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At-a-Glance Summary

	Applicable Measure Codes:
	H664
	H665
	H666
	H667
	H668
	H669

	Measure Description: 
	This measure provides incentives for installing at least 1” thick insulation on hot water pipes with sizes between ½” and 1” connected to gas-fired equipment.
	This measure provides incentives for installing at least 1” thick insulation on hot water pipes with sizes > 1” connected to gas-fired equipment.
	This measure provides incentives for installing at least 1” thick insulation on low-pressure steam (<15 psig) pipes with sizes between ½” and 1” connected to gas-fired equipment.
	This measure provides incentives for installing at least 1” thick insulation on low-pressure steam (<15 psig) pipes with sizes > 1” connected to gas-fired equipment.
	This measure provides incentives for installing at least 1” thick insulation on high-pressure steam (≥15 psig) pipes with sizes between ½” and 1” connected to gas-fired equipment.
	This measure provides incentives for installing at least 1” thick insulation on high-pressure steam (≥15 psig) pipes with sizes > 1” connected to gas-fired equipment.

	Energy Impact Common Units: 
	Per linear foot (ft) of pipe. 
	Per linear foot (ft) of pipe. 
	Per linear foot (ft) of pipe. 
	Per linear foot (ft) of pipe. 
	Per linear foot (ft) of pipe. 
	Per linear foot (ft) of pipe. 

	Base Case Description:
	The base case for this measure is a bare pipe with no insulation.
	The base case for this measure is a bare pipe with no insulation.
	The base case for this measure is a bare pipe with no insulation.
	The base case for this measure is a bare pipe with no insulation.
	The base case for this measure is a bare pipe with no insulation.
	The base case for this measure is a bare pipe with no insulation.

	Base Case Energy Consumption: 
	Source:  Heat loss custom calculations. 
	Source:  Heat loss custom calculations. 
	Source:  Heat loss custom calculations. 
	Source:  Heat loss custom calculations. 
	Source:  Heat loss custom calculations.
	Source:  Heat loss custom calculations. 

	Measure Energy Consumption:
	Source:  Heat loss custom calculations. 
	Source:  Heat loss custom calculations. 
	Source:  Heat loss custom calculations. 
	Source:  Heat loss custom calculations. 
	Source:  Heat loss custom calculations. 
	Source:  Heat loss custom calculations. 

	Energy Savings (Base Case – Measure)
	Source:  Heat loss custom calculations. 

See “at a glance summary”
	Source:  Heat loss custom calculations. 

See “at a glance summary”
	Source:  Heat loss custom calculations. 

See “at a glance summary”
	Source:  Heat loss custom calculations. 

See “at a glance summary”
	Source:  Heat loss custom calculations. 

See “at a glance summary”
	Source:  Heat loss custom calculations. 

See “at a glance summary”

	Costs Common Units: 
	$ per linear foot (ft) of pipe.


	$ per linear foot (ft) of pipe.
	$ per linear foot (ft) of pipe.
	$ per linear foot (ft) of pipe.
	$ per linear foot (ft) of pipe.
	$ per linear foot (ft) of pipe.

	Base Case Equipment Cost ($/unit):
	No base case costs
	No base case costs
	No base case costs
	No base case costs
	No base case costs
	No base case costs

	Measure Equipment Cost ($/unit): 
	Source:  2010-12 Ex Ante Measure Cost Study

$8.98/ft.
	Source:  2010-12 Ex Ante Measure Cost Study

$8.98/ft.
	Source:  2010-12 Ex Ante Measure Cost Study

$12.18/ft.
	Source:  2010-12 Ex Ante Measure Cost Study

$12.18/ft.
	Source:  2010-12 Ex Ante Measure Cost Study

$12.18/ft.
	Source:  2010-12 Ex Ante Measure Cost Study

$12.18/ft.

	Measure Incremental Cost ($/unit): 
	Source:  2010-12 Ex Ante Measure Cost Study

$22.75/ft.
	Source:  2010-12 Ex Ante Measure Cost Study

$22.75/ft.
	Source:  2010-12 Ex Ante Measure Cost Study

$12.18/ft.
	Source:  2010-12 Ex Ante Measure Cost Study

$12.18/ft.
	Source:  2010-12 Ex Ante Measure Cost Study

$12.18/ft.
	Source:  2010-12 Ex Ante Measure Cost Study

$12.18/ft.

	Effective Useful Life (years): 
	Source:  DEER 2014 D08 v 2.05 for commercial water heater

11 years
	Source:  DEER 2014 D08 v 2.05 for commercial  water heater

11 years
	Source:  DEER 2014 D08 v 2.05 for commercial  water heater

11 years
	Source:  DEER 2014 D08 v 2.05 for commercial  water heater

11 years
	Source:  DEER 2014 D08 v 2.05 for commercial  water heater

11 years
	Source:  DEER 2014 D08 v 2.05 for commercial  water heater

11 years

	Program Type:
	Retrofit Add On (REA)
	 Retrofit Add On (REA)
	 Retrofit Add On (REA)
	Retrofit Add On (REA) 
	 Retrofit Add On (REA)
	 Retrofit Add On (REA)

	Net-to-Gross Ratios: 
	0.60 (NonRes-sAll-mPipeIns-deemed)

DEER 2016
	0.60 (NonRes-sAll-mPipeIns-deemed)

DEER 2016
	0.60 (NonRes-sAll-mPipeIns-deemed)

DEER 2016
	0.60 (NonRes-sAll-mPipeIns-deemed)

DEER 2016
	0.60 (NonRes-sAll-mPipeIns-deemed)

DEER 2016
	0.60 (NonRes-sAll-mPipeIns-deemed)

DEER 2016

	Important Comments:
	New DEER2016 NTGR
	New DEER2016 NTGR
	New DEER2016 NTGR
	New DEER2016 NTGR
	New DEER2016 NTGR
	New DEER2016 NTGR
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Section 1. General Measure & Baseline Data

1.1 Product Measure Description & Background
This measure applies to insulation installed on a bare pipe transferring hot water (120-200ºF), low-pressure steam (<15psig), or high-pressure steam (≥15 psig) with insulation thickness equal to or greater than 1 inch, and with pipe size between ½ inch and 1 inch, or ≥1 inch. Pipe must be transferring fluid directly from gas-fired equipment. 

Although the payback is short, experience shows that many customers are not installing pipe insulation, perhaps due to a general lack of awareness of the potential energy savings from pipe insulation and capital availability.  The incentives described in this measure are expected to stimulate adoption primarily due to increased awareness, although the incentives also reduce economic barriers.  

These measures are applicable to small or medium commercial or industrial existing bare pipes by adding insulation to improve efficiency and performance. Only customer accounts with annual use of less than 250,000 therms qualify. They cannot be used for residential purposes.  

Program Restrictions and Guidelines in Catalog Description –
Requirements:  

· A minimum of 1 inch thick of pipe insulation must be added to existing bare commercial or industrial steel pipe system applications. 

· The bare pipe size must be at least 1/2 inch or larger. 

· The pipes must transfer fluid directly from gas-fired equipment.
· Insulation materials and accessories shall be installed according to manufacturer instructions.
Exclusions:

· No new construction buildings.
· No new pipe system replacement.
· No fuel switching.
· No residential buildings.
· Insulation of pipes with pre-existing insulation does not qualify for rebate

· California Building Energy Efficiency Standards (Title 24), Section 123 establishes requirements for pipe insulation in the design and installation of space-conditioning and service water heating systems and equipment.  Details are available at www.energy.ca.gov/title24.  Any pipe requiring insulation per these standards does not qualify for rebate.

· Insulation of pipes to prevent burns does not qualify for rebate.  Pipe insulation for exposed steam and hot-water pipes within 7 feet of the floor that is not otherwise guarded in such manner as to prevent contact does not qualify for rebate.

Application process:

Must include manufacturer’s specification sheet documenting manufacturer’s name, insulation material type, proof of insulating values and hours of operation.
Terms and Conditions:

The rebate is downstream provided to the customer at the time of installation upon receipt of application and invoice.  This is not a Direct Install program.
Market Applicability:

The customers are not considered Hard to Reach.
	H664 – Pipe insulation, pipe size <=1”, hot water 120-200ºF

	H665 – Pipe insulation, pipe size >1”, hot water 120-200ºF

	H666 – Pipe insulation, pipe size <=1”, low-pressure steam <15 psig

	H667 – Pipe insulation, pipe size >1”, low-pressure steam <15 psig 

	H668 – Pipe insulation, pipe size <=1”, high-pressure steam ≥15 psig

	H669 – Pipe insulation, pipe size >1”, high-pressure steam ≥15 psig 


1.2  Measure Technical Description

Many commercial and industrial customers – particularly smaller, hard to reach businesses – install piping systems without insulation. This measure addresses cost-effective energy efficiency opportunities in the pipe insulation area, and encompasses fiberglass and foam insulation, as well as heavier duty insulation systems such as Perlite, rigid phenolic and melamine foam insulation. Pipe insulation applications in the industrial sector include brine, plating solutions, steam, condensate, hot water; in the commercial sector they include steam and hot water. This measure focuses on insulation for hot water, low-pressure steam and high-pressure steam pipes only.

Bare hot water and steam pipes lose large amounts of heat energy to the ambient air. Insulating these pipes significantly reduces their heat loss.
1.3  Measure Application Type 

This measure is classified under Measure Application Type of “Retrofit Add On” (REA).
	Code
	Description
	Comment

	ER
	Early retirement
	measure applied while existing equipment still viable, or retrofit of existing equipment

	ROB
	Replace on Burnout
	measure applied when existing equipment fails or maintenance requires replacement

	NC
	New Construction
	measure applied during construction design phase as an alternative to a code-compliant standard design

	REA
	Retrofit Add On
	Single baseline (above pre-existing), full measure costs required.


1.4 Product Base Case and Measure Case Data
1.4.1 DEER Base Case and Measure Case Information
[image: image1.emf]Use Category Description Use Category Use Sub Category Description Use Sub Category
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Technology Groups Description Technology Groups Technology Types Descriptions Technology Types

Steam Circulation SteamCirc Pipe Insulation PipeIns

DEER USE and TECHNOLOGY TABLE


The DEER2014 database contains no “Measure ID” reference to pipe insulation.

1.4.2 Codes & Standards Requirements-Base Case and Measure Case

Title 20:  These measures do not fall under Title 20 of the California Energy regulations.
Title 24:  Title 24 of the California Energy Regulations specifies requirements for pipe insulation in some conditions. Under this regulation, minimal insulation thicknesses are required based on fluid temperature and pipe diameter. The base case for this measure assumes an installation that is not required to be compliant with Title 24; therefore, the Title 24 requirements are included here for reference only. The following table summarizes Title 24 requirements
 that are applicable to the pipes considered in this measure. An exception being piping that serves process loads.
Table 1 - Title 24 requirements applicable to measure

	Fluid type
	Pipe diameter
	Title 24 required insulation thickness

	Hot water 

(120-200ºF)
	(1 inch
	1.0 to 1.5 inches

	
	>1 inch
	1.0 to 1.5 inches

	Low-pressure steam

((15psig) (200-250ºF)
	(1 inch
	1.5 inches

	
	>1 inch
	1.5 to 2.0 inches

	High-pressure steam (≥15psig) (>250ºF)
	(1 inch
	2.0 to 2.5 inches

	
	>1 inch
	2.5 to 3.5 inches


Federal Standards: OSHA considers exposed heated surfaces, if there is a potential for injury, to be a hazard. While there are not any specific OSHA standards except those that are applicable only to particular industries that address exposed heated surfaces, there are several OSHA general standards which address such hazards.

The national consensus standard, "Standard Guide for Heated System Conditions that Produce Contact Burn Injuries (C 1055-92)," issued by the American Society for Testing Materials (ASTM) addresses this issue. The standard establishes a means by which the engineer, designer, or operator can determine the acceptable surface temperature of an existing system where skin contact may be made with a heated surface. Personal injury resulting from contact with heated surfaces can be prevented by proper design of insulation systems or the usage of other protective measures. 

Piping insulated to prevent burns does not qualify for rebate.  Pipe insulation for exposed steam and hot-water pipes within 7 feet of the floor that is not otherwise guarded in such manner as to prevent contact does not qualify for rebate.

1.4.3  EM&V, Market Potential, and Other Studies –Base Case and Measure Case
There were no specific EM&V studies identified that addressed pipe insulation.  

1.4.4  Assumptions and Calculations from Other Sources-Base Cases and Measure Case
The base case for the measure is bare commercial or industrial steel or copper pipe.  The bare pipe size must be 1/2 inch or larger, but is not expected to exceed 4 inches.  The fluid types are hot water, low-pressure steam (<15psig), and high-pressure steam (≥15 psig).
Base Cases & Measure Effective Useful Lives

Effective Useful life (EUL) is not applicable to the base case (no insulation).

EUL for these measures is listed in the CPUC DEER 2014 EUL tables. Pipe insulation is identified as having an 11-year life for a gas water heater and a life of 13 years for an electric water heater.  A value of 11 years is uses in this work paper as the recommended life of pipe insulation 16.
Net-to-Gross Ratios for Different Program Strategies 
The Net-To-Gross Ratio (NTGR) values were obtained from the DEER 2016.
	NTGR ID
	Description
	Sector
	BldgType
	Measure Delivery
	NTGR

	NonRes-sAll-mPipeIns-deemed
	Pipe insulation: non-HVAC or DHW applications; deemed; all delivery mechanisms except upstream
	Industrial
	Any
	non-upstream
	0.60


Section 2. Calculation Methods

2.1 Electric Energy Savings Estimation Methodologies

There is no electric energy savings associated with these measures.
2.2. Demand Reduction Estimation Methodologies

There is no anticipated demand reduction associated with this measure.
2.3. Gas Energy Savings Estimation Methodologies

Savings are based on installing insulation on bare pipes. The general formula for estimating the gas energy savings is: 

Energy Savings [therms/unit] = Annual Uninsulated Pipe Gas Usage – Annual Insulated Pipe Gas Usage

Several parameters are required to estimate annual heat losses from uninsulated and insulated pipes. A brief overview of the key parameters follows, with more details further:  

1. Annual Operating Hours and Other Assumptions – The number of hours during which the pipes are kept at temperature and the boilers are operating needs to be estimated in order to convert hourly heat losses to yearly heat losses. Additional assumptions about the system were made concerning the pressure, temperature, and average velocity of the hot water and steam inside the pipe, the average air temperature, and the average wind speed of air moving past the pipe.  

2. Pipe Parameters – The parameters used to describe the pipe are:  physical dimensions, thermal conductivity, and surface emissivity.  

3. Insulation Parameters – The parameters used to describe the insulation are:  thermal conductivity, surface emissivity, jacketing material.    

4. Boiler Efficiency – The efficiency of the boilers needs to be estimated to convert heat losses from the pipes into energy usage. 

Annual Energy Savings –The annual energy savings attributed to the installation of pipe insulation was calculated based on the operating time, steam or hot water boiler efficiency, and calculated reduction in heat loss due to the insulation on the pipe. 

Below is more detail about how these key parameters were estimated. 

Annual Operating Hours and Other Assumptions

Operating hours vary widely for different building types and end-uses. We estimated operating hours for small commercial buildings, large commercial buildings, and industrial sites.

· The hours for small commercial buildings were based on a survey of dry cleaner establishments. In a survey performed in Southern California by kW Engineering
, the steam system operating schedule was obtained for dry cleaner establishments, which report operating their steam system 7.5 to 9 hours per day, 6 days per week, year-round except holidays.  The average annual operating time for dry cleaners studied is 2,425 hours per year.  

· Operating hours vary for large commercial applications such as lodging facilities, schools, prisons, office buildings, and dry cleaners serving industrial customers.  An operating schedule of 12 hours per day for 365 days per year was assumed, resulting in an annual operating time of 4,380 hours.   

· Industrial sites were assumed to be operating 24 hours per day, 7 days per week for a total of 46 weeks per year, to account for six weeks per year of scheduled and unscheduled maintenance activities. This results in a total of 7,752 hours per year at normal operating temperature.  

To determine the annual savings, additional assumptions were made concerning the pressure, temperature, and average velocity of the hot water and steam inside the pipe, the average air temperature, and the average wind speed of air moving past the pipe.  

· The average steam pressure was calculated using an Enbridge survey
 of steam traps.  For this workpaper, the Enbridge data was divided into two pressure groups:  ≤ 15 psig and > 15 psig.  As shown in Table 2, the average steam pressure for the two groups was calculated by weighing each pressure by the number of leaking traps.  For each pressure category, the weighted average is the sum of the average pressure in the range times the number of traps in the range, divided by the sum of the number of traps in the range.  The resulting values for the low-and medium-pressure categories are 10.9 and 85.9 psig, respectively.  

Table 2. Average Steam Pressure Calculation

	Pressure range (psig)
	Number of Steam Traps
	Average Pressure in Range (psig)
	(Average pressure) X (Number in Range)
	Average Pressure in Category (psig)

	Low Pressure (≤ 15 psig)

	<5
	234
	2.5
	585
	10.9

	5
	0
	5
	0
	

	6 to 9
	24
	7.5
	180
	

	10
	515
	10
	5150
	

	11 to 14
	249
	12.5
	3112.5
	

	15
	517
	15
	7755
	

	High Pressure (> 15 psig)

	16 to 19
	37
	17.5
	647.5
	85.9

	20
	28
	20
	560
	

	25
	33
	25
	825
	

	30
	73
	30
	2190
	

	40
	61
	40
	2440
	

	50
	26
	50
	1300
	

	60
	60
	60
	3600
	

	61 to 99
	175
	80
	14000
	

	100
	45
	100
	4500
	

	101 to 124
	117
	112.5
	13162.5
	

	125
	14
	125
	1750
	

	150
	54
	150
	8100
	

	200
	2
	200
	400
	

	250+
	26
	425
	11050
	


· Hot water is usually produced between 120 and 200ºF. For purposes of the energy savings analysis, the temperature of the hot water was assumed to be 150(F, which is a typical hot water temperature.  The temperatures of the low-pressure and high-pressure steam correspond to the saturated temperatures of water at the average steam pressures obtained below:  241 (F and 328 (F.  

       Table 3 - Fluid Temperature Specifications and Assumptions ((F)

	Working Fluid
	Fluid Temperature ((F)

	
	Specification
	Used in Analysis

	Hot Water
	120-200ºF
	150ºF

	Low-Pressure Steam
	< 15 psig
	241ºF (10.9 psig)

	High-Pressure Steam
	≥ 15 psig
	328ºF (85.9 psig)


· The flow velocity is needed to calculate the pipe inside wall temperature; it is usually based on considerations of pressure drop due to pipe friction.  A typical water flow speed of 10 ft/s and a typical steam flow speed of 100 ft/s were assumed.  These are not critical parameters, since the heat loss is not very sensitive to fluid velocity inside the pipe.  

· The conditions of the air surrounding the pipe (primarily temperature and wind speed) have to be estimated to calculate heat losses. Because most pipes carrying hot water and steam inside buildings are located indoors, indoor air conditions were assumed, with an air temperature of 75ºF and wind speed of 0 mph.

Pipe Parameters

The energy savings analysis is based on ¾-inch and 2-inch Schedule 40 steel pipe.  The smaller pipe size, ¾-inch, was selected to represent pipe sizes between ½-inch and 1-inch. The larger pipe size, 1.7-inch, was selected to represent pipe sizes larger than 1-inch. 

The energy savings results are expressed per linear foot (LF) of pipe.  The thermal conductivity of steel (314.4 Btu-in/hr-ft2-ºF or 26.2 Btu/hr-ft/ºF) is required to calculate the outside wall temperature of the pipe.  In addition, the radiation from pipe surface is characterized by the emissivity of an oxidized steel surface; to represent that we used the emissivity of wrought iron, 0.94
. It should be noted that the emissivity of a surface changes significantly as the material ages and oxidizes; therefore, the emissivity value for freshly-rolled steel is not a good representation of the emissivity of an existing steel pipe.

Insulation Parameters

The energy savings analysis is based on adding 1-inch thick insulation around bare Schedule 40 black steel pipe.  Acceptable types of pipe insulation for hot water pipes include rigid polyurethane (up to 210ºF), rigid polystyrene (up to 165ºF), and rigid foam rubber (up to 150ºF).  Acceptable types of insulation for steam pipes include, mineral fiber for pipe insulation (up to 350ºF), cellular glass (up to 900ºF) and calcium silicate (up to 1200ºF).  The protection offered by jacketing is also recommended. The different values for thermal conductivity of insulation used in the calculations were based on some typical insulation materials as presented in Table 4 below:

Table 4 - Average conductivity of insulation materials considered in this measure

[image: image2.emf]Conductivity k in Btu.in/hr.ft2.ºF at mean temperatures, ºF 

Material Max Temp

75 100 200 300 500

Hot Water Rigid Polyurethane

210 0.16 0.17

Rigid phenolic, closed cell

n/a 0.12 0.125

Rigid Polystyrene, 

molded 

beads (density 1.5lb/ft3)

165 0.24 0.26

Rigid Foam Rubber

150 0.22 0.23

Steam

Mineral fiber, pipe 

insulation

350 0.23 0.24 0.29

Cellular glass

900 0.33 0.34 0.41 0.49 0.7

Calcium Silicate

1200 0.38 0.41 0.44 0.52


This data shows that for a given material, there is a strong correlation between conductivity and mean temperature, with correlation coefficients (R2) of at least 0.988. 

Using these linear relationships, we estimated conductivity values for each material at the mean temperatures for our three cases (hot water, low-pressure steam, high-pressure steam). 

For hot water, all materials listed in the table were used; for low-pressure steam, mineral fiber, cellular glass and calcium silicate were used; for high-pressure steam, cellular glass and calcium silicate were used. Finally, we averaged these values to obtain one unique conductivity value for each fluid temperature. Mean temperatures were calculated as the average of the fluid temperature and the temperature of the surrounding air (assumed at 75ºF). 

The results of these calculations are presented in Table 5 below: 

Table 5 – Conductivities Used for Each Fluid Temperature
[image: image3.emf]Fluid TemperatureAmbient TemperatureMean Temperature Conductivity (Btu.in/hr.ft2.ºF)

150ºF 75ºF 113ºF 0.255

241ºF 75ºF 158ºF 0.351

328ºF 75ºF 202ºF 0.418


In addition, the outer insulation surface participates in radiative heat transfer.  Pipe insulation used indoors typically has a paper wrap (with an emissivity of about 0.9)4.  This emissivity is not a critical parameter, since the heat loss is not very sensitive to radiative heat loss from the rather cool surface of the insulation. An emissivity of 0.9 was assumed for the calculations. 

Boiler Efficiency

To calculate the energy cost of heat lost from bare hot water and steam pipes, it is necessary to have an estimate of the thermal efficiency of the hot water or steam generation boiler. To determine representative boiler efficiencies, data from the California Energy Commission (CEC) was examined
. CEC lists several hundred steam and hot water boilers. The average efficiency of the boilers in this listing was calculated for steam boilers and hot water boilers with capacities above 1,000 kBtu/h. We obtained average efficiency values of 81.9% for hot water boilers and 80.7% for steam boilers.
To remain conservative and avoid over-stating energy savings, we used a boiler efficiency of 83.0% for both steam and hot water boilers. As the data below shows, this assumption represents the upper limit of the efficiency range for steam boilers, and the middle of the efficiency range for hot water boilers.  
The figures below show the distribution of combustion efficiencies based on the CEC listing data. 

Figure 1 - Steam boiler efficiencies from the CEC listing
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Figure 2 – Hot water boiler efficiencies from the CEC listing
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Annual Energy Savings

The annual energy savings attributed to the installation of pipe insulation was calculated based on the operating time, steam boiler efficiency, and reduction in heat loss.  The complete heat loss calculations for straight pipe are included in the appendix and use the methodology from the 20087 and 201416 Southern California Gas Company work papers. The calculations included the following heat transfer mechanisms:  

5. Turbulent forced convection heat transfer inside the pipe

6. Steady conduction through the pipe wall and through the insulation

7. Forced convection around a horizontal cylindrical pipe if the pipe is bare and around the insulation if the pipe is insulated7
8. Radiation from the pipe surface if the pipe is bare and from the insulation surface if the pipe is insulated

Due to the radiation, the heat transfer from the bare pipe, insulation is a non-linear function of temperature.  In the heat transfer calculations (see the Calculations section of the appendix), an iterative scheme was used to converge on the temperature of the outer surface of the bare pipe or insulation.  With careful choice of initial conditions, satisfactory convergence was achieved in ten iterations for each.  

The annual energy saved by pipe insulation can be calculated as follows: 
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Where: 
Q = 
annual energy savings (in therms)

t = 
annual operating time, in hours
Qp = 
Heat Loss from Bare Pipe (Btu/hr/ft) 
Qi = 
Heat Loss from Insulated Pipe (Btu/hr/ft) 
Eb = 
Efficiency (%) of the boiler being used to generate the hot water or steam in the pipe 

100,000 = conversion factor (1 therm = 100,000 Btu) 
Table 6 below presents Energy Savings results (average of the ten PG&E Climate zones) by pipe diameter, fluid temperatures and customer segment (i.e., operating hours).


Table 6 – Results of the Energy Savings calculations
	Measure Code

Measure Description
	Small Commercial

Therms/year
	Large Commercial

Therms/year
	Industrial

Therms/yr

	H664 Hot Water,   ½”<pipe size<=1” 
	4.01
	7.22
	13.35

	H665 Hot Water,  pipe size > 1”
	7.23
	13.01
	24.05

	H666 Low Press Steam, ½”<pipe size<=1”
	5.99
	10.79
	19.48

	H667 Low Press Steam, pipe size > 1”
	10.98
	19.79
	35.73

	H668 High Press Steam, ½”<pipe size<=1”
	9.36
	16.89
	30.27

	H669 High Press Steam, pipe size> 1”
	17.18
	30.99
	55.57


Gross Realization Rate
During the Phase 2 review by the CPUC’s Energy Division of the pipe insulation work paper, several recommendations
 were made.  Most of the recommendations were implemented in Revision 4; however, the following recommendation was implemented in Revision 5:

“Reduce therms/ft savings estimates by 65% to account for misapplication of this measure as noted in the 2006-2008 EM&V findings.  This reduction accounts for insulation that was provided an incentive on new piping, piping that was previously insulated, and/or piping replacement - all applications excluded from consideration in this measure.”

The 65% reduction factor, or 35% gross realization rate, is based on findings from the 2006-2008 Evaluation Report for the Southern California Industrial and Agricultural Contract Group
.  The reduction factor is due to the high number of non-program qualifying installations found during the EM&V study.  This recommendation became a requirement for the 2013-14 program cycle.  As a result, a flat 65% reduction was applied to all gas savings included in this work paper.
Section 3. Load Shapes 

Load Shapes are an important part of the life-cycle cost analysis of any energy efficiency program portfolio. The net benefits associated with a measure are based on the amount of energy saved and the avoided cost per unit of energy saved. For electricity, the avoided cost varies hourly over an entire year. Thus, the net benefits calculation for a measure requires both the total annual energy savings (kWh) of the measure and the distribution of that savings over the year.  The distribution of savings over the year is represented by the measure’s load shape. The measure’s load shape indicates what fraction of annual energy savings occurs in each time period of the year. An hourly load shape indicates what fraction of annual savings occurs for each hour of the year. A Time-of-Use (TOU) load shape indicates what fraction occurs within five or six broad time-of-use periods, typically defined by a specific utility rate tariff.  Formally, a load shape is a set of fractions summing to unity, one fraction for each hour or for each TOU period.  Multiplying the measure load shape with the hourly avoided cost stream determines the average avoided cost per kWh for use in the life cycle cost analysis that determines a measure’s Total Resource Cost (TRC) benefit.
3.1 Base Case Load Shapes

Load shapes are not applicable to gas measures, because the price of gas is not dependent on time-of-use.
3.2 Measure Load Shapes

Load shapes are not applicable to gas measures, because the price of gas is not dependent on time-of-use. 
Section 4. Base Case & Measure Costs
4.1 Base Case(s) Costs
Since the base case is no existing insulation, there are no base case costs associated with this measure.  
4.2 Measure Case(s)Costs

The measure costs are taken from the 2010-2012 Ex-Ante Measure Cost Study. The average costs for hot water pipe insulation is $8.98 for materials and $13.77 for labor per linear foot. For steam pipe insulation, the total cost is noted to be $12.18 per linear foot, but it was not broken down into material and labor costs.
Table 7 – Average Material, Labor and Total Costs

	
	Average material cost (per ft)
	Average labor cost (per ft)
	Average total cost (per ft)

	Average total cost - hot water, <1” 
	$8.98
	$13.77
	$22.75

	Average total cost - hot water, ≥1" 
	$8.98
	$13.77
	$22.75

	Average total cost - steam, <1” 
	$12.18
	0
	$12.18

	Average total cost - steam, >1" 
	$12.18
	0
	$12.18


4.3 Incremental & Full Measure Costs

Incremental costs are equal to full measure costs since the base case has no cost associated. See section above. 
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