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Disclaimer

Southern California Gas Company has made reasonable efforts to ensure all information is correct.  However, neither Southern California Gas Company's publication nor verbal representations thereof constitutes any statement, recommendation, endorsement, approval or guaranty (either express or implied) of any product or service.  Moreover, Southern California Gas Company shall not be responsible for errors or omissions in this publication, for claims or damages relating to the use thereof, even if it has been advised of the possibility of such damages.

Executive Summary

Equipment Measure:  Pilot Program -- DHW Commissioning and Control System for Lodging Facilities, Including Hotels, Motels, Resorts, and Casinos

Measure Description

This pilot workpaper addresses the gas savings in Southern California Gas Company service territory as a result of an energy efficiency measure for controlling domestic hot water (DHW) systems in the lodging industry, including hotels, motels, resorts, and casinos.  This measure includes three process improvement components:  

· Sensors and Dataloggers – The maximum thermostat set point of DHW systems in lodging facilities is usually set too high because of system inefficiencies and malfunctions.  Such system inefficiencies and malfunctions are frequently identified only after the installation of sensors (to measure water temperatures and the cumulative time that the boiler operates) and dataloggers.  The data can be retrieved remotely or on-site, but once the inefficiencies and malfunctions are identified and corrected, the maximum thermostat set point can be reduced.  The DHW system will still provide the minimum required hot water temperature to the rooms, but with significant energy savings.  

· Set-Back DHW Thermostat Controller – This energy savings measure is to install a programmable set-back temperature controller on the DHW system.  A programmable set-back controller saves energy by lowering the DHW thermostat setting during times of low DHW usage.  The controller can be programmed remotely or on-site.  

· Continuous Commissioning® – Continuous commissioning maintains long-term energy savings by using ongoing monitoring of energy consumption and system parameters with follow-up commissioning, as needed.  Without continuous commissioning taking place, new system problems would go months without being detected and repaired.  Hence, continuous commissioning is an essential part of the long-term gas savings from DHW thermostat controllers.  

A typical equipment arrangement for these measures consist of a hot-water storage tank, a hot-water boiler which includes a circulation pump, a loop or network of piping to supply the heated domestic hot water (DHW) to the lodging facility guest rooms, and a recirculation pump on the return line from the piping loop.  

Market Applicability

The target market for this measure is lodging facilities.  In this workpaper, DHW includes only the hot water supplied to the guest rooms of a lodging facility.  Applications of the measure to hot water systems for kitchen, laundry, pools, spas, and public use in lodging facilities are excluded.  

Terms and Conditions

Only hot-water systems used primarily for domestic hot-water heating uses qualify.  Hot-water systems used for kitchens, laundry, pools, spas, and public use do not qualify.  The boiler manufacture’s name, equipment model number, input capacity of the hot-water generator, the output capacity or thermal efficiency rating of the hot-water generator, and year the lodging facility was built must be provided.  If more than half of the square-footage served by this controller is due to an addition to the lodging facility, then use the addition’s construction year. 

Cost Effectiveness Modeling Measure Data

A summary of the cost effectiveness is provided in the table below.  

	Parameters
	DHW Temperature Setback Controller

	Average gas savings from baseline operations to controller set at constant temperature (therms/year/room)
	13

	Average gas savings from controller set at constant temperature to programmable setback temperature (therms/year/room)
	21

	Average gas savings from baseline operations to controller set at programmable setback temperature (therms/year/room)
	34

	Installed cost (equipment and installation) ($/room)
	$28.55

	Annual measure cost to lodging facility ($/year/room)
	$12.00

	Measure cost to lodging facility (¢/therm saved)
	35

	Effective useful lifetime (years)
	15

	Measure lifetime realization factor (% of EUL)
	91%

	Measure lifetime realized (years)
	13.7

	Net-to-gross (NTG) ratio

	0.80

	MDSS Measure Code 
	

	Application Code 
	


See Appendix A for the document revision history.  
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1.
General Measure and Baseline Data

Lodging facility domestic hot water (DHW) systems consume energy in two distinct ways:  hot water for consumption, and standby losses.  Whenever DHW is used for showers, washing hands, or other purposes, fresh cold water flows into the hot water storage tank, which is heated with a large hot water heater or hot water boiler to a temperature that will satisfy peak demand hot water use.  Consumption for personal use requires temperatures at the faucet to be between 100 and 110 degrees Fahrenheit (°F)
.  Higher temperatures bring the threat of scalding, especially for small children.  The amount of energy used to heat water for consumption is therefore directly related to the amount of hot water used at the faucet, the efficiency at which the water is heated and delivered (which includes boiler efficiency and system heat loss), and the temperature rise required to heat the cold water to satisfy hot water needs.  See Appendix B for a description of common types of DHW systems.  

Energy is also used to compensate for DHW system standby losses in the distribution system.  In order to provide hot water to every room in the lodging facility, hot water is continuously circulated in a hot water loop and returned to the hot water storage tank.  This distribution system incorporates a re-circulating pump that operates all the time.  Depending on the time of day and DHW consumption rate, energy consumption for the standby losses may be greater than the energy consumption for the actual hot water use.  Standby losses are primarily due to heat loss from the hot water loop to ambient, which results in the return water continuously being reheated and staged for consumption.  Standby losses are a function of water temperature and flow rate, pipe size and material, length and configuration of pipe loops, insulation condition, air circulation around the pipes, and radiative heat loss.  Unlike the variables that affect hot water consumption, the standby loss variables are relatively stable.  
This workpaper describes the gas savings in Southern California Gas Company service territory that can be expected as a result of an energy efficiency measure for controlling domestic hot water (DHW) systems in lodging facilities.  This measure includes three process improvement components:  

· Sensors and Dataloggers – The maximum thermostat
 set point of DHW systems in lodging facilities is usually set too high because of system inefficiencies and malfunctions.  Such system inefficiencies and malfunctions are frequently identified only after the installation of a variety of sensors and dataloggers.  The data can be retrieved remotely or on-site, but once the inefficiencies and malfunctions are identified and corrected, the maximum thermostat set point can be reduced.  The DHW system will still provide the minimum required hot water temperature to the rooms, but with significant energy savings.  

· Set-Back DHW Thermostat Controller – This energy savings measure is to install a programmable set-back temperature controller on the DHW system.  A programmable set-back controller saves energy by lowering the DHW thermostat setting during times of low DHW usage.  The controller can be programmed remotely or on-site.  

· Continuous Commissioning® – Continuous commissioning
 maintains long-term energy savings by using ongoing monitoring of energy consumption and system parameters with follow-up commissioning, as needed.  Without continuous commissioning taking place, new system problems would go months without being detected and repaired.  Hence, continuous commissioning is an essential part of the long-term gas savings from DHW thermostat controllers.  

DHW includes only the hot water supplied to the guest rooms of a lodging facility.  Applications of the measure to hot water systems for kitchen, laundry, and public use in lodging facilities are excluded.  The general measure and baseline data for this energy savings measure is discussed below.  

1.1
Measure Summary

Measure Name – DHW Commissioning and Thermostat Controller.  This measure has three process improvement components.  The first is to install sensors and dataloggers on DHW systems, which allows system inefficiencies and malfunctions to be identified and corrected, which in turn allows the operator to lower the maximum set point on DHW thermostat.  The second is to install a programmable setback DHW thermostat controller to replace an existing constant-temperature DHW thermostat controller, which provides further energy savings.  The third is to enact continuous commissioning to achieve long-lasting energy savings.  
End Use – DHW systems serving dormitory rooms at lodging facilities.  Applications of this measure to hot water systems for kitchen, laundry, and public use in lodging facilities are excluded.  

Effective Useful Life (EUL) – Based on the CPUC Energy Efficiency Policy Manual
 recommendation for water heater controls, the effective useful life (EUL) is 15 years.  This EUL is applicable to retrofit and replace-on-burnout of existing thermostat controllers.  The realization factor on measure lifetime is, however, somewhat less than 100% because a percentage of facilities will terminate their contract before the EUL.  The realization factor is the ratio of the total years of service of the installed controllers divided by the number of installed controllers.  There is minimal data on the long-term retention for lodging facilities, but there is data for multi-family residential DHW controllers.  EDC Technologies installed DHW controllers on 52 properties as part of a PG&E program established in 1994 at multi-family residential housing.  Only 14 contracts were terminated:  the terms of these contracts ranged from 6 to 12 years.  The reasons given for contract termination were one of four types:  

· Did not reestablish contract at end of 10-year program (the controls were returned to EDC Technologies

· Existing owners cancelled contract
· Change of ownership canceled contract
· Converted system from boilers to individual water heaters

Based on this data, the realization factor for the EUL was 91%.  If the controller is still in use, then the number of years of service for this analysis was assumed to be 15 years.  
Net-to-Gross Ratio (NTG) – The net to gross ratio is an estimate of free ridership occurring in energy efficiency programs.  Free riders are program participants who would have implemented an energy efficiency measure even if the energy efficiency program had not been offered.  The CPUC Energy Efficiency Policy Manual recommends a value of 0.80 for “All other nonresidential programs,” and, as such, this workpaper adopts its recommendations.  

Table 1 lists the key parameters.  The first section of this table draws from data collected at 30 DHW controllers at 13 lodging facilities, as is discussed in Section 2.  These DHW systems use small uncontrolled hot water boilers – between 200 and 800 MBtuh.  The average gas savings is 34 therms per year per room, as a result of the transition from baseline operations (existing DHW systems) to the controller on a programmable setback temperature schedule.  As per a third-party energy conservation program agreement
, the installed cost of the system is $28.55 per room, which is combined with a monthly charge for the DHW control system and Continuous Commissioning® service of $1 per month per room paid by the lodging facility.  Based on the annual gas savings shown, the cost of equipment and installation is 6¢ per therm saved, the monthly charge is 35¢ per therm saved, and the total measure cost is 41¢ per therm saved (all prior to applying the net-to-gross ratio).  
Table 1.
Key Parameters

	Parameters
	DHW Temperature Setback Controller

	Average number of rooms served per controller
	81

	Average circulation pump flow rate (gpm)
	14

	Average boiler capacity (MBtuh)
	388

	Annual operating hours
	8,760

	Average gas savings from baseline operations to controller set at constant temperature (therms/year/room)
	13

	Average gas savings from controller set at constant temperature to programmable setback temperature (therms/year/room)
	21

	Average gas savings from baseline operations to controller set at programmable setback temperature (therms/year/room)
	34

	Effective useful lifetime (years)
	15

	Measure lifetime realization factor (% of EUL)
	91%

	Measure lifetime realized (years)
	13.7

	Cost of equipment and installation ($/room)
	$28.55

	Monthly charge ($/year/room)
	$12.00

	Installed cost of equipment and installation (¢/therm saved)
	6

	Monthly charge (¢/therm saved)
	35

	Total measure cost (¢/therm saved)
	41

	Net-to-gross ratio
	0.80


1.2
Measure Description and Background

In lodging facilities in southern California, natural gas is used primarily for heating water for guest use, for use in kitchens and laundries, for public use, for swimming pools and for spas.  A common arrangement is to operate several separate DHW boiler systems to supply domestic hot water to the guest rooms at a moderately high temperature (~120 °F).  The lodging facility usually operates a separate high-temperature (~140 °F) boiler system to supply hot water to their kitchens and laundries.  Water heating for public use, pools, and spas is provided in various ways.  Sometimes the kitchen and laundry hot water is drawn from the DHW system and heated (or “boosted”) to the desired temperature.  

Figure 1 shows a simplified flow diagram for a typical DHW water system at lodging facilities.  Cold water (typically 65 °F) is drawn into the bottom of the storage when water is used by the guests or into the boiler when it is operating.  An on-off boiler comes on when the water temperature in the storage tank drops below its lower limit setting, and shuts off when the water temperature exceeds the upper limit setting.  The recirculation pump operates all the time to maintain the loop to the dwelling units at a temperature only a few degrees below the storage tank temperature.  In addition to the hot water used by the guests, the heat output from the gas boiler must overcome heat loss from the storage tank and water pipes to ambient.  Other hot water consumption includes crossover
, water leaks at faucets and appliances, and water leaks in underground pipes.  The hot water consumption due to crossover and leaks are rarely known.  
[image: image3.emf]
Figure 1.
Typical Lodging Facility DHW System Consisting of an On/Off Type Boiler System with a Storage Tank
Most lodging facilities have constant-temperature controllers that maintain the water temperature in the storage tank between the same two set points at all times.  The “dead band” between these set points is ideally 2-4 °F, but in poorly maintained systems, it is often as large as 10-15 °F.  The upper set point is commonly around 140 °F, even though the specified temperature of the hot water delivered to the rooms might be 115 °F or less.  

This workpaper addresses the gas savings that can be expected as a result of an energy efficiency measure for domestic hot water (DHW) thermostat controllers for lodging facilities.  The energy efficiency measure consists of the following stages:  

· Sensors and dataloggers – The dataloggers receive up to sixteen temperature inputs (each records the minimum, maximum, and average temperatures during each half-hour period), four meter dataloggers which are programmable to read cumulative seconds when voltage is present or pulse counts from meters, with numerous data recording functions and intervals for all sensors.  

· The boiler control – A programmable temperature control that consists of 336 temperature set points (one for each half hour of a weekly cycle).  There are four control relays which allow independent control of four heaters or stages.  

· The communications link – All dataloggers and controllers are connected to a form of communication on the property which is either a direct link or a wireless link to a central point where data or instructions are passed to and from communications servers located at the DHW controller service provider.  All data are downloaded hourly or daily depending on the communications type.   

· Data analysis – Incoming data is analyzed to look for anomalies in the control system and in the hot water system.  Control system problems such as control operation status, communication problems, and control component problems are problems for the DHW controller service provider to address.  Anomalies with the hot water system and other system inefficiencies are identified as problems for the customer to address.  

· Presentation of data to the customer – Each client and property is allowed secure access to their data and analysis through the DHW controller service provider web site.  Clients and properties can use the data for historical reference, as a contractor interface, or for other purposes.  If the client elects to allow the service provider to collect baseline data of run times for controlling relays and gas valves, an assessment of actualized savings can be prepared.  Either the client or the DHW controller service provider can analyze any property data in detail to see up-to-date property data and operation graphs of temperatures and system run times for controlling relays and gas valves.  Clients and properties receive email or other notifications of anomalies identified during “manual” or automated DHW system analysis by the DHW controller service provider.  Once the problems are clearly identified, the customers generally make the recommended repairs.  When anomalies are not addressed, the DHW controller service provider elevates the concern to client management and the property owner.  This notification approach results in a very high success rate of correcting the anomalies.  

The major benefit of the DHW thermostat control system results from its ability to record and analyze problems with the hot water system that have a direct affect on energy use and hot water consumption, i.e., hot water leaks, crossover problems, hot water system inefficiencies or problems like pump failures, and short cycling.  This benefit comes from having detailed knowledge of system performance, which allows the identification of the anomaly, and, since the DHW controller also serves as an on-line portal, the data are regularly transferred to a server where it is processed and analyzed.  The DHW controller service provider posts the hot water data online for review from anywhere the customer has internet access
.  The DHW software also identifies equipment plumbing problems remotely and notifies the customer immediately in the event of operational problems such as water leaks, pump failures, heater malfunctions, and other DHW system failures.  This benefit of the DHW controller has primarily been proven through numerous field test studies performed over years of gas savings at multi-family residences.  

A control system used in this manner for data logging can have a very large impact on overall energy use as most hot water system problems waste large amounts of energy and hot water and will often go undetected or masked by increased temperatures to artificially “solve the problem.”  The net result of the DHW commissioning and control system is significant energy savings due to prompt (and correct) identification of the problem and due to prompt repair of the hot water system.  

The DHW controller also allows the thermostat setting on the hot water boiler systems to be programmed at the 336 half-hour intervals in a weekly cycle to save energy, much as a programmable home thermostat saves energy by turning down the thermostat at night.  The ability to optimize temperature settings for adequate (but not excessive) hot water delivery during all consumption periods leads to greatly increased system efficiency.  When required, the DHW controller service provider can reprogram the 336 thermostat settings remotely to lower the storage tank temperature limits during times when the guests use little water.  Thus, the DHW controller reduces the heat loss from the tank and pipes and reduces the temperature of the hot water delivered to the guest rooms by minimizing the water temperature in the storage tank.  Using the DHW controller, the storage tank temperature is highest during times of maximum hot water use by the guests (mornings), and lowest in the middle of the night.  

1.3 Load Shape

Figure 2 shows an example of the natural gas load shape for DHW boilers at lodging facilities.  These data were calculated from run-time measurements from an actual boiler.  The load shape shows the early morning peak and the evening peak.  There are normally two hot water faucets in a guest room:  in the sink and in the shower.  Shower usage far exceeds sink usage.  These data reflect the fact that most guests take a shower in the morning, but a few take showers before and after dinner.  
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Figure 2.
Example of Load Shape for a DHW Boiler System at a Lodging Facility

2.
Gas Savings

Domestic hot water (DHW) gas savings are accomplished in two stages following the installation of a new DHW system controller:  identification and correction of system malfunctions that waste gas (and usually allow a set point reduction), and demand-controlled setback of the thermostat.  The gas savings in these two stages vary greatly from one facility to another.  A calculation of gas savings at each facility would require many measurements and details engineering analysis.  The most direct method to determine gas savings at each installation is to calculate the gas use from measurements of the cumulative time in every half-hour period that the boiler operates (i.e., boiler gas control valve is open) made for at least a week to capture normal occupancy cycles.  With rare exceptions, however, these measurements can only be made after the new DHW controller has been installed.  To determine gas savings compared to the existing boiler operation before any changes were made to the DHW system (the “as-is” condition), the following loop-loss parameters are measured for at least a week to capture normal occupancy cycles:  

· Supply temperature (temperature of hot water delivered to the supply loop)

· Return temperature (temperature of hot water returning from the supply loop)

· Circulation pump (return) flow rate

Gas savings data were collected on numerous controllers at lodging facilities in southern California in 2007.  Before any changes were made to the DHW system (“as-is”), the loop loss parameters were measured at some facilities.  After the system malfunctions were identified and the necessary repairs were made, the loop loss parameters were measured again.  At most facilities, the gas usage was measured with the thermostat set at a constant temperature (which could often be lower than before the repairs).  After a setback strategy was established, the gas usage was measured again.  These tests demonstrated average natural gas savings equivalent to 15 therms per year per room when transitioning from the “as-is” condition to the constant temperature condition (“loop-loss”).  The second round of tests demonstrated average natural gas savings equivalent to 21 therms per year per room when transitioning from the constant temperature condition to the setback condition.  Thus, the DHW controller provided an average natural gas savings equivalent to 36 therms per year per room when transitioning from the “as-is” condition to the setback condition.  
2.1
Correct System Malfunctions
It is extremely rare to find a DHW system at a lodging facility that is operating at peak efficiency.  The causes for the inefficiencies and malfunctions are numerous and may include any of the following reasons:  

· One or more boilers are not operating properly.  Commonly the system design allows other boilers to compensate for the ones that are not operating, but system efficiency and effectiveness is compromised.  

· The upper temperature set point is too high (perhaps to compensate for other system problems).

· The temperature set point dead band (between the upper and lower set points) is too large.

· One or more of the boiler or supply loop circulation pumps are not operating.  

· The system includes un-insulated hot water pipes and tanks.  

· The system has cross-over at mixing valves (cross-over are leaks inside mixing valves allowing cold water at higher pressure to flow into the lower pressure hot water line or allowing hot water flow at higher pressure to flow into the lower pressure cold water line).  

· Hot water drawn from a high-temperature water loop (e.g., for restaurant and/or laundry hot water) is tempered (mixed with cold water) to provide the DHW for the rooms.  

The common “fix” for these problems is to raise the DHW maximum set point setting, thereby wasting gas.  Unless the lodging facility operator is supplying over-temperature water to the rooms, the only way to lower the DHW maximum set point is to identify the causes of inefficiencies and malfunctions, thereby allowing the lodging facility to repair and adjust the system to return it to peak efficiency.  

The DHW controller system can be used to identify the causes of inefficiencies.  The DHW controller system continuously monitors system parameters such as the following:   

· Cumulative time in each half-hour period that the DHW controller requests each boiler to operate (i.e., the boiler control relay is closed)

· Cumulative time in each half-hour period that the boiler operates (i.e., boiler gas control valve is open)

· Supply temperature (temperature of hot water delivered to the supply loop)

· Return temperature (temperature of hot water returning from the supply loop)

The DHW controller continuously
 collects and transmits these data via the Internet to the data acquisition and processing server.  The data processing software monitors and analyzes the data, sending warning signals or emails to the DHW controller service provider and lodging facility personnel when the DHW system is working improperly, for example:

· Boiler does not operate when it should

· Supply temperature is too high or too low

· Return temperature is too high or too low

Using data visualization software, anyone with the proper credentials can view the data at any time, including personnel at the lodging facility.  The visualization software allows the educated person to quickly identify energy-wasting problems and to provide specific instructions to repairmen.  

Soon after a DHW controller system is commissioned, the data collected is almost always used to identify the causes of inefficiencies and malfunctions, allowing them to be corrected, and allowing the operator to lower the DHW maximum set point.  As described in Appendix C, the expected energy savings which results from lowering the DHW set point is 13 therms per year per room at lodging facilities.  

2.2 Programmable Setback DHW Thermostat Controller

Lodging facility DHW use varies through each day in a consistent manner.  Like the automobile driver who presses the accelerator in anticipation of an upcoming hill, or the electric grid operator who brings additional generating capacity on-line in anticipation of the afternoon peak daily load, the supply temperature of a DHW system can be lowered at night to save energy and raised in the early morning in anticipation of the morning peak load.  Peak DHW use at lodging facilities always occurs between 5 and 9 AM, with a secondary peak around 6 PM.  Daytime and evening usage is low, and the lowest usage occurs between midnight and 5 AM.  

As discussed in more detail in Appendix D, lowering the set point in a consistent daily pattern reduces the heat loss in the supply loop and, to a lesser extent, the heat loss due to cross-over and the heat used for ready hot water for consumption.  To determine the setback schedule for each lodging facility, the DHW controller system must continuously monitor system parameters such as the following:  

· Cumulative time in each half-hour period that the DHW controller requests each boiler to operate (i.e., the boiler control relay is closed)

· Cumulative time in each half-hour period that the boiler operates (i.e., boiler gas control valve is open)

· Supply temperature (temperature of hot water delivered to the supply loop)

· Return temperature (temperature of hot water returning from the supply loop)

After these system parameter data are collected for a week, the DHW controller service provider empirically determines the new DHW controller setback schedule.  A week or two later, the system parameters are reviewed again, and the DHW controller service provider may readjust the DHW controller setback to achieve additional savings or to maintain proper water delivery temperature at all times.  As long as the system is operating properly, hot water of the proper temperature is delivered to the rooms.  As soon as the system malfunctions, all parties are notified and repairs are made.  

As described in Appendix D, the expected energy savings in going from controlling to constant temperature to the setback schedule is 21 therms per year per room at lodging facilities.  
These energy savings resulting from proper hot water system operation are not, however, permanent in any sense.  In the months following the installation of the DHW controllers and dataloggers, new problems will inevitably arise:  switches will fail, valves will cease to open and close, mixing valves will start to leak, and boilers will cease to operate properly.  Without continually monitoring the data, the DHW system operator may need to raise the DHW maximum set point setting again to achieve the desired hot water temperature delivered to the rooms.  Long-term gas savings resulting from the hot water system operating at peak efficiency are accomplished only by continually monitoring the system data, a process known as “Continuous Commissioning”.  Without this continuous commissioning taking place, the new problems will once again go months without being detected and repaired.  Hence, continuous commissioning is an essential part of the long-term gas savings.  But even when the DHW system is not operating at peak efficiency, the controller will provide energy savings (and perhaps more than when the system is operating properly).  

3.
Measure Cost

In general, the incremental measure cost (IMC) is the difference between the new measure installed cost and the baseline installed cost.  The IMC should account for the expected useful life of the existing and new technologies.  The IMC depends on the activity type:  

· Retrofit a working technology prior to failure

· Replace a technology at the end of its useful life

· Installation a new construction or major renovation

The DHW controller is a retrofit on working technologies prior to failure.  All installed control systems include the digital hot water controller, a communications interface (either wireless or hard wired), all sensors and control connections, and connection and setup to the DHW controller service provider server interface for monitoring and system operation along with a customer interface.  
Since no hardware is taken out of service, the incremental measure cost is the cost of the DHW controller.  As per the third-party energy conservation program with Southern California Gas Company, the price to install the system is $28.55 per room (Table 2).  The installed price includes all costs incurred for the installation and setup of the control system.  Once installed, the lodging facility pays a monthly charge for the DHW controller system of $1.00 per month per room.  This monthly charge pays for the communication connection, system monitoring, and equipment maintenance, upgrades, or replacements as needed.  The equipment (controllers, relays, modems, etc.) is usually replaced about every five years, and the firmware and software is upgraded much more frequently.  While control system problems such as control operation status, communication problems, and control component problems are covered under the monthly charge, problems with the hot water system and other system inefficiencies are identified as problems for the lodging facility operator to address.  Once identified, the lodging facilities are generally very prompt about making the needed repairs.  
Table 2.
Measure Cost

	Parameters
	DHW Temperature Setback Controller

	Installed cost of equipment and installation ($/room)
	$28.55

	Monthly charge ($/year/room)
	$12.00

	Average gas savings from baseline operations to controller set at programmable setback temperature (therms/year/room)
	34

	Cost per Therm Saved
	

	Annualized cost of equipment and installation (¢/therm saved)
	6

	Monthly charge (¢/therm saved)
	35

	Annualized total measure cost (¢/therm saved)
	41
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4.2
Market potential and saturation

Southern California Gas Company provided the data in Table 3 on the number of lodging facilities in their service territory and the total gas use by NAICS code.  Data for the number of guest rooms at each lodging facility were not available.  Most lodging facilities used around 1,000 therms per month, but casinos use considerably more gas, perhaps due to their large size.  
Table 3.
Lodging Facility Meter Counts and Gas Consumption in Southern California Gas Company service territory by NAICS

	NAICS Code
	NAICS Description
	Meter Count
	Total Therms Used in Last 12 Months
	Therms Used per Month per Facility

	721000
	Accommodation
	1
	4,782
	399

	721100
	Traveler Accommodation
	31
	275,668
	741

	721110
	Hotels (except Casino Hotels) and Motels
	4,210
	61,742,318
	1,222

	721120
	Casino Hotels
	17
	5,009,547
	24,557

	721190
	Other Traveler Accommodation
	1
	52,273
	4,356

	721191
	Bed-and-Breakfast Inns
	19
	117,242
	514

	721199
	All Other Traveler Accommodation
	3
	46,944
	1,304

	TOTAL
	
	4,282
	67,248,774
	1,309
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2. Energy Efficiency Policy Manual, Version 2, California Public Utilities Commission, August 2003.  

3. Energy Efficiency Policy Manual, Version 3, California Public Utility Commission, March 2007.  

4. Principles of Heat Transfer, Frank Kreith, Intext Education Publishers, 1973.  

5. Revised / Updated EULS Based on Retention and Persistence Studies Results, Revised Report, by Lisa A. Skumatz, and John Gardner, Skumatz Economic Research Associates, Inc. (SERA, Inc), and Scott Dimetrosky and David Mattingly, Quantec, LLC, submitted to Marian Brown and Shahana Samiullah, Southern California Edison, July 8, 2005.  

4.4
Attachments

The following attachments support this workpaper (supplied as separate electronic files):

· Attachment #1 – Gas Savings from Correcting System Malfunctions
· Attachment #2 – Gas Savings from Programmable Setback
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Appendix B.
Common Types of Domestic Hot Water Systems

Domestic hot water (DHW) systems exist as commonplace in all aspects of our lives, whether at home or work.  While hot water availability has become ordinary, few users of hot water are aware that hot water creation is responsible for over 38% of all natural gas consumed in the United States.  When looking at an individual hot water environment, the consumption figures can become staggering.  Large DHW systems consume energy in two distinct ways: 

· Hot water consumption

· Standby losses

B-1.
Hot Water Consumption

The first source of energy use is for water heated in relation to the domestic consumption of hot water for the showers and sinks in guest rooms at lodging facilities.  This water is heated in the water heater/boiler to a temperature that will satisfy peak demand hot water use.  The requirement for delivery temperature will vary dependant on the type of consumption.  Consumption for personal use requires temperatures to be between 100 and 110 (F; since higher temperatures may cause scalding.  To meet these needs, the actual temperature of the water will depend on the capacity of the water heating equipment.  

Ideally, heating systems are sized to operate between 120 and 125 (F.  This prevents excessive mineral buildup and condensation problems.  However, most are sized to operate at higher temperatures, typically 125 to 140 (F.  If the system is undersized, it will require higher temperature settings in order to keep up with the demand.  As water temperature within the system is increased, the amount of cold water introduced at the faucet is also increased thus increasing the amount of hot water that is available for the overall system.  

The amount of energy used to heat water for consumption is directly related to the amount of hot water used at the faucet, the efficiency at which the water is heated and delivered, and the temperature rise required to satisfy hot water needs (see Table 5).  The only effect that a control system has in relation to consumption is through the reduced energy requirement to heat the replenishing supply of cold water to a lesser degree for delivery.  However, this has a limited effect if a control system is properly programmed.  The required delivery temperatures will follow perceived demand with the highest temperatures occurring during highest demand periods; thus, during periods of high hot water, consumption the energy saved will be negligible.  

Table 5.
Variables That Effect Energy Use Relating to Hot Water Consumption
	Changes in occupancy
	Each individual person adds approximately 25 - 35 gallons of hot water consumption per day (approximately 1,000 gallons of hot water per month) or about 6 therms of gas consumption per month

	Changes in Weather
	In cooler weather people take hotter showers (approx 10 °F) equating to 1 therm increase per person per month or a 15% increase for cold days vs. hot days

	The temperature of water supply to replenish the system
	A 13 °F change (45 °F versus 58 °F) inlet water temperature = over 1 therm per month increase per person or 15% summer to winter increase

	Desired temperature setting


	120 °F versus 130 °F increase in delivery temperature equals a 12% change in energy consumption per person

	Hot water system sizing and efficiency
	An undersized system will require hotter temperatures to supply demand. For every 10 °F temperature increase add approx. 12% increase in energy consumption to heat the water.

	Changes in heating system operation or system degradation (i.e. crossover or pump problems)
	Problems with system plumbing or equipment (especially crossover problems) create hot water consumption that is important in that it represents all wasted energy, for every gallon of water wasted while waiting for hot water, a new gallon of cold water is introduced into the system to be heated. The same effect happens when a re-circulating pump malfunctions or is disabled. A typical problem with a pump or crossover will account for 10 - 30 minutes of wasted water flow per day per person. At a minimum 2 gallons per minute that potentially represents an additional therm consumption of 6 or more therms per month per person

	Other hot water consumption (GPM)
	· Water leaks from various sources, such as leaking faucets or appliances

· Crossover, which can be cold water leaking into the hot water system at mixing valves, or hot water leaking into the cold water system, whichever is at lower pressure

· Underground leaks in the system plumbing

· Impact on energy consumption can be major and difficult to quantify


B-2.
Standby losses

The second source of energy use is energy consumed to compensate for standby losses.  Standby losses describe water that is continuously being reheated and staged for consumption (not water being consumed or lost).  In a single-family environment where a hot water system does not incorporate a re-circulating system, standby loss is limited to the heat losses at the water heater and plumbing to the faucets.  These heat losses have relatively little impact on the overall energy consumed when compared to a large distributed system.  

In a multifamily, hospitality, or other large building where the distribution system incorporates a re-circulating pump to deliver readily available hot water, energy consumption for the systems standby losses may be greater than the energy consumption for the actual hot water use.  Different variables affect the energy consumed for standby losses than those discussed above for hot water consumption, including:  

· Size and length of the distribution system

· Size and flow of the circulating pump (GPM)

· Type of medium the distribution system is exposed to (interior heated air, outside air with wind, underground)

· The overall temperature loss as water travels through the distribution system

· Efficiency of the water heater

· The effect weather may have relating to circulation loop losses

· Ambient temperature as it relates to system losses

· Ground water as it relates to system losses

· Other influences 

· Crossover, which can be cold water leaking into the hot water system at mixing valves, or hot water leaking into the cold water system, whichever is at lower pressure – This allows new cold water to be introduced into the hot water system in the circulation loop that, upon return to the hot water storage tank, will be heated and redistributed.  
· Incorrectly installed or malfunctioning tempering valves that introduce a “built in” temperature loss into the system

· Hot water is overheated for requirements other than direct consumption by people i.e. commercial kitchen/laundry then is tempered with cold water for other use and circulated back to the hot water source to be super heated once again

Unlike the variables that affect hot water consumption, the standby loss variables are relatively stable and can be easily determined.  Over the last several years, technologies have become available that make it very simple to isolate energy consumption relating to system losses verses energy used for hot water consumption.  

The overall impact of energy consumed by standby losses can be significant.  The average boiler system in a large hotel can supply DHW for 40 to 500 hotel rooms, and has a complex distribution system several hundred feet in length.  It also incorporates one or more recirculation pumps.  A typical 100-unit property has flow rates in the distribution system of 20 to 25 gpm and a temperature loss of 10 to 15 (F across the system, between the supply temperature and the return temperature.  

The three most common types of boiler/heater configurations and their relative system efficiencies are described in the following.    

B-3.
Modulating Boiler with No Storage Tank

A modulating boiler is an instantaneous or “on demand” boiler system without a storage tank (Figure 3).  This is the most inefficient system when installed on a recirculating hot water system.  This type of system is not applicable for a DHW setback control system unless a storage/mixing tank is installed.  This type of system utilizes modulating gas valves to regulate firing rate in relation to water temperature leaving the boiler.  As the water temperature decreases, the firing rate is increased to meet perceived demand.  These systems are proven to be inefficient on a circulation-type hot water system.
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Figure 3
Modulating Boiler with No Storage Tank

Figure 4 shows an example of the delivery temperatures recorded for an instantaneous or on demand type hot water boiler system.  Since the temperature difference between low firing rate and high firing rate on a modulating gas valve is generally in the range of 9 to 20 °F (sometimes more), the highest water temperatures are generated during the periods of lowest hot water consumption.  Although it is counterintuitive, the greatest heat losses in the system occur during the lowest consumption periods.  The boiler delivery temperature tends to rise when the boilers operate at low firing rate to reheat recirculating water cooled in the loop.  The temperature rise is in relation to the operating range of the modulating gas valve, i.e., during high consumption, the boiler will operate at high firing rate at a temperature of 120 to 125 °F, while during low consumption, the firing rate will be at a minimum; however, the supply temperature will be 9 to 20 °F higher, implying a water temperature of 130 to 145 °F before the burner turns off.  The actual recorded hot water delivery temperature is highest at the times of lowest consumption.  

Due to the high standby losses related to this type of system, energy consumed from the system is the greatest.  It is not uncommon to find systems of this type circulating hot water at 15 to 25 gpm with a 15 to 25 °F temperature loss or roughly half of the overall energy consumption used to reheat circulating water.  In this case, any reduction in delivery temperature, and thus standby loss, in the system during low periods of use will have a dramatic effect in overall energy consumption.  Typically systems of this type have an overall consumption per dwelling unit served that equals 25 to 50 or more therms per month, which is roughly double that of more efficient systems.  

Average energy savings for this type of system are 15 to 20% due to the addition of a mixing tank and a thermostat but without a boiler control system, and 30 to 45% with a boiler control system.  
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Figure 4.
Daily Recorded Delivery Temperatures for an Instantaneous or On-Demand Type System
B-4.
Modulating Boiler with Tank and Thermostat

The addition of a storage/mixing tank to a modulating boiler system (as illustrated in Figure 5) increases the overall system efficiency for the following reasons:  

· The re-circulating system is no longer utilized as a storage system to be used for mixing and blending of hot water coming from the boiler to eliminate hot/cold surges.  

· The flow or re-circulation in the distribution loop can be reduced eliminating the need for a high volume pump on the distribution loop (the pump no longer needs to be sized in relation to boiler circulation needs).  

· Low firing rate or idle temperature creep is eliminated by the newly installed tank thermostat, thus dramatically reducing off peak use, delivery temperatures and recirculation loop loses.  

· The boiler will now work at a higher efficiency due to increased efficiencies when operating at high firing rate vs. low firing rate. (3-6%)
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Figure 5.
Modulating Boiler with Storage Tank

Figure 6 shows the water temperatures for a modulating boiler system being controlled by a tank thermostat.  In this figure, Red (highest curve) indicates the maximum temperature achieved, Blue (lowest curve) is the minimum temperature achieved, and Green (middle curve) is the average temperature.  
Modulating-input boiler systems with a tank thermostat operate much like a fixed-input boiler (i.e., an “on-off” controller).  When the thermostat calls for heat, the burner comes on with a high firing rate, and, as the thermostat approaches the upper temperature limit, the firing rate is reduced.  The tank thermostat may operate over a much smaller temperature range (2-7 °F) and may keep the tank and delivery temperatures regulated more closely during times of moderate and heavy hot water use.  Typical consumption per dwelling unit for this type of system is 15 to 25 therms per unit per month with standby losses accounting for 20 to 40% of the overall consumption dependant upon plumbing layout, e.g., exposed to conditioned air, underground lines.  Typical energy savings from adding a boiler control on this type of system is 15 to 25%.  
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Figure 6.
Charts for Modulating Boiler with Storage Tank

B-5.
Standard Commercial Water Heater with Integral Tank

A commercial type water heater with integral tank (Figure 7) is very common on medium sized systems of 8 – 30 units.  Some of the advantages are size and simplicity of installation and cost.  The disadvantages are lack of reparability, having a combined system does not allow for as much flexibility in a control strategy.  Typical energy consumption for these types of systems is 15 to 25 therms per month per dwelling unit controlled.  Energy savings potential using boiler controllers is between 13 and 23%.  
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Figure 7.
Standard Commercial Water Heater with Integral Tank

Appendix C.
Gas Savings from Correcting System Malfunctions
This appendix addresses the gas savings that can be expected from correcting domestic hot water (DHW) system malfunctions that are identified as a consequence of installing a domestic hot water (DHW) thermostat controller at lodging facilities.  The major benefit of DHW thermostat control system results from its ability to record and analyze problems with the hot water system that have a direct affect on energy use and hot water consumption, i.e., hot water leaks, crossover problems, hot water system inefficiencies or problems like pump failures, and short cycling.  This benefit comes from having detailed knowledge of system performance, which allows the identification of the anomaly, and, since the DHW controller also serves as an on-line portal, the data are regularly transferred to a server where it is processed and analyzed.  The DHW controller service provider posts the hot water data online for review from anywhere the customer has internet access
.  The DHW software also identifies equipment plumbing problems remotely and notifies the customer immediately in the event of operational problems such as water leaks, pump failures, heater malfunctions, and other DHW system failures.  A control system used in this manner for data logging can have a very large impact on overall energy use as most hot water system problems waste large amounts of energy and hot water and will often go undetected or masked by increased temperatures to artificially “solve the problem.”  The net result of the DHW commissioning and control system is significant energy savings due to prompt (and correct) identification of the problem and due to prompt repair of the hot water system.  

The general benefit of the DHW controller has primarily been proven through numerous field test studies performed over years of gas savings at multi-family residences.  However, this appendix is focused on lodging facilities with DHW controllers supplied and serviced by EDC Technologies.  EDC collected temperature data at a large number of hotels in 2007
.  As listed in Table 6, the data was collected during times of baseline operation (before any operating parameters or equipment was changed) and during times when the DHW was controlled to constant temperature (after system repairs).  These hotels had up to five DHW loops; each loop was supply by a hot water tank with one or two hot water boilers.  
Table 6.
Test Dates and Return Pump Flow Rate for Calculating Gas Savings from Baseline Operations to Controller Set at Constant Temperature
	Property
	DHW Loop
	DHW Return Flow (gpm)
	Baseline Test Start Date
	Baseline Test End Date
	Controller Test Start Date
	Controller Test End Date

	
	1
	11
	1-May-07
	23-May-07
	21-Aug-07
	7-Sep-07

	
	2
	11
	1-May-07
	23-May-07
	21-Aug-07
	9-Sep-07

	
	3
	11
	1-May-07
	23-May-07
	21-Aug-07
	9-Sep-07

	
	4
	11
	1-May-07
	23-May-07
	21-Aug-07
	3-Sep-07

	
	5
	11
	1-May-07
	23-May-07
	21-Aug-07
	3-Sep-07

	
	1
	25
	30-Jul-07
	2-Aug-07
	21-Aug-07
	4-Sep-07

	
	1
	25
	14-Dec-06
	9-Jan-07
	22-Aug-07
	3-Sep-07

	
	1
	25
	28-Sep-07
	14-Oct-07
	23-Aug-07
	3-Sep-07

	
	1
	8
	29-Mar-07
	16-Apr-07
	17-May-07
	22-May-07

	
	2
	8
	31-Mar-07
	16-Apr-07
	17-May-07
	22-May-07

	
	3
	8
	29-Mar-07
	16-Apr-07
	17-May-07
	22-May-07

	
	4
	8
	29-Mar-07
	16-Apr-07
	17-May-07
	22-May-07

	
	1
	25
	14-Feb-07
	21-Feb-07
	22-Aug-07
	3-Sep-07

	
	1
	25
	30-Jul-07
	2-Aug-07
	21-Aug-07
	3-Sep-07

	
	1
	8
	3-Aug-07
	8-Aug-07
	22-Aug-07
	3-Sep-07

	
	2
	8
	3-Aug-07
	8-Aug-07
	21-Aug-07
	3-Sep-07

	
	3
	8
	2-Aug-07
	8-Aug-07
	21-Aug-07
	3-Sep-07

	
	4
	8
	3-Aug-07
	8-Aug-07
	22-Aug-07
	4-Sep-07

	
	1
	25
	8-Jun-07
	12-Jun-07
	22-Aug-07
	4-Sep-07


The test data consisted of the water temperature supplied to the DHW loop and returning from the DHW loop.  Boiler run-time data were collected for only a handful of these systems; which made a data set too small for analysis.  The average results for 19 DHW loops are summarized in Table 7; the raw data and calculations are included as an electronic attachment
.  The fluid properties (( and Cp) correspond to water at 120 °F from data tables
.  The fluid specific heat per unit volume shown in the table is expressed in the convenient units of Btu/hour per gallon/minute per degree Fahrenheit; it is the product of the density and specific heat at 120 °F times 60 minutes per hour divided by 7.48 gallons per cubic foot.  The most common thermal efficiency (HHV) for commercial hot water boilers is 80%
.  
Table 7.
Test Results for Gas Savings from Baseline Operations to Controller Set at Constant Temperature
	Parameter
	Average

	, Fluid density (lb/ft3)
	61.5

	Cp, Fluid specific heat (Btu/lb-F)
	0.999

	 Cp, Fluid specific heat per unit volume (Btu/hr-gpm-F)
	493

	Boiler efficiency (%, thermal, HHV)
	80%

	Number of rooms served
	80

	Circulation pump return flow rate (gpm)
	14

	Baseline operations (before EDC changed any operating parameters or equipment)

	Average delivery temperature (F)
	129.2

	Average return temperature (F)
	123.6

	Average loop loss (F)
	5.6

	Average loop loss (Btuh)
	42,927

	Average loop loss gas use (therms/year)
	4,701

	Average loop loss gas use (therms/year/room)
	76

	EDC controlled to constant temperature (after system repairs)

	Average delivery temperature (F)
	125.4

	Average return temperature (F)
	121.3

	Average loop loss (F)
	4.1

	Average loop loss (Btuh)
	27,676

	Average loop loss gas use (therms/year)
	3,031

	Average loop loss gas use (therms/year/room)
	62

	Average gas savings from baseline to EDC-controlled constant temperature operations

	Average loop loss savings (Btuh)
	15,252

	Average gas savings (therms/year)
	1,670

	Average gas savings per room (therms/year/room)
	13


Next listed in Table 7 are the average number of hotel rooms served by each DHW controller and the average circulation pump flow rate (FlowRateGpm).  Several parameters are listed for baseline operations and operations at constant temperature after the DHW commissioning and control system was installed and after the necessary system repairs were made:  

· The average temperature of the hot water delivered to the DHW supply loop from the storage tank (averaged over the 19 systems)

· The average temperature of the hot water returning from the DHW supply loop to the storage tank

· The average loop loss (LoopLossDegF) is the average of the differences between the delivery and return temperatures for each controller

· The average loop loss in Btuh is the average of the heat (LoopLossBtuh) needed to bring the hot water return flow back up to the storage tank temperature for each controller
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· The annual average loop loss gas use (therms per year) for the DHW systems is calculated from the boiler efficiency and the average loop loss in Btuh assuming the system operates 24 hours per day and 365 days per year (and 100,000 Btu per therm).  

· The annual average loop loss gas use per room (therms per year per room) is the average of the annual loop loss gas use per room for each DHW controller.  

The average loop loss savings in Btuh is the improvement in the average loop loss (Btuh) for the DHW controllers before and after the DHW commissioning and control system was installed.  The average gas savings in therms per year is the improvement in the average loop loss gas use (therms per year).  The gas savings per room (therms per year per room) is the improvement in the average loop loss gas use.  
Table 8 provides additional statistical information on the test data for therms per year per room.  Due to variability in the condition of the DHW systems at the various hotels, there is a wide range in the gas savings per room as a result of correcting system malfunctions, with a correspondingly high standard deviation in the data.  However, the standard deviation of the average gas savings
 is only 7 therms per year per room.  For comparison, the average gas savings per room was also calculated from the total gas savings from all DHW controllers divided by the total number of rooms, with a result of 21 therms per year per room.  
Table 8.
Statistical Analysis of Gas Savings from Baseline Operations to Controller Set at Constant Temperature
	Parameter
	Average

	Numbers of controllers tested
	19

	Average gas savings (therms/year/room)
	13

	Minimum gas savings (therms/year/room)
	-29

	Maximum gas savings (therms/year/room)
	119

	Standard error of gas savings (therms/year/room)
	31

	Standard error of the average gas savings (therms/year/room)
	7

	Total gas savings (therms/year)
	31,731

	Total rooms
	1,523

	Average gas savings from total gas savings and total rooms (therms/year/room)
	21


Appendix D.
Gas Savings from Programmable Set-Back DHW Thermostat Controller

This appendix addresses the gas savings that can be expected as a result of applying the programmable setback feature of a domestic hot water (DHW) thermostat controller at lodging facilities.  Lodging facility DHW use varies through each day in a consistent manner.  Like the automobile driver who presses the accelerator in anticipation of an upcoming hill, or the electric grid operator who brings additional generating capacity on-line in anticipation of the afternoon peak daily load, the supply temperature of a DHW system can be lowered at night to save energy and raised in the early morning in anticipation of the morning peak load.  Peak DHW use at lodging facilities always occurs between 5 and 9 AM, with a secondary peak around 6 PM.  Daytime and evening usage is low, and the lowest usage occurs between midnight and 5 AM.  

Applying a setback schedule reduces the heat loss in the supply loop and, to a lesser extent, the heat loss due to cross-over and the heat used for ready hot water for consumption.  To determine the setback schedule for each lodging facility, the DHW controller system must first monitor system parameters such as the following:  

· Cumulative time in each half-hour period that the boiler operates (i.e., boiler gas control valve is open)

· Supply temperature (temperature of hot water delivered to the supply loop)

· Return temperature (temperature of hot water returning from the supply loop)

Based on these data, the DHW controller setback schedule is determined empirically with man-in-loop.  The strategy is to lower the control temperature during periods of low DHW use and keep it highest during periods of high DHW use.  Since only a few people are using hot water in the middle of the night, the lower temperature is adequate.  Normally the nighttime setback is 10-15 °F, and the midmorning to late evening setback is 2-5 °F.  At some hotels, greater gas savings can be obtained with a more aggressive setback schedule, such as a nighttime setback of 15-20 °F, a midday setback of 5-10 °F, and an early evening setback of only 2-5 °F.  
This appendix is focused on gas savings from programmable setback at lodging facilities with DHW controllers supplied and serviced by EDC Technologies.  EDC collected temperature data at a large number of hotels in 2007
.  As listed in Table 9, the data was collected during times when the DHW was controlled to constant temperature (after system repairs) and during times when the controller programmable setback feature was used.  These hotels had up to five DHW loops; each loop was supply by a hot water tank with one or two hot water boilers.  

Table 9.
Test Dates for Calculating Gas Savings by Changing from Controller Set at Constant Temperature to Programmable Setback
	Property
	DHW Loop
	Constant Temperature Test Start Date
	Constant Temperature Test End Date
	Setback Test Start Date
	Setback Test End Date

	
	1
	21-Aug-07
	3-Sep-07
	5-Sep-07
	12-Sep-07

	
	2
	21-Aug-07
	3-Sep-07
	5-Sep-07
	12-Sep-07

	
	1
	21-Aug-07
	4-Sep-07
	5-Sep-07
	12-Sep-07

	
	2
	21-Aug-07
	4-Sep-07
	5-Sep-07
	12-Sep-07

	
	1
	17-May-07
	22-May-07
	27-May-07
	6-Jun-07

	
	2
	17-May-07
	22-May-07
	27-May-07
	6-Jun-07

	
	3
	17-May-07
	22-May-07
	27-May-07
	6-Jun-07

	
	4
	17-May-07
	22-May-07
	27-May-07
	6-Jun-07

	
	5
	17-May-07
	22-May-07
	27-May-07
	6-Jun-07

	
	1
	22-Aug-07
	3-Sep-07
	5-Sep-07
	12-Sep-07

	
	2
	22-Aug-07
	3-Sep-07
	5-Sep-07
	12-Sep-07

	
	1
	21-Aug-07
	4-Sep-07
	5-Sep-07
	12-Sep-07

	
	1
	21-Aug-07
	3-Sep-07
	5-Sep-07
	12-Sep-07

	
	2
	21-Aug-07
	3-Sep-07
	5-Sep-07
	12-Sep-07

	
	3
	21-Aug-07
	3-Sep-07
	5-Sep-07
	12-Sep-07

	
	4
	22-Aug-07
	4-Sep-07
	5-Sep-07
	12-Sep-07

	
	1
	21-Aug-07
	3-Sep-07
	5-Sep-07
	12-Sep-07

	
	2
	21-Aug-07
	3-Sep-07
	5-Sep-07
	12-Sep-07


The test data consisted of boiler run-time data in the form of the number of seconds in each half-hour period when the boiler was operating.  The average results for 17 DHW systems are summarized in Table 10; the raw data and calculations are included as an electronic attachment
.  .  The parameters listed in the table are the following:  

· The average number of hotel rooms served by each DHW system
· The average boiler capacity (MBtuh, thousands of BTU per hour)

· The average number of seconds per half-hour period when the boilers operated during the constant temperature test
· The average number of seconds per half-hour period when the boilers operated during the setback test

· The difference (between the average number of seconds per half-hour period when the boilers operated) during the constant temperature test and during the setback test

· The gas used during the constant temperature test expressed in therms per year (using 3600 seconds per hour, 48 half-hour periods per day, 365 days per year, and 100,000 Btu per therm)

· The gas used during the setback test expressed in therms per year

· The difference between the gas used during the constant temperature test and the gas used during the setback test expressed in therms per year

· The average gas used per room during the constant temperature test expressed in therms per year per room

· The average gas used per room during the setback test expressed in therms per year per room

· The difference between the average gas used per room during the constant temperature test and during the setback test expressed in therms per year per room

Table 10.
Test Results for Gas Savings by Changing from Controller Set at Constant Temperature to Programmable Setback
	Parameter
	Average

	Numbers of room served
	73

	Boiler capacity (MBtuh)
	388

	Average seconds of boiler operation per half hour during constant temperature test
	307

	Average seconds of boiler operation per half hour during setback test
	243

	Difference of the average seconds of boiler operation per half hour between the two tests
	63

	Average gas savings (% of constant temperature test)
	20%

	Constant temperature gas use (therms/year)
	5,997

	Setback gas use (therms/year)
	4,711

	Gas savings (therms/year)
	1,286

	Constant temperature gas use per room (therms/year/room)
	101

	Setback gas use per room (therms/year/room)
	80

	Gas savings per room (therms/year/room)
	21


Table 11 provides additional statistical information on the test data for therms per year per room.  Due to variability in the design of the DHW systems at the various hotels, there is a wide range in the gas savings per room as a result of implementing programmable setback, with a correspondingly high standard deviation in the data.  However, the standard deviation of the average gas savings
 is only 4 therms per year per room.  For comparison, the average gas savings per room was also calculated from the total gas savings from all DHW controllers divided by the total number of rooms, with a result of 18 therms per year per room.  

Table 11.
Statistical Analysis of Gas Savings by Changing from Controller Set at Constant Temperature to Programmable Setback

	Parameter
	Average

	Numbers of controllers tested
	17

	Average gas savings (therms/year/room)
	21

	Minimum gas savings (therms/year/room)
	1.9

	Maximum gas savings (therms/year/room)
	66

	Standard error of gas savings (therms/year/room)
	18

	Standard error of the average gas savings (therms/year/room)
	4

	Total gas savings (therms/year)
	21,864

	Total rooms
	1,234

	Average gas savings from total gas savings and total rooms (therms/year/room)
	18


�  NTG for “All other non-residential programs”


�  The 2007 ASHRAE Handbook on HVAC Applications, page 49.10, Table 3, recommends 105 °F for hand washing and 110 °F for showers and tubs.  


�  The term “aquastat” is often used to specifically refer to a thermostat that is used to control water temperature.  


�  Continuous Commissioning and CC are registered trademarks of the Texas Engineering Experiment Station, a member of Texas A&M.  


�  Energy Efficiency Policy Manual, Version 3, California Public Utility Commission, March 2007, which, in turn, references the Energy Efficiency Policy Manual, Version 2, California Public Utilities Commission, August 2003.  No data for DHW controllers was found in Revised / Updated EULS Based on Retention and Persistence Studies Results, Revised Report, by Lisa A. Skumatz, and John Gardner, Skumatz Economic Research Associates, Inc. (SERA, Inc), and Scott Dimetrosky and David Mattingly, Quantec, LLC, submitted to Marian Brown and Shahana Samiullah, Southern California Edison, July 8, 2005.  


�  Between Southern California Gas Company and EDC Technologies, Inc. 


�  Cross-over is caused by leaks inside mixing valves in the guest rooms which allow hot water to bleed into the cold water pipes or cold water to bleed into the hot water pipes (the flow direction depends upon the pressure difference at the valve).


�  It is protected by a username and password.  


�  The DHW controller system collects data values every second, processes them every half hour, and relays them to the data acquisition and processing server via the Internet about as fast as an email is delivered over the Internet.  


�  It is protected by a username and password.  


�  See Attachment #1 – Gas Savings from Correcting System Malfunctions


�  See Attachment #1 – Gas Savings from Correcting System Malfunctions


�  Principles of Heat Transfer, Frank Kreith, Intext Education Publishers, 1973, Table A-3.


�  Commercial Boilers, Workpaper for PY2006-2008, Version B, by Energy and Environmental Analysis, Inc., for Southern California Gas Company, Los Angeles, California, March 2006.  


�  The standard deviation of the average is the standard error of the data divided by the square root of the number of data points using to calculate the average.  


�  See Attachment #2 – Gas Savings from Programmable Setback


�  See Attachment #2 – Gas Savings from Programmable Setback


�  The standard deviation of the average is the standard error of the data divided by the square root of the number of data points using to calculate the average.  






_1258539168.unknown

