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1. INTRODUCTION

The disposal of mercury-containing fluorescent lamps and the status of these lamps under the
Resource Conservation and Recovery Act (RCRA) is a controversial issue. To further our
understanding of lamp disposal issues, the Environmental Protection Agency (EPA) developed
the Mercury Emissions Model, which estimates mercury emissions from the disposal of
fluorescent lamps. This document presents instructions on how to use the basic features of the
model. Itis intended for those who wish to use the model and are unfamiliar with relational
databases.

A companion documeniercury Emissions From the Disposal of Fluorescent Lampresents
the assumptions behind the model. This user’'s manual will first answer some basic questions
and, in subsequent chapters, will demonstrate how to use the model.

Upon accessing the Mercury Emissions Model, you'll find the help system especially helpful.
To access the help system, simply press <F1> on any screen or item.

Q. What does the model do?

A. The model estimates annual mercury emissions from lamp disposal for the period 1992
through 2007 under a variety of RCRA policy options, and cumulative emissions during the
period 1998 - 2007 under various RCRA policies . Although the model uses the period 1992 -
1997 to initialize, you may implement a policy option in 1998 or any later year. It provides a
central emissions estimate, a high emissions estimate, and a low emissions estimate.

Q. What kind of computer will | need?

A. You will need a PC compatible machine (486 or better) with at least 25 Megabytes (MB)
of free hard drive space and a color monitor.

Q. Do I need any special software to run the model?

A. No. You will, however, need Windows 3.11 or Windows 95. You will be able to
develop your own scenarios and input assumptions without any special software on your
computer. The model is a relational database, and is programmed in Microsoft ACCESS, but
you do not need ACCESS to run the model. Having ACCESS allows you to modify the
underlying code, or create new outputs, and may also in certain circumstances improve the
stability of the system.

Q. How do | get the model?

A. You may get copies of the model from the RCRA docket. Copies are available on CD-
ROM. You may also download the model from EPA’'s Homepage at http://www.epa.gov.
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Q. Is the model complicated to use?

A. Somewhat, but technically oriented people should be able to pick it up fairly easily.
Mercury emissions resulting from lamp disposal are complex. Our desire to provide users
sufficient flexibility to conduct their own complex analyses leads to a multifaceted model. Once
you understand how the model functions, you will be able to conduct your own analysis on this
complex issue.

Q. Do I need to know anything prior to using the model?

A. We will be assuming you have read the companion report describing the analytical
results, and that you have some knowledge of lamps, RCRA, and lamp issues. As a test, if you
do not know what a T8 is, please stop and read the companion report.

Q. How can | get assistance on using the model?

A. If you have questions or problems installing or using the model, please call the toll-free
Mercury Model Hotline at 1-888-272-8729. The hotline is staffed by ICF Kaiser International, a
contractor to EPA. The Hotline will be staffed during the public comment period (and during
any extensions) associated with EPA’s Notice of Data Availability (NODA). It will be staffed
from 9:00 a.m to 5:00 p.m. during weekdays. If you do not reach a hotline staff person when you
call, please leave a voicemail message containing your name, phone number, and a short
description of your question or problem. Your call will be returned promptly. You may also
send an e-mail or fax of your question to ICF Kaiser. ICF's e-mail address is
mercurymodel@icfkaiser.com. ICF’s fax number is (703) 934-3740. Please do not send any
public comments regarding the model to ICF Kaiséou should send all public comments to

the RCRA docket, as described in the NODA.

Q. What are the most important things to remember?

A. The most important thing to remember is that the model estimates emissions from
scenarios. Scenarios are composed of:

» A Base Case - The base case establishes a reference for comparing energy savings
from various policy options.

» A Growth Option - Growth Options set the rate at which commercial building space
in the United States grows.

* A Mercury Content Option - Mercury Content Options set the mercury content of
lamps by type of lamp and by year.

» A Lamp Use Option - Lamp Use Options set the patterns by which the various types
of lamps are used in buildings, and the rate at which they are disposed.
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» A National Disposal Option - National Disposal Options establish the waste
management of lamps.@, by lamp type, by building type, and by year), and the
emissions rates of the steps in the management process.

Another key to understanding the model is that most (but not all) data elements are
structured by building group.€., large buildings, medium-size buildings, and small buildings),
lamp type €.g, T8, T12) and year. Thus you will be free to vary the disposal of lamps as a
function of building size, lamp type, and year.

Q. Is there anything else to tell me about before we begin?

A. Yes. The model has the capability to account for differences in disposal patterns as a
function of statei.e., you can vary the disposal patterns among states, and estimate emissions on
a state basis. However, we are not going to describe this feature as this is beyond the scope of
this user’s guide.

One last important note. While developing the model, test users without ACCESS encountered
difficulties with a single left click systemTherefore, everything in the model responds to a
double left click of the mouse.

In the subsequent chapters of this guide, we will get you started running scenarios, show you
how the model functions, and help you to develop your own scenario.
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2. GETTING STARTED

In this chapter we will get you started by explaining how to download the model. In later
chapters, we will run some scenarios and review the reports and graphs the model provides.
Please have the model pre-loaded and up on your computer as you read this step-by-step guide.

2.1 INSTALLING THE MODEL

To install the model, simply place the CD-ROM in the appropriate disk drive. Enter the File
Manager program and select the file entitled “setup.exe” from the CD-ROM drive. You will
then be guided through the process of installing the model on your computer. You will be given
the option of selecting the directory under which you wish to place the model. Please keep in
mind that the model is approximately 25 MB in size. If you do not have the necessary space on
your computer, you will be notified to that effect by the setup program.

2.2 RUNNING THE MODEL

You should now have a screen icon entitled “Mercury Emissions Model.” Please double click on
the icon. You should be looking at the main menu screen which looks as follows:

Edit Data Menu

| Hun Data Diagnostics

| Select Scenarios

| Calculate Emissions For Selected Scenarios

| Report Menu - Produce Reports For Selected Scenarios

| Graph Menu - ¥iew Graphs For Selected Scenarios

| Exit The System




Following is a description of each selection on this menu:

» Edit Data Menu. This section of the model allows you to change scenarios and
develop your own scenarios on which to base mercury emissions from the disposal
of fluorescent lamps. Most of our time will be spent in this portion of the model.

* Run Data Diagnostics. After you develop your own scenario, this built-in utility
that checks for common data errors. Always run this utility after making changes to
a scenario or developing your own scenario.

» Select Scenariosln this section of the model you select the scenarios you wish to
run and analyze.

+ Calculate Emissions for Selected Scenarios his bar runs the model for the
scenarios you have selected.

* Report Menu - Produce Reports for Selected Scenarios his section of the
model provides you with a selection of standard reports, containing the outputs for
the model, in a report format.

* Graph Menu - View Graphs for Selected ScenariosThis section of the model
provides you a selection of standard reports, containing the outputs for the model, in
a report format. Only results for scenarios that were selected in the Select Scenarios
portion of the menu are reported.

e Exit the System. Double-clicking on this bar returns you to Windows

This user’s guide will walk you through the major functions of the model. Figure 2-1 illustrates
the steps we will follow.

Figure 2-1: Mercury Emissions Model - Process Flow Chart

Running Data Diagnostics . Selecting Scenarios . Report Menu
Chapter 3 Chapter 4 Chapter 5

L 4

Edit Data ‘ Graph Menu
Chapter 7 Chapter 6

Calculate Emissions for
Selected Scenarios ‘
Chapter 8
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3. RUNNING DATA DIAGNOSTICS

To begin, double click oRun Data Diagnosticsand wait until the run screen, as shown below,
appears. This utility provides a check to insure that no errors are present in the data. This
screen shows an example of a data diagnostic without any errors present.

= File Edit VYiew Format Records Yindow Help

Table Hame] Fields/¥alues | Mezzage |
Data diagnostics mn at 14:01 an Thursday, June 26, 1937
Data diagnosticz min completed. Mo erors were detected.

# [

If you build a scenario and have errors, the data diagnostics utility will display error messages.
We strongly recommend that you run this utility each time you start the model or make changes
to the underlying data. Now close the screen by selecting “Close” from the File menu. This will
return you to the main menu.



4. SELECTING SCENARIOS

Next, let’s run some scenarios and look at the outputs. Please double cliciSetetite
Scenariosbar. You should now see a screen with two boxes, one ei8éledtion Listand one
entitledSelected List

[ [+

Selection List Selected List

CE Ophion

I - Rapid Option
CE Option with CAFE

CE High T8 Growth
I - Moderate Option

I - Gradual Option
I HI-C Option

CE 100 Percent + +

The box on the leftSelection List contains the scenarios that are available to you now, but have
not yet been selecteide., the scenarios we have provided to you. The model will run the
scenarios you seledte., those you move into thgelected Listbox. Please move CE Option

and UW Moderate Option into tf&elected Listby first clicking on them and then clicking on

the arrow pointing toward the selected list. Then exit the screen by double clicking the “Exit”
bar.
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5. REPORT MENU

Let's view the outputs of the model, starting with the reports. Please double-click on the
Reports Menubar on the main menu. You are now viewing a list of the available reports.

Annual Mercury Emissions by Scenario and Activity

Mercury Emissions by Scenario and Activity

Mercury Emissions by Scenario Emission Level and Year

Mercury Emissions Detail Report

Mercury Emission Savings on Energy Generation

Lamps Disposed by Scenario, Year, Building Group, and Lamp Type

Lamp Population Share by Scenario, Year. and Lamp Type

Lamp Population and Disposal Detail

|
|
|
|
| Met Mercury Emissions by Scenario
|
|
|
|

Return To The Main Menu

You may print these reports by selecting “Print” from the File menu. Table 5-1 provides a list of
reports and a summary of the function of each individual report.
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Table 5-1. Report Name and Function

Report Name

Function

Annual Mercury Emissions by Scenario and
Activity

Mercury Emissions by Scenario, by yeatr,
and by management step or umily,
Subtitle C Transport)

Mercury Emissions By Scenario and Activity

Cumulative mercury emissions for egch
step in the management of lamps in a
given scenario

Mercury Emissions by Scenario Emissions Lev
and Year

b[Total mercury emissions for each year
under each scenario

Mercury Emissions Detail Report

All details calculated by the model

Mercury Emissions Savings on Energy Genera

ion Mercury emissions avoided from cqal-
fired utility boilers as a result of saving
energy by installing energy-efficient T8s

Net Mercury Emissions by Scenario

Emissions from disposal of lamps legs the
emissions saved from utility boilers

Lamps Disposed by Scenario, Year, Building
Group, and Lamp type

Details on the disposal of lamps

Lamp Population Share by Scenario, Year, and
Lamp Type

Details on lamp populations by lamp type

Lamp Population and Disposal Detalil

Additional details on lamp disposal

patterns

As we indicated previously, users with ACCESS

can modify the reports or build new reports,

while users without ACCESS do not have this capability. You may want to view some reports to
get a feel for the data content. When you are finished, please exit the screen and return to the

Main Menu.
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6. GRAPH MENU

To view the data in graphic form, double click@maph Menu. The resulting screen displays
the graphs available within the model.

IMercur_'g Emissions by Scenario and Activity

Mercury Emissions by Scenario and Lamp Type

Mercury Emissions by Scenario and Emission Level

Mercury Disposed by Scenario and Lamp Type

Lamps Disposed by Scenario and Lamp Type

Mew Lamps by Scenario and Lamp Type

Lamp Population by Scenario and Lamp Type

| Return To The Main Menu

Simply double click on some of the graphs to see a visual display of the outputs. Many of the
graphs and reports can be exported to Excel spreadsheets. This will allow you to export data
from model runs for your own detailed analysis. If you chose to export graphs, they will be
given the filename ‘graphdat.xls.” Note that if the export button does not appear, you must
update the graph. Once you have completed this, the button should appear if you reenter this
section. When you are finished, please return td/thie Menu.

10



7. EDIT DATA MENU

The Edit Data Menu allows you to develop your own scenarios, or to modify the assumptions
behind the scenarios we have provide to you. Because this section of the model provides many
user options, we will describe the section in some detail. Please double clickaatitthata

Menu bar. You should see a screen that looks as follows:

......................................................................................

Commercial Building Space Growth Option

Lamp Type

Mercury Content Option

Lamp Use Option

Lamp Disposal Management Flows

Mational Disposal Option

Scenario Specifications

|
|
|
|
| Emissions From Disposal Activities
|
|
|
|

Return To The Main Menu

7.1 COMMERCIAL BUILDING SPACE

This section of the model allocates commercial floorspace into large, medium, and small buildings.
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D UTE TG Raf G ELE]
[ 2 Building Group: |Large
Building Group Code: LG
Building Group Description: |Large buildingz with over 500,000 square feet. The average building zize iz
770500 50FT
suifadipeg Groun S usis s allgeijans i
Commercial Area Lamp Density |
State Id [53FT] [Lamps/SAFT] Basze Year
[ 3 [ * 3,926,246, 400 0.03a 1592
* | * 1] n n
B
M 4| Fecord |1 of 1 [rfm] |
M| 4| Recard|l [of 3 [wIH] [«] |

Starting at the top of the screen:

» Building Group ‘Large’ indicates we are looking at large buildings.

* Building Group Code: ‘LG’ - This is a two-letter code used by the model.

» Building Group Description:  This provides a general description of the building type.

“Building Group Space Allocatiohshows the amount of space allocated to the building group, the
lamp density in large buildings, and the base year (1992 - the year that the commercial space is

estimated for). Users are free to change lamp density, or the square footage allocated to a type of
building.

12
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State Id“XX” indicates we are running the entire nation as a whole, and this data element relates to
the capability of estimating emissions at a state level.

By clicking on the record number at the very bottom left of the screen, you can see our assumptions
for each of the building types. When you design your own scenario, you are free to make other
assumptions. Now, please close the screen, return EgdihBata Menu, and enter the

Commercial Building Space Growth Optionportion of the model.

7.2 COMMERCIAL BUILDING SPACE GROWTH OPTION

Because the overall demand for lighting changes with economic activity and with the construction
of new buildings, we estimated a rate of increase in the demand for lighting, which translates into a
greater total number of lamps used each year. As you can see, we assumed a growth rate of 2.4
percent per year for the entire modeling period. You can change these assumptions if you wish.
Because the model calculates total floorspace and then allocates the floorspace into the building
groups, the growth rate for all types of buildings must be the same.

13
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Option Hame:

Option Descrnption: |Thizia a baze caze option. [t reflects commonly accepted forecast for the multi-year commercial
gpace growth in the U5,

State Id: [<=
i b Datoc +
ATl Mot OWINTRaies. =
Year Growth Rate [ |
[ 2 1393 2.40%
1394 2.40%
1395 2.40%
1396 2.40%
1957 2.40%
1393 2.40%
1393 2.40%
2000 2.40%
EEEI 2.40% n
M) 4 |Fecord |1 [of 15 [rfm] |
Create New f Delete Edit Commercial Return To Data Edit
Records Space Growth Options Menu
M) 4 |Fecord |1 of 1 [rfm] |

7.3 LAMP TYPE DATA

Viewing the Lamp Type Data section of the model will enable you to examine our basic
assumptions about types of lamps. The database contains six types of lamps, one of which is a
dummy variable enabling us to populate newly constructed space with lamps. Only two (T12
and T8) of the remaining five lamp types are currently used in the model.

14



L:'I',"lp -r}p“‘} D."..l.t."..l. Lamp Life Savinsrll;::‘: Baze Lamp
Lamp Type [Mears] Baze Lamp Delamping Energy Cons.

M ame Code Deszcription Average Maximum [kwh/frear] Rate [Kwh rear]
p[LowHGT1Z CL |Lu:|w Mercury T12 | 4 | B | 0o | 1.00 | 180.00
LowHGT8 8L [Low Mercury T8 | 3 E | 56.0 | 08s | 180.00
Mone N4 |Dummy lamp type to handle previou | 1000 | 1000 | 0o | 1.00 | 0.00
T12 12 |T12 | 4 | B | n.a | 1.00 | 180.00
Ta Ta |TB | 4 | B | 56.0 | 0.5 | 180.00
TCPaz= T8 &H |High tercuny T8 that pazses TCLP | 3 | B | 5E.0 | 085 | 180.00

* | | 4] 4] 0o | 000 | 180.00

Lamp types incorporated into the basic structure of the model include:

1. Low Mercury T12 - These lamps are currently manufactured and sold in the US, but data
regarding populations were insufficient to allow analysis of this lamp type. Therefore, while
the basic structure of the model accommodates this lamp type, we did not include it in the
population estimates.

2. Low Mercury T8 - This type of lamp, which is defined as a T8 passing the Toxicity
Characteristic (TC) due to inherently low mercury content, has not yet been developed. No
populations are estimated for this lamp type.

3. None - Dummy variable used to seed the population of new floorspace.

4. T12 - Standard T12 lamp. This lamp is used in the model.

5. T8 - Standard T8 lamp. This lamp is used in the model.

6. TC Pass T8 - This lamp is assumed to be a T8 with relatively high mercury content, that
passes TC due to changes in phosphor chemistry. Such lamps may exist in the near future,
but they are not implemented in the model.

Lifetimes for T12s and T8s presented in the data tables are four years for average life and six

years for maximum life. The modedes the average life and the maximum life of four and six

years to estimate disposal rates. Specifically, the model assumes that lamp failures are described

by a binomial distribution as follows:

Fraction of failed lamps = (n!/((n-k)'k!)§R1-P)™"
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Where:

n = cohort year, which ranges from 1 to 6;
k = maximum lamplife; and
P = average lamplife divided by maximum lamplife.

Thus, in a given yeae(g, 2005) the model estimates the number of lamps replaced by group
relamping, and then uses the binomial distribution to estimate the number of lamps failing due to
age for the years 2005, 2004, 2003, 2002, 2001, 2000, and 1999. Shortening the average or
maximum lamplife will increase the number of lamps undergoing disposal, while lengthening
lamplife will have the opposite effect.

Building owners and operators conducting lighting upgrade programs tend to “delampEduce
the number of lamps lighting the space. Delamping rates vary, with some owners and operators
choosing not to delamp and others making large changes.

Therefore, in estimating the population of T8s we do not assume a one-to-one correspondence with
T12s. A one-to-one replacement rate is assumed for replacements of T12s with T12s, and T8s with
T8s, but not for a transition from T12s to T8s. Analysis of data from the Green Lights Program
indicates that Green Lights participants have a delamping rate of 0.85 when changing from T12s to
T8s. This is the delamping rate used in the magel {00 T12s will be replaced by 85 T8s).

Replacement of T12 lamps with T8s yields energy savings, which in turn potentially reduces the
mercury emissions from utility boilers through load reductions. To estimate energy savings the
model calculates the energy consumption of typical T12 and T8 installations, and compares the
energy usage. Most T12 lamps are used with "energy efficient magnetic ballasts," and there is a
mix of 40-watt and 34-watt T12 lamps. The American National Standards Institute (ANSI)-rated
consumption for two 40-watt T12 lamps on an EE magnetic ballast is 88 watts. The consumption
of two 34-watt T12 lamps on the same ballast is 72 watts. We used the average of 80 watts per
ballast to estimate an average energy use of 40 watts per T12 lamp.

The calculation of watts per lamp for T8 lamps is based on the judgment of lighting professionals
that two T8 lamps operate on one electronic ballast. ANSI reports total wattage consumption per
ballast of 62 watts. Thus, we estimate 31 watts per T8 lamp.

Based on Green Lights data, we assumed that, on average, the total hours of lighting per year are
4,000 for T8 lamps and 4,500 for T12 lamps. Thus, we calculated energy uses of 124
Kwh/lamp/year for T8 lamps and 180 Kwh/lamp/year for T12 lamps. From this, we estimate a per
lamp energy savings of 56 Kwh per lamp. Please note that because of delamping, actual energy
savings are higher than the 56 Kwh/lampl. Actual savings, including delamping, are calculated as
follows:

Energy Savings for a T8 Population = (T_pop/f)(#d.-f)*e

T12)

16



Where

T _pop = The T8 population

f = The delamping factor
€ = The per lamp energy savings without delamping
e, = The energy use of a base T12

Please exit theamp Type section, and enté&lercury Content Option.

7.4 LAMP MERCURY CONTENT OPTION

TheMercury Content Option portion of the model contains information regarding the mercury
content of each lamp type at the end ofiémeplife.

LAV BT CUTY HSOTHETH I PTIOTY

Option Hame: 1aze Mercury Conten

Option Descnption:  [Commonly accepted mercury content levels in lamps

Lamp Type: |L|:|w HGT12

. +
A . o Mercury Content by Species L=
i : Fi:ik:

AT Y] [ ma 7 lamp | =

Year Elemental Divalent Particulate

3 1932 0.0aa0 0.0000 0.0aa0

* 1] 0.0aa0 0.0000 0.0000
+

I4|4|F|eu:u:uru:|:|'| ||:|f 1 I3
Create New [ Delete Edit Mercury Content Return To Data Edit
Hecords Options Menu

Information in the Mercury Report to Congress indicates that mercury deposition rates vary
dramatically among speciésTherefore, it was decided to track mercury content in lamps by
speciesi.e., elemental mercury, divalent mercury, and particulate mercury. Data on overall
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' Mercury Study: Report to Congress: SAB Review DrEfPA 452/R-96-001. June 1996.
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mercury content were provided to EPA at meetings with manufacturers during the summer of 1996.
Manufacturers provided estimates of current and future mercury content, which were composited
into an estimate of total mercury content for T12s and T8s.

Please note that, because data on mercury content by species and mercury emissions by species are
considered highly uncertain, most model outputs are in total mercury. The mercury content of

lamps depends upon the type of lamp as well as the year of manufacture. Information from lamp
manufacturers indicates that substantial reductions in the mercury content of lamps have already
occurred, and more reductions are anticipated.

Users are of course free to make assumptions which differ from ours. As shown on the screen,
users can vary either the mercury content, the year in which a particular mercury content is
achieved, the relative fraction of the various species, or all of the above. Please note that for any
option and lamp type, the specification of mercury content carries over from one year to the next
until a new value is given.

Please exit this screen and enterlthmp Use Optionsection of théedit Data Menu.

7.5 LAMP USE OPTION

This section is the hardest part of the model for most people to understand. In essence, this section
of the model fills the floorspace with the types of lamps, by defining rules for lamp replacement.
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Option Hame: I M

Option Descrption: | This policy option reflects the current policy towards regulating disposal of lamps from commercial
buildings

State Id: IXX_

Building Group: |Large

Previous Lamp: |Low HG T12

.. +
D SIS DAl Lamp Sharein o Tepioces B
Mew Lamp ear Spot Relamping Group Relamping
[ 3 Low HG T12 * 19592 100.00% 0.0000%
Lowa HG T12 * 1993 100.00% 0.0000%
Low HG T12 * 1994 100.00% 0.0000%
Low HG T12 * 1395 100.00% 0.0000%
Low HG T12 L 13596 100.00% 0.0000%
Lowe HG T12 é 1997 100.00% 0.0000% *
] AR ecod]1 [of 16 pIM] [« | +*
Create New { Delete Edit Lamp Use Options Return To Data Edit
Records Menu

As you can see on the screen, replacement rules can change each year of the modeling period.
Rules for lamp replacement are defined by :

Option Name Each option can have its own lamp populations.
Building Group The replacement rules and therefore populations can differ by type of building.
Previous Lamp Previous Lamp Type indicates the type of lamp that is being repleced (2

or T8).

At the very bottom of the screen, click on the record advance in the lower left-hand corner until
“Base Case” appears in tlption Nameblock. Continue until the previous lamp type is “none;”
please remember that “none” is the dummy lamp type allowing us to populate newly constructed
floorspace.

Based on information from the EPA Office of Air and Radiation (OAR), the model assumes that
prior to 1993, 100 percent of commercial buildings are populated with T12s. The percentage
changes to 85 percent T12s and 15 percent T8s from 1993 to 1997. After 1997, the percentage
becomes 50 percent T12s and 50 percent T8s and remains constant thereafter.
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Clicking to the next record, we have replacement rules for existing T12s in large buil@ngs (
“Building Group” is “Large,” and “Previous Lamp” is “T12"). Now we are defining the

replacement rules for T12s in large buildings. The “New Lamp” column indicates the potential
replacement lamp for our previous lamp.( T12), the “Year” column indicates the year in which

the rules apply, the “Lamp Share” column indicates the percentage share of the replacement lamp
in spot relamping operations, and the “Group Relamping” column indicates the fractional share of
replacements in group relamping operations.

Let’s look at the first two rows as an example. First, we have T12s in 1992 with a spot relamping
share of 100 percent and a group relamping share of O percent. This means that all of the T12s in
spot relamping were replaced with new T12s;,(100 percent share) and no T12s were replaced
with new T12s in a group relamping operation. Overall, we always assume that in spot relamping
T12s replace T12s, and T8s replace T8s. We make this assumption because the fixtures used by
these lamps are different. T12s cannot be placed in unmodified fixtures, nor can T8s be placed in
unmodified T12 fixtures.

In the second row we have T8 1992, 0 percent share of spot relamping, 6.9 percent share of Group
Relamping. This means that no T8s replaced T12s in spot relamping operations, and that T8s
replaced 6.9 percent of the existing T12s as part of Group Relamping operations. Examination of
the rest of the data set will provide you with our replacement rules for T12s. The model gives you
the capability to develop your own replacement rules.

Please click to the next record, which defines the replacement rules for T8s in large buildings. In
these rules T8s always replace T8s. Because some building owners and operators conduct group
relamping after converting to T8s, the model allows for T8s to be replaced with T8s as part of a
group relamping process. The 20 percent share for group relamping equates to about 60 percent of
the buildings equipped with T8s conducting group relampieg @.60 share times 3 years equals

0.20 percent of the total population).

Feel free to examine the replacement rules for the various types of lamps. As currently
implemented, note the following:

* In spot relamping, the same lamp always replaces the previous lamp.

» The replacement rules do vary with building type, with T8s having higher penetration
rates in larger buildings.

As always, the model allows you to develop your own replacement rules.

7.6 REVIEW

Let us take a minute and see what we have done, where we are, and where we need to go. To
estimate mercury emissions from the disposal of lamps, we need estimates of the number of
lamps undergoing disposal each year, and the mercury content of those lamps. In the previous
sections we have:
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» Allocated floorspace among types of commercial buildings;
» Populated those buildings with lamps of various types;

» Estimated the life of lamps, which we use to estimate the number of lamps disposed as
a result of spot relamping; and

» Estimated the number of lamps disposed as a result of group relamping.
The model now has all of the information needed to estimate the amount of mercury entering the
disposal system as a result of the disposal of fluorescent lamps. The next sectio&sliof the

Data Menu deal with the disposal system, and the estimation of emissions from the disposal
system.

7.7 EMISSIONS FROM DISPOSAL ACTIVITIES

Double click on thé&Emissions From Disposal Activitiedbar in theEdit Data Menu. This section
of the model contains emissions rates for disposal activities. The screen should look as follows:

Fullsp S uliun Asliiivyg
3 Activity Hame: M

Activity Code: IEB

Activity Descrtpion: [CE Compliance Transpart

+
VIBTCUTY ASIMSS DT ale s =
Central Emigsions High Emizzions Low Fmiszions
Ele- Diva- Parti- Ele- Diva- Parki- Ele- Diva- Parki-
Year mental lent culate mental lent culate mental lent culate

| 1997 10000z  280%) 000% 100.00% G80%|  000%) 100002 110% 000
1998 100.00%) 280%| 000%) 10000%] GB80%| 000%|710000% 1.10%] 0.00%
1999) 100.00%) 280%| 000%) 10000%) GB80%| 000%|710000% 1.10%] 0.00%
20000 100.00%)  280%| 000%) 10000%] EB80%| 000%|710000% 1.10%] 0.00%
2001 100.00%)  280% 000%) 10000%] EB80%| 000%|710000% 1.10%] 0.00%
2002 100.00%)  280%| 000%) 10000%] EB80%| 000%|7100.00% 1.10%| 000%
2003 100.00%)  280%| 000%) 10000%| BE0%| O000(10000% 110 000% [+
I4|4|Fiec1:url:|:|1 ||:|f 1 I3 ]
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As you can see, the upper portion of the screen contains the following information regarding each
disposal activity.

Activity Name A unique name for the disposal activity.
Activity Code A unique 2 character code for each disposal activity.
Activity Description A brief description of the disposal activity.

The lower portion of the screen contains the three emissions rates for the aaivide(tral

Emissions, High Emissions, and Low Emissions). Emissions rates may also vary by year, although
we have not used this feature in any of our analysis. Emissions rates are expressed as percentages
of the species emitted. For example, in the act@Eycompliance transparthe elemental

mercury emissions estimate is 100 percent. If the elemental mercury content of a 1996 T12 is 0.06
mg, each such lamp will emit 0.06 mg during this activity.

The model contains built-in waste management activities, and you may modify the emissions rates
of these activities, or you may add additional waste management activities. We developed these
activities to model the flow of wastes throughout the entire disposal system. Because emissions
rates for each activity must be unique, we developed numerous units. The following are the
disposal activities incorporated into the model:

» Dummy Units - To control waste flows we developed a series of dummy units, each of which
has the precedent start. Dummy units have zero emissions, and include:
¢ Start
¢ Within the Baseline:
0 Subtitle D Management
O Subtitle C Management
¢ Within CE:
O Noncompliance/CESQG
0 Compliance
¢ Within UW
O UW Noncompliance/CESQG
0 UW Compliance
» Transport Units - These are activities involving the transport of lamps, and include;
¢ Within the Baseline:
0 Subtitle D Transport. The transport of lamps to Subtitle D management units, such
as landfills or incinerators
O Subtitle C Transport. The transport of lamps to Subtitle C management units, such
as landfills or recycling
¢ Within CE:
0 CE Compliant Transport. The transport of lamps to CE compliant units such as
certain Subtitle D Municipal Landfills
0 Subtitle D transport - NC. Transport of lamps to noncompliant units within CE
(e.g, incinerators)
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¢ Within UW
0 UW Compliant Transport. The transport of lamps to compliant units within the
Uuw
0 UW Noncompliant Transport. The transport of lamps to noncompliant units
within the UW
Crushing - These are activities involving the crushing of lamps, including:
¢ Within the Baseline:
0 Onsite crush D. The onsite crushing of lamps, with the remains being transported
to Subtitle D management units, such as landfills or incinerators
0 Onsite crush C. Subtitle C Transport. The onsite crushing of lamps, with the
remains being transported to Subtitle C management units, such as landfills or
recycling
¢ Within CE:
O Onsite crush D. On-site crushing in Subtitle D management
[0 Onsite crush D/NC. On-site crushing in a noncompliant Subtitle D management
scenario
0 Onsite crush C. On-site crushing in Subtitle C management
¢ Within UW
O UW crushing. On-site, crushing in the compliance portion of the Universal Waste
O UW noncomply crushing. On-site crushing in the noncompliant potion of the
Universal Waste
Landfills - These activities involve the landfilling of lamps
¢ Within the Baseline:
O Subtitle D Landfill (B). A Subtitle D landfill
0 Subtitle C Landfill (B). A Subtitle C landfill
¢+ Within CE:
0 CE Noncompliant Landfills. A Subtitle D landfill that does not comply with CE
O Subtitle C Landfill (CE). A Subtitle C landfill used in the compliant portion of the
CE waste flow
0 Compliant D Landfill. A CE compliant Subtitle D landfill
¢ Within UW
O Subtitle D landfill (U). A Subtitle D landfill
O Subtitle C Landfill (U). A Subtitle C landfill
* Recycling - These are activities involving the recycling of lamps, including:
O Within the Baseline:
» Recycle baseline C
O Within CE:
+ CE Recycle
O  Within UW
«  UW recycle
Municipal Waste Combustors (MWC) -
¢ Within the Baseline:
0 MWC (B)
¢ Within CE:
0 MWC (B)
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¢ Within UW
0 MWC (U)

In the next section we will see how these disposal activities are organized into a disposal system or

tree. Please exit this screen, return tcgtie Data Menu, and entet.amp Disposal
Management Flows

7.8 LAMP DISPOSAL MANAGEMENT FLOWS

This section of the model controls the flow of discarded lamps through the management system,
and organizes the disposal activities into “trees.”

Disuusilubiizigamant Bluss = Asliiyg Alussiliuggs

Flow Option Hame: Im

Option Descphlion:  |Bazeline management at a 100 percent compliance rate

Building Group: ILarge
Lamp Type: IL:::w HG T12

Previous Dizspozal Activity: IEInsite crugh -0

+
WAt B Ao L B S TR T CIVIITES: |
Dizpozal Activity Year Share of Lamps Reaching Activity
2 Subtitle O Landfill [B] 2 1952 a7.00%
kW C (B * 1992 12.00%
* : 1]
+
4]« |Heu:-:ur|:|:|'| ||:|f 2 [ ]e1] |
Create New [ Delete Edit Disposal Flow Return To Data Edit
Records Option Menu

As shown on the following pages, Figures 7-1, 7-2, and 7-3 present the current waste disposal
flows.
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Figure 7-1. Baseline Waste Flow/Disposal Tree ’

z ’ Subtitle D
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Crushing -
> (Onsite Crush-D)
I Start >
q 20% 1 Recycle
20% Baseline
ﬂ > Subtitle C =
Transport >
a. 80% 80%
o Subtitle C
LL) .| Subtitle C > ” Landfill
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N
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% Drum Tc . .
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(Onsite Crush-C) Landfill

*Conditionally Exempt Small Quantity Generators (CESQGs)




Figure 7-2. CE Waste Flow/Disposal Tree
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Figure 7-3. UW Waste Flow/Disposal ’
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—> Crushing
Start > ’
> UW Recycle
80% 80%*
> UW Compliant >
Transport "
90% 9
% 20% | subtiteC
» Landfill
» UW Compliance >
N
10%
o . 100% Subtitle C
»  UW Crushing > Landfil

* After accounting for the percentage of lamps being managed under UW Compliant Transport, this 80% recycling rate translates into an "effective" recycling rate of 57%.
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The organization of trees is by:

» Option- This is the name of the option to which the tree applies. This allows you to develop
different waste flows for different options,g, the waste flow for CE will differ from baseline.

» Building Group- Lamps from different buildings may have different treeg; large buildings
could be modeled with a different set of requirements than small buildings.

» Lamp Type Different types of lamps from the same building type can have different trees. For
example, you could build a tree that assumes future low mercury T8s are managed in a
particular way, while other T8s are managed in a different way.

* Year- Itis possible to vary the flow of waste within a tree by year.

The ground rules for developing a disposal tree are as follows:

» Each unit on the tree must be unique; the same unit cannot appear in two places.
» Each unit on the tree may receive wastes from more than one ‘upstream’ unit.
Several units on a tree may send waste to the same unit.

Now, advance to record 122 of 1440. Notice that you are in the baseline management waste flow;
large buildings; lamp type T12.

The key portions of the screen are the following:
» Previous Disposal Activity which in this case istart’ and

» Waste Allocation to Destination Activities This box contains the following two
activities: Subtitle D Management and Subtitle C Management. On the far right is shown
the share of lamps from the previous activity (in our example the previous activity is
‘start ) going to each of these two destination activities, (80 percent of the lamps from
startgo to Subtitle D Management, while the remaining 20 percent go Subtitle C
Management).

Advance one record to record 123 of 1440. Here we see that of those T12s from large buildings
going intoSubtitle C Managemefihe previous activity), 80 percent go itf8abtitle C Transport

and the remaining 20 percent erersite Crush-C By following the disposal trees you can review
their structure. Please note that disposal trees must consist of units that can be found in the
Emissions From Disposal Activitiessection of the model. ThHemissions From Disposal

Activities section defines activities existing within the model and in attempting to use an undefined
activity, you may be attempting to use a unit that does not exist.
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7.9 NATIONAL DISPOSAL OPTION

TheNational Disposal Optionsection combines waste flow options to model a policy. Please
enter this section of the model. The screen should look as follows.

N ETOT ¥et| A TR LV O el I LHTOT Y

Dizpozal Option Mame: IM

Option Descnption: |Current Bazeline M anagement Oplion

State Id: |><C><_

Lisouszil Uatian Satoansnts

| [+

Year Local/H ational Disposal Option
2 1992 B azeline Management
#* 1]

T | &

Hl!lHecnrd:h ||:|f 1 [ ]e1] |

Create New | Delete Edit Mational Lamp Return To Data Edit
Records Disposal Option Menu

Now go to record 8 of 13, which @onditional Exemption The box entitled “Disposal Option
Components” lists the following:

Year Local National Disposal Option
1992  Baseline
1998  Conditional Exemption

This section of the model is in essence telling the model to uBa#etinedisposal waste flows
from 1992 through 1997 and then use@uaditional Exemptiomaste flows from 1998 onward.
Again, the model cannot accommodate disposal flow options that are not definedamthe
Disposal Management Flowsection.
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7.10 SCENARIO SPECIFICATIONS

This section of the model allows you to combine the various components of the model into a

scenario. Enter the section and you will see the following on the screen.

EETEN R ECHICations:

Mame Code
Dezcription Options Used the Scenario

Baze Case |BS Growth Option: |Steady 2.4%5T E
T — Mercury Content Option: |Ease Mercurn Content 2]
Lamp Use Option: |Baze Caze 2]
Mational Dizposal Option: |Baze Option 2]
Baze Caze Scenanio: |Eaze Caze Ed
azeline 100 Percen B Growth Option: |Steady 2.4%5T E
B aselne management af 100 percent Mercury Content Dpt!un: Baze Mercuy Content 2]
compliance Lamp Use Option: |Baze Caze 2]
Mational Dizposal Option: |Bazeline 100 Percent 2]
Baze Caze Scenanio: |Eaze Caze Ed
CE =2 10% Breakage |tt Growth Option: |Steady 2.4%5T E
- — Mercury Content Option: |Ease Mercurn Content 2]
The CE option at 25% breakage rate Lamp Use Option: [Base Cae a8
Mational Dizposal Option: |CE 10% Breakage 2]
Baze Caze Scenanio: |Eaze Caze Ed
CE (= 25% Breakage |tf Growth Option: |Steady 2.4%5T E
- — Mercury Content Option: |Ease Mercurn Content 2]
The CE option at 25% breakage rate Lamp Use Option: [Base Cae a8
Mational Dizposal Option: |CE 25% Breakage 2]
Baze Caze Scenanio: |Eaze Caze Ed

Note that a scenario is comprised of:

* A Growth Option - Growth Options set the rate at which commercial building

space in the United States grows.

* A Mercury Content Option - Mercury Content Options set the mercury content of

lamps by type of lamp and by year.

* A Lamp Use Option- Lamp Use Options set the patterns by which the various

types of lamps are used in buildings, and the rate of disposal.




* A National Disposal Option- National Disposal Options establish the waste
management of lamps.@, by lamp type, by building type, and by year), and the
emissions rates of the steps in the management process.

» A Base Case The base case establishes cases for comparing energy savings from
various policy options.

Now let’s build a new scenario.

7.11 BUILDING A SCENARIO

Scenarios are built through tkeit Data Menu. We have installed some features to ease this

process, which will be discussed in this chapter. In essence there are two types of data edits that
can be made. First, ti@mmercial Building SpaceandLamp Type sections are limited to a

simple line edit feature. If you wish to change the values in these screen just click on the data

items you wish to change and make your changes. While all of the screens can be edited using this
process, there are features on most of the others to ease the editing. To demonstrate we will create
a new scenario.

Many of the analyses we anticipate users may wish to conduct involve making slight changes to a
portion of a scenario. Because scenarios are data intensive, we have provided a feature to ease this
process. Enter tHeamp Use Optionportion of the data menu and then double click orttie

Lamps Use Optionsbutton. Scroll down to an empty box and enter an option nhame and

description. The name must be unique and cannot duplicate another option name. We have now
established a destination for copying the records we wish to edit. Exit the screen, which should
return you to théamp Use Option Screen.

Now click on theCreate/Delete New Record8utton, and then click on theamps Use Option

bar on the left. UndeDrigin/Key Variable Values, click on the down arrow and select the option
you wish to copy into your new option. Move to estination Key Variable column and click

on the down arrow. The option you just named should be visible. Highlight that option. Now
click onAppend Records. Exit this screen and return to themp Use Option Menu You can

see we added 18 records, and scrolling to the end of the records you should see your new option.
You may now use the screen edit feature to place the lamp use patterns you wish to use into your
new option.

Go back to th&cenario Specificationgortion of the model in thEdit Data Menu. By scrolling

down to the end of the form, you will see a blank scenario specification entry. Give your scenario a
name (again it must be unique), a unique two character code, and select the elements you wish for
your scenarios by clicking on the down arrow buttons to the right of the scenario compmgents,
when selecting theamp Use Optionyou may select your new lamp use option.

TheBase Casesection of th&scenario Specificationscreen provides a means for comparing
energy savings among scenarias; you are defining another scenario against which to measure
the incrementagnergy savings provided by your new scenario. In making selections for the energy
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base case, please note that the selected ‘base case’ should have @ensaraesial Building
Space Growth Option,but all other aspects of the scenario may dfffer.

When you are done specifying your new scenario, close out the screen, closé&dittiata

Menu, and return to thlain Menu. Enter theSelect Scenariosnenu, and you should see your

new scenario on the selection list. (You may have to scroll down to the end of the scenario list.) If
you wish to run your new scenario, move it toSetectedoox, move all other scenarios to the
selection list, close the screen, andBata Diagnostics After verifying that there are no errors,

exit theData Diagnosticsby selecting close from the ‘file’ section at the top of the screen.

?If the growth rates of floorspace differ, the energy savings will be made across differing amounts
of floorspace, and thus will not be a valid comparison.
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8. CALCULATING EMISSIONS FOR SELECTED SCENARIOS

Now double click on th€alculate Emissions for Selected Scenaridsitton. When the progress

bar shows 100 percent complete and then disappears, the scenario is ready to view through the
reports and graphs sections. Note that any time you change any inputs or variables, you need to
recalculate the emissions. You have now completed this initial walk-through of the Mercury
Emissions Model. As you gain experience in developing and building scenarios, the process will
become easier.
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