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Residential New Construction Measure Potential Analysis


Residential New Construction
Measure Potential Analysis
Residential new construction is the appropriate marketplace for the promotion of new technologies, experimentation and improved energy efficiency measurement. This important market has been the spawning ground for numerous measures that have pushed the technical envelope and pioneered new energy efficiency approaches now considered mainstream in the retrofit market. With the changes to the California Building Energy Efficiency Standards (Standards), new credits will be available for the building industry to utilize in meeting or exceeding the Standards.

According to the California Energy Commission (CEC) and the 2005 Building Energy Efficiency Standards (Standards) there are additional energy efficiency opportunities in residential new construction design, especially in heating, cooling, insulation and water heating design. To help capture these savings, improve long-term energy efficiency and avoid lost opportunities, the following specific measures are proposed for the Southern California Gas and San Diego Gas & Electric 2006-2008 residential new construction energy efficiency program. To ascertain the energy savings, incremental costs and potential, an analysis of the following measures was undertaken.
· Maximum Cooling Capacity
This measure requires that air conditioners are sized according to the Alternative Compliance Method (ACM) methodology and the requirements for the combination of adequate air flow, verified ducting system and improved refrigerant charge or TXV are met and is field verified.

· Verified Ducting System (Tested Ducts)
This measure requires that duct systems are sealed and diagnostic testing is performed to verify that leakage is less than the specified criteria and is field verified.

· Insulation Quality Installation
This measure requires that insulation is properly installed based upon the Standards and is field verified.

· Tank Less Water Heaters
This measure requires that a tank less water heater is installed with a minimum recovery factor of 0.80.

· Improved Air Conditioning EER
This measure requires that the Energy Efficiency Rating (EER) of the air conditioning unit or heat pump is a minimum of 11.7.
The following details the incremental measure cost, base case prototypes, analysis methodology and results.
Incremental Measure Costs

Table 1 presents the incremental cost for each measure included in this analysis. These costs are based upon research with vendors and manufacturers. These costs include equipment and verification. The Effective Useful Life is based upon the Database for Energy Efficient Resources (DEER). Calculations for savings will use a Net-To-Gross of 0.80.
Table 1:  Incremental Measure Costs

	MEASURE
	EFFICIENCY
	INCREMENTAL COST 
	EFFECTIVE USEFUL LIFE (YEARS)

	Maximum Cooling Capacity, Single Family
	N/A
	$225/System
	15

	Maximum Cooling Capacity, Multifamily
	N/A
	$150/System
	15

	Verified Ducting System, Single Family
	N/A
	$125/System
	15

	Verified Ducting System, Multifamily
	N/A
	$100/System
	15

	Quality Insulation Installation, Single Family
	N/A
	$300/Dwelling Unit
	20

	Quality Insulation Installation, Multifamily
	N/A
	$100/Dwelling Unit
	20

	Tank Less Water Heater, Single Family
	0.80 Recovery Efficiency
	$325/Unit
	15

	Tank Less Water Heater, Multifamily
	0.80 Recovery Efficiency
	$325/Unit
	15

	Air Conditioner EER, Single Family
	13 SEER, 11.7 EER
	$225/Unit
	15

	Air Conditioner EER, Multifamily
	13 SEER, 11.7 EER
	$225/Unit
	15


Base Case Prototypes
The two base case prototypes were selected that are representative of the single family dwellings and the multi-family buildings
 that have been submitted for review and inclusion in the current residential new construction energy efficiency program, California Energy Star® New Homes. The single-family dwelling is a two-story home of 3,524 square feet with average building characteristics and a two-zone HVAC system. Glazing was typical of building practices in Southern California. The multi-family building is a three-story structure with 12 dwelling units. The total structure is 9,206 square feet with building characteristics typical for Southern California. Tables 2 and 3 detail the specific building characteristics in the prototypes by CEC climate zone.

Analysis Methodology

Each prototype was developed originally using the 2001 Energy Efficiency Standards. On October 1, 2005, the revised Standards will take effect. To determine the potential for energy savings each measure would generate it is necessary to model them using those standards. Utilizing the approved version of MICROPAS 7.0, each of the two prototypes was converted to this version. Tables 1 and 2 detail the compliance margin percentage that resulted from this conversion. None of the proposed measures were utilized for original compliance with the exception of verified ducting system in the multifamily prototype. This was removed during the modeling analysis.
To determine the energy savings each measure would produce throughout the Southern California area, the proposed design of the base prototype was compared to the proposed design of the prototype with only the specific measure incorporated in the analysis. This difference in source energy in kBtu/sq-ft/year was converted to kilowatts (kWh) and Therms. This was calculated for CEC climate zones 4-10 and 13-15, which represent the areas served by the utilities. The results for the Southern California climate zones are tabulated in Tables 4 and 5.
Calculation Example

Therm Equation

(Source Energy Margin * Dwelling Square Footage) / 100 = Therms

KWh Equation

(Source Energy Margin * Dwelling Square Footage) / (3.4121415 * 3) = kWh

Example

Single Family, Tested Ducts, Climate Zone 4
Therm Energy Margin: 14.18 - 12.22 = 1.96 kBtu/sf/yr

Dwelling Square Footage = 3,524
Therefore: Therms Saved = (1.96 * 3,524 / 100) = 69.07/Dwelling
Since the single family example has two systems, the per system savings would be 34.54 Therms.

kWh Energy Margin: 4.13 – 3.88 = 0.25 kBtu/sf/yr
Dwelling Square Footage = 3,524

Therefore kWh Saved = (0.25 * 3,524) / (3.4121415 * 3) = 86.07
Since the single family example has two systems, the per system savings would be 43.03 kWh.
Results

The energy savings produced by these measures vary significantly by climate zone. Those measures, connected to space cooling have the greatest impact in the inland areas. Water heating is for the most part climate zone neutral. Maximum cooling capacity and Verified Ducting Systems have both kWh and Therm savings with the Therm savings generated for both from the credit for Verified Ducting Systems. Quality Insulation being an envelope measure also has both Therm and kWh savings. Air conditioning EER and tank less water heating have only kWh or Therm savings respectively.
Energy Conversion

Source Energy: All the energy used in delivering energy to a site, including power generation and transmission and distribution losses, to perform a specific function, such as space conditioning, lighting, or water heating. Approximately three watts (or 10.239 Btus) of energy is consumed to deliver one watt of usable electricity.
Source Energy Conversion (kBtu/sf/yr)
Gas Heating: (Source Energy Margin * SqFt)/100 = Therms

Electric Heating: (Source Energy Margin * SqFt)/(3.4121415*3) = kWh

Electric Cooling: (Source Energy Margin * SqFt)/(3.4121415*3) = kWh

Gas Water Heating: (Source Energy Margin * SqFt)/100 = Therms

Therm: One hundred thousand (100,000) British thermal units (1 therm = 100,000 Btu).

Watt Conversion: 1 watt hour (Wh) = 3.4121415 Btu.
	Table 2.  Single Family Detached Base Case Prototype
	
	
	
	
	
	

	 Climate Zone
	4
	5
	6
	7
	8
	9
	10
	13
	14
	15

	Dwelling Square Ft.
	3,524
	3,524
	3,524
	3,524
	3,524
	3,524
	3,524
	3,524
	3,524
	3,524

	Glazing % Area
	17.7%
	17.7%
	17.7%
	17.7%
	17.7%
	17.7%
	17.7%
	17.7%
	17.7%
	17.7%

	Glazing Area
	622.5
	622.5
	622.5
	622.5
	622.5
	622.5
	622.5
	622.5
	622.5
	622.5

	Type of Window
	2VL
	2VL
	2VL
	2VL
	2VL
	2VL
	2VL
	2VL
	2VL
	2VL

	Glazing U-factor
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40

	Glazing SHGC
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40

	Wall Area
	3102
	3102
	3102
	3102
	3102
	3102
	3102
	3102
	3102
	3102

	Wall
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13

	Roof Area
	3524
	3524
	3524
	3524
	3524
	3524
	3524
	3524
	3524
	3524

	Roof
	30
	30
	30
	30
	30
	30
	30
	30
	30
	30

	Radiant Barrier
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No

	TXV
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No

	Tested Ducts
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No

	Infiltration Testing
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No

	Duct Design
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No

	Duct R-value
	4.2
	4.2
	4.2
	4.2
	4.2
	4.2
	4.2
	4.2
	4.2
	4.2

	SEER
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13

	AFUE
	0.80
	0.80
	0.80
	0.80
	0.80
	0.80
	0.80
	0.80
	0.80
	0.80

	Water Heater (Gal.)
	75
	75
	75
	75
	75
	75
	75
	75
	75
	75

	Water Heater (RE)
	0.76
	0.76
	0.76
	0.76
	0.76
	0.76
	0.76
	0.76
	0.76
	0.76

	Standard
	26.11
	21.95
	15.14
	15.21
	22.04
	27.76
	38.81
	49.59
	55.79
	76.80

	Proposed
	28.63
	24.47
	15.94
	16.47
	25.74
	33.45
	48.19
	69.62
	83.11
	118.18

	Margin
	-2.52
	-2.52
	-0.80
	-1.26
	-3.70
	-5.69
	-9.38
	-20.03
	-27.32
	-41.38

	Compliance Margin
	-9.65%
	-11.48%
	-5.28%
	-8.28%
	-16.79%
	-20.50%
	-24.17%
	-40.39%
	-48.97%
	-53.88%


	Table 3.  Multi-Family Low Rise Building Base Case Prototype
	
	
	
	
	

	 Climate Zone
	4
	5
	6
	7
	8
	9
	10
	13
	14
	15

	Building Square Ft.
	9,206
	9,206
	9,206
	9,206
	9,206
	9,206
	9,206
	9,206
	9,206
	9,206

	Glazing % Area
	12.7%
	12.7%
	12.7%
	12.7%
	12.7%
	12.7%
	12.7%
	12.7%
	12.7%
	12.7%

	Glazing Area
	1171.3
	1171.3
	1171.3
	1171.3
	1171.3
	1171.3
	1171.3
	1171.3
	1171.3
	1171.3

	Type of Window
	V2L
	V2L
	V2L
	V2L
	V2L
	V2L
	V2L
	V2L
	V2L
	V2L

	Glazing U-factor
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40

	Glazing SHGC
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40

	Wall Area
	9710
	9710
	9710
	9710
	9710
	9710
	9710
	9710
	9710
	9710

	Wall
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13

	Roof Area
	5012
	5012
	5012
	5012
	5012
	5012
	5012
	5012
	5012
	5012

	Roof
	30
	30
	30
	30
	30
	30
	30
	30
	30
	30

	Radiant Barrier
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No

	TXV
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No

	Tested Ducts
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Infiltration Testing
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No

	Duct Design
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No

	Duct R-value
	4.2
	4.2
	4.2
	4.2
	4.2
	4.2
	4.2
	4.2
	4.2
	4.2

	SEER
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13

	AFUE
	0.80
	0.80
	0.80
	0.80
	0.80
	0.80
	0.80
	0.80
	0.80
	0.80

	Water Heater (Gal.)
	50
	50
	50
	50
	50
	50
	50
	50
	50
	50

	Water Heater (EF)
	0.62
	0.62
	0.62
	0.62
	0.62
	0.62
	0.62
	0.62
	0.62
	0.62

	Standard
	41.20
	36.86
	31.79
	31.88
	40.62
	47.55
	60.27
	66.99
	76.27
	98.95

	Proposed
	37.52
	32.34
	26.78
	28.34
	38.15
	45.94
	60.75
	76.28
	90.80
	124.04

	Margin
	3.68
	4.52
	5.01
	3.54
	2.47
	1.61
	-0.48
	-9.29
	-14.53
	-25.09

	Compliance Margin
	8.93%
	12.26%
	15.76%
	11.10%
	6.08%
	3.39%
	-0.80%
	-13.87%
	-19.05%
	-25.36%


[image: image1.jpg]Table 4. Single Family Prototype Energy Savings

CZ__[Measure Base Modeled Base Heating_Base Cooling_Base DHW] Model Heaing _Model Cooling_Model DHW [Meas. BudgetIncrease __Tot. Budget Increase _[Electric Savings _Gas Savings
CEC CZ4 [water Heater 75 Gall {076 RE _ Instantaneous 0.80 RE 165 352 =] 165 338 511 EE3 @% 0.00 79.00]
[Tested Ducts No Yes 1418 413 7.3 1222 388 738 12% % 2.0 34.54)
insuiation Q-Install No Yes 165 3.8 7.3 15.01 324 738 a% 6% %.39 26.25)
1 2x. Cooling Can. No Yes 1418 413 7.3 122 358 738 14% 10% .11 34.54)
HVAC / High EER |13 SEER(10EER 13 SEER/117EER 165 3.5 7.3 165 339 738 4% 0% 28 0.00)
[CEC 025 [water Heater 75 Gall /076 RE _ Instantaneous 0.80 RE 1580 108 748 1580 108 510 EE3 &% 000 a1 05}
[Tested Ducts No Yes 13.38 1.62 .49 114 151 .49 14% % 18.93 34.54)
insuiation Q-Install No Yes 15.89 1.0 .48 1427 08 .49 10% % ar.ar 2854
 2x. Cooling Cap. No Yes 1336 1.62 749 114 139 749 15% 10% .50 34.54)
HvAC / High EER |13 SEER(10EER 13 SEER/ 12 EER 1589 1.09 749 1539 1.08 7.49 1% 0% 1.72 0.00)
[CEC CZ6 [water Heater 75 Gall (076 RE _ Instantaneous 0.80 RE 703 1 7.8 703 1 548 3% 15% 0.00 5.6
[Tested Ducts No Yes 533 1.3 7.0 458 1.28 7.9 13% 6% 12.08 13.57)
insuiation Q-Install No Yes 703 1 7.0 618 o3 7.9 1% 6% 210 14.08)
 2x. Cooling Cap. No Yes 533 135 7.9 458 118 791 14% 6% 226 13.57)
HVAC / High EER |13 SEER(10EER 13 SEER/117EER 703 1 7.9 703 1 791 0% 0% 0.00 0.00)
CEC 027 [water Heater 75 Gall {076 RE _ Instantaneous 0.80 RE 568 23 7.8 568 23 544 3% 5% 0.0 5.28)
[Tested Ducts No Yes 438 27 .88 373 250 7.88 1% 5% 28 10.02)
insuiation Q-Install No Yes 568 23 .88 408 213 7.88 12% 6% 6541 1286}
2x. Cooling Cap. No Yes 435 27 7.85 373 238 785 14% 6% 56.52 10.02)
HVAC / High EER |13 SEER(10EER 13 SEER/117EER 558 23 7.8 558 23 785 1% 0% 344 0.00)
CEC Cz8 [water Heater 75 Gall {176 RE_Instantaneous 0.80 RE 587 EE] 778 587 788 537 EE3 2% 000 54.27)
[Tested Ducts No Yes 5.42 9.0 .78 488 929 778 a% 6% 111.88 13.39)
insuiation Q-Install No Yes 687 8.3 7.7 608 .88 778 a% 6% 18248 13.0)
 2x. Cooling Can. No Yes 542 994 77 458 851 778 14% % 24615 13.39)
HVAC / High EER |13 SEER(10EER 13 SEER/117EER 687 83 77 687 7.95 778 5% 2% 702 0.00)
[CEC Cz0 [water Heater 75 Gall {076 RE _Instantaneous 0.80 RE 72 T4 768 72 1285 531 EE3 2% 000 535
[Tested Ducts No Yes 582 168 .68 407 1522 788 1% % .07 14.08)
insuiation Q-Install No Yes 7.2 141 .68 68 1338 7.6 5% 4% 25475 7.2}
[ 2x. Cooiing Can. No Yes 582 168 7.68 497 139 788 7% 12% 40018 14.08)
HVAC / High EER |13 SEER(10EER 13 SEER/117EER ) 141 768 i) 1295 758 8% 4% 197.95 0.00)
[CEC CZ10 [water Heater 75 Gall {076 RE _Instantaneous 0.80 RE 1008 7508 767 0.0 2242 53 EE3 2% 000 5357
[Tested Ducts No Yes 827 287 .67 1 2554 787 12% 10% 543.03 2052
insuiation Q-Install No Yes 1008 2500 .67 897 2373 787 ™ 6% 46810 19.21
 2x. Caoling Can. No Yes 827 287 7.67 71 2325 787 18% 15% 93811 2052
HVAC / High EER |13 SEER(10EER 13 SEER/117EER 10,08 2509 7.67 10.06 243 787 1% 6% 450.50 0.00)
CEC 213 [water Heater 75 Gall (076 RE _ Instantaneous 0.80 RE 168 3686 6.92 168 3227 478 EE3 1% 0.0 7541
[Tested Ducts No Yes 1502 400 6.92 12,01 3522 6.2 13% 1% 82450 ESE
insuiation Q-Install No Yes 168 3685 6.92 1532 3827 6.2 6% 5% 547.37 26.08)
1 2x. Cooling Can. No Yes 1502 400 6.92 1291 3195 692 18% 16% 138585 EZE
HVAC / High EER |13 SEER(10EER 13 SEER/117EER 168 3685 6597 168 3227 692 12% % 790,08 0.00)
[CEC CZ14 [water Heater 75 Gall (076 RE _ Instantaneous 0.80 RE 2558 4043 .80 %56 35.33 548 3% 10% 0.00 5.6
[Tested Ducts No Yes 2208 4372 .80 188 .38 7.89 15% 13% 1006.47 60.97)
insuiation Q-Install No Yes 2558 4043 .80 2349 3885 7.89 6% 5% 647.21 36.89
2x. Cooling Cap. No Yes 2208 4372 7.89 185 3388 789 20% 18% 169378 60.97)
HVAC / High EER |13 SEER(10EER 13 SEER/117EER 2558 4043 7.8 258 3533 789 13% % 87787 0.00)
[CEC CZ15 [water Heater 75 Gall /076 RE _Instantaneous 0.80 RE (5 G504 665 (e EEG [E] 3% [E3 000 7355}
[Tested Ducts No Yes 383 10152 6.65 307 84582 665 16% 15% 287458 a.57)
insuiation Q-Install No Yes 451 95.04 6.65 302 9225 655 4% 4% 127032 10.40)
[ 2x. Cooling Can. No Yes 383 10152 6.65 307 7617 655 25% 23% 436351 a.57)
HvAc i High EER |13 SEER(10EER 13SEER/117EER 451 9594 6.65 451 8197 655 15% 13% 240485 0.00)
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� These two base case prototypes where selected from a database of more than 1,500 different architectural plans submitted for review and inclusion in the California Energy Star® New Homes Program. Each input file used for analysis received a detail plan review to insure it accurately reflected the plans.
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