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June 13, 2014
To: Janice Yonekura, Environmentally Preferable Purchasing Program, Procurement Division
From: Pedram Arani, Senior Development Engineer, California Lighting Technology Center


DGS Lamp Lifecycle Cost Calculator

CLTC developed a web-based lifecycle cost calculator that will be made available via the DGS website to calculate cost of lamp ownership over time. The calculator displays an estimated comparison between existing lighting technologies and more new energy efficient technologies that are commercially available today. The memo describes the web page source code, constants, variables, formulas, an explanation of each constant and any assumptions.  
The calculator has three major sections.  The first section is the Site Information.  The site information has default values for Energy Rate, Maintenance Labor Rate and Total Hours per year.  It is recommended that these values be adjusted to values particular to the project site thus increasing the accuracy of the calculator.  The following two sections, Technology Information and the results have a variable number of columns that allow the user to compare different technologies.  The variables within the Technology Information section are self-populating but also changeable, allowing the user to use the default values or manually enter values in case they have a specification of a product in mind. The results section displays energy and economic metrics that will allow the user to understand the differences between technologies.  These values are calculated utilizing the values entered from the Technology Information and Site Information sections.

Calculator Definitions

The following section is comparable to a glossary.  It contains all of the variables associated with calculator in the order they appear in the calculator.  Each entry will define the term, provide any other important information, state the default value, display the equation and provide the sources used.
  
Site information- Information related to the site such as, Energy Rate, Maintenance Labor Rate and Total hours per year the lights are on. These fields have default values; however it is recommended that they are adjusted to the site conditions for further accuracy.  

Energy Rate- The price of energy per kWh.  This value varies based on your utility, building type, electric schedule and time of day.  This number has been set to a default of $0.14 an hour.  

Maintenance Labor Rate- This is the cost of labor associated with maintenance costs per hour.  This value varies the most from location to location; a site in San Francisco will have a higher labor rate than somewhere in the central valley like Bakersfield.  This number is currently set at a default of $65/hr.  

Lighting hours of operation per day- The number of hours per day that the lights are on during normal business hours.  This number is combined with Days of operation per week and Days closed per year to determine the Total Hours per year that the lights are on.  It is currently set to 8 hours per day as a default.  

Days of operation per week- The number of days in a week that the site is open for business.  This value is combined with Lighting hours of operation per day and Days closed per year to determine Total Hours of lighting use per year.  The default is currently 5 days per week.  This value should be changed to match what is expected at the site. 

Days closed per year- This is the number of days a year that the site is closed during the normal schedule.  This metric accounts for holidays and other days of closure. The value of Days closed per year is combined with Lighting hours of operation per day and Days of operation per week to determine the Total Hours per year that the lights are on.

Total hours per year – This is number of hours per year that the lights are on.  This is calculated from Lighting hours operational hours per day and Days of operation per week multiplied by the number of weeks in a year, 52.  This value is then subtracted by Days closed per year and Lighting hours of operation per day, to account for holidays.  




Technology Information- This section allows the user to enter and compare a number different technologies information.

Source Type- This variable identifies which technology is being used.  This box is a drop down menu that contains the source types listed below:

Incandescent-This source creates light by running electricity through a filament. Incandescent was a popular source for over 100 years. This source is not very efficient and no longer meets Title 24 Building Efficiency Standards which are expected to take effect in July of 2014.

Fluorescent- This technology creates light by using electricity to excite the gas inside a tube.  This technology comes in many shapes and sizes.  Linear fluorescent luminaires are commonly used in commercial and institutional applications. 

Induction- This source creates light by using electricity to excite the gas inside a tube except without an electrode. This increases lamp life extensively. Induction lamps are typically utilized in exterior luminaires.

Plasma- New light source being tested in exterior situations. Uses radio waves to excite metals into a plasma which creates a bright point source of light. 

LED-Light Emitting Diode- Creates light by exciting a diode.  This technology actively being adopted in interior and exterior applications. This source may need a driver.

Metal Halide-Utilized in exterior luminaires a ballast is necessary.   Also commonly used in interior lighting of directional displays.

Halogen- Utilized in exterior luminaires ballast is necessary.   Also commonly used in interior lighting of directional displays.
Some of the 4ft linear fluorescent options are self-populating. By selecting one of the 4ft options and the Number of Lamps per Unit the System Load, Lumens, Lifetime Expectancy and Price/Unit will be self-populated with the lamp information. Some examples of these linear fluorescent lamp types are below:

T5_2ft- Linear fluorescent with 5/8 in diameter 2ft in length a ballasted source
T5_4ft- Linear fluorescent with 5/8 in diameter 4ft in length a ballasted source
T5HO_2ft- High output linear fluorescent with 5/8 in diameter 2ft in length a ballasted source
T5HO_4ft- High output linear fluorescent with 5/8 in diameter 4ft in length a ballasted source
T8_2ft- Linear fluorescent with 1 in diameter 2ft in length a ballasted source	
T8_4ft- Linear fluorescent with 1 in diameter 4ft in length a ballasted source
T8HO_2ft- High output linear fluorescent with 1in diameter 2ft in length a ballasted source
T8HO_4ft- High output linear fluorescent with 1in diameter 4ft in length a ballasted source
T12_2ft- Linear fluorescent with 12/8 in diameter 2ft in length a ballasted source	
T12_4ft- Linear fluorescent with 12/8 in diameter 4ft in length a ballasted source
T12HO_2ft- High output linear fluorescent with 12/8 in diameter 2ft in length a ballasted source
T12HO_4ft- High output linear fluorescent with 12/8 in diameter 4ft in length a ballasted source
CFL-Compact Florescent Lamp- this comes in a variety of shapes and sizes

Number of lamps per unit - The number of lamps that are required per luminaire. This quantity is available via a drop down menu.   For example most fluorescent fixtures have between 1 and 4 lamps. 

System load- The system load is the electrical usage of the luminaire. For fluorescent luminaires this is the total wattage of the fixture including both lamp and ballast. If a currently installed source is chosen in the drop down and does not self-populate the luminaire information, System Load, Lumens, Lifetime Expectancy and Price/Unit, should be determined through investigation.  If a different technology is being pursued for installation is chosen from the drop down menu and does not self-populate, some research should be done to determine the appropriate luminaire information; System Load, Lumens, Lifetime Expectancy and Price/Unit.   

A few of the 4ft linear fluorescent options are self-populating. As with most technologies, the exact energy consumption of similar products varies. In order to determine a single wattage value for each lamp type, an average of the highest efficacy and the lowest efficacy source wattage was taken.  The input wattage of the ballast can be found in a lamp and ballast catalog along with Lumens and Lifetime Expectancy. 1 & 2 For further accuracy it is recommended that the automatically updated fields are overwritten if more specific source information is available. 

Lumens- A measure of the amount of light being emitted from the source.  This value does not directly correlate to the amount of light in a space. This is due to issues such as fixture efficiency, which is the measure of the total amount of light produced by the light source and the amount of light that exits the light fixture. Though the lumen value is not an exact comparison of the light in the space, it can be used to estimate whether two fixture or lamp types will produce similar amounts of light.  These values where self-populated were determined in a similar manner as described in the System Load section. 

Number of units- The quantity of luminaires that are being replaced.  This number is entered by the user.  It is recommended that each unit is replaced with a new one in a one to one ratio; unless a design is completed to confirm the photometric performance. 

Lifetime expectancy-The number of hours the lamps are expected to function before they fail.  The average values where determined from a vendors web site along with price/unit3. 

Time to replace- The time to replace is the number of minutes it is thought to take maintenance personnel to replace one of the lamps in a luminaire. This number can be entered by the user and defaults as 5 minutes. 

Price/unit- This is the cost of one lamp.  This value self populates for most of the linear fluorescents and was determined in a similar manner to the Lifetime Expectancy. 

Rebate/unit- The rebate amount per lamp. This value can be entered by the user; the default value is zero. This value was added to the calculator to allow for any rebates from utilities. In scenarios where a rebate is given for a fixture with multiple lamps, divide that rebate per the number of lamps in the fixture.

Replacement Cost- This is the cost of new lamps and the labor to install them.  The labor cost is calculated by determining the time to replace the luminaires in hours multiplied by the Maintenance Labor Rate.  The labor cost is added to the price/unit and then all multiplied by the Number of Lamps per unit.  



Lamp Lifetime- This is the number of years that the lamps are expected to last at the site.  The equation for this value is the Lifetime Expectancy divided by the Total hours per year.



Annual Energy Usage- This value is the amount of electricity that is consumed by the luminaire in a year.  This number is calculated by multiplying the System Load by the Number of Units by the Total Hours per year by .001 to convert from watt-hours to kilowatt-hours.



Annual Energy Costs- The cost of energy that is consumed in a year at the site. This value is calculated by multiplying the Annual Energy usage by the Energy Rate.  



Annual Maintenance Cost- The annual maintenance is the amount per year that is spent on replacing lamps.  This metric is based on the Replacement Cost and the Number of Units divided by the Lamp Lifetime in years.  This yields the amount it costs per year to own this technology. This value is an average. 



Total Annual Cost- The amount of money it costs to run the lights at the site for a year.  This includes the Annual Energy Cost and the Annual Maintenance Cost. 



Energy Savings per Unit- This metric compares the annual energy use of the first column product with the product in the column that is being referenced.  Energy savings is calculated by subtracting the energy consumed by the second column from the energy consumed in the first column divided by the energy consumed in the first column. This value is a percentage.


Cost Savings- The amount of total annual energy that is saved when comparing two products.  This follows a standard savings equation as shown below. 



Simple Payback- The amount of time it takes to recover the initial investment in an energy saving product.  It is equated to the initial cost divided by the savings in energy per year.  



[bookmark: _GoBack]Carbon Emissions- CO2 emissions is calculated based on the kWh consumption. In California only a fraction of our energy comes from CO2 emitting energy sources such as Natural Gas and Coal.  For each state the energy generation sources are different.  In California the rate of pounds of Co2 emission per kWh is 0.524.4



Mercury Disposal- Mercury, a toxic substance, is encapsulated within most lamps on the market.  It only becomes a problem when the lamps are broken or not recycled properly. As the Mercury Content varies from manufacture to manufacture a general value for each lamp type was assumed. See Table 1. 

[bookmark: _Ref390341630]Table 1: Average Mercury Content of Fluorescent Lamps5 & 6
	Lamp Type
	Mg Mercury per Lamp 

	T5
	8

	T8
	14

	T12
	23

	CFL
	4





Work Cited
1. Lamp and ballast catalog Osram Sylivania, 2008 
2. Lighting: Ballasts, GE Consumer & Industrial Lighting, 2008
3. Bulbman http://www.bulbman.com/
4. Carbon Footprint Calculator Asumptions, Pasific Gass and Electric,  < http://pge.com/about/environment/calculator/assumptions.shtml>
5. Comact Flourescent Light Bulbs(CFLs) and Mercury, Energy Star, <http://www.energystar.gov/index.cfm?c=cfls.pr_cfls_mercury>
6. T5 Flourescent Systems, Lighting Research Center, Rensselear Polytechnic Intitute http://www.lrc.rpi.edu/programs/nlpip/lightinganswers/lat5/pc12.asp, 2002. 
[image: ]


[image: Letterhead]
image2.jpeg
T

CALIFORNIA LIGHTING TECHNOLOGY CENTER




image1.png
RESEARCH INNOVATION PARTNERSHIP
633 PENA DR. DAVIS, CA 95618 | CLTC.UCDAVIS.EDU | P: 530.747.3838 | F: 530.747.3812




image3.emf

