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INTRODUCTION
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THE 79™ LEGISLATURE
TO ENHANCE EFFECTIVENESS OF SENATE BILL 5

Requires the Laboratory
To develop 3 methods for achieving at least 15% potential energy savings in
residential, commercial and industrial construction.

The Process
 Worked on residential and commercial measures
* Held stakeholders meetings
 Refined measures
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BASE-CASE HOUSE
2001 IECC for Residential Buildings

Two system types:
Electric cooling Natural gas heating (Electric / Gas)
Electric cooling Electric heating (All - Electric)

Building Envelope

Detached single story (2,325 ft?) in Houston, TX
Vented, unconditioned attic

Light-weight, wood frame construction

Ceiling R-value: R-30

Wall R-value: R-13

Un-insulated, slab-on-grade

Fenestration gl
= 18% window-to-floor area ratio
= U-value: 0.47 Btu/hr °F ft2
= SHGC: 0.40

Air Infiltration
= Conditioned space 0.47 ACH
= Attic 15 ACH
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BASE-CASE
2001 IECC for Residential Buildings

Two system types:
Electric cooling Natural gas heating (Electric / Gas)
Electric cooling Electric heating (All - Electric)

HVAC System Characteristics
For cooling
= Air-conditioner with SEER 13
For heating
= Electric / gas building —
Gas fired forced air furnace AFUE - 0.78
= All-Electric building —
Heat Pump HSPF — 7.7

Air Distribution System Characteristics . />
* Ducts in the attic
= 10% duct leakage /
=  Supply duct R-value — R-8 /
=  Return duct R-value — R-4 _—
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BASE-CASE
2001 IECC for Residential Buildings

Two system types:
Electric cooling Natural gas heating (Electric / Gas)
Electric cooling Electric heating (All - Electric)

DHW System Characteristics
= Daily hot water use 70 gallons/day

For Electric / Gas
= 40 gallon storage
= Energy Factor — 0.54
=  Pilot light

For All-Electric
= 50 gallon storage
= Energy Factor — 0.86
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ENERGY EFFICIENCY MEASURES
12 INDIVIDUAL MEASURES

DHW System Measures

1. Tankless Domestic Water Heater (ekectric/Gas & All-Electric)

For Electric / Gas

= No Pilot light

» Energy Factor raised from 0.54 to 0.85
For All-Electric

= Energy Factor raised from 0.86 to 0.95

2. Solar Domestic Water Heater (electric/Gas & All-Electric)

Solar DHW Characteristics

Number of collector panels 2

Collector panel area 32 sq. ft.
Collector slope 30 deg.
Collector azimuth (South=0) 0 deg.
Number of glazing 1

Collector flow rate/area 11 Ib/hr-sq. ft.
Water set temperature 120 deg. F
Daily hot water usage 70 gal.

3. Removal of Standing Pilot Light from Gas DHW (Electricicas)
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ENERGY EFFICIENCY MEASURES

12 INDIVIDUAL MEASURES
Air Distribution System Measures

4. Ducts in Conditioned Space (Electic/Gas & All-Electric)
=  Moving ductwork and HVAC system within the thermal envelope

4

5 Improved Duct Sealing (Electric/Gas & All-Electric)
=  Changing from 10% to 5%
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ENERGY EFFICIENCY MEASURES

12 INDIVIDUAL MEASURES

Envelope & Fenestration Measures

6. Increased Air-Tightness
= Changing from 0.47 to 0.35

7. Addition of Window Shading
» Roof overhangs of 4 ft

8. Window Shading and Re-distribution \\

Winadore .

=  From 18% WFAR distributed 25%WWAR on each - Mien iy
orientation to windows distributed 45% on the south, 25% !
on the north, 15% each on east and west orientations w o

ORMANCE RATINGS
bl Trivi vl A Lwicag [LLSHR

= 4 ft. roof overhang was also included on all four sides

9. Improved Window Performance
= Uvalue 0 .47 to 0.42 Btu/h-sq. ft.-°F
= SHGC 0.40t00.33
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ENERGY EFFICIENCY MEASURES

12 INDIVIDUAL MEASURES
HVAC System Measures

10. Improved Air Conditioning Efficiency
« From SEER 13 to SEER 15

11. Improved Furnace Efficiency
«  From 0.78 AFUE to 0.93 AFUE

12. Improved Efficiency of the Heat Pump
e From 7.7 HSPF to 8.5 HSPF
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ENERGY EFFICIENCY MEASURES

COMBINED SET OF MEASURES

Combination 1
» Tankless Water Heater (Without Standing Pilot Light)
» Relocate HVAC Unit Including Supply and Return Ducts in Conditioned Space

Combination 2
= Solar Domestic Hot Water System
= |Improved Duct Sealing (5% Duct Leakage)
= Improved Air Conditioner (SEER 15)

Combination 3
= Removal of Pilot Light from DHW System
» Relocate HVAC Unit including Supply and Return Air-Ducts in Conditioned Space
» Window Shading and Redestribution
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RESULTS

PROCESS ADOPTED FOR ANALYSIS

CALCULATING

ENERGY SAVED

* Annual energy use
for individual and
combined measures

CALCULATING
COSTS

* Energy Cost

* First Costs

PAYBACK

Number of Years
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RESULTS

DHW System Measures for Electric / Gas Building

e ENERGY USE (MBtulyr) ENERGY SAVINGS FIRST
COST
COOLING | HEATING OTHER | TOTAL | MBtulyr )
15.9 9.4 24.8 29 78.9

BASECASE

TANKLESS 15.9 9.4 17.4 29 71.6 7.3 73 1000
3500
SOLAR 15.9 9.4 12.6 29 66.9 12 74 2900
5200
REMOVAL OF 15.9 9.4 20.4 29 74.5 4.3 43 200
PILOT LIGHT 600

Energy Savings

= Tankless: 9.3%

= Solar Water Heater: 15.2%
» Removal of Pilot Light: 5.5%

Payback Period

» Tankless Water Heater: 13.7 to 47.5 years
» Solar Water Heater: 39 to 70 years

» Removal of Pilot Light: 4.7 to 14 years
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RESULTS

Air Distribution System Measures for Electric / Gas Building
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ENERGY USE (MBtul/yr)

ENERGY SAVINGS FIRST PAY
COST BACK

COOLING | HEATING OTHER | TOTAL | MBtulyr ® ®)
15.9 9.4 24.8 29 78.9

BASECASE

UNIT, DUCTS IN 11.3 7.2 24.8 29 72.2 6.7
COND SPACE
DUCT SEALING 13.5 8.4 24.8 29 75.5 3.4

221 1000
7000
117 450
650

Energy Savings
» HVAC Unit & Duct in Conditioned Space: 8.5%
» Improved Duct Sealing: 4.3%

Pay Back Period
» HVAC Unit & Duct in Conditioned Space: 4.5 to 31.7 years
» Improved Duct Sealing: 3.9 to 5.6 years

,' I Energy Systems Laboratory © 2007

Proceedings of the Fifteen and a Half Symposium on Improving Building Systems in Hot and Humid Climates, San Antonio, TX, December 17-18, 2007



ESL-HH-07-12-05a

RESULTS

Envelope & Fenestration Measures for Electric / Gas Building

s ENERGY USE (MBtu/yr) ENERGY SAVINGS FIRST
COST
COOLING | HEATING OTHER | TOTAL | MBtulyr ®)
15.9 9.4 24.8 29 78.9

BASECASE

AIR TIGHTNESS 154 8.3 24.8 28.9 77.2 1.7 35 350
1500
SHADING 13 11 24.8 28.6 77.2 1.7 128 3100
3500
SHADING + 12.7 10.2 24.8 28.5 76 2.8 152 3100
REDISTRIBUTN 3500
PERFORMANCE 13.9 9.5 24.8 28.7 76.8 2.1 97 800
1100

Energy Savings

= Air Tightness: 2.1%

» Shading: 2.1%

» Shading + Window Redistribution: 3.6%
» Window Performance: 2.6%

Pay Back Period

= Air Tightness: 10 to 43 years

» Shading: 24 to 27 years

» Shading + Window Redistribution: 20 to 23 years
0 = Window Performance: 8to 11 years
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RESULTS

HVAC System Measures for Electric / Gas Building

s ENERGY USE (MBtu/yr) ENERGY SAVINGS FIRST
COST
COOLING | HEATING OTHER | TOTAL | MBtulyr ®)
15.9 9.4 24.8 29 78.9

BASECASE

SEER 15 13.8 9.4 24.8 29 76.8 2.1 93 900
2500
AFUE 0.93 15.9 7.8 24.8 29 77.4 15 15 600
1500

Energy Savings
= SEER 15: 2.7%
= AFUE 0.93: 1.9%

Pay Back Period
» SEER 15: 9.7 to 26.9 years
= AFUE 0.93: 40 to 100 years
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RESULTS

Energy Use Savings from Individual Measures for Electric / Gas Building
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Tankless HVAC Unit Increased Window Window Improved AC Eff.: |Furnace Eff.:
Solar DHW j§f Removal of ) Improved A . ) )
Basecase @ Gas Water ) . and Ducts in . Air- Shading (4' | Shading & Window | SEER 13to | 0.78 AFUE
System Pilot Light Duct Sealing . B
Heater Cond. tightness | Overhang) | Redistributi |Performance| SEER 15 to 0.93

Total 78.9 716 66.9 745 72.2 75.5 77.2 77.2 76.0 76.8 76.8 774
@ DHW 248 174 204 248 248 24.8 248 248 248 248 248
O Fans 2.4 2.4 24 24 24 2.3 2 19 21 2.4 2.4
B Misc. 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
m Cooling 159 5.9 1559 n3 135 54 13 »7 139 138 5.9
@ Heating 9.4 9.4 9.4 7.2 8.4 8.3 10 0.2 95 94 7.8
| Equip. 13.2 13.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 13.2 3.2
O Lighting 13.2 13.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 13.2 3.2

Tankless No Pilot Unit & Improved Increase Shading Shading Window SEER 15 AFUE 0.93
Light Ducts in Duct Air Overhang & Perform.
Cond. Sealing Tightness Redstrn.

77.2 76.8

4.3 2.1 21 3.6 2.6 2.7 1.9

TOTAL

SAVINGS%
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RESULTS

Energy Use Savings from Individual Measures for All-Electric Building

100
80 -
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> 60 -
S
@
s 40 1
20 -
0 Tankl HVAC Unit Wind Wind I d SEER 15
ar? €ss Solar DHW n|. Improved Duct | Increased Air- 'r,] ow |n. ow m‘?ro"e
Basecase Electric Water and Ducts in . . Shading (4 Shading & Window AC/8.5 HSPF
System Sealing tightness R
Heater Cond. Space Overhang) Redistributionfl Performance Heat Pump
Total 63.7 62.7 56.7 58.2 62.5 613 60.5 616 611
@ DHW 2.6 nz 5.7 2.6 2.6 2.6 2.6 2.6 2.6
O Fans 24 24 24 24 23 2 19 21 24
B Misc. 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
® Cooling 15.9 159 159 n3 54 3 2.7 13.9 13.8
@ Heating 6.3 6.3 6.3 53 57 7.2 6.7 6.4 5.8
8 Equip. 3.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2
o Lighting 3.2 3.2 132 13.2 B2 13.2 132 B2 B2

Base Case Tankless Solar DHW Unit & Ducts Improved Increase Air Shading Shading & Window SEER 15
in Cond. Duct Tightness Overhang Redstrn. Perform.
Sealing

TOTAL

SAVINGS% 15 3.3 4.1
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Natural Gas Heating (Brazoria, Fort Bend, Galveston, Harris, Montgomery
and Waller Counties)

escTiption of Individual Measures

Individual Maaaures

Marginal Cosf"

Domeatic Hot Water Maasurss
Tankiess Gas Water Hieaber 3 Standing Pt Lighty 3% 51,000 - 53500
|5olar Domestic Hot Waler Sysiem
Remaoval of Pllol Light from Domestic Hot Waler Sysiem .5 1200 - $500 p
A&lr Dégtribation Sysbem Messures —
Relocate HVAC Unf including Suppéy and Retum Ducls In Conditioned Space .3 §1.000 - §7.000
|mproved Duct Seaing (10% %0 5% Duct Leakags 3
Envelops and Fanesirabion Measures Wy
Feguced Alr infiiration (046 bo 035 Ar-changes!nr
Window Sharing (Mone to 4 8. Eaves on All Sides)
\Window Shacing and Redistribution {Equal Windows on A Four Sides with Mo
Sha.llng iy 45% Windows on the Sowih win 411 Eaves on Al Four Sides)

ﬂ} - 1.1.1@ D M sl sl o acted courtem (ul]

HVAL Sysiem Measures
Alr DBKIU-I:IHEHSEER 13 bo BEER 15) : 3900 - 32,500

. Ll | el i tecd ] courem gy B
e 1 2= T i . 8

Comblination 1

[Tankiess Gas Waber Healer (aiinaul @ Sianding Plot Light)

Relocaie HVAC Unk Inciecing Supply and Return Ducts In CondRioned Space
Combination 2

7 [Gokr Domeslic Hot Water Gystem 2000 - 35000
5 |improved Duct Sealng (10% Io 5% Duct Leakage) T450 - 3550 ! 158 - 310

53,100 - 53,500

k

e {Buikdin COMBINATION COMBINED PAYBACK
arginal cost = new system cost - original system cost

2. Mew system cost = new system cost only ENERGY YEARS
SAVINGS

" Energy Cost: Electricity cost = $0_15/kWh
Matural gas cost = §1.00/therm

4. Savings depend on fuel mix used. See detaded writeup

3. See individual measures above for specific savings
COMBINATION 1 17.8% 6.8 -35.7

Table 5a: 15% Above Code Savings (Resi
Heating) for Brazoria, Fort Bend, Gal
Montgomery and Waller Counties

@ Energy Systems Laboratory - August 2007 COMBINATION 3 16.8% 11.2-29
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Electric Heating (Brazoria, Fort Bend, Galveston, Harris, Montgomery
and Waller Counties)

Annual Energy
Individual Measures Savings
%) Marginal Cosf*
Domesfic Het Water Measures
Tankless Eleciric Water Heater 1.5% §700 - §1.400
Solar Domestic Hot Waler System 10.5% 5
Air Distribution System Measures b
Relocate HVAC Unit ncluding Supply and Retum Ducts in Conditioned Space Bi% §1.000 - 57,000
|\mproved Duct Sealing (1% 10 7% Duct Leakage] £8% S50
Envebope and Fenestrabion Measures _ ey . N
Rieduced Air Infitration (048 to 0.35 Ar-changesihr 1.8% ill £1.500 3
7 |Window Shading (Mone to 4 f. Eaves on All Sides) 1% 1500 "
\Window Shading and Redistrbaution (Equal Windows on Al Four Sides with Mo 5 0% 150 e
Shading to 45% Windows on the South with 4it. Eaves on Al Four Sides) ) -
B [Imovoved Windows |U-acr. 047 10 042 Buh-s-F, SHGG: 04 o 05} 1.0% §i2 $HO0 - 51,100 [ Mottt o ]|
| HVAC System Weasures = RSO ¥~ 5 -
Ai r = HEDE = 40 B HEP - d | 2% AN ot v ol g 12 W L b b

Comibined Estimatsd Co
5]

Warginal Cost’ How Bysbem Cost”

Combination of Measures®

‘ComBination 1
2 [Eoiar Domestic Hiot Water Eystem L 52500 - 557
|5 |improved Duct Sealing (10% io S% Duct Leakage) : E450 - §a5
Combination 2

1 |Tankiess Eieciric Waier Heser

& JReiocate HVAC Link Incuging Supply and Return Ducts In CondRioned Spao

5 [improved Windows {U-factor: 0.47 %0 0.42 Btuh-57-F, EHGC: 0.4 10 0.33)

I Condiioner wih Heat Pump {SEER 13/7.7 HEPF to SEER 15/8.5 HSFF}
Combination 3

1 5 Eleciric Waler Heser

|5 |improved Cuct Sealing (10% o 5% Duict Leakage)

| & |Reduced A intitrasion (045 to 0.35 Air-changesihr)
Window Shading and Redsidbution (Equal \Windows on Al Four Sides with No
E hading bo 455 Windows on the Bouth with 4t Eaves on All Four Sides

DOHIBoner With Hi=al Bums i i 'F3 gF R iS85 HEPF] L
Neses ) z [E”"d'fl COMBINATION COMBINED PAYBACK
. Marginal cost = new system cost - original system cost
2 New systom cost = new systam costonly : ENERGY YEARS
. 288 Indidual measures aboye SFIECII'H: Savings
* Energy Cost: E'ﬁfm‘i' cﬁ:igk:u:h - SAVINGS
4. Savings depend on fuel mix used. See detaided writeup :
Table 5b: 15% Above Code Savings (Resi
Heating) for Brazoria, Fort Bend, Gall COMBINATION 2 15.4% 9.3-27.6
Montgomery and Waller Counties
@ Energy Systems Laboratory - August 2007 COMBINATION 3 15.1% 145 -22.4
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CONCLUSIONS

FOR ELECTRIC / GAS BUILDING IN HOUSTON:

Most Effective Individual Measures

ENERGY SAVINGS PAYBACK
*Removal of Pilot Light 17.8% 9 Years
sImproving Duct Sealing 21.8% 5 Years
sImproved Window 16.8% 10 Years

Performance

Most Effective Combination of Measures
Combination 1 ENERGY SAVINGS PAYBACK

Tankless DHW Heater 17.8% 6.8 —35.7 Years

*Relocate HVAC unit including
supply and return ducts in
conditioned space
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CONCLUSIONS

FOR ALL - ELECTRIC BUILDING IN HOUSTON:

Most Effective Individual Measures

ENERGY SAVINGS PAYBACK
eImproved Duct Sealing 17.8% 4 Years
eImproved Window 3.3% 10 Years
Performance
*Solar Hot Water System 10.9% 13 Years

Most Effective Combination of Measures
Combination 1 ENERGY SAVINGS PAYBACK

*Solar Hot Water System 15.7% 7.6 —13.5 Years

sImproved Duct Sealing

! I Energy Systems Laboratory © 2007

Proceedings of the Fifteen and a Half Symposium on Improving Building Systems in Hot and Humid Climates, San Antonio, TX, December 17-18, 2007



ESL-HH-07-12-05a

ESL CONTACT INFORMATION

Mini Malhotra: minimalhotra@tees.tamus.edu
Jaya Mukhopadhyay: Jayamukhopadhyay@tees.tamus.edu

Jeff Haberl: [haberl@tamu.edu

http://eslsb5.tamu.edu
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