $96 $507 $4.913 - $7.360 82 - 124
13 (?i‘g\eNa/s;dfl")gh“"g Power Density based on AEDG-SMO-2011 (from 1.0 to 5.7% 7.0% $1,247 7.5% $241 $1,488 $6,052 - $9,079 41-61
14 | Daylight Dimming Control 6.5% 7.8% $1,387 10.4% $334 $1,721 $15,723 - $23,584 91 - 137 B o e canae, 202
15 | Automatic Receptacle Control for Offices using Occupancy Sensors 2.3% 2.7% $486 3.4% $109 $596 $7,587 - $11,380 12.7 - 19.1 (| ;\snmé 90 1300?_ Climate Zone 3
E ___Renewable Power Measure [C] ASHRAE 90.1-2007- Climate Zone 4
16 |40 kW Photovoltaic Array 20.6% 23.1% $4,048 23.6% $760 $4,808 $200,000 - $300,000] 41.6 - 62.4
Description of Combined Measures
Combined Annual Combined || Combined | Combined Combined Savings Combined Estimated Cost NOx Emissions SO, Emissions CO, Emissions
i %)* Simple Estimated i i i
Combination of Measures® Energy Savings (%) SE:VP.“:Z); Z::,T::;g [;Z‘T:gn: (Energy+Demand) ($) Ipapyback |(yrs) Savings Savings Savings
Site Source ear Marginal Cost* | New System Cost® Annual (Ibs/yr Annual (Ibs/yr Annual (tons/yr
ey | o6 | @yomy (slyean) 9 y (tbsiyr) (Ibsiy) (tonsiyn)
Combination 1
14 | Daylight Dimming Control $15,723 - $23,584
13 (?i‘g\eNa/s;dfl")gh“"g Pow er Density based on AEDG-SMO-2011 (from 1.0 to 13.3% 16.4% $2,920 18.2% $586 $3,507 $6,052 - $9,079 82 - 123 488 315 203
8 |Improved Fan Efficiency (from 55% to 65%) $6,869 - $10,303
Combination 2
13 Decreased Lighting Pow er Density based on AEDG-SMO-2011 (from 1.0 to $6,052 - $9.079
0.75 Wisq.ft.)
[ d Air Conditi Effici fi 13 SEER & 11 EERt0 18 SEER &
6 1";”?;;) ir Conditioner Bfficiency (from © 13.7% 15.7% $2,769 17.5% $564 $3,333 $12,288 - $18,432 82 - 123 454 287 191
15 |Automatic Receptacle Control for Offices using Occupancy Sensors $7,587 - $11,380
10 | Tankless Gas Water Heater $1,414 - $2,120
Combination 3
14 | Daylight Dimming Control $15,723 - $23,584
Improved Air Conditioner Efficiency (from 13 SEER & 11 EERto 18 SEER &
13 12,288 - $18,432
12.6 EER) 14.6% 16.2% $2,849 20.6% $664 $3,512 8 ® 12.2 - 183 46.6 29.2 19.7
15 |Automatic Receptacle Control for Offices using Occupancy Sensors $7,587 - $11,380
5 |CO, Based Demand-Controlled Ventilation (DCV) $7,367 - $11,051
Note: [ASHRAE 90.1-2007 Code-Compliant Building Description]
1. Total energy savings from heating, cooling, lighting, equipment and DHW for emissions reductions determination. * Building type: Small Office
2. Savings depend on fuel mixused. * Gross area: 20,000 sq-ft
* Energy Cost: Electricity = $0.095/kWh & Demand = $5.00/kW * Building dimension: 100 ft x 100 ft x 13 ft (WxLxH)
Natural gas = $0.63/therm * Number of floors: 2
3. Yearlydemand cost= Sum of monthly demand cost for 12 months * Floor-to-floor height: 13 ft
4. Marginal cost = new system cost - original system cost * Window-to-wall ratio: 20%
5. New system cost=new system costonly * HVAC system: SEER 13 or EER 11 Rooftop PSZ & 80% Et Furnace
6. See individual measures above for specific savings * DHW: 80% Et Gas Water heater

Figure 11. Individual and Combined Energy Efficiency Measures for an ASHRAE 90.1-2007 Code-Compliant Small Office Building for Climate Zone 2
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15% Above-Code Analysis for Small Office, p.22

Description of Individual Measures

Annual Energy Savings Annual Annual : " "
) 9} Energy Annual Demand Combined Savings Estimated Cost ($) Simple Estimated
Individual Measures Savings Demand Savings (Energy+Demand) Payback (yrs)
Site Source Savings (% ear Marginal Cost* [ New System Cost®
Glyear)® gs (%) (slyear)® (Slyear) 9 3%
A Envelope and Fenestration Measures
Increased Roof and Wall Insulation R-Value (from 20 to 25 for roof and 13 to 1.7% 0.9% $112 0.4% $14 $126 $9,002 - $13,639 721 - 108
13+3.8c.i. for walls)
2 |Decreased Glazing U-Value (from 0.65 to 0.35) 4.5% 1.5% $146 0.0% $1 $147 $7,039 - $10,558 48.0 - 72.0
3 0.5 PFWindow Shading (None to 2.5 ft. Overhang for S/E/'W) 0.1% 0.9% $178 1.1% $33 $211 $14,159 - $21,238 67.2 - 101
Window Shading and Redistribution (20% Equal Window s on All Sides w ith
4 0.6% 1.1% 216 1.2% 38 253 14,159 - $21,238 559 - 838
No Shadings to S=36%, N=20%, EM=12% w ith 2.5 ft. Overhangs for S/EW) ° ° ® § $ ® $14, $21,
B HVAC System Measures
5 |CO, Based Demand-Controlled Ventilation (DCV) 2.0% 1.2% $168 0.4% $14 $182 $7,367 - $11,051 40.5 - 60.8
6 '1";”?“5’;’)” Conditoner Efficiency (from 13 SEFR & 11 EER 0 18 SEER & 3.6% 4.2% $729 6.6% $205 $934 $12,288 - $18,432 131 - 19.7
7 |Improved Furnace Efficiency (from 80% to 90% Et) 1.7% 0.7% $76 0.0% $0 $76 $7,900 - $11,850 104 - 156
8 |Improved Fan Efficiency (from 55% to 65%) 2.4% 3.4% $615 3.0% $93 $708 $6,869 - $10,303 9.7 - 145
C Service Hot Water Measures
9 |Improved SHW Heater Efficiency (from 80% to 95% Et) 1.0% 0.4% $48 0.0% $0 $48 $3,456 - $5,184 72.4 - 109
10 | Tankless Gas Water Heater 1.8% 1.6% $265 0.6% $18 $282 $1,414 - $2,120 50 - 75
11 |Solar Service Hot Water System (64 sq.ft. collector, 80 gal tank) 3.6% 1.4% $145 -0.2% -$6 $139 $2,880 - $4,320 20.7 - 31.1
Lighting and Receptacle Measures
12 (Ijbzc\r;/assqefd‘ ;.lghtlng Pow er Density based on ASHRAE 90.1-2010 (from 1.0 to| 1.0% 26% $476 31% $97 $573 $4.913 - $7,360 86 - 129
13 (?i‘;’ivalsszdff')gh“”g Pow er Density based on AEDG-SMO-2011 (from 1.0 to 4.8% 6.6% $1,196 7.8% $243 $1,439 $6,052 - $9,079 42-63
14 | Daylight Dimming Control 5.7% 7.5% $1,342 10.4% $325 $1,666 $15,723 - $23,584 9.4 - 142 [T] ASHRAE 90.1-2007 - Climale: Zone 2
15 [Automatic Receptacle Control for Offices using Occupancy Sensors 1.9% 2.6% $462 3.6% $112 $574 $7,587 - $11,380 13.2 - 198 I_i;ff,HRAE bh. 1200 Iif:;"ﬁf;f Zone 3
E Renewable Power Measure [7] ASHRAE 90.1-2007- Climate Zone 4
16 |40 kW Photovoltaic Array 29.3% 34.1% $5,979 25.6% $800 $6,779 $200,000 - $300,000} 29.5 - 44.3
Description of Combined Measures
Combined Annual Combined || Combined | Combined Combined Savings Combined Estimated Cost NOx Emissions SO, Emissions CO, Emissions
i %)* Simple Estimated i i i
Combination of Measures® Energy Savings (%) SE:Veirr‘Z;; 2:31,:53 [SJZ‘T:;: (Energy+Demand) (%) IPaF;baCk |(yrs) Savings Savings Savings
Site Source lyear Marginal Cost* New System Cost® Annual (Ibs/yr Annual (Ibs/yr Annual (tons/yr
ey | o0 | @yemy (slyean) g y (tbsiyr) (Ibsiy) (tonsiyn)
Combination 1
14 | Daylight Dimming Control $15,723 - $23,584
13 g‘;‘;’\e,vazzdff')gh“"g Pow er Density based on AEDG-SMO-2011 (from 1.0 to 112% 15.6% $2,810 18.6% $582 $3,392 $6,052 - $9,079 84 - 127 471 310 194
8 |Improved Fan Efficiency (from 55% to 65%) $6,869 - $10,303
Combination 2
13 Decreased Lighting Pow er Density based on AEDG-SMO-2011 (from 1.0 to $6,052 - $9,079
0.75 Wisq.ft.)
I d Air Conditi Effici fi 13 SEER & 11 EERto 18 SEER &
Epgoé;) ir Gondiioner Efficiency (from © 122% 16.3% $2,932 20.3% $635 $3,567 $12,288 - $18,432 0.2 - 138 401 320 203
8 |Improved Fan Efficiency (from 55% to 65%) $6,869 - $10,303
15 |Automatic Receptacle Control for Offices using Occupancy Sensors $7,587 - $11,380
Combination 3
14 | Daylight Dimming Control $15,723 - $23,584
13 Improved Air Conditioner Efficiency (from13 SEER & 11 EERto 18 SEER & $12.288 - $18.432
12.6 EER) 13.0% 15.1% $2,654 20.3% $633 $3,287 13.1 - 19.6 44.2 27.8 18.6
15 |Automatic Receptacle Control for Offices using Occupancy Sensors $7,587 - $11,380
5 |CO, Based Demand-Controlled Ventilation (DCV) $7,367 - $11,051
Note: [ASHRAE 90.1-2007 Code-Compliant Building Description]
1. Total energy savings from heating, cooling, lighting, equipment and DHW for emissions reductions determination. * Building type: Small Office
2. Savings depend on fuel mixused. * Gross area: 20,000 sqg-ft
* Energy Cost: Electricity = $0.095/kWh & Demand = $5.00/kW * Building dimension: 100 ft x 100 ft x 13 ft (WxLxH)
Natural gas = $0.63/therm * Number of floors: 2
3. Yearlydemand cost = Sum of monthly demand cost for 12 months * Floor-to-floor height: 13 ft
4. Marginal cost = new system cost - original system cost * Window-to-wall ratio: 20%
5. New system cost=new system costonly * HVAC system: SEER 13 or EER 11 Rooftop PSZ & 80% Et Furnace
6. See individual measures above for specific savings * DHW: 80% Et Gas Water heater

Figure 12. Individual and Combined Energy Efficiency Measures for an ASHRAE 90.1-2007 Code-Compliant Small Office Building for Climate Zone 3
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Description of Individual Measures

Annual Energ]y Savings Annual Annual Annual Combined Savings Estimated Cost ($)
L (%) Energy Demand Simple Estimated
Individual Measures - Savings ngand Savings (Energy+Demand) - - 5 Payback (yrs)
Site Source (Slyeary? Savings (%) (Slyear)’ ($lyear) Marginal Cost New System Cost
A Envelope and Fenestration Measures
Increase.d Roof and Wall Insulation R-Value (from 20 to 25 for roof and 13 to 2.0% 15% $181 0.4% $11 $192 $9,002 - $13,639 473 - 709
13+3.8c.i. for walls)
2 |Decreased Glazing U-Value (from 0.55 to 0.35) 5.9% 2.6% $289 -0.2% -$5 $285 $6,223 - $9,335 21.9 - 32.8
3 [0.5 PF Window Shading (None to 2.5 ft. Overhang for S/E/W) -1.1% 0.7% $195 2.0% $60 $255 $14,159 - $21,238 55.4 - 83.1
Window Shading and Redistribution (20% Equal Window s on All Sides w ith
4 No Shadings to g:ze%, N=20%, E/\A§=12%E\‘A:|1|th 2.5 ft. Overhangs for SIEW) -0.4% L1 s244 24% s70 s34 $14,159 - $21,238 450 - 675
B HVAC System Measures
5 |CO, Based Demand-Controlled Ventilation (DCV) 3.2% 1.6% $202 0.3% $9 $211 $7,367 - $11,051 34.9 - 52.3
6 'lr;‘_’goé;)” Conditioner Efficiency (from 13 SEER & 11 EER to 18 SEER & 2.1% 2.7% $496 6.1% $181 $676 $12,288 - $18,432 182 - 273 )
7 |Improved Furnace Efficiency (from 80% to 90% Et) 3.5% 1.6% $191 0.0% $0 $191 $7,900 - $11,850 41.3 - 61.9 .
8 |Improved Fan Efficiency (from 55% to 65%) 1.3% 3.0% $576 3.1% $92 $668 $6,869 - $10,303 10.3 - 15.4 ™
c Service Hot Water Measures
9 |Improved SHW Heater Efficiency (from 80% to 95% Et) 1.0% 0.5% $53 0.0% $0 $53 $3,456 - $5,184 64.8 - 97.2
10 | Tankless Gas Water Heater 1.6% 1.6% $273 0.6% $17 $290 $1,414 - $2,120 4.9 - 7.3
11 |Solar Service Hot Water System (64 sq.ft. collector, 80 gal tank) 3.2% 1.4% $151 -0.2% -$6 $146 $2,880 - $4,320 19.8 - 29.6
Lighting and Receptacle Measures
12 [E))iegc\rzlass:f(i.;_igh‘ing Pow er Density based on ASHRAE 90.1-2010 (from 1.0 to| 1.0 23% $436 320 $95 $531 $4.913 - $7,369 93 - 139
13 Decreased Lighting Pow er Density based on AEDG-SMO-2011 (from 1.0 to 3.0% 5.7% $1,087 8.0% $236 $1,324 $6,052 - $9,079 46 - 6.9 e i
0.75 Wisg.ft.) [ ASHRAE 90.1-2007 - Climate Zone 2
14 | Daylight Dimming Control 4.1% 6.8% $1,275 11.1% $328 $1,603 $15,723 - $23,584 9.8 - 14.7 :
15 | Automatic Receptacle Control for Offices using Occupancy Sensors 13% 2.3% $429 3.6% $108 $537 $7,567 - $11,380 141 - 212 (] ASHRAE 00.4-2007= Chiiste Jone &
E Renewable Power Measure [] ASHRAE W‘J-zulg?l_hgmalgﬁ Zone 4
16 |40 kW Photovoltaic Array 27.1% 36.1% $6,528 21.8% $648 $7,176 $200,000 - $300,000 27.9 - 41.8 4
Description of Combined Measures
Combined Annual Combined || Combined | Combined . . Combined Estimated Cost NOx Emissions SO, Emissions CO, Emissions
. 1 Combined Savings : . :
Combination of Measures® Energy Savings (%) SE:Vei;g); I;:r/ri\:n: I;(:\T:n: (Energy+Demand) ($) Slr:apylzaingrasl)ed Savings Savings Savings
Site Source ($/yeagr)2 (%)g ($/yeagr)3 ($lyear) Marginal Cost* New System Cost® Annual (Ibs/yr) Annual (Ibs/yr) Annual (tons/yr)
Combination 1
14 | Daylight Dimming Control $15,723 - $23,584
13 Decreased Lighting Pow er Density based on AEDG-SMO-2011 (from 1.0 to $6.052 - $9,079
0.75 W/sq.ft.) 8.8% 15.2% $2,878 20.1% $582 $3,460 8.7 - 13.0 48.4 325 19.7
8 |Improved Fan Efficiency (from 55% to 65%) $6,869 - $10,303
10 |Tankless Gas Water Heater $1,414 - $2,120
Combination 2
13 Decreased Lighting Pow er Density based on AEDG-SMO-2011 (from 1.0 to $6.052 - $9,079
0.75 Wisq.ft.)
Improved Air Conditioner Efficiency (from 13 SEER & 11 EER to 18 SEER & $12,288 - $18,432
12.6 EER) 14.0% 15.0% $2,580 17.9% $635 $3,215 104 - 15.7 425 246 18.7
2 |Decreased Glazing U-Value (from 0.55 to 0.35) $6,223 - $9,335
15 |Automatic Receptacle Control for Offices using Occupancy Sensors $7,587 - $11,380
10 [Tankless Gas Water Heater $1,414 - $2,120
Combination 3
14 | Daylight Dimming Control $15,723 - $23,584
13 T:goggs)mr Conditioner Efficiency (from 13 SEER & 11 EER to 18 SEER & $12.288 - $18.432
2 |Decreased Glazing U-value (from 0.55 to 0.35) 16.4% 15.9% $2,666 20.1% $633 $3,299 $6.223 - $9.335 149 - 224 43.7 240 19.6
15 |Automatic Receptacle Control for Offices using Occupancy Sensors $7,587 - $11,380
5 |CO, Based Demand-Controlled Ventilation (DCV) $7,367 - $11,051
Note: [ASHRAE 90.1-2007 Code-Compliant Building Description]
1. Total energy savings from heating, cooling, lighting, equipment and DHW for emissions reductions determination. * Building type: Small Office
2. Savings depend on fuel mixused. * Gross area: 20,000 sq-ft
* Energy Cost: Electricity = $0.095/kWh & Demand = $5.00/kW * Building dimension: 100 ft x 100 ft x 13 ft (WxLxH)
Natural gas = $0.63/therm * Number of floors: 2
3. Yearlydemand cost= Sum of monthly demand cost for 12 months * Floor-to-floor height: 13 ft
4. Marginal cost = new system cost - original system cost * Window-to-wall ratio: 20%
5. New system cost = new system costonly * HVAC system: SEER 13 or EER 11 Rooftop PSZ & 80% Et Furnace
6. See individual measures above for specific savings * DHW: 80% Et Gas Water heater

Figure 13. Individual and Combined Energy Efficiency Measures for an ASHRAE 90.1-2007 Code-Compliant Small Office Building for Climate Zone 4
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5 SUMMARY

This report presents cost-effective recommendations to maximize energy savings for small office
buildings across the State of Texas. A total of 16 recommendations based on the energy savings above
the base-case building were selected. These measures include building envelope and fenestration, HVAC
system, service hot water (SHW) system, lighting and receptacle, and renewable options. The
implementation costs of each individual measure were also calculated along with simple payback
calculations. These measures were then combined to achieve the total source energy savings of the group
is 15% above the base-case, ASHRAE 90.1-2007 code-compliant small office buildings. As a result,
three combinations were proposed for each base case. Each combination was formed to have a different
payback period. Finally, the corresponding emissions savings (NOx, SO,, and CO,) of each combination
were calculated based on the eGrid for Texas.
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Appendix A provides the implementation cost of each EEM obtained from various resources. Table A-1 summarizes the cost information for all
measures, and the detailed product information and resources are listed in Table A-2 to Table A-6.

Table A-1. Summary of the Cost Information for an ASHRAE 90.1-2007 Code-Compliant Base Case

Description of EEM Increaszdni(tlost per Number of units/Total Area Imple\;vnsglteatéoutzlgizsgts o
EEMs for ASHRAE 90.1-2007 Avg. Total
Base Case Unit L th Al Cost RETEENEES
. . . ni eng rea
Unit/Categor Base Case EEM Unit $/Unit -20% (A +20%
9or ® | | s a9
Increased Roof and Wall Insulation hr-sq.ft.-°F/Btu 20 25 sqft $0.55 10,000 $5,500
1 |R-Value (from 20 to 25 for roof and $9,002 | $11,366 | $13,639 RSNF?BS gg;t\/;/g;l;s ver.
13 to 13+3.8c.i. for walls) hr-sq.ft.-°F/Btu Oc.. 3.8c.i. sqft $0.71 8,320 $5,866 7.0( )
0.75 0.35 sqft $6.2 2,080 $12,854 | $10,284 | $12,854 | $15,425
Decreased Glazing U-Value (from
2 0.75 (CZ2), 0.65 (CZ3), and 0.55 U-Value 0.65 0.35 sqft $4.2 2080 | $8798 | $7.039 | $8798 | $10,558 | NN AEDG TSD Somall
Office (Jarnagin et al. 2006)
(CZ4) t0 0.35)
0.55 0.35 sqft $3.7 2,080 $7,779 $6,223 $7,779 $9,335
Window Shading (None to 2.5 ft. RSMeans CostWorks ver.
3 Overhang for SIEA) Depth (ft) 0 25 length feet $425 416 $17,698 | $14,159 | $17,698 | $21,238 47.0 (RCD 2011)
Window Shading and Redistribution
(20% Equal Windows on All Sides
R . Depth (ft) 0 25 RSMeans CostWorks ver.
4 |with No Shadings to S=36%, " length feet $42.5 416 $17,698 | $14,159 | $17,698 | $21,238
N=20%, EMW=12% with 2.5 ft. WWR Front/ Back/ Right/ Left | 20%, 20%, 20%, 20% 36%, 20%, 12%, 12% 4.7.0 (RCD 2011)
Overhangs for S/E/W)
5 Outside Air Demand Control OA Demand Control No Yes each $921 10 $9,209 $7,367 $9,209 $11,051 E source. 2006
. - . SEER (<65 kBtu/h) 13 SEER 18 SEER .
6  |Improved Air Conditioner Efficiency EER (2135 and <240 kBtuh) 11 EER 126 EER each $1,536 10 $15,360 | $12,288 | $15,360 | $18,432 Kim etal. 2010
Improved Furnace Efficiency (from o o o .
7 80% to 90% Et) Et (%) 80% 90% each $988 10 $9,875 $7,900 $9,875 | $11,850 Kim et al. 2010
Improved Fan Efficiency (from 55% . o 5 o $761 8 RSMeans CostWorks ver.
8 to 65%) Fan Efficiency (%) 55% 65% each $1.249 2 $8,586 $6,869 $8,586 | $10,303 47.0 (RCD 2011)
Improved SHW Heater Efficiency o o o
9 (from 80% to 95% EY) Et (%) 80% 95% each $4,320 1 $4,320 | $3.456 | $4,320 | $5,184 PexSupply.com. 2011
Tank Hear Loss 074% 013%
10 |Tankless Gas Water Heater Pump Electric Power . : each $1,767 1 $1,767 $1,414 $1,767 $2,120 PexSupply.com. 2011
NALID #1 4l 000381 O
Solar SHW System (64 sq.ft. 64 sq.ft. collector, .
11 collector, 80 gal tank) Solar SHW system No 80 gal tank each $3,600 1 $3,600 $2,880 $3,600 $4,320 Kim et al. 2010
Decreased Lighting Power Density
12 |based on ASHRAE 90.1-2010 (from Wi 10 0.9 each $18.9 325 $6,141 | $4913 | $6,141 | $7,369 | oMeans CostWorks ver.
4.7.0 (RCD 2011)
1.0 to 0.9 Wi/sq.ft.)
Decreased Lighting Power Density
13 |based on AEDG-SMO-2011 (from Wi 1.0 0.75 each $23.3 325 $7,566 | $6,052 | $7.566 | so079 | RoMeans Costworks ver.
4.7.0 (RCD 2011)
1.0t0 0.75 W/sq.ft.)
) — " I RSMeans CostWorks ver.
14 |Daylight Dimming Control Daylight Dimming Controls No Yes each $1,228 16 $19,653 | $15,723 | $19,653 | $23,584
4.7.0 (RCD 2011)
15 g#‘;’:;"c Receptacle Controlfor | o maic Receptacle Control No Yes sqft $0.47 20,000 | $9,483 | $7,587 | $9,483 | $11,380 C&S Program 2011
16 |40 kW Photovoltaic Array PV No 40 kW Photovoltaic Array|  $iwatt $6.25 40 $250,000 |$200,000 |$250,000 |$300,000 Kim et al. 2010
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Table A-2. Cost Information for Envelope and Fenestration Measures

EEM 1:
Increased Roof and Wall Insulation R-Value
L Total Roof/Wall Area Increased Unit Cost Total Increased Cost ($)
Description Remarks
(sq.ft.) ($/sq.ft.) 20% (AVG) 20%
Roof Insulation R-Value: R = 20 10,000 $ - $ - $ - $ -
Base Case_2007 Table Increased Roof
Wall Insulation R-Value: R = 13 8,320 $ - $ - $ - $ - Insulation R-Value (1) and
Roof Insulation R-Value: R = 25 10,000 $ 055 | $ 4,400 | $ 5500 | $ 6,600 | Increased Wall Insulation R-
EEM - - Value (1)
Wall Insulation R-Value: R =13 + 3.8 c.i. 8,320 $ 071 $ 4,692 | $ 5,866 | $ 7,039
References:
Increased Roof Insulation R-Value (1)
s Mat. Cost Labor Cost Bare Total Total O&P Tot}:llr:;oof Tmé“oZtOOf Incl—gzgzled Source
/sq.ft. /sq.ft. /sq.ft. /sq.ft.
Gsqft) | @saft) | @saft) | @saf) | O %) Cost
Extruded polystyrene insulation, for roof decks, 3"
thick, R15, 15 PSI compressive strength $ 1041$ 019$ 12319 147 10,000 $ 14,700
Base Case_2007 - $ -
- Roof Deck Insulation, extruded polystyrene, 3" $ 158 | $ 019 | s 1771 s 206 10000 $ 20600 RSMeans-CostWorks for Dallas
thick, R15, 25 PSI compressive strength ) ) ) ) ! ! Year 2011
Roof Deck Insulation, extruded polystyrene, 4"
EEM_2007 thick. R20, 25 PS| compressive strength $ 226 $ 019 | $ 245 | $ 2.80 10,000 $ 28,000 | $ 5,500
Increased Wall Insulation R-Value (1)
o Mat. Cost Labor Cost | Bare Total Total O&P il e L
Description ($/sq.ft.) ($/sq.ft.) ($/sq.ft.) ($/sq.ft.) Area Cost Increased Source
o o o o (sq.ft.) $) Cost
Wood fiber insulation, rigid, for walls, 1" thick,
R3.85, low density $ 0323 022 |3 0543 0.69 8,320 $ 5741 RSMeans-CostWorks for Dallas
EEM Wall Insulation, Rigid, expanded pol ene, 1" $ 5.866 Year 2011
ok R385 gid. &xp polystyrene, $ 026 $ 028 $ 054 | $ 072| 8320 $ 5,990

January 2012 Energy Systems Laboratory, Texas A&M University



15% Above-Code Analysis for Small Office, p.29

EEM 2:
Decreased Glazing U-value
. Total Glass Area Increased Unit Cost Total Increased Cost ($)
Description Remarks
(sq.ft.) ($/sq.ft.) 20% (AVG) 20%
Base Case_2007 . . o
(Harris, CZ2) Clear single pane windows: U =0.75 2,080 $ - $ - $ - $ -
EEM Double pane with low-e coating: U = 0.35 2,080 $ 6.18 | $ 10,284 | $ 12,854 | $ 15,425
Base Case_2007
-y Double pane windows: U = 0.65 2,080 - - - - .
(Tarrant, CZ3) p $ $ $ $ Table Decreased Glazing U-
. . Value (2)
EEM Double pane with low-e coating: U =0.35 2,080 $ 423 | $ 7,039 | $ 8,798 | $ 10,558
Base Case_2007 . A
(Potter, CZ4) Double pane windows: U = 0.55 2,080 $ - $ - $ - $ -
EEM Double pane with low-e coating: U = 0.35 2,080 $ 374 | % 6,223 | $ 7779 | $ 9,335
References:
Decreased Glazing U-Value (1)
“eserEinT Mat. Cost Labor Cost | Bare Total Total O&P Totzlr(:;ass Totalc(slsatzmg Inchz;:Ied Source
/sq.ft. /sq.ft. /sq.ft. /sq.ft.
($/sq.ft.) ($/sq.ft) ($/sq.ft.) ($/sq.ft.) (sq.ft) ®) -
Insulating Glass, double glazed, 5/8" thick unit,
Base Case_2007 |3/16" float, 15-30 S.F., clear $ 1343 33238 167189 19.7 2,080 $ 40,914 $
(Tarrant, CZ3) Spectrally selective film, on ext, blocks solar " | RSMeans-CostWorks for Dallas
gain/allows 70% of light $ 101 | $ 315 | $ 133 $ 15.9 2,080 $ 32,968 Year 2011
EEM_2007 S:;ﬁ]5§007 with spectrally selective film (low-e | ¢ 235 % 6.47 | % 299 | 355| 2,080 $ 73882|% 32968
Decreased Glazing U-value (2)
Descrintion Increased Unit Cost Total Glass Area Total Increased Cost Source
P ($/sq.ft.) (sq.ft) )
Base Case_2007
_ - -~ _E): . 2 -
(Harris, C72) U-value (Btu/hr-sq.ft.-F): 0.72 $ 3.90 ,080 $
Base Case_2007
oy - -sq.ft.-F): 0. 5.85 2,080 -
(Tarrant, CZ3) U-value (Btu/hr-sq.ft.-F): 0.60 $ $ AL AEDG TSD.Smal O
-Small Ofiice
B C 2007
(Pist(:er a?ZeZ) U-value (Btu/hr-sq.ft.-F): 0.57 $ 6.34 2,080 $ - Buildings:
: http:/Amww.pnl.gov/imain/publicati
EEM(Harris, CZ2) U-value (Btu/hr-sq.ft.-F): 0.36 $ 9.56 2,080 $ 12,854 | ons/externalitechnical_reports/P
NNL-16250.pdf
EEM(Tarrant, CZ3) U-value (Btu/hr-sq.ft.-F): 0.34 $ 10.6 2,080 $ 8,798
EEM(Potter, CZ4) U-value (Btu/hr-sq.ft.-F): 0.34 $ 10.1 2,080 $ 7,779
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Total Overhang Length

Increased Unit Cost

Total Increased Cost ($)

Description Remarks
(ft) ($ft) -20% (AVG) 20%
Base Case_2007 |No winodw shading 416 - $ - $ - $ -
Table Overhang (1)
EEM 2.5' overhang 416 425 | $ 14,159 | $ 17,698 | $ 21,238
References:
Overhang (1)
Bare Total Total Total
Descrintion Mat. Cost Labor Cost Equioment Bare Total Total O&P Overhang Overhang Increased Source
p ($/sq.ft. or ft.) | ($/sq.ft. or ft.) ($/2 th) i) ($/sq ft.) ($/sq.ft) |Area(sq.ft.) or Cost Cost
q-tt-orit. Length (ft.) ©®) ®)
Metal canopies, wall hung, .032", aluminum, $ 269 | $ 833 % 205|$ 373 (% 459 | 1,040 $ 47,784 RSMeans-
prefinished, 8'X10 CostWorks for
EEM $ 44,245 Dallas Year
Metal canopies, wall hung, .032", aluminum,
prefinished, 8X20' $ 267 | % 493 | $ 1211 % 329 | $ 39.1 1,040 $ 40,707 2011

January 2012
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Table A-3. Cost Information for HVAC System Measures

EEM5:
Outside Air Demand Control
Total Increased Cost ($)
Description Unit Increased Unit Cost ($/unit) Remarks
-20% (AVG) 20%
Base Case_2007 No Outside Air Demand Control 10 $ - | - |8 - |3 - Table Outside Air Demand
EEM Outside Air Demand Control 10 $ 921|$  7367|$ 9209 |$ 11051 Control(1)
References:
Outside Air Demand Control (1)
Company Cost Per Unit ($/unit) Unit Increased Unit Cost ($/unit) | Total Increased Cost ($) Source

Digital Control Systems Inc. $ 262 10

Honeywell Control Products $ 350 10

Johnson Controls Inc. $ 630 10
EEM: Sensor Telaire Systems Inc. $ 150 to $ 200 10 $ 321 (% 3,209 esource:

http:/imww.esource.com/BEA/ho

Texas Instruments Inc. $ 265 to $ 318 10 sted/Xcel/PA_53.html

Vaisala Inc. $ 335 10

Veris Industries Inc. $ 378 10
EEM: Implementing implementing DCV on a newer DCV-ready | ¢ 300 to $ 900 10 $ 600 | $ 6,000

RTU with an existing economizer
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EEM 6:
Improved Air Conditioner Efficiency

Total Increased Cost ($)

Description Unit Increased Unit Cost ($/unit) Remarks
-20% (AVG) 20%
SEER (<65,000 Btu/h): 13 SEER
Base Case_2007 EER (=135,000 Btu/h and <240,000 Btu/h): 10 $ - $ - $ - $ -
11 EER Table Improved Air
SEER (<65,000 Btu/h): 18 SEER Conditioner Efficiency (1)
EEM EER (2135,000 Btu/h and <240,000 Btu/h): 10 $ 1536 | $ 12,288 | $ 15,360 | $ 18,432
12.6 EER
References:
Improved Air Conditioner Efficiency (1)
Description Cost Per Unit ($/unit) Unit Increased Unit Cost ($/unit) | Total Increased Cost ($) Source
R-22 phase out refrigerant: Pilot-free
™ $ 5,100 10
PowerHeat ™ ignition
R-410A EPA complain refrigerant: Pilot-
™. $ 5,100 10
free PowerHeat ™ ignition
Base Case_ 2007 $ - $ -
Ref. Type: R-22, Gas Furnace: 135000 $ 3.087 10
Btu/hr
$12,000 includes duct work $ 4,500 10
- - Residential Cost Analysis
R-22 phase out refrigerant: Pilot-free
™ $ 6,400 10
PowerHeat ™ ignition
R-410A EPA complain refrigerant: Pilot-
™ $ 6,400 10
free PowerHeat ™ ignition
EEM $ 1536 | $ 15,360
Ref. Type: R-410A, Gas Furnace: 135000 $ 6,295 10
Btu/hr
$13,000 includes duct work $ 5,500 10
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EEMT7:
Improved Furnace Efficiency

Total Increased Cost ($)
Description Unit Increased Unit Cost ($/unit) Remarks
-20% (AVG) 20%

Base Case_2007 80% 10 $ - |8 - |8 - |3 - Table Improved Furnace

EEM 90% 10 $ 988 |$ 7900 |$  9875|$% 11850 Efficiency (1)

References:
Improved Furnace Efficiency (1)

Description Cost Per Unit ($/unit) Unit Increased Unit Cost ($/unit) Total Increased Cost ($) Source

Performance 80 Gas Furnace; Induced-
combustion; Enhanced comfort control with
dual stages of heating; 4-5 speed blower;

Pilot-free PowerHeat™ ignition
Base Case_2007 $ - $ -

$ 2,700 10

Up/Horiz $ 827 10

Residential Cost Analysis
Performance 93 Gas Furnace; Muitipoise

condensing; direct vent/non direct vent; 4-5
speed blower; Pilot-free PowerHeat™
ignition

EEM $ 988 [ $ 9,875
Lennox Signature® Collection G61
94.1%AFUE Two-Stage, Multi-Speed $ 2,042 10
Furnaces. Up/Horiz./Down

$ 3,460 10
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EEM 8:
Improved Fan Efficiency

Total Increased Cost ($)

Description Unit Increased Unit Cost ($/unit) Remarks
-20% (AVG) 20%
8 $ -
Base Case_2007 55% $ - $ - $ -
2 $ B Table Improved Fan Efficiency
8 $ 761 @
EEM 65% $ 6,869 | $ 8,586 | $ 10,303
2 $ 1,249
References:
Improved Fan Efficiency (1)
o Mat. Cost Labor Cost | Bare Total Total O&P . Increased Total
Description (@/sq.ft) ($/sq.ft) ($/sq.ft) ($/sq.ft) Unit Unit Cost Increased Source
o o o o ($/unit) Cost
Axial Flow, constant speed; Direct drive,
1/8" S.P.; 12", 1060 CFM, 1/6 HP $ 560 | $ 19518 75518 910 8
Base Case_2007
Axial Flow, constant speed; Direct drive,
1/8" S.P.: 22" 4700 CFM, 3/4 HP $ 1175 | $ 226 | $ 1,401 | $ 1,613 2
RSMeans-CostWorks for Dallas
In-line centrifugal, supply/exhaust booster; Year 2011
aluminum wheel/hub, disconnect switch; $ 12251 $ 291 $ 1516 | $ 1,790 8 $ 761
1,380 CFM, 12" diameter connection
EEM $ 8,586
In-line centrifugal, supply/exhaust booster;
aluminum wheel/hub, disconnect switch; $ 1875 | $ 775 | $ 2,650 | $ 3,228 2 $ 1,249
5,080 CFM, 20" diameter connection
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Table A-4 Cost Information for Service Hot Water Measures

EEM 9:
Improved SHW Heater Efficiency
Total Increased Cost ($)
Description Unit Increased Unit Cost ($/unit) Remarks
-20% (AVG) 20%
Base Case_2007 (85% 1 $ B B $ - $ - Table Improved SHW Heater
EEM 95% 1 $ 4320|$ 3456 |$  4320|$ 5184 Efficiency (1)
References:
Improve SHW Heater Efficiency (1)
Description Cost Per Unit ($/unit) Unit Increased Unit Cost ($/unit) | Total Increased Cost ($) Source
98 Gallon-75,100 Btu Commercial Gas 2085 1
Water Heater
Base Case_2007 $ - $ -
98 Gallon-90,000 Btu Conservationist 2650 1
Commercial Gas Water Heater '
AO Smith
100 Gallon-150,000 Btu Cyclone Xi 5633 1
Commercial Gas Water Heater '
EEM $ 4320 | $ 4,320
100 Gallon-250,000 Btu Cyclone Xi ASME 7742 1
Commercial Gas Water Heater '
EEM 10:
Tankless Gas Water Heater
Total Increased Cost ($)
Description Unit Increased Unit Cost ($/unit) Remarks
-20% (AVG) 20%
DHW Tank Heat Loss: 0.74%
B C 2007 1 - - - -
aseLase_ DHW Pump Electric Power: 0.00381 $ $ $ $ Table Tankless Gas Water
DHW Tank Heat Loss: 0.13% Heater (1)
EEM 1 1,767
DHW Pump Electric Power: 0 $ 76718 141413 L7673 2120
References:
Tankless Gas Water Heater (1)
Description Cost Per Unit ($/unit) Unit Increased Unit Cost ($/unit) | Total Increased Cost ($) Source
T-M32 Takagi Tankless Water Heater 1,589 1
(Natural Gas)
EEM $ 1767 | $ 1,767 AO Smith
T-M32 Takagi ASME Tankless Water 1945 1
Heater (Natural Gas) ’
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EEM 11:
Solar Service Hot Water System
Increased Unit Total Increased Cost ($)
Description Unit . Remarks
Cost ($/unit) 20% (AVG) 20%
Base Case_2007 |No Solar Service Hot Water System $ - $ - $ - $ - Table Solar Service Hot
EEM 64 sq.t. collector, 80 gal tank 1 $ 3600 |$ 2880 |$  3600|$ 4320 Water System (1)
References:
Solar Service Hot Water System (1)
2010 . Increased Total
_— : Installation . . . .
Description Equipment Cost () Cost Per Unit ($/unit) Unit Unit Cost Increased Source
Cost ($) ($/unit) Cost ($)
EEM gg Zqé"f; Eo"ec“" $3200-$4000 na $ 3,200 to $ 4,000 1 $ 3,600 | $ 3,600 | Residential Cost Analysis
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EEM 12:
Decreased Lightin

Power Density based on ASHRAE 90.1-2010

15% Above-Code Analysis for Small Office, p.37

Table A-5. Cost Information for Lighting and Receptacle Measures

Total Increased Cost ($)

Description Unit Increased Unit Cost ($/unit) Remarks
-20% (AVG) 20%
Base Case_2007 (1.0 W/sq.ft. 325 - - - - Table Decreased Lighting
EEM 0.9 Wisg ft. 325 189 (%  4913($  6141|$ 7369 Power Density (1)
References:

Decreased Lightin

Power Density (1)

Description Cost Per Unit ($/unit) Unit Increased Unit Cost ($/unit) | Total Increased Cost ($) Source
Base Case_2007: '
; 2 lFIuor?l%centlamp, energy saver, 32 watt, 4 16.0 305 $ ) $ A

amp ong, RSMeans-CostWorks for Dallas
; Year 2011
. Fluorescentlamp, high out put, energy saver,
EEM: Lamp 28 watt, 4'long, T5 34.9 325 $ 189 | $ 6,141
EEM 13:
Decreased Lighting Power Density based on AEDG-SMO-2011 (from 1.3 to 0.75 W/sq.ft.)
Total Increased Cost ($)
Description Unit Increased Unit Cost ($/unit) Remarks
-20% (AVG) 20%

Base Case_2007 |1.0 W/sq.ft. 325 - - - - Table Decreased Lighting
EEM 0.75 Wisq.ft. 325 233 | $ 6,052 | $ 7,566 | $ 9,079 Power Density (2)
References:

Decreased Lightin

Power Density (2)

Description Cost Per Unit ($/unit) Unit Increased Unit Cost ($/unit) | Total Increased Cost ($) Source
B 2007: !
ase Case_200 lFIuoresécentlamp, energy saver, 32 watt, 4 16.0 325 $ ) $ )
Lamp ong, T RSMeans-CostWorks for Dallas
: Year 2011
EEM: Lamp Fluorescentlamp, high out put, energy saver, 39.3 325 $ 2338 7566

21 watt, 3'long, TS5

January 2012

Energy Systems Laboratory, Texas A&M University




15% Above-Code Analysis for Small Office, p.38

EEM 14:
Daylight Dimming Control
Total Increased Cost ($)
Description Unit Increased Unit Cost ($/unit) Remarks
-20% (AVG) 20%
Base Case_2007 |No daylight dimming control 16 $ - |8 - |8 - |8 - Table Decreased Lighting
EEM Daylihgt dimming control 16 $ 1228 |$ 15723 |$ 19,653 |$ 23,584 Power Density (2)
References:
Daylight Dimming Control (1)
Description Cost Per Unit ($/unit) Unit Increased Unit Cost ($/unit) | Total Increased Cost ($) Source

Dimming Ballasts $ 50

Dimming photocell $ 140
EEM Handheld i t $ 25($%$ 100 |$ 1,032 16 http:/AMww.wattstopper.com/
(WattStopper) andheld programming remote , p: . pper.

OCC sensor $ 140

PowerPack $ 27

Ballasts $ 50

$ 1,228 | $ 19,653

Dimming control module $ 300
EEM Lighting S $ 150|$ 100 |$ 1,230 16 http:/AMww.cwlighting.com/
(CW Lighting) ighting Sensors , p: .cwlighting.

Wiring $ 5

PowerPack $ 75
EEM Daylight dimming control module $ 615 mcludt_ad RSMeans-CostWorks for Dallas
(RS Means) inunit | $ 1,423 16 Year 2011

Daylight Sensor, ceiling mounted $ 208 | costs
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EEM 15:
Automatic Receptacle Control for Offices
- Total Glass Area Increased Unit Cost Total Increased Cost ($)
Description Remarks
L (lSaE) -20% (AVG) 20%
Base Case_2007 |No automatic receptacle control 20,000 $ - $ - $ - $ - Table Automatic Receptacle
EEM Automatic receptacle control 20,000 $ 047 | % 7587 | $ 9,483 | $ 11,380 Control (1)
References:
Automatic Receptacle Control (1)
. sq.ft. Cost Total Increased Cost
Description $/sq.ft) Total Floor Area (sq.ft.) ®) Source
Draft Measure Information
High Voltage OC Sensor for Small Office $ 0.55 20,000 Template — Office Task Lighting
Plug Load Circuit Control - 2013
EEM $ 9,483 California building Energy
Low Voltage OC Sensor for Small Office $ 0.40 20,000 Efficiency Standards (March
2011)
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EEM 16:
Photovoltaic Array

15% Above-Code Analysis for Small Office, p.40

Table A-6. Cost Information for Renewable Power Measure

Total Increased Cost ($)

Description Unit Increased Unit Cost ($/watt) Remarks
-20% (AVG) 20%
Base Case_2007 |No PV Array - - $ - $ -
Table Photovoltaic Array (1)
EEM 40kW PV Array 40 6.25($ 200,000 |$ 250,000 |$ 300,000
References:
Photovoltaic Array (1)
Equipmen

Description Capacity C(]:L:;‘s)t (::) t Installation Cost ($) Total Increased Cost ($) Source

EEM 4 kW PV Array 4 kW $10,000-$20,000 $10,000 $20,000-$30,000 Residential Cost Analysis

January 2012
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