EXPRESS AIR CONDITIONING 2003


Air Conditioning

PG&E's Express air conditioning retrofit program offers incentives to customers for installing the following measures:

· High efficiency package terminal air conditioners and heat pumps,

· Package or split system air conditioners, air, water and evaporative cooled,

· Variable-frequency drives (VFDs) for HVAC fans or chilled water pumps,

· Set-back thermostats,

· Reflective window film, and

· Evaporative coolers.

The introduction to the air conditioning technical assessments covers the following areas:

· Peak Demand and Annual Energy Reduction Calculations,

· Interactive Effects,

· Equivalent Full Load Cooling Hours (EFLCH),

· Net to Gross Ratio,

· Measure Life, and

· Cost Data.

Detailed analyses of individual measures follow in the technical assessments.

Peak Demand and Annual Energy Reduction Calculations

Two types of capacity savings estimates were done for this analysis: connected load demand savings achieved by the measure (noncoincident) at the customer’s site and demand reduction coincident with PG&E's system peak.  The noncoincident demand savings achieved measures are estimated from engineering analyses, using the equipment capacity in tons and unit efficiency in either energy efficiency ratio (EER) or coefficient of performance (COP).

Equipment demand


kW = 12 x Tons/EER


(for units rated in EER)


kW = 12 x Tons/(COP x 3.413)
(for units rated in COP)

Equipment demand savings (noncoincident)

kW savings = kWtitle20 – kW new

Coincident demand

Coincident kW savings = Equipment demand savings x Coincident diversity factor

The coincident diversity factor (CDF) adjusts for the load shape of the end use at the utility system peak and for diversity (i.e., not all equipment is in use at any given time).  Peak hour CDFs for commercial packaged air conditioning (AC) technologies are listed in Table 3.

Table 3: Coincident Diversity Factors for HVAC Technologies

	Market Sector
	HVAC CDF

	Office
	0.87

	Retail
	0.85

	University
	0.73

	School
	0.24

	Grocery
	0.83

	Restaurant
	0.86

	Health Care/Hospital
	0.89

	Hotel/Motel
	0.77

	Warehouse
	0.80

	Process Industrial
	0.75

	Assembly Industrial
	0.75

	All Other
	0.78


Source: Quantum 1997a, p. 5

For energy-efficient package terminal a/c units, energy savings are calculated as follows:

Annual kWh savings = Noncoincident demand savings x EFLCH

For other items (evaporative coolers, time clocks, and setback thermostats), energy savings are calculated using a modified bin analysis.  The reflective window film savings calculations are based on typical application assumptions.

Equivalent Full Load Cooling Hours

The equivalent full load cooling hours (EFLCH) are used in calculations to determine energy savings associated with the air conditioning measures.  The California Energy Commission has divided the market into 12 different segments.  The EFLCH for the 12 market segments have not changed since 1996.

 

Table 4: Equivalent Full Load Cooling Hours for HVAC Technologies

	Market Sector
	HVAC

EFLCH

	Office
	1,000

	Retail
	800

	University
	1,200

	School
	500

	Grocery
	600

	Restaurant
	1,300

	Health Care/Hospital
	1,900

	Hotel/Motel
	700

	Warehouse
	300

	Process Industrial
	800

	Assembly Industrial
	2,100

	All Other
	1,200


Interactive Effects

Interactive effects occur between lighting and air conditioning systems.  Lighting loads put heat into conditioned spaces and thus impact air conditioning loads.  If lighting retrofits are done, there is a trade-off in cooling benefit (a reduction in cooling use) and heating penalty (an increase in heating use), caused by a reduction in internal gains from the new efficient lighting systems being in used in place of the pre-existing system.  Since this effect is associated with lighting only retrofits, it is adjusted for under the Express Efficiency lighting program.

In cases where lighting and air conditioning measures are installed in the same facility, interactive effects can increase or decrease savings.  If an efficient chiller is installed, the savings will be proportional to the cooling load.  A lighting retrofit will reduce the cooling load and the magnitude of the chiller savings. Efficient lighting can increase savings for adjustable speed drives and variable air volume conversions since fans run less often if heating loads are lower.

Net-To-Gross Ratio

Net-to-gross ratio is 0.96 in conformance with the CPUC’s October 2001 Energy Efficiency Policy Manual.

Measure Life

Most measure lives are based on three sources: the California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs (CALMAC), the California DSM Measurement and Advisory Committee (CADMAC) measure life study (EMS 1993) and the ASHRAE Journal, "Service Life of Energy Conservation Measures" (McRae et al. 1988). They also conform with the CPUC’s October 2001 Energy Efficiency Policy Manual.

Cost Data

Incremental costs are used to evaluate the economics of each retrofit.  The primary source used is the recently completed 2001 DEER Update Study prepared for the CEC, California Conservation Inventory Group (CCIG), “Measure Cost Study” and an internal study of costing information obtained from PG&E’s MDSS database.  All items are assumed to be retrofit (replacement of equipment at the end of useful life) or add-on (new equipment added on to existing equipment), rather than early replacement.

For end-uses where customers choose equipment with different efficiencies, the material cost is the difference between the standard (Title 20 or Title 24) efficiency (where applicable) and the high efficiency equipment.  Labor costs are included if there is a difference in labor to install the energy efficient equipment versus the standard.  For add-on equipment, the incremental cost is the full material and labor costs of the installed measure.

Payback Period

The payback period is equal to the incremental cost divided by the product of the energy savings and energy cost.  For this calculation electric energy costs are assumed to be $0.10 per kWh and $0.60 per therm.

S6 (Application Code A) Package Terminal A/C Unit

Technology Description

Package terminal air conditioners (PTACs) and package terminal heat pumps (PTHPs) are through-the-wall units usually in the 0.5 to 1.5 ton capacity range.  These units cool small areas and are commonly used for individual rooms.

Market Applicability

PTACs and PTHPs are usually associated with motels and hotels where the individual zone control permits efficient operation in structures that have wide swings in occupancy levels.  They are also widely used in apartments and small office buildings.  PTACs and PTHPs account for about 2% to 3% of commercial installed tonnage each year.

Calculation Methodology

Package terminal, air-cooled, air conditioners in this size range are rated according to California state standards (in EER).  The kW calculation shown below is an accepted equation for kW, tons, and EER.

EER base = 10.0 - (0.16 x Capacity/1000)

Capacity is in Btu/hr and if the capacity is <7,000 Btu/hr use 7,000 Btu/hr.

kW = 12 x Tons/EER

The measure demand savings estimate is based on averaging several examples of sizes and efficiencies above the base.  The baseline formula is consistent with the California minimum efficiency standard currently in effect for this size and type of equipment.

Measure Demand Savings = kW title 20 - kW premium-efficiency unit

Measure Demand Savings
	Example
Model
Capacity
	kW title20
	kW high efficiency
	Measure

Demand

Savings
(kW)
	Measure

Demand

Savings
(kW/ton-∆EER)

	
6.8 kBtu/hr
	8.88 EER
0.766 kW
	9.5 EER
0.716 kW
	
0.050
	0.142

	
8.7 kBtu/hr
	8.61 EER
1.010 kW
	9.6 EER
0.906 kW
	
0.104
	0.145

	
12.6 kBtu/hr
	7.98 EER
1.579 kW
	9.1 EER
1.385 kW
	
0.194
	0.165

	 14.9 kBtu/hr
	7.62 EER
1.955 kW
	9.1 EER
1.637 kW
	
0.319
	0.173

	AVERAGE
	
	
	
	0.156


The final column in the table above normalizes the savings for each of the example PTAC models by their capacity in tons.  This is necessary because for any particular application the capacity installed may varying and with the Title 20 minimum standard and with that the resultant savings.  With the savings normalized by capacity, it is then averaged over the example models and the result is the average savings used in the table below.

Energy savings are calculated by multiplying the measure demand savings (kW/tonEER) with the equivalent full load cooling hours (EFLCH) documented in the introduction to the air conditioning section:

Annual Energy Savings = Measure Demand Savings x EFLCH

Coincident demand savings is calculated by multiplying the measure demand savings (kW/tonEER) with the coincident diversity factor (CDF) for each market segment.

Coincident Demand Savings = Measure Demand Savings x CDF

Summary of Savings

Coincident Demand and Energy Savings

	
Market Segment
	Average Measure Demand Savings (Avg.MDS)
(kW/tonEER)
	Coincident
Demand Savings
(Avg. MDS *CDF)
	Annual
Energy Savings
(Avg. MDS *EFLCH)

	Schools K-12
	0.156
	0.0375 
	78 

	Hotel/Motel
	0.156
	0.1205 
	110 

	Grocery
	0.156
	0.1298 
	94 

	College
	0.156
	0.1142 
	188 

	Warehouse
	0.156
	0.1251 
	47 

	Office
	0.156
	0.1361 
	156 

	Hospitals
	0.156
	0.1392 
	297 

	Other
	0.156
	0.1220 
	188 

	Retail
	0.156
	0.1330 
	125 

	Restaurant
	0.156
	0.1345 
	203 

	Process Industry
	0.156
	0.1173 
	125 

	Assembly Industry
	0.156
	0.1173 
	329 


Base:  EER = 10.0 - (0.16 x Capacity/1,000) from Title 20.

Measure Life

15 years (California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Incremental Cost

$65/tonEER 

Average incremental cost between the new 10 and 10.5 EER units that are 12kBtuh in capacity. 

2001 DEER Update Study, CCIG-RHE-37, p. 4-34, Xenergy, Oakland, CA.

(Application Code B) Package Air Conditioners or Split System

PG&E's Express air conditioning program offers incentives to customers that purchase air-conditioning equipment that is equal to or more efficient than standards established by the Consortium for Energy Efficiency (CEE).  For small equipment less than 65,000 Btuh in capacity, the efficiency requirements have been further refined using input from a California utility and industry collaborative.  Rebates are based on efficiency and size of equipment, as well as other factors.  For 2003, rebates are offered on premium-efficiency single-package and split-system air conditioning units for installation in both retrofit and new construction markets.

PG&E has shifted the payment of incentives for 2002 and 2003 from the upstream distributor (as was the case for the 2001 Air Conditioning Express Efficiency Program) to the customer to capitalize on increased awareness of energy efficiency in response to the energy crisis.

PG&E also pays incentives for high-efficiency heat pumps under the Air Conditioning program but does not file separate savings calculations for them since they comprise only a very small percentage of the market.

Table 2a: 2003 California High Efficiency AC/HP Program Specification Proposal

for Equipment < 65,000 Btuh

	MDSS

Measure Code
	Equipment Type
	Efficiency Category
	Sub-Category
	Efficiency

	S104

S105
	Air-Cooled

Air Conditioners
	Tier 1
	Split System

Single Package
	13.0 SEER/

11 EER/

w/o TXV

	S214
	
	Tier 2
	Split
	13.0 SEER/

11.6 EER/

with TXV

	S215
	
	Tier 2
	Package
	13.0 SEER/

11.3 EER/

with TXV

	S181
	
	Tier 3
	Split
	14.0 SEER/

12 EER/

with TXV

	S182
	
	Tier 3
	Package
	14.0 SEER/

11.6 EER/

with TXV 


Table 2b: Consortium for Energy Efficiency (CEE) Minimum Equipment Efficiencies for Large Unitary Commercial Air Conditioners Tier 2 for Equipment >65,000 Btu/hr

	MDSS

Measure Code
	Equipment Type
	Size Category
	Sub-Category
	Tier 2 Efficiency

	S216
	Air-Cooled

Air Conditioners
	>=65,000 Btu/hr

<135,000 Btu/hr
	Split and Single
	11.0 EER

11.4 IPLV

	S217
	 
	>=135,000 Btu/hr

<240,000 Btu/hr
	
	10.8 EER

11.2 IPLV

	S218
	 
	>=240,000 Btu/hr 

<=756,000 Btu/hr
	
	10.0 EER

10.4 IPLV








Source: CEE 2000

 

Table 2c: Consortium for Energy Efficiency (CEE) Minimum Equipment Efficiencies for Large Unitary Commercial Heat Pumps Tier 2 for Equipment >65,000 Btuh/hr 

	MDSS

Measure Code
	Equipment Type
	Size Category
	Sub-Category
	Tier 2 Efficiency

	S216
	Air-Cooled

Heat Pumps
	>=65,000 Btu/hr 

<135,000 Btu/hr
	Split and Single
	11.0 EER

11.4 IPLV

	S217
	 
	>=135,000 Btu/hr

<240,000 Btu/hr
	
	10.8 EER

11.2 IPLV

	S218
	 
	>=240,000 Btu/hr

<=756,000 Btu/hr
	
	10.0 EER

10.4 IPLV


Source: CEE 2000

Air-Cooled Single-Package and Split-System A/C Unit 

<5.4 tons (or 65,000 Btu/hr)

Technology Description

A single-package A/C unit consists of a single package (or cabinet housing) contains a condensing unit, a compressor, and an indoor fan/coil. The heating section (if one is included) may be either gas-fired or incorporated into the refrigeration circuit as a heat pump. Single-package units are typically installed on the roof of the building and will sit on a "roof-curb" or supporting beams. Down-flow units have the benefit of concealed ducting, thus minimizing the chances of water leaking through a roof penetration. An additional benefit of package units is that there is no need for field-installed refrigerant piping, thus minimizing labor costs and the possibility of contaminating the system with dirt, metal, oxides or non-condensing gases.

A split system consists of two major parts in separate housings: a remote condensing unit, and an indoor fan/coil. The two system components are connected by a set of refrigerant lines.

Where the heating system is gas-fired, the fan/coil will include a furnace section. Typical locations for the fan/coil are the attic space, under-floor, or in a closet or mechanical room. Locating the fan/coil in a conditioned or semi-conditioned space will help the system operate more efficiently by cutting down the thermal gains and losses to the unit and ducting.

Market Applicability

Single-package air conditioners are very common in commercial construction. Units in this size range make up the greatest population of air conditioning units in the commercial market. The market share for split system is approximately 1:20 split system versus single-package in the commercial market sector. Therefore, savings estimates are based on package units. This measure is typically applicable to all SICs in the commercial market and the SICs in the industrial sector where office space or space conditioning is required.

Calculation Methodology

Savings calculations for this measure are based on typical single-package units because they account for about 95% of sales in this size range.

Single-package and split system, air-cooled air conditioners in this size range are rated according to their seasonal energy-efficiency rating (SEER).

While the equipment in this capacity range are rated using SEER, the minimum efficiency requirements were developed by a California utility and industry collaborative, that also specifies equipment efficiency as a function of EER and the presence or absence of a TXV.  This allows for a more accurate assessment of the connected load of AC equipment using EER rather than SEER.

The kW calculation is:  kW = 12 * Tons/EER

S105 California Collaborative Tier 1

The measure demand savings estimate is based on an installed efficiency of 13.0 SEER compared to the base of 9.7 SEER for single package equipment. The baseline SEER of 9.7 is consistent with the California minimum efficiency standard currently in effect for package equipment less than 65,000 Btuh. The minimum Tier 1 qualifying efficiency levels are assumed for these calculations; 13 SEER/ 11 EER/ without TXV.

Measure Demand Savings = kW title 20 - kW premium-efficiency unit

Measure Demand Savings = 0.254 kW/ton

Energy savings are calculated by multiplying the measure demand savings (kW/ton) with the equivalent full load cooling hours (EFLCH) documented in the introduction to the air conditioning section:

Annual Energy Savings = Measure Demand Savings * EFLCH

Coincident demand savings are calculated by multiplying the measure demand savings (kW/ton) with the coincident diversity factor (CDF) for each market segment.

Coincident Demand Savings = Measure Demand Savings * CDF

Summary of Savings

Coincident Demand and Energy Savings

	
Market Segment
	Measure
Demand Savings
(kW/ton)
	Coincident
Demand Savings
(kW/ton)
	Annual
Energy Savings
(kWh/ton)

	Schools K-12
	0.254
	0.061
	127

	Hotel/Motel
	0.254
	0.196
	178

	Grocery
	0.254
	0.211
	153

	College
	0.254
	0.186
	305

	Warehouse
	0.254
	0.204
	76

	Office
	0.254
	0.221
	254

	Hospitals
	0.254
	0.226
	483

	Other
	0.254
	0.198
	305

	Retail
	0.254
	0.216
	204

	Restaurant
	0.254
	0.219
	331

	Process Industry
	0.254
	0.191
	204

	Assembly Industry
	0.254
	0.191
	534


Base: SEER = 9.7 (minimum SEER eligible for a rebate = 13.0; EER = 11.0)

S215 California Collaborative Tier 2

The measure demand savings estimate is based on an installed efficiency of 13.0 SEER compared to the base of 9.7 SEER for single package equipment. The baseline SEER of 9.7 is consistent with the California minimum efficiency standard currently in effect for package equipment less than 65,000 Btuh. The minimum Tier 2 qualifying efficiency levels are assumed for these calculations; 13 SEER/ 11.3 EER/ with TXV.

Measure Demand Savings = kW title 20 - kW premium-efficiency unit

Measure Demand Savings = 0.283 kW/ton

Energy savings are calculated by multiplying the measure demand savings (kW/ton) with the equivalent full load cooling hours (EFLCH) documented in the introduction to the air conditioning section:

Annual Energy Savings = Measure Demand Savings * EFLCH

Coincident demand savings are calculated by multiplying the measure demand savings (kW/ton) with the coincident diversity factor (CDF) for each market segment.

Coincident Demand Savings = Measure Demand Savings * CDF

Summary of Savings

Coincident Demand and Energy Savings

	
Market Segment
	Measure
Demand Savings
(kW/ton)
	Coincident
Demand Savings
(kW/ton)
	Annual
Energy Savings
(kWh/ton)

	Schools K-12
	0.283
	0.068
	142

	Hotel/Motel
	0.283
	0.218
	198

	Grocery
	0.283
	0.235
	170

	College
	0.283
	0.207
	340

	Warehouse
	0.283
	0.227
	85

	Office
	0.283
	0.247
	283

	Hospitals
	0.283
	0.252
	538

	Other
	0.283
	0.221
	340

	Retail
	0.283
	0.241
	227

	Restaurant
	0.283
	0.244
	368

	Process Industry
	0.283
	0.213
	227

	Assembly Industry
	0.283
	0.213
	595


Base: SEER = 9.7 (minimum SEER eligible for a rebate = 13.0; EER = 11.3; mandatory TXV)

S182 California Collaborative Tier 3

The measure demand savings estimate is based on an installed efficiency of 13.0 SEER compared to the base of 9.7 SEER for single package equipment. The baseline SEER of 9.7 is consistent with the California minimum efficiency standard currently in effect for package equipment less than 65,000 Btuh. The minimum Tier 3 qualifying efficiency levels are assumed for these calculations; 13 SEER/ 11.6 EER/ with TXV.

Measure Demand Savings = kW title 20 - kW premium-efficiency unit

Measure Demand Savings = 0.311 kW/ton

Energy savings are calculated by multiplying the measure demand savings (kW/ton) with the equivalent full load cooling hours (EFLCH) documented in the introduction to the air conditioning section:

Annual Energy Savings = Measure Demand Savings * EFLCH

Coincident demand savings are calculated by multiplying the measure demand savings (kW/ton) with the coincident diversity factor (CDF) for each market segment.

Coincident Demand Savings = Measure Demand Savings * CDF

Summary of Savings

Coincident Demand and Energy Savings

	
Market Segment
	Measure
Demand Savings
(kW/ton)
	Coincident
Demand Savings
(kW/ton)
	Annual
Energy Savings
(kWh/ton)

	Schools K-12
	0.311
	0.075
	155

	Hotel/Motel
	0.311
	0.239
	218

	Grocery
	0.311
	0.258
	186

	College
	0.311
	0.227
	373

	Warehouse
	0.311
	0.249
	93

	Office
	0.311
	0.270
	311

	Hospitals
	0.311
	0.277
	591

	Other
	0.311
	0.242
	373

	Retail
	0.311
	0.264
	249

	Restaurant
	0.311
	0.267
	404

	Process Industry
	0.311
	0.233
	249

	Assembly Industry
	0.311
	0.233
	653


Base: SEER = 9.7 (minimum SEER eligible for a rebate = 14.0; EER = 11.6; mandatory TXV)

Measure life

15 years (McRae et al. 1988, and CALMAC 2000)

Incremental Cost

$158/ton Tier 1; $316/ton Tier 2; $421/ton Tier 3

The tier two value is an interpolation between tiers one and three.  The following equation applies:   [(421 –158) x 0.6] + 158 = 316

Incremental Costs for Central AC <5.4 Tons

	Tier
	Incremental Cost per Unit
	Tons
	Incremental Cost $/ton
	DEER Reference

	1
	$475
	3
	$158
	RHE-33, p 4-17

	2
	$948
	3
	$316
	Interpolation

	3
	$1,265
	3
	$421
	RHE-33, p 4-17


Source: DEER 2001
 

S216 (Application Code C) Air-Cooled Single-Package and Split-System A/C Unit  >= 65,000 Btu/hr and <135,000 Btu/hr

Technology Description

A single-package A/C unit consists of a single package (or cabinet housing) containing a condensing unit, a compressor, and an indoor fan/coil. The heating section (if one is included) may be either gas-fired or incorporated into the refrigeration circuit as a heat pump. Single-package units are typically installed on the roof of the building and will sit on a "roof-curb" or supporting beams. Down-flow units have the benefit of concealed ducting, thus minimizing the chances of water leaking through a roof penetration. An additional benefit of package units is that there is no need for field-installed refrigerant piping, thus minimizing labor costs and the possibility of contaminating the system with dirt, metal, oxides or non-condensing gases.

A split system consists of two major parts in separate housings: a remote condensing unit, and an indoor fan/coil. The two system components are connected by a set of refrigerant lines.

Where the heating system is gas-fired, the fan/coil will include a furnace section. Typical locations for the fan/coil are the attic space, under-floor, or in a closet or mechanical room. Locating the fan/coil in a conditioned or semi-conditioned space will help the system operate more efficiently by cutting down the thermal gains and losses to the unit and ducting.

Market Applicability

Equipment in this size range is used frequently on a variety of facilities types: convenience markets, fast-food stores, office complexes, and strip malls. The majority of this equipment will be single-package units. Split-system air conditioners are less common in commercial construction than in residential construction. The market share for split system is approximately 1:20 split-system versus single-package in the commercial market sector.

Calculation Methodology

Single-package and split-system, air-cooled air conditioners in this size range are rated according to their energy-efficiency rating (EER).

The kW calculation is:  kW = 12 * Tons/EER

CEE Tier 2

The measure demand savings estimate is based on an installed efficiency of 11.0 EER compared to the base of 10.3 EER. The baseline EER of 10.3 is consistent with the California minimum efficiency standard currently in effect for this size and type of equipment. The minimum EER eligible for the rebate is 11.0 with an Integrated Part-Load Value (IPLV) of 11.4, so for the purpose of these calculations we assume that all customers install units that just barely meet the CEE/PG&E Tier 2 efficiency requirements.

Measure Demand Savings = (kW title 20 - kW premium-efficiency unit)/(EER base – EER premium efficiency)

Measure Demand Savings = 0.106 kW/ton-delta EER

Energy savings are calculated by multiplying the measure demand savings (kW/ton) with the equivalent full load cooling hours (EFLCH) documented in the introduction to the air conditioning section:

Annual Energy Savings = Measure Demand Savings * EFLCH 

Coincident demand savings is calculated by multiplying the measure demand savings (kW/ton) with the coincident diversity factor for each market segment.

Coincident Demand Savings = Measure Demand Savings * CDF

Summary of Savings

Coincident Demand and Energy Savings

	
Market Segment
	Measure
Demand Savings
(kW/ton-delta EER)
	Coincident
Demand Savings
(kW/ton-delta EER)
	Annual
Energy Savings
(kWh/ton-delta EER)

	Schools K-12
	0.106
	0.025
	53

	Hotel/Motel
	0.106
	0.082
	74

	Grocery
	0.106
	0.088
	64

	College
	0.106
	0.077
	127

	Warehouse
	0.106
	0.085
	32

	Office
	0.106
	0.092
	106

	Hospitals
	0.106
	0.094
	201

	Other
	0.106
	0.083
	127

	Retail
	0.106
	0.090
	85

	Restaurant
	0.106
	0.091
	138

	Process Industry
	0.106
	0.079
	85

	Assembly Industry
	0.106
	0.079
	222


Base: EER = 10.3 (minimum EER eligible for rebate = 11.0, IPLV 11.4)

Measure Life

15 years (McRae et al. 1988, and CALMAC 2000)

Incremental Cost

$79/ton Tier 2

Incremental cost information for unit efficiency levels that are eligible for an incentive in this category is not included in DEER, but taking the incremental cost of a 10.9 EER unit and subtracting the incremental cost of a 9.9 EER unit provides a reasonable approximation.  This strategy was employed to approximate the incremental cost on a ton-delta EER-basis, for application back to the measure defined using the EER differential of 0.7 (11 EER tier 2 minus 10.3 EER baseline).  
Incremental Costs for Central AC >= 5.4 & <11.3 Tons

 

	Incremental Cost per Unit
	Tons
	Incremental Cost $/ton-delta EER
	EER
	Assumed Base EER
	DEER Reference

	$1,710
	10
	$85.5
	10.9
	8.9
	CHE-35, p 420

	$920
	10
	$92
	9.9
	8.9
	CHE-35, p 420

	$790
	10
	$79
	10.9
	9.9
	Approximated


Source: DEER 2001
S217 (Application Code D) Air-Cooled Single-Package and Split-System A/C Unit
>= 135,000 Btu/hr and <240,000 Btu/hr

Technology Description

A single-package A/C unit consists of a single package (or cabinet housing) containing a condensing unit, a compressor, and an indoor fan/coil. The heating section (if one is included) may be either gas-fired or incorporated into the refrigeration circuit as a heat pump. Single-package units are typically installed on the roof of the building and will sit on a "roof-curb" or supporting beams. Down-flow units have the benefit of concealed ducting, thus minimizing the chances of water leaking through a roof penetration. An additional benefit of package units is that there is no need for field-installed refrigerant piping, thus minimizing labor costs and the possibility of contaminating the system with dirt, metal, oxides or non-condensing gases.

A split system consists of two major parts in separate housings: a remote condensing unit, and an indoor fan/coil. The two system components are connected by a set of refrigerant lines.

Where the heating system is gas-fired, the fan/coil will include a furnace section. Typical locations for the fan/coil are the attic space, under-floor, or in a closet or mechanical room. Locating the fan/coil in a conditioned or semi-conditioned space will help the system operate more efficiently by cutting down the thermal gains and losses to the unit and ducting.

Market Applicability

Single-package air conditioners are very common in commercial construction. Units in this size range are commonly used to condition larger commercial open spaces as would be found in large chain outlet stores. This measure is typically applicable to specific SICs in the commercial market and the industrial sector where large spaces are conditioned.

Calculation Methodology

Single-package and split-system, air-cooled air conditioners in this size range are rated according to their energy-efficiency rating (EER).

The kW calculation is:  kW = 12 * Tons/EER

CEE Tier 2

The measure demand savings estimate is based on an installed efficiency of 10.8 EER compared to the base of 9.7 EER. The baseline EER of 9.7 is consistent with the California minimum efficiency standard currently in effect for this size and type of equipment. The minimum EER eligible for the rebate is 10.8, with an IPLV of 11.2. For the purpose of these calculations it is assumed that customers install units that just barely meet the CEE/PG&E Tier 2 requirements.

Measure Demand Savings = (kW title 24 - kW premium -efficiency unit)/ (EER base – EER premium efficiency)

Measure Demand Savings = 0.115 kW/ton

Energy savings are calculated by multiplying the measure demand savings (kW/ton) with the equivalent full load cooling hours (EFLCH) documented in the introduction to the air conditioning section:

Annual Energy Savings = Measure Demand Savings * EFLCH

Coincident demand savings is calculated by multiplying the measure demand savings (kW/ton) with the coincident diversity factor for each market segment.

Coincident Demand Savings = Measure Demand Savings * CDF

Summary of Savings

Coincident Demand and Energy Savings

	Market Segment
	Measure
Demand Savings
(kW/ton-delta EER)
	Coincident
Demand Savings
(kW/ton-delta EER)
	Annual Energy
Savings
(kWh/ton-delta EER)

	Schools K-12
	0.115
	0.027
	57

	Hotel/Motel
	0.115
	0.088
	80

	Grocery
	0.115
	0.095
	69

	College
	0.115
	0.084
	137

	Warehouse
	0.115
	0.092
	34

	Office
	0.115
	0.100
	115

	Hospitals
	0.115
	0.102
	218

	Other
	0.115
	0.089
	137

	Retail
	0.115
	0.097
	92

	Restaurant
	0.115
	0.099
	149

	Process Industry
	0.115
	0.086
	92

	Assembly Industry
	0.115
	0.086
	241


Base: EER = 9.7 (minimum EER eligible for rebate = 10.8, IPLV = 11.2)

Measure Life

15 years (McRae et al. 1988, and CALMAC 2000)

Incremental Cost

$79/ton-delta EER Tier 2

Incremental cost information for unit efficiency levels that are eligible for an incentive in this category is not included in DEER, but taking the incremental cost of a 10.5 EER unit and subtracting the incremental cost of a 9.5 EER unit provides a reasonable approximation.  This strategy was employed to approximate the incremental cost on a ton-delta EER-basis, for application back to the measure defined using the EER differential of 1.1 (10.8 EER tier 2 minus 9.7 EER baseline). 
Incremental Costs for Central AC >= 11.3 & <20 Tons

	Incremental Cost per Unit
	Tons
	Incremental Cost $/ton-delta EER
	EER
	Assumed Base EER
	DEER Reference

	$2,550
	15
	$85
	10.5
	8.5
	CHE-35, p 4-19

	$1,365
	15
	$91
	9.5
	8.5
	CHE-35, p 4-19

	$1,185
	15
	$79
	10.5
	9.5
	Approximated


Source: DEER 2001

S218 (Application Code E) Air-Cooled Single-Package and Split-System A/C Unit  >= 240,000 Btu/hr and <= 756,000 Btu/hr

Technology Description

A single-package A/C unit consists of a single package (or cabinet housing) containing a condensing unit, a compressor, and an indoor fan/coil. The heating section (if one is included) may be either gas-fired or incorporated into the refrigeration circuit as a heat pump. Single-package units are typically installed on the roof of the building and will sit on a "roof-curb" or supporting beams. Down-flow units have the benefit of concealed ducting, thus minimizing the chances of water leaking through a roof penetration. An additional benefit of package units is that there is no need for field-installed refrigerant piping, thus minimizing labor costs and the possibility of contaminating the system with dirt, metal, oxides or non-condensing gases.

A split system consists of two major parts in separate housings: a remote condensing unit, and an indoor fan/coil. The two system components are connected by a set of refrigerant lines.

Where the heating system is gas-fired, the fan/coil will include a furnace section. Typical locations for the fan/coil are the attic space, under-floor, or in a closet or mechanical room. Locating the fan/coil in a conditioned or semi-conditioned space will help the system operate more efficiently by cutting down the thermal gains and losses to the unit and ducting.

Market Applicability

Single-package air conditioners are very common in commercial construction. Units in this size range are commonly used to condition larger commercial open spaces as would be found in large chain outlet stores. This measure is typically applicable to specific SICs in the commercial market and the industrial sector where large spaces are conditioned.

Calculation Methodology

Single-package and split-system, air-cooled air conditioners in this size range are rated according to their energy-efficiency rating (EER).

The kW calculation is:
kW = 12 * Tons/EER

Tier 2

The measure demand savings estimate is based on an installed efficiency of 10.0 EER compared to the base of 9.5 EER. The baseline EER of 9.5 is consistent with the California minimum efficiency standard currently in effect for this size and type of equipment. The minimum EER eligible for the rebate is 10.0 with an IPLV of 10.4. For the purpose of these calculations it is assumed that customers install units that just barely meet the CEE/PG&E Tier 2 requirements.

Measure Demand Savings = (kW title 24 - kW premium-efficiency unit)/



(EER base – EER premium efficiency)

Measure Demand Savings = 0.126 kW/ton-delta EER

Energy savings are calculated by multiplying the measure demand savings (kW/ton) with the equivalent full load cooling hours (EFLCH) documented in the introduction to the air conditioning section:

Annual Energy Savings = Measure Demand Savings * EFLCH

Coincident demand savings is calculated by multiplying the measure demand savings (kW/ton) with the coincident diversity factor for each market segment.

Coincident Demand Savings = Measure Demand Savings * CDF

Summary of Savings

Coincident Demand and Energy Savings

	
Market Segment
	Measure
Demand Savings
(kW/ton-delta EER)
	Coincident
Demand Savings
(kW/ton-delta EER)
	Annual Energy
Savings
(kWh/ton-delta EER)

	Schools K-12
	0.126
	0.030
	63

	Hotel/Motel
	0.126
	0.097
	88

	Grocery
	0.126
	0.105
	76

	College
	0.126
	0.092
	152

	Warehouse
	0.126
	0.101
	38

	Office
	0.126
	0.110
	126

	Hospitals
	0.126
	0.112
	240

	Other
	0.126
	0.099
	152

	Retail
	0.126
	0.107
	101

	Restaurant
	0.126
	0.109
	164

	Process Industry
	0.126
	0.095
	101

	Assembly Industry
	0.126
	0.095
	265


Base: EER = 9.5 (minimum EER eligible for rebate = 10.0, IPLV = 10.4)
Measure Life

15 years (McRae et al. 1988, and CALMAC 2000)

Incremental Cost

$79/ton Tier 2

Incremental cost information for unit efficiency levels that are eligible for an incentive in this category is not included in DEER, but taking the incremental cost of a 10.5 EER unit and subtracting the incremental cost of a 9.5 EER unit provides a reasonable approximation.  This strategy was employed to approximate the incremental cost on a ton-delta EER-basis, for application back to the measure defined using the EER differential of 0.5 (10 EER tier 2 minus 9.5 EER baseline).

Incremental Costs for Central >20 Tons

	Incremental

Cost per Unit
	Tons
	Incremental

Cost

$/ton-delta EER
	EER
	Assumed Base EER
	DEER

Reference

	$5,130
	30
	$85.5
	10.5
	8.5
	CHE-35, p 4-19

	$2,760
	30
	$92
	9.5
	8.5
	CHE-35, p 4-19

	$2,370
	30
	$79
	10.5
	9.5
	Approximated


Source: DEER 2001
S18 (Application Code F) Setback Programmable Thermostat

Market Applicability

Setback programmable thermostats are appropriate controls for HVAC equipment that serves spaces with regular occupied and unoccupied periods, resulting in long periods of time when heating and cooling setpoints can be adjusted.  Setback thermostats are typically used for areas where it is undesirable to shut off equipment due to such concerns as freeze protection or the need to provide some conditioning for computer equipment.

Savings Example

A typical installation might be an installation of a setback thermostat on a single zone rooftop package AC/heating system serving 5,000 ft2 of office facility space.  The energy and demand savings from this measure were calculated using bin simulations to compare the energy use of a typical facility with an uncontrolled HVAC system to the energy use of the same facility with a setback thermostat controlling the HVAC system.

Assumptions

Regular office hours = 7 AM - 6 PM Monday - Friday.  Current system runs continuously due to lack of controls.  Assume fan is in AUTO mode.

Occupied hr/yr. = 11 hr/day x 5 day/wk x 52.14 wk/yr. = 2,870 hr/yr.

Size of AC units = 10.0 tons, overall efficiency = 1.3 kW/ton average without fans.

Standard assumption of 500 ft2/ton size, typical dx/reciprocating cooling efficiency.

Size of heating = 250 kBtu/hr, efficiency = 70%

Standard assumption of 50 Btu/hr-ft2, typical gas conversion efficiency.

Total cfm = 5,000; fan hp = 3; 20% fixed OSA

Location = San Jose, ASHRAE bin weather data

Fan savings are conservatively neglected.

Baseline Energy Use: Simplified Single Zone Bin Data Simulation-Continuous Operation
	Outside Air

(oF)
	Total Bin
(hr/yr.)
	Fixed

% OSA
	Return Air
(oF)
	Mixed Air

(oF)
	Supply

Air (oF)
	Cooling
(kBtu/yr.)
	Heating
(kBtu/yr.)

	92
	
6
	20
	74
	77.6
	57
	
671
	
0

	87
	
24
	20
	74
	76.6
	59
	
2,292
	
0

	82
	
84
	20
	74
	75.6
	61
	
6,653
	
0

	77
	
207
	20
	74
	74.6
	63
	
13,037
	
0

	72
	
535
	20
	74
	73.6
	65
	
24,960
	
0

	67
	
1,077
	20
	74
	72.6
	67
	
32,719
	
0

	62
	
1,756
	20
	74
	71.6
	70
	
15,242
	
0

	57
	
1,977
	20
	74
	70.6
	73
	
0
	
25,741

	52
	
1,545
	20
	74
	69.6
	76
	
0
	
53,642

	47
	
935
	20
	74
	68.6
	79
	
0
	
52,753

	42
	
451
	20
	74
	67.6
	82
	
0
	
35,232

	37
	
138
	20
	74
	66.6
	85
	
0
	
13,775

	32
	
24
	20
	74
	65.6
	88
	
0
	
2,916

	27
	
1
	20
	74
	64.6
	91
	
0
	
143

	TOTAL
	
8,760
	
	
	
	
	
95,564
	
184,202


Total cooling energy, 12,000 Btu per ton-hr and 1.3 kW/ton = 10,353 kWh/yr.

Total heating energy, 100,000 Btu per therm and 70% eff = 2,631 th/yr.

Resulting energy use is the sum of 3 components: (1) occupied conditioning energy, (2) unoccupied conditioning energy, and (3) additional start-up loads.

1.  Occupied Conditioning Energy

Revised Energy Use: Simplified Single Zone Bin Data Simulation -

Operation 11 hrs/day, M-F, 7 AM -6 PM

	Outside Air

(oF)
	Total Bin
(hr/yr.)
	Fixed

% OSA
	Return

Air
(oF)
	Mixed Air

(oF)
	Supply Air

(oF)
	Cooling
(kBtu/yr.)
	Heating
(kBtu/yr.)

	92
	
4
	20
	74
	77.6
	57
	
447
	
0

	87
	
16
	20
	74
	76.6
	59
	
1,528
	
0

	82
	
53
	20
	74
	75.6
	61
	
4,198
	
0

	77
	
122
	20
	74
	74.6
	63
	
7,677
	
0

	72
	
293
	20
	74
	73.6
	65
	
13,670
	
0

	67
	
516
	20
	74
	72.6
	67
	
15,676
	
0

	62
	
608
	20
	74
	71.6
	70
	
5,227
	
0

	57
	
563
	20
	74
	70.6
	73
	
0
	
7,330

	52
	
395
	20
	74
	69.6
	76
	
0
	
13,714

	47
	
200
	20
	74
	68.6
	79
	
0
	
11,284

	42
	
78
	20
	74
	67.6
	82
	
0
	
6,093

	37
	
19
	20
	74
	66.6
	85
	
0
	
1,897

	32
	
3
	20
	74
	65.6
	88
	
0
	
365

	27
	
0
	20
	74
	64.6
	91
	
0
	
0

	TOTAL
	
2,879
	
	
	
	
	
48,473
	
40,683


2.  Additional energy is required to maintain setback conditions (85(F for cooling and 55(F for heating) and account for morning warm-up and cool-down.  A higher supply air temperature is used to maintain the setback cooling temperature.  Similarly, a lower supply air temperature is used to maintain the heating setback temperature.

Unoccupied Conditioning Energy

	Outside Air

(oF)
	Total

Bin
(hr/yr.)
	Fixed

% OSA
	Return

Air
(oF)
	Mixed Air

(oF)
	Supply Air

(oF)
	Cooling
(kBtu/yr.)
	Heating
(kBtu/yr.)

	92
	
2
	20
	74
	77.6
	
62
	
169
	
0

	87
	
8
	20
	74
	76.6
	
64
	
547
	
0

	82
	
31
	20
	74
	75.6
	
66
	
1,614
	
0

	77
	
85
	20
	74
	74.6
	
68
	
3,043
	
0

	72
	
242
	20
	74
	73.6
	
73.6
	
0
	
0

	67
	
561
	20
	74
	72.6
	
72.6
	
0
	
0

	62
	
1,148
	20
	74
	71.6
	
71.6
	
0
	
0

	57
	
1,414
	20
	74
	70.6
	
70.6
	
0
	
0

	52
	
1,150
	20
	74
	69.6
	
71
	
0
	
8,734

	47
	
735
	20
	74
	68.6
	
74
	
0
	
21,532

	42
	
373
	20
	74
	67.6
	
77
	
0
	
19,021

	37
	
119
	20
	74
	66.6
	
80
	
0
	
8,651

	32
	
21
	20
	74
	65.6
	
83
	
0
	
1,982

	27
	
1
	20
	74
	64.6
	
86
	
0
	
116

	TOTAL
	
5,890
	
	
	
	
	
5,373
	
60,036


3.  Additional “warm up” energy is required to bring space temperature from setback temperature to occupied temperature, (74 - 55 = 19oF), operation 1 hr/day, 3 mo/yr., avg 22 day/month.

 x  1.085 Btu/cfm-deg-hr = 6,803 kBtu/yr.

Additional warm-up approximated as 5,000 cfm x (19(F) x 66 days/yr. x 1 hr/day.

Additional “cool down” energy required to bring space temperature from setback temperature to occupied temperature, (85 - 74 = 11(F), operation 1 hr/day, 3 month/yr., avg 22 day/month.

Additional cool-down approximated as 5,000 cfm x (11(F) x 66 days/yr. x 1 hr/day x 1.085 Btu/cfm-deg-hr = 3,939 kBtu/yr.

Total new energy use (sum of 1, 2 and 3)

Total cooling energy, 12,000 Btu per ton-hr and 1.3 kW/ton = 6,260 kWh/yr.

Total heating energy, 100,000 Btu per therm and 70% eff = 1,536 therms/yr.

Energy Savings

The energy savings are calculated as follows:

kWh/yr. savings = Energy use during uncontrolled operation - Energy use during controlled operation

Energy Savings:
4,093 kWh/yr.



1,095 therms/yr.

Demand Savings:
0.0 kW (Setback thermostat will not reduce



energy use during on‑peak hours.)

Range of Savings

Savings for the measure can vary greatly, depending on size of equipment con​trolled, climatic location, and existing operating patterns.  As shown in the exam​ple, typical heating savings are on the order of 40% of existing use when condi​tioning can be setback on both nights and weekends.  Actual savings could be anywhere in the range of 1,000-20,000 kWh and 500-10,000 therms annually.  No demand savings is typically associated with this measure.

The Honeywell thermostat manual data shows annual savings in the range of 15% for a 10-degree setback of heating 8 hours per day in San Francisco.  Cooling set-up savings is also shown as 15% for a 5-degree increase 11 hours per day.  These con​trols are based on domestic applications and are much more conservative than that feasible for an office building that is unoccupied overnight.

Incremental Cost

Total incremental cost = $58

 2001 DEER Update Study, CCIG-RHC-53, p. 4-16, Xenergy, Oakland, CA. 

Measure Life

11 years (California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

S20 (Application Code G) Reflective Window Film

Market Applicability

Reflective window film is an effective way to reduce solar energy gains, thus reducing mechanical cooling energy consumption.  Addition of film is often cost effective on all clear glass, non-North facing exposures.

The California New Construction Calculator 2001 (based on DOE-2) was used to run simulations of retrofitting reflective window film on single pane glass across climatic zones. 

Window Film Measure Analysis Assumptions

The calculation method is based upon the following assumptions:


a.  Base case window is single-pane, clear, and SHGC = 0.95.  


b.  The simulated program window shall have SHGC = 0.39.

c.  Small retail and small office building types shall be used as the model for Express Efficiency program savings.


d.  The window-to-wall ratio for building types shall be 0.20.


e.  Building areas for purposes of this analysis shall be defaulted at 8,000 sq.ft.

f.  Buildings shall be studied for all California Thermal Zones (CTZ) in SCE’s service territory.

Results

The calculated energy savings varies from a low of approximately 4.00 kWh/sq.ft.  window film area in CTZ-16 to a high of nearly 24.00 kWh/sq.ft. in CTZ-15.  

The inland valley and high desert climates tend to fall in the middle of the energy savings range.


CTZ
Energy Savings (kWh/sq. ft.)

6
12.44

8
12.77

9
12.87

10
15.27

13
17.09

14
16.10

15
23.79

16
4.14

Incremental Cost

$3.12 per ft2.  

The incremental cost data provided here is for reflective window film.  Films have a wide range of quality and performance and can cost up to $11for spectrally selective varieties.

2001 DEER Update Study, CCIG-RHS-30, p. 4-46, Xenergy, Oakland, CA

Measure Life

10 years.  Southwall, a major manufacturer, offers a 10-year warranty on its window film.  Manufacturer warranties are generally significantly shorter than actual equipment life. 

S21 (Application Code H) Direct Evaporative Cooler

Technology Description

Direct evaporative coolers contain evaporative pads (usually of aspen wood fibers).  A water-circulating pump lifts the sump water to distributing system, and it flows down through the pads back to the sump.  A fan within the cooler pulls the air through the evaporative pads and delivers it to the space to be cooled.  The fan discharges either through the side of the cooler cabinet or through the sump bottom.  Direct evaporative coolers are made in sizes ranging from 2,000 to 20,000 cfm.

Market Applicability

Direct evaporative cooling, using current technology and available equipment, is an energy-efficient and cost-effective means of cooling.  Direct evaporative cooling efficiency depends upon the outdoor wet bulb temperatures and humidity levels.  If an evaporative cooler is used in an inappropriate climate, it may not have the ability to cool but instead raise the humidity level in the room.

Calculation Methodology

The assumption used in determining energy and demand savings was that a vapor-compression piece of equipment (typically package units) is replaced with direct evaporative cooling.  The peak demand savings (kW) and annual energy savings (kWh) are the difference in consumption between operating an air conditioning unit and a direct evaporative cooler.  Generally, the customers who apply for this measure are small commercial and industrial customers (who have an isolated area of application) and have a moderate to low concern about humidity.  Therefore, the analysis is based on low comfort occupancies.

Low comfort occupancies would be considered to have an internal design condition of 84(F, 60% R.H., when conditioned and high comfort occupancies would be considered to have an internal requirement of 76(F, 60% R.H when conditioned.

In order to maintain these conditions, the outside air entering the direct evaporative cooler must be sufficiently low in wet bulb temperature that when humidified, it is at a dew point temperature sufficiently lower than the design condition that it can effectively remove the cooling load, yet not have a moisture ratio higher than the interior design condition.

High comfort requires the following:

For a 5(F (T between entering air and interior design dry -bulb, the outside wet bulb temperature can be no greater than 64(F, if  interior design conditions are to be maintained.  The evaporative cooler would humidify the 64(F wet bulb air to 71(F dry bulb resulting in a supply air moisture ratio of 80 gr./lb which is consistent with the 76(F, 60% R.H. design condition.

Low comfort requires the following:

For a 5(F (T between entering air and interior design dry -bulb, the outside wet bulb temperature can be no greater than 72(F, if interior design conditions are to be maintained.  The evaporative cooler would humidify the 72(F wet bulb air to 79(F dry bulb resulting in a supply air moisture ratio of 106 gr./lb which is consistent with the 84(F, 60% R.H. design condition.

Below are the design conditions in the California climate zones corresponding to PG&E’s service territory:

	Design Conditions ((F)

	Climate Zone
	2
	4
	5
	11
	12
	13
	16

	Design Dry Bulb (5%)
	90
	83
	77
	96
	93 
	99
	99

	Design Wet Bulb (5%)
	65
	71
	65
	66
	68
	71
	63


The effective coefficient of performance of the evaporative cooler is a function of the temperature differential between indoor design conditions and supply air temperature that it can generate without exceeding the moisture ratio of the interior design condition.  Following are the temperature differentials that can be generated in the climate zones, based upon a ventilative effectiveness of 70% and low comfort occupancy conditions:

	Temperature Differences

	Climate Zone
	2
	4
	5
	11
	12
	13
	16

	(T ((F)
	11.5
	8*
	15.4
	9
	8.5 
	4.6
	10.2


*  Limited by humidity levels in space

A typical evaporative cooler requires about 4 horsepower of fan energy to move 12,000 cubic feet per minute of air against 0.5 inch of water column exterior static pressure.  The amount of air that must be moved to provide a ton of cooling is a function of the temperature difference calculated previously between the supply air and the interior condition.  The equation for cooling capacity (Qc) as a function of temperature difference is given below:


Qc = CFM x  (T x 1.08

Note that in Climate Zone 5, approximately half of the cooling capacity for the low comfort occupancy is provided by the low outside air design dry-bulb temperature.  The demand reduction attributable to the evaporative cooler, therefore, is not based on the room load and resulting air quantity necessary to remove it, but only on the cooling capacity necessary to reduce the outside air temperature to the appropriate supply air temperature.

Demand savings by climate zones for a ten ton capacity unit are shown in the table below and normalized per ton based upon these temperature differentials and the assumed conventional HVAC system efficiency of 1.3 kW/ton.  The energy savings are based on cooling degree days (CDD, base 65(F) in each of the CEC climate zones.

Demand and Energy Savings per Ton

	CEC Climate Zones
	2
	4
	5
	11
	12
	13
	16

	Demand Savings (kW)
	1.04
	.93
	1.11
	.97
	.95
	.65
	1.01

	Cooling Degree Hours (65(F)
	1,003
	861
	493
	1,729
	1,331
	2,252
	720

	Energy Savings (kWh/yr.)
	1,043
	801
	547
	1,677
	1,265
	1,464
	727


Data from prior rebate programs were used to determine average square feet and location of applications.  The main market sectors applying for evaporative coolers were the industrial warehouse, hotel/motel, retail, and restaurant.  The average square footage was 5,000 ft2.  This corresponds to an air-conditioning load of 10 tons.

It is not recommended to use evaporative cooling in CEC Climate Zones 1 and 3 due to the outdoor design temperatures and humidity which are not suitable for effective evaporative cooling.

Measure Lifetime

15 years (California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)


Incremental Cost

Equipment cost is $1,269 for a 10-ton unit based on 1991 Means Mechanical Estimating Manuals.  Costs are for equipment and labor including installation and auxiliaries.  This corresponds to $127 per ton.
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(Application Code I) Variable Frequency Drives (VDF) for HVAC Fans or Chilled Water Pumps

VFDs for HVAC fans and chilled water pumps will be addressed individually in this document because they are a different application of the same technology.

S22 VFDs for HVAC Fans

Technology Description

Energy usage in HVAC systems can be reduced by installing electronic VFDs on ventilation fans.  VFDs are a far more efficient method of regulating speed or torque than throttling valves, inlet vanes and fan dampers.

Title 20 does not address motor efficiencies nor require that VFDs be used on fan or pump systems.  However, energy required to operate a fan or pump motor can be reduced as much as 85% during reduced load conditions by installing a VFD.  Both constant volume and variable air volume systems are eligible for rebates.  Other applications will be evaluated on a case-by-case basis and energy savings will be calculated based on the application.

Calculation Methodology

The energy and demand savings estimates are the result of DOE2.1D simulations.  Results of simulations are available upon request.

Savings estimates and costs are based on an average motor size of 30 horsepower (hp).  Although larger motor sizes are allowed, 30 hp is more typical of what would be used by a small to medium-sized business.  Savings calculations are a function of the fan efficiency, expressed as watts per cubic foot per minute (w/cfm), baseline ventilation fan electric use in cfm per square foot (cfm/ft2) and a DOE-2-based savings coefficient.  First, energy savings per hp of fan motor size are calculated:

Annual kWh savings = (1.25 w/cfm) x (746 w/hp) x (hp) x (0.75 cfm/ft2)




              x (savings coefficient)


Savings coefficients are determined using DOE2.1D and are as specified in the Nonresidential Standards Confidence and Sensitivity Analysis, March 1991.  Values used are as follows:

Savings Coefficients:


Oakland
Fresno
Average
VFD (50 hp
1.35
1.30
1.33

The average value of 1.33 is used for the savings calculation.
Therefore, for 1 hp, average DOE2.1D simulations results are:

Annual kWh savings = (1.25 w/cfm) x (746 w/hp) x (1 hp) x (0.75 cfm/ft2)



              x (1.33) = 930 kWh

However, DOE2.1D simulations are based on buildings with simple fan systems.  Based on data from past participation in previous PG&E programs, some of the buildings convert to VFDs from an inlet vane system base case, resulting in reduced energy savings of approximately 19%.

Therefore, for 1 hp:


Annual kWh savings = (930 kWh) x (1-0.19) = 753 kWh


Measure Demand Savings:
Peak kW = 0 (i.e.:  no peak demand savings)

And for the 30 hp average size VFD:


Annual kWh savings:
kWh = (753 kWh/hp) x (30 hp) = 22,590 kWh

Incremental Cost

$6,050, for a VFD on a 30 hp motor ($202/hp).  $4,800 for materials (Nadel et al. 1991) and $1,250 for labor.

Measure Lifetime


15 years (California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

S124 VFDs  for Chilled Water Pumps

Technology Description

Energy use in HVAC systems can be reduced by installing electronic variable frequency drives (VFDs) to control chilled water pumps as part of a conversion from a constant-flow chilled water distribution system to a variable-flow system.    Title 20 does not require that VFDs be used on pump systems.  However, energy required to operate a pump motor can be reduced significantly during reduced load conditions by installing a VFD.  Only variable flow chilled water systems are eligible for rebates. 

Market Applicability

VFDs for chilled water pumps are usually associated with facilities with large centralized chilled water system, such as large office buildings, hospitals, college campuses, hotels, and detention facilities.   

Centralized chilled water systems are traditionally designed as constant-flow systems.  Flow to individual cooling coils is controlled by three-way valves that divert chilled water around coils as cooling demand diminishes.  As a result, pump flow rates remain constant at all load conditions.  Typical chilled water plants operate fully loaded only a small portion of the year.   Therefore, significant pumping energy can be saved by converting constant-flow systems to variable-flow systems. 

A constant-flow chilled water system can be changed to variable flow system by making changes to the piping system and by installing VFDs on pump motors.  Changes that are made to the system typically include the following:


Replacing three-way valves on cooling coils with two-way valves or closing the by-pass (gate valves) on existing three-way valves so that they operate like two-way valves.


Converting to a primary/secondary chilled water pumping system that maintains constant flow through the chiller while allowing variable flow through the rest of the system.  Constant flow is required through the chiller to prevent freezing of the evaporator vessel. This conversion typically requires installing a bypass pipe that bridges the gap between the supply and return lines and installing a small chiller pump on the newly-created primary pumping loop.  


Installing a VFD(s) on the chilled water pump motor(s) adjusts the speed and flow rate of the pump to maintain a desired differential pressure across the system control valves.


Installing differential pressure sensors to sense pressure drop across the terminal units in the farthest cooling loop.  

Calculation Methodology

Energy savings are calculated for a typical application—conversion from constant-flow to variable-flow.  The size of equipment and operating hours in the example are designed to represent the middle range of applications.  

In this sample calculation, the existing system energy use calculations are a function of the chiller capacity in tons, the chilled water pump size in hp, the chilled water flow rate in gallons per minute (gpm) and various chiller system pressure differentials measured in feet (ft).  The existing system is defined as follows:

	Chiller size 
	500
	 tons

	Chilled water pump size 
	75
	 hp

	Chilled water flow rate
	1000
	 gpm

	System head requirements
	
	

	  Chiller
	30
	 ft

	  Cooling Circuit
	25
	 ft

	  Distribution Piping
	115
	 ft

	Pump efficiency
	78%
	

	Motor efficiency
	94%
	

	Chilled water pump operating hours
	3000
	hrs/yr


The operating hours for a chilled water pump may vary from 1,000 hours per year to 8,760 hours per year depending on the building hours of use, the type of HVAC system, and how the pump is currently controlled.   We chose 3,000 hours per year to represent a scenario in which the economics of this measure would be attractive to a customer.  

The pump motor load
 

=  flow rate x total system head  x 0.746 kW/hp






    3,960 x pump efficiency x motor efficiency

The number 3,960 is a conversion factor for pumping water with the units hp/gpm-ft.






=  1000 gpm x (30+25+115) ft







3960 x 78% x 94%






=   43.5 kW

Energy usage = 43.5 kW x 3000 hrs/year = 130,481 kWh per year

For the proposed system, the pump usage varies as the load conditions vary, according to the following table.  

	Distribution Pumping System

	Percent
	
	
	Motor-Drive
	
	Chiller
	
	
	

	Design
	System
	Pump
	Pump
	Pump
	System
	Input
	Pump
	Total
	Hours
	Annual

	Load
	GPM
	Head (ft)
	RPM
	Eff.
	Eff.
	kW
	kW
	kW
	in Bin
	kWh

	
	
	(1)
	(2)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)

	10%
	100
	50.03
	875
	39%
	58%
	4.17
	7.76
	11.93
	96
	1,145

	20%
	200
	49.50
	875
	59%
	58%
	5.45
	7.76
	13.21
	195
	2,577

	30%
	300
	48.62
	875
	69%
	58%
	6.87
	7.76
	14.63
	360
	5,266

	40%
	400
	46.30
	875
	75%
	58%
	8.02
	7.76
	15.78
	543
	8,570

	50%
	500
	56.90
	1,000
	76%
	58%
	12.16
	7.76
	19.92
	579
	11,535

	60%
	600
	69.70
	1,105
	77%
	70%
	14.62
	7.76
	22.38
	537
	12,017

	70%
	700
	84.45
	1,230
	78%
	76%
	18.79
	7.76
	26.55
	342
	9,080

	80%
	800
	101.11
	1,360
	78%
	76%
	25.70
	7.76
	33.47
	213
	7,128

	90%
	900
	119.63
	1,500
	78%
	81%
	32.10
	7.76
	39.87
	102
	4,066

	100%
	1,000
	140.00
	1,620
	78%
	85%
	39.78
	7.76
	47.54
	33
	1,569

	   Total
	
	
	
	
	
	
	
	
	3,000
	62,954


Notes:

1.
Pump head = [(System Flow/Maximum Flow)1.85 x (Distribution Piping Head)] +Cooling Circuit Head.  The minimum pump head is the shut-off head for the pump.  The theoretical exponent in the above equation is 2, but actual studies have shown it to be close to 1.85. 

2.
Pump speed and pump efficiency are determined from the pump curve for a specific pump.  These data are for a PACO split case water pump size 4015-5/6, 1750 rpm, 13.98 in. impellor diameter.  The data are representative of the reductions in speed and efficiency that typically occur when pump flow is lowered.  
3.
Motor-Drive efficiency is the combined efficiency of the motor and the variable frequency drive at varying motor speeds.  These data are from ABB’s technical report “Efficiency of the AC Drives”, ST-312-4 (6/1/93).
 The input kW of the distribution pump = 
 flow rate x distribution head (ft)  x .746 kW/hp 

 3960 x pump efficiency x motor-drive efficiency

5.
The chiller pump kW = 

flow rate x  chiller head (30 ft)  x .746 kW/hp

  

3960 x pump efficiency x motor efficiency

6.
Total kW = distribution pump kW + chiller pump kW

7.
This is a typical load distribution curve for a chilled water system.  Source: PG&E Application Note No. 83, “Variable Flow Chilled Water Systems.”

8.
Total kWh = Total kW x Hours in Bin

Energy Savings = Existing kWh – Proposed kWh = 130,481 kWh – 62,954 kWh =

67,527 kWh/year or 900 kWh per horsepower controlled.    

It is assumed that this measure will not result in demand savings.  

At an average electricity rate of $0.10/kWh, this translates to savings of $6,752 per year for this example.  

Incremental Cost

For this example, the incremental cost of converting a constant-flow system with a 75-hp chilled water pump to variable flow is estimated to be about $32,500, or about $430 per horsepower, as shown below.   The resulting payback period without an incentive is about 5 years.

The cost for this measure will vary widely depending on the configuration of the piping and pumps in the existing system.  The cost per horsepower generally increases as the size of the pumps decrease, because fixed costs are spread out over fewer horsepower.  

	 
	 
	 
	MATERIAL AND LABOR COST

	
	
	
	Cost/
	Total
	Cost

	ITEM DESCRIPTION
	QUANTITY
	Units
	Unit
	$
	Source

	 
	 
	
	 
	 
	 

	New Primary Pump: 15 hp
	1
	ea.
	$12,675 
	$12,675 
	1

	VFD for 75 hp Distribution Pump
	1
	ea.
	$14,800 
	$14,800 
	2

	Other Piping Modifications
	N/A
	
	 
	$3,465 
	3

	Differential Pressure Sensor
	1
	ea.
	$900 
	$900 
	4

	Wet Taps for Sensor
	2
	ea.
	$340 
	$680 
	5

	TOTAL
	 
	 
	 
	$32,520 
	 

	
	
	
	
	
	

	1.  From Means Mechanical Cost Data, 1998, Section A8.5-414, Line 1040, page 456, 
	

	2.  From Means Mechanical Cost Data, 1998, Line 163-140-0210, page 382.
	

	3.  Means Mechanical Cost Data, 1998, Assumes changes equivalent to installing 40ft of 6" linear piping ($2015) and 4 new 6" valves ($1450), per Means Mechanical Cost Data, 1998, Section 8.8.-120, pg. 465.
	

	4.  From Means Mechanical Cost Data, 1998, Line 157-422-0176, page 352.
	

	5.  From Means Mechanical Cost Data, 1998, Line 156-210-3460, page 282.
	


Measure Lifetime for VFD

15 years (California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Terms and Conditions

The installation of a variable frequency drive (VFD) on a chilled water pump is eligible for a rebate if installed in conjunction with a conversion from a constant-flow chilled water pumping system to a variable-flow system.  In addition to installing a VFD, this conversion may also require replacing or converting three-way valves on cooling coils to two-way valves and converting to a primary/secondary chilled water pumping system.
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