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This study is an update of the original research com-
pleted in November 1998 by KSBA Architects that ex-
plored the potential for facility operating savings through
the use of Flat Panel Monitors* (FPMs) in high-density,
open plan office environments. The update was deemed
necessary to include the recent significant price decrease
of FPMs that dramatically reduced the cost premium to
the equivalent Cathode Ray Tube Monitors (CRTs). The
effort, however, is not confined to the monitors' capital
costs, but rather re-examines assumptions and expenses
to accurately reflect today's business environment.

FPMs continue to gain popularity for desktop PCs. Al-
though FPMs are admittedly more expensive than the
comparable CRT, they present three major advan-
tages that may more than make up the purchase
price difference by enabling significant facility sav-
ings. These advantages are:

� less space used,
� less energy used, and;
� superior quality images from a monitor that

adapts better to a variety of lighting conditions.

The study addresses four potential savings opportunities
that result from reduced energy consumption, furniture
costs, office space rental  and construction costs. For
this purpose, seven benchmark workstations are
identified that are commonly found in high-density
offices. The benchmark workstations are then evalu-
ated and compared to redesigned/modified worksta-
tions after the utilization of the much slimmer, but
equivalent in size FPM unit, while maintaining key
ergonomic standards. A complete financial analysis is
performed and Return-On-Investment (ROI) spread-
sheets are developed that show savings under differ-
ent scenarios.

* Definitions for words in italics can be found in Appendix A.
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Research Team

In 2003, through a fund from IBM, Kingsland Scott Bauer
Associates (KSBA), Pittsburgh, PA, updated the original
FPM study of 1998. The revisions were completed by
Liana Berberidou-Kallivoka, Ph.D.,  Director of Research
at KSBA, with significant contributions from Roger L.
Kingsland, AIA, Managing Partner of KSBA. The study
was edited by Anne Davis, Marketing Director of KSBA.

The original study was commissioned by IBM in 1998,
and completed by KSBA with assistance from Flack +
Kurtz Consulting Engineers, LLP, New York, N.Y. KSBA is
an architectural, interior design, planning and project
management firm that specializes in the design of high-
density, information/technology-based office environ-
ments. Flack + Kurtz is a multinational building services
engineering firm headquartered in New York, with
offices in Washington, DC, San Francisco, Seattle, London
and Hong Kong, and with affiliates in Berlin, and Sydney.

KSBA managed the study and completed the research
relative to workstation size and construction cost sav-
ings. Flack + Kurtz Consulting Engineers were respon-
sible for all energy analysis associated with the reduced
energy consumption of FPMs.

The research team was headed by Roger L. Kingsland,
AIA, Managing Partner of KSBA. Mr. Kingsland is head of
the Performance Design research effort at KSBA, which
involves linking facility design decisions to increased
profitability through research in four areas; reduced
capital costs, reduced energy costs, reduced healthcare
costs, and increased productivity. Mr. Kingsland has
published articles in several professional magazines,
journals, and newsletters including Teleprofessional,
Open Lines, and the American Banker Management
Strategies. He has written several issues of SCOpE, KSBA�s
newsletter and given numerous lectures and presenta-
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tions on Performance Design to the American
Telemarketing Association, the World Conference on
Incoming Call Center Management, the EIS Users
Conference and The Wharton School of Business.

Mr. Kingsland was assisted by Gary P. Moshier, AIA, who
completed ergonomic research and participated in the
workstation design effort, and Liana Berberidou-
Kallivoka, Ph.D., who refined the study. Mr. Moshier, an
Associate at KSBA, has an extensive interior design
background and has worked on several high-density,
information/technology office projects for clients includ-
ing AT&T, CNG and PNC Bank. Dr. Berberidou-Kallivoka is
a registered architect with a wide spectrum of work. She
has published articles on energy conservation strategies,
environmental sustainability issues, building perfor-
mance simulations and high-performance work-
places.

KSBA�s team included Grant E. Scott, AIA, Principal at
KSBA, who assisted in the development of alternative
workstation designs; Patricia Canfield, who assisted in
the workstation designs; Robert Le Bras who handled
the graphic design; Mark Mechling who produced the
3-D modeling of the workstations; and Brian Greene,
AIA, and Choli Lightfoot who assisted with drafting.

The Flack + Kurtz energy analysis was completed by
Lenny Zimmermann, a Partner in the firm and a profes-
sional engineer, consulting mostly on commercial and
institutional projects, both new construction and retrofit.
Mr. Zimmermann is an electrical engineer who has
background knowledge in the fields of mechanical
engineering and telecommunications. He was assisted
by Mark Powasnik, a Flack + Kurtz Associate and regis-
tered engineer. Mr. Powasnik is a mechanical engineer
who specializes in the design of heating, ventilation and
air conditioning systems for commercial projects.

Additional KSBA Team
Members

Flack + Kurtz Team

Project Associates

Research Team
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1. Executive Summary

1.1 Scope of Study

The updated study reflects the significant price decrease
of Flat Panel Monitors (FPMs) that reduced the cost
premium to the equivalent Cathode Ray Tube Monitors
(CRTs). The study also re-examines the earlier assumptions
and associated costs to accurately reflect today's business
practices. In particular, workstation furniture costs,
construction costs and electricity rates were revised.
In addition to the 15-inch FPM, this study makes the
case for the 17-inch FPM and its equivalent CRT.

The original study was commissioned to determine the
extent to which facility costs will be reduced through the
use of FPMs in high-density, open plan office environ-
ments. The purchase or lease cost of these monitors is
greater than the more common CRTs. However, the FPMs
have three distinct advantages over the CRTs:

1. FPMs use considerably less space (2.5 inches deep
versus 16 to 18 inches deep for the comparable
CRTs) and, therefore, there is potential to realize
savings in office rental and construction costs.

2. FPMs use less energy.
3. The graphic images produced by the FPMs are of

higher quality and the monitors appear to be
more tolerant to a variety of lighting conditions;
therefore, there is potential for improved occu-
pancy comfort and satisfaction, reduced
healthcare costs and increased productivity.

The study addresses only the quantitative, facility related
issues which include potential savings in rent, furniture
costs, construction costs and energy consumption.
The more abstract, qualitative issues, relative to
occupancy comfort, healthcare costs and productiv-
ity are beyond the scope of this study.

1.1.1 Scope of Update

1.1.2 Advantages of Flat
Panel Monitors

1.1.3 Facility Related Savings
Addressed Only
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The methodology used involved, first, the identification
of seven benchmark workstations typically found in high-
density, open plan office environments (see Figure 1).
Each workstation was then redesigned to determine any
space savings associated with the use of FPMs, while
maintaining other benchmark workstation features, such
as functional worksurface area and standing area (see
Figure 2). As part of the redesign process, ergonomic
dimensional parameters, such as minimum toe/knee
space requirements and optimum dimensions from the
monitor screen to the user�s eyes and the edge of the
keyboard, were researched and documented.

Most of the space savings are realized through elimina-
tion of worksurface area that is necessary primarily
because of the depth of the CRT monitor. For example, a
linear worksurface must be 3 feet deep to accommodate
a CRT and only 2 feet deep to accommodate an FPM.
Since normal human reach does not extend beyond 2
feet, the additional 1 foot of depth is required, primarily,
for the excessive depth of the CRT monitor and has little
additional functional use.

The smaller sizes of the FPM workstations will therefore,
result in rent savings, which are estimated in the Finan-
cial Analysis, Section 8.

FPMs use approximately 60% less energy than conven-
tional CRTs. Energy savings were calculated four ways:

1. Reduced energy costs to power monitors.
2. Lower air conditioning energy costs resulting

from reduced heat output from monitors.

3. Reduced first costs of power systems.

1.2.2 Non-Functional
Worksurface
Eliminated

1.2.4 Energy Savings

1. Executive Summary

1.2.3 Rent Savings

1.2 Methodology / Assumptions

1.2.1 Benchmark Versus
Modified Workstations
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4. Reduced first costs of air conditioning systems.

Since the redesigned workstations are smaller and, in
some cases, simpler furniture costs can be lower. The
resulting savings were estimated based on input from
several leading furniture manufacturers.

Additional savings in the form of reduced construction
costs can be realized by purchasers of FPMs who relocate
to new space. The savings in construction costs associ-
ated with reduced space requirements were calculated
and included in the analysis.

All facility costs are expressed in "cost over time" via rent
or loan payments. Any capital costs that would not
normally be included in gross rent  were converted to
cost over time by assuming a market loan rate of 8.5%.
The loan term for furniture, and tenant fit-out construc-
tion, was assumed to be equal to the term of the lease or
5 years. The term for base building construction was
assumed to be 20 years.

The loan term for the financing of the FPMs was as-
sumed to be 5 years at a rate of 8.5%. The price differ-
ence between the FPMs and the equivalent CRTs was
based on average monitor sale prices as of March 2003.

The Return-On-Investment (ROI) and savings per
workstation per year are calculated based on various
rent assumptions in the Financial Analysis Section 8.

Three scenarios were assumed:

� Scenario A - A company would either move
to new space, or reconfigure its existing space
and realize savings associated with reduced rent,
energy consumption and the cost to purchase

1.2.7 All Costs Expressed
Over Time

1. Executive Summary

1.2.6 Construction Cost
Savings in New Space

1.2.8 Savings Scenarios

1.2.5 Furniture Savings
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smaller, simpler furniture.

� Scenario B - A company would move into new
space and realize savings in tenant fit-out costs,
in addition to those in Scenario A.

� Scenario C - A company would move into a
new building, where savings associated with the
reduced size of major mechanical and electrical
equipment could be realized, in addition to
savings mentioned in Scenarios A and B.

Since the savings in energy consumption alone do not
justify the purchase cost of an FPM, each of these sce-
narios assumes additional savings. In all cases, it is
assumed that the cost of new furniture is independently
justified.

Due to the reduced energy requirements for FPMs, it is
also possible that major mechanical and electrical build-
ing systems could be downsized, depending on the size
of the new facility. This would occur if the mechanical
and electrical systems of a new building were designed
around the reduced energy requirements of an FPM.
Although many information / technology-based office
facilities are located in existing spaces, there are many
advantages to designing new buildings specifically for
these uses. By combining the savings associated with
FPMs with other building technologies appropriate for
information / technology facilities, the total energy
consumption in a new building can be significantly
reduced.

1. Executive Summary

1.2.9 Base Building Savings



Kingsland Scott Bauer Associates, Pittsburgh, Pennsylvania USA

Copyright 2003

Kingsland Scott Bauer Associates (KSBA), Pittsburgh, PA

All rights reserved.

412-252-1500 www.ksba.com

Analysis of Facility Cost Savings
Associated with Flat Panel Monitors

Most mechanical/electrical systems in older office
buildings (and for that matter, many new office
buildings) are not of adequate capacity to accommo-
date the higher density of people and computers
found in information / technology office environ-
ments. Therefore, it is often necessary to make expen-
sive modifications to these systems. Depending on
specific project requirements and the scale of the
project, the use of FPMs may result in sufficient
reduction in energy requirements to avoid modifica-
tions to existing mechanical systems.

Section 8 contains the Financial Analysis of the
study. The rentable square feet (RSF) saved per work-
station are derived from the Workstation Size Com-
parisons in Section 4.3. The savings per workstation
per year, and the ROI for each of the scenarios are
calculated for various assumed gross rental rates in
the Financial Analysis, Section 8.

The breakeven point, where the ROI is positive, varies
between rental rates as high as $45 per RSF to less
than $5 per RSF per year depending on the type of
workstation and Savings Scenario selected. In some
cases, savings are realized even without any rent
consideration.

Based on the ROI Analysis, there is a pattern indicat-
ing the larger the workstation, the greater the poten-
tial for savings. For example, using Scenario B at $15
per square foot rental rate, the return on investment
for each workstation is indicated below, when 15-
inch FPMs are utilized. The workstation types have
been prioritized based on an increasing weighted
scale of the workstation's area and the area savings

1.2.10 Reduced Modifications
to Existing Mechanical
Systems

1. Executive Summary

1.3 Findings

1.3.1 Range of Savings
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needed to power the monitor, increase in proportion
to the size of the workstation.

All workstations except type 6 (trading desk) employ a
single monitor. The trading desk is the only station with
multiple monitors, and this is the reason it does not
follow the expected savings pattern. Since the size of the
workstation is relatively small, any space savings must
offset the cost of four monitors rather than just one.
Therefore, this workstation offers the least opportunity
for savings. However, Trading Rooms are often located in
areas, such as Wall Street, where rental rates are high
enough to justify the use of FPMs. Moreover, if expansion
space is not available at any cost, workstation density
can still be increased by approximately 20% with the use
of FPMs.

The data demonstrate that the use of the FPMs is finan-
cially justified when combined with substantial facility
changes. This is because the savings in energy alone do
not offset the additional cost of the FPM. In order to
realize the full range of savings associated with higher
density and reduced furniture costs, the tenant must be
committed to purchasing new furniture and either
reconfiguring existing space or moving into new space.
Therefore, the best opportunities for using FPMs are in
situations where the purchase of new furniture has been
justified independently. These situations may include:

� A need to improve operations and staff efficiency that
cannot be supported with existing furniture.

� Existing furniture is beyond its useful life.
� Consolidation of several locations having different

types of furniture into a single location.
� Start-up of a new business unit or expansion of an

existing business unit in a new location.

1. Executive Summary

1.3.4 Facility Changes are
Necessary to Realize
Full Range of Savings

1.3.3 The Trading Desk Case



Kingsland Scott Bauer Associates, Pittsburgh, Pennsylvania USA

Copyright 2003

Kingsland Scott Bauer Associates (KSBA), Pittsburgh, PA

All rights reserved.

412-252-1500 www.ksba.com

Analysis of Facility Cost Savings
Associated with Flat Panel Monitors

The trend in office design is toward higher density,
open plan work spaces, with computers at most
workstations. Computer equipment, particularly CRT
monitors, occupies valuable floor area that decreases
the efficiency of open office space. FPMs have a
fraction of the depth of CRT�s and offer potential to
save space. In addition, CRT�s consume more power
than FPMs, which results in increased operating
costs and increased capital costs for larger air condi-
tioning and electrical systems. Therefore, although
on a component basis FPMs are more expensive,
there is potential for facility savings to offset and
exceed the additional cost.

There are also qualitative savings opportunities with the
use of FPMs. LCD technology eliminates flicker or move-
ment of the pixels that is typical with CRTs. Moreover,
due to the flat surface and matte finish of the screen, the
FPM appears to be more tolerant to a wide variety of
daylighting and electrical lighting conditions found in
office environments. As a consequence, there appear to
be substantial opportunities to improve occupancy
comfort, reduce healthcare costs and increase pro-
ductivity through reduced operator eyestrain.

It could be, therefore, demonstrated that the deci-
sion to use FPMs can be justified financially, when
analyzed holistically and all potential savings are
included in the analysis. The purchaser of FPMs can
empirically justify the purchase, and enjoy not only
substantial facility savings, but realize the even
greater benefits of improved employee health, satis-
faction and productivity as well.

2. Hypothesis

2.1 Facility Savings

2.2 Potential for
Additional Savings



Kingsland Scott Bauer Associates, Pittsburgh, Pennsylvania USA

Copyright 2003

Kingsland Scott Bauer Associates (KSBA), Pittsburgh, PA

All rights reserved.

412-252-1500 www.ksba.com

Analysis of Facility Cost Savings
Associated with Flat Panel Monitors

3. Methodology

This study focuses solely on savings associated with
office facilities that employ FPMs. These savings include:

A. Savings associated with reduced workstation
area:
� reduced rent
� reduced furniture costs
� reduced construction costs for desirable

components not normally included in rent

B. Savings associated with reduced energy
consumption:
� lower utility bills
� reduced construction costs resulting from

lower air conditioning and electrical equip-
ment capacity

The methodology employed to analyze the potential
facility operating savings involved first the identification
of benchmark workstations, typically found in high
density, open office environments that employ CRT
monitors. Based on the researchers experience and
knowledge of market product offerings from a variety of
furniture manufacturers, seven workstations were se-
lected that reflect a wide range of uses and densities. A
conscious effort was made for the benchmark worksta-
tions to consistently reflect proper ergonomic dimen-
sional standards.

Ergonomic standards were established based on re-
search that considered dimensional extremes from a Fifth
Percentile Woman up to a Ninety-fifth Percentile Man for
the following horizontal dimensions:

a. Face of the monitor to the human eye.
b. Face of the monitor to the front edge of

3.2 Benchmark
Workstations

3.1 Facility Savings
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keyboard tray worksurface.
c. Front edge of keyboard tray worksurface to back

of chair in a normal seating position and in a
reclined position.

d. Front edge of keyboard to front of user's shoes
(leg room).

e. Width of circulation corridors.

The seven benchmark workstations were then rede-
signed to accommodate FPMs (modified workstations),
while maintaining other features of the workstation
constant. The goal was to realize space savings by
eliminating worksurface area that was required primarily
because of the larger size of the CRT monitor, and which
did not otherwise contribute to the functionality of the
workstation.

The workstations were appropriately modified to reflect
best practices and eliminate differences between the
benchmark and modified workstations that are not
attributable to the reduced size of the FPM. For example,
it is common for keyboards to be mounted on trays
which extend out from the front edge of the
worksurface. This is particularly true in workstations,
where the keyboard and monitor are in the corner. This
type of cantilevered tray would position the user further
back from the worksurfaces on either side of the key-
board; therefore, reducing the amount of worksurface
accessible to the user. Except in cases, where the design
of the workstation requires a cantilevered keyboard tray,
all keyboard trays are flush with the front edge of the
worksurface.

A distinction is made between total worksurface area
and functional worksurface area, which is defined as the
area of worksurface equal to, or greater than 12 inches

3. Methodology

3.4 Workstations
Designed to Reflect
Best Practices

3.3 Modified
Workstations

3.5 Functional
Worksurface Area
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from the front edge and less than or equal to 24
inches from the front edge. This eliminates two types
of worksurface areas from the �functional� category.
First, any worksurface that is less than 12 inches
deep, and second, any area that extends beyond 24
inches from the front edge, because this space is not
within easy reach of the user and, therefore, is
probably only functional for items that are unneces-
sary, or should be stored elsewhere.

The redesign also attempted to keep the standing area
similar in both situations. However, it was determined
that comparable worksurface area was the primary
consideration and reductions in standing area were
acceptable, as long as they did not fall below functional
minimums for seating and circulation.

The amount of space saved is determined by comparing
the benchmark workstations with the workstations
redesigned for FPMs. Additional savings from smaller size
workstations can be realized through reduced construc-
tion costs. Some construction costs are density-depen-
dent (vary according to the number of people who work
in a space). These might include:

� Computers, computer power, and data cabling.
� Air conditioning system costs associated with

heat generated from people.
� Welfare support spaces, such as restrooms,

breakrooms and cafeterias.

In many cases, purchasers of FPMs will relocate to new
space. The construction cost savings associated with
reduced space requirements, but not normally amortized
in the rent, are calculated separately and included in
the study.

3. Methodology

3.6 Construction Cost



Kingsland Scott Bauer Associates, Pittsburgh, Pennsylvania USA

Copyright 2003

Kingsland Scott Bauer Associates (KSBA), Pittsburgh, PA

All rights reserved.

412-252-1500 www.ksba.com

Analysis of Facility Cost Savings
Associated with Flat Panel Monitors

The methodology used to calculate energy savings
from the reduced power requirements for FPMs
involves measuring power consumption and compar-
ing cost differences based on various assumptions.
Actual power consumption differs from the
manufacturer�s specifications due to varying loading
conditions. When monitors are not in continuous
use, they enter an energy conservation �sleep� mode.
Power consumption was calculated in actual field
conditions using an ammeter which records thresh-
old maximum and minimum �steady-state� current
flow over time. This ammeter was connected to the
AC line leading to the monitor or FPM power supply.
Power calculations were then produced based on
120 volts AC and 0.9 power factor for both displays.

The savings in air conditioning operating costs were also
considered, based on calculating the reduced heat gain
(from reduced power consumption). Air conditioning
costs include the cumulative effects of room latent heat,
outside air sensible heat, outside air latent heat, supply
air fan power, fan heat, chillers, chilled water and con-
denser water pumping, and cooling towers. It is as-
sumed that BTU meters are used to monitor and bill
individual tenants for chilled water usage.

3. Methodology

3.7 Energy Savings
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4. Workstation Analysis

4.1 Assumptions

4.1.1 Workstation Types Seven workstation designs were identified, typical to a
variety of high-density, open plan, office environments.
The workstation types are prioritized based on an
increasingly weighted scale of the workstation's area,
and the area savings realized when comparing the
benchmark and the modified designs.

Type 1: Training - Small workstations arranged in
rows and oriented towards a trainer�s desk
with minimal room for keyboard, monitor
and single writing surface.

Type 2: Carrel - Small workstation with panels on
three sides similar to a study carrel at a
library. Includes space for monitor, key-
board, two-drawer file cabinet and mini-
mal writing/reading surface.

Type 3: Hub and Spoke - V-shaped workstation
arranged in a six-unit �daisywheel� con-
figuration.

Type 4: Sawtooth - L-shaped workstation ar-
ranged in serpentine configuration with
space for keyboard, monitor, two file
drawers and two reading/writing worksur-
faces.

Type 5: Small Cubicle - Six-foot square enclosed
cubicle with space for two reading/writing
worksurfaces and two sets of file cabinets
arranged in a rectilinear fashion.

Type 6: Trading Desk - Small worksurface with
multiple screens for use by traders (stocks,
bonds, commodities, etc.).

Type 7: Medium Cubicle - Six feet by eight feet
enclosed cubicle similar to the Small Cu-
bicle, only larger.
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The benchmark workstations selected are �generic�;
typical configurations that are available from a vari-
ety of furniture manufacturers. The modified work-
stations also use components readily available and
regularly provided by furniture manufacturers.

Depending on the workstation panel height, many of
the workstations selected can employ overhead storage
units, which are not shown because they are not ger-
mane to this study.

It is common in many workstation design solutions to
provide a freestanding keyboard tray that cantilevers
beyond the edge of the worksurface. For the purposes of
this study, keyboard trays flush with the front end of the
counter were included in both the benchmark worksta-
tions and the modified workstations because this con-
figuration allows for:
� more effective use of the worksurface immedi-

ately adjacent to each side of the keyboard,
� consistency across both groups of solutions and

accents only the differences relative to monitor
size.

In order to determine total space savings, it is necessary
to include circulation in the area calculations. It was
assumed that a 3-foot minimum local circulation corridor
would serve individual workstations, and half of a central
circulation corridor would serve each workstation cluster
(with the other half serving the adjacent cluster). The
width of the central corridor is based on the nature and
configuration of the workstation clusters. Since many
building codes limit dead-end corridors to 20 feet,
workstation clusters are 20 feet deep or less.

Workstations that are not enclosed cubicles share stand-
ing area with local circulation. In this case, it is assumed

4. Workstation Analysis

4.1.2 Workstation Furniture

4.1.3 Overhead Storage

4.1.4 Keyboards

4.1.5 Circulation

4.1.6 Standing Area



Kingsland Scott Bauer Associates, Pittsburgh, Pennsylvania USA

Copyright 2003

Kingsland Scott Bauer Associates (KSBA), Pittsburgh, PA

All rights reserved.

412-252-1500 www.ksba.com

Analysis of Facility Cost Savings
Associated with Flat Panel Monitors

that the local circulation is 3 feet wide and any
remaining space will be part of the standing area.
The minimum standing area is 2 feet - 6 inches back
from the edge of the worksurface. This allows ad-
equate space for the user to lean back in his or her
chair without encroaching on the circulation space.
It is also assumed that the additional space necessary
to push back a chair when the user stands up can
come from a portion of the local circulation.

A substantial portion of the worksurface in the bench-
mark workstation designs is necessary, primarily, because
of the depth of the monitor. The functional worksurface
area distinguishes between worksurface area necessary
for large monitor applications and worksurface area that
has other functional validity. The functional worksurface
area, as it has been defined for the scope of this study,
eliminates any odd-shaped corners and space that is
either too shallow for practical work/storage, or too deep
and difficult to reach. The area of keyboard, keyboard
tray and the worksurface behind the keyboard tray
(under the monitor) were not included in the worksur-
face area calculations.

The trend in today's business offices is toward more
information being displayed on the monitor, particularly
in information-based businesses such as claims process-
ing and customer service. Therefore, this study assumes
the use of either17-inch or 19-inch CRT monitors and
the equivalent FPMs.

IBM, as well as other computer manufacturers, produce
15-inch FPMs, which are equivalent to the 17-inch CRTs,
which actually measure only 16 inches diagonally. The
15-inch FPM is equivalent to the larger CRT, since the
image extends over the entire width and height of the
FPM whereas, on a CRT there is a frame of �dead space�

4. Workstation Analysis

4.1.7 Functional
Worksurface Area

4.1.8 17-Inch  and 19-Inch
CRT Monitors

4.1.9 Equivalent FPM
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on all sides between the edge of the image and the edge
of the screen. Also, the resolution of the 15-inch FPM is
1024 x 768 pixels, identical to the 17-inch CRT. Similar
arguments prove the 17-inch FPM equivalent to the 19-
inch CRT.

According to KSBA's cost comparison survey, the average
cost for a 15-inch FPM is $395, while the average cost
for a comparable 17-inch CRT is $200 (as of March
2003). The average cost for a 17-inch FPM is $575,
while the average cost for a comparable 19-inch CRT is
$295 (as of March 2003). For the purposes of this study,
it is assumed that the price difference of $195  and $280
respectively is financed with a 5-year loan at an
interest rate of 8.5%. The extra cost per year and per
workstation is indicated in the Financial Analysis,
Section 8. Actual monitor prices may vary depending
on the number of units ordered, delivery schedule,
and/or corporate discounts.

Finally, it should be mentioned, that as with any rela-
tively new technology, LCD flat panel technology is
currently more expensive primarily because has not
yet reached the same efficiency of production as the
CRT monitors. However, as it has been evidenced
during the last few years, FPM prices have decreased
considerably and this trend is expected to continue.

4. Workstation Analysis

4.1.10 Monitor Cost
Comparisons
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4.2 Ergonomic Parameters

Fifth Percentile Female
(with CRT)

Ninety-fifth Percentile Male
(with FPM)

...\p58700\dgn\ergospec.dgn  Nov. 12, 1998  09:38:10

...\p58700\dgn\ergospec.dgn  Nov. 12, 1998  09:38:36

The adjacent diagrams show the results of ergonomic
research incorporated into the study. The diagrams show
the extremes defined by a Fifth Percentile Female and a
Ninety-fifth Percentile Male. The Fifth Percentile Female
diagram demonstrates the need for a 3-foot deep work-
surface (from back panel to front edge of worksurface or
keyboard tray) when CRT monitors are used. The Ninety-
fifth Percentile Male demonstrates that the controlling
dimension for the depth of the worksurface with an FPM
is not the monitor, but leg room requirements.

A depth of 2 feet - 6 inches was used as a minimum from
the front edge of the worksurface to the back edge of
the chair (when reclined).

4. Workstation Analysis
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5. Energy Analysis

5.1 Assumptions

5.1.1 CRT Energy
Consumption

5.1.2 FPM Energy
Consumption

Using an ammeter which records threshold maximum
and minimum �steady-state� current flow over time, the
standard CRT exhibited a maximum of 1.0 amperes and a
minimum of 0.7 amperes. This current was measured at
the AC line leading to its power supply. For the sake of
simplicity, it is assumed that this monitor draws an
average current of 0.85 amperes over its long-term
operating time period. Assuming that the unit has a 0.9
power factor and is operating at 120 volts, the average
load is 92 watts.

Using an ammeter which records threshold maximum
and minimum �steady-state� current flow over time, the
FPM exhibited a maximum of 0.5 amperes and a mini-
mum of 0.2 amperes. This current was measured at the
AC line leading to its power supply. For the sake of
simplicity, it is assumed that this monitor draws an
average current of 0.35 amperes over its long-term
operating time period. Assuming that the unit has a 0.9
power factor and is operating at 120 volts, the average
load is 38 watts.

Operating energy costs are based on 24 hours per day,
seven days per week operation. It is assumed that the
facility is fully occupied for 8 of these hours each day and
1/3 occupied for the remainder 16 hours of any given
day.

Electric utility power costs were assumed to be at the
average national rate of 7.36 cents per kilowatt hour
(source: Department of Energy, Energy Information
Administration, Report Released: January 2002).

Annual energy costs are based on the electricity costs
required to power the number of monitors being ana-

5.1.3 Time in Use

5.1.4 Cost of Electricity

5.1.5 Included Costs
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lyzed per workstation and the air conditioning costs to
cool the monitors.

Air conditioning costs also include the cumulative effects
of room latent heat, outside air sensible heat, outside air
latent heat, supply air fan power, fan heat, chillers, chilled
water and condenser water pumping, and cooling
towers. It is assumed that BTU meters are used to moni-
tor and bill individual tenants for chilled water usage.

Construction costs are based on the effects of the �fit-
out� costs to provide branch circuitry to workstations
and for ductwork runouts. It is assumed that the design
of these branch circuitry provisions and ductwork will be
able to vary based on the monitor loading in the work-
station. Also factored in is the cost based on the overall
workstation area.

5. Energy Analysis
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5. Energy Analysis

5.2 Energy Savings
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6. Furniture Cost Analysis

To determine savings associated with the reduced
workstation sizes (benchmark vs modified), copies of the
workstation comparison drawings were sent to and cost
estimates requested from the following major furniture
manufacturers: Steelcase, SMED International, Teknion,
Allsteel, Interior Concepts, Herman Miller, Haworth
and The Knoll Group.

Each company was asked to estimate the cost difference
between the benchmark and modified workstations for
the worksurfaces and furniture panels. The design con-
figurations incorporate a keyboard tray integral to the
worksurface, in lieu of one that is freestanding, since it
provides the most efficient access to the adjacent sur-
faces. The manufacturers, who indicated there is a
premium cost associated with this solution, were asked
to assume the more typical extended keyboard tray when
developing the cost estimates.

Some manufacturers indicated that a two-foot deep
worksurface, which is typically the size used in the
modified workstations, is not a stock size that they
manufacture. Under this circumstance, the worksurface
and panel costs were not used.

The furniture savings noted on the Financial Analysis
spreadsheets indicate the average savings based on the
cost estimates provided for each workstation by the
manufacturers. They are also based on savings with
average corporate discounts assuming an order of 100
workstations. Actual savings may vary according to
specific project circumstances.

6.1 Manufacturers
Contacted

6.2.1 Keyboard Trays

6.2.2 Worksurface

6.2.3 Furniture Savings

6.2 Assumptions
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In order to realize the full potential of offsetting savings,
purchasers of FPMs need to replace the workstation
furniture. Often furniture replacement is most feasible
when the office space is moved to a new location. This
solution allows construction and furniture installation to
be completed in one space, while business operations
continue uninterrupted in the original space.

The cost of construction includes two components;  the
base building (building structure, skin and primary
mechanical/electrical systems) and tenant fit-out, which
includes the cost of finishes in the office space. Many
lease payments include amortization of capital costs for
base building and tenant fit-out construction in the rent.
However, high-density, information/technology-based
offices can benefit from additional tenant fit-out compo-
nents that can be economically justified, but are not
included in the scope of tenant fit-out construction work
normally provided by building owners as part of the rent.
They are:

� High-performance acoustical ceilings
� Indirect lighting (vs direct parabolic lighting)
� Static control carpet tile (vs broadloom)
� Raised floor (computer floor) and modular

power, communications and data cabling

When a business relocates, these costs will be incurred
regardless of whether it employs FPMs or CRTs. Since
employing FPMs will result in reduced space require-
ments, the cost savings of these improvements were also
incorporated into the analysis.

7. Construction Cost Analysis

7.1 Assumptions

7.1.1 Relocated Office Space

7.1.2 Construction Costs In
Addition to Rent
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7. Construction Cost Analysis

7.2 Construction Costs

'JJOZOUTGR�

)UYZ

)USVUTKTZ �
���9W�,Z�

.OMN�6KXLUXSGTIK�'IU[YZOIGR�)KOROTM 
����

6KTJGTZ�3U[TZKJ�/TJOXKIZ�2OMNZOTM 
����

�\Y�IKOROTM�SU[TZKJ�JOXKIZ�

9U[TJ�3GYQOTM��]NOZK�TUOYK� 
����

9ZGZOI�)UTZXUR�)GXVKZ�:ORK 
����

�\Y�HXUGJRUUS�

'IIKYY�,RUUX� 
����

�\Y�IUTIXKZK�YRGH�

3UJ[RGX�6U]KX��*GZG���)USS[TOIGZOUTY�)GHROTM �
����

�\Y��VUQK�ZNX[��

:UZGR�)UTYZX[IZOUT�)UYZ 
����

)UYZ�'SUXZO`GZOUT

'SU[TZ 
����

8GZK� �����

:KXS��?KGXY� �

)UYZ�6KX�?KGX 
����



Kingsland Scott Bauer Associates, Pittsburgh, Pennsylvania USA

Copyright 2003

Kingsland Scott Bauer Associates (KSBA), Pittsburgh, PA

All rights reserved.

412-252-1500 www.ksba.com

Analysis of Facility Cost Savings
Associated with Flat Panel Monitors

8. Financial Analysis

This section presents the Return On Investment (ROI)
results for the seven workstation types for various
rental rates (ranging from $6 to $45 per square foot)
under Scenarios A, B and C. In order to better
understand the impact of the FPM price decrease on
the ROIs, this section compares the 2003 results to
the 1998 study results for the 15-inch FPM.

Appendix B-Financial Results presents in greater
detail for each workstation type the savings per
workstation per year, as well as the ROI results for
various rental rates under the three Scenarios A, B
and C. Appendix B includes the savings results and
ROI analysis for both the 15-inch FPM and the
17-inch FPM.

8.1 Return On
Investment Analysis
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8. Financial Analysis

8.2 Workstation Type 1 - Training Room

Table 8.2 compares for workstation Type 1 - Training Room with a 15-inch
FPM the 1998 and 2003 ROI results for various rental rates, under Scenarios
A, B, and C.
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8. Financial Analysis

8.3 Workstation Type 2 - Carrel

Table 8.3 compares for workstation Type 2 - Carrel with a 15-inch FPM the
1998 and 2003 ROI results for various rental rates, under Scenarios A, B,
and C.
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8. Financial Analysis

8.4 Workstation Type 3 - Hub and Spoke

Table 8.4 compares for workstation Type 3 - Hub and Spoke with a 15-inch
FPM the 1998 and 2003 ROI results for various rental rates,, under Sce-
narios A, B, and C.
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8. Financial Analysis

8.5 Workstation Type 4 - Sawtooth

Table 8.5 compares for workstation Type 4 - Sawtooth with a 15-inch FPM
the 1998 and 2003 ROI results for various rental rates, under Scenarios A,
B, and C.
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8. Financial Analysis

8.6 Workstation Type 5 - Small Cubicle

Table 8.6 compares for workstation Type 5 - Small Cubicle with a 15-inch
FPM the 1998 and 2003 ROI results for various rental rates, under Scenarios
A, B, and C.
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8. Financial Analysis

8.7 Workstation Type 6 - Trading Desk

Table 8.7 compares for workstation Type 6 - Trading Desk with a 15-inch
FPM the 1998 and 2003 ROI results for various rental rates, under Scenarios
A, B, and C.
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8. Financial Analysis

8.8 Workstation Type 7 - Medium Cubicle

Table 8.8 compares for workstation Type 7 - Medium Cubicle with a 15-inch
FPM the 1998 and 2003 ROI results for various rental rates, under Scenarios
A, B, and C.
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Preliminary studies show that FPMs have a longer useful
life than CRT monitors for several reasons:

� They operate at lower temperatures.
� They do not suffer from �screen burn,� when perma-

nent shadows of images appear on the screen.
� LCD technology is more reliable.

Obviously, the longer lifespan of the FPMs could result in
additional cost savings.

For proper ergonomic operation of computers, it is
necessary to adjust the height and tilt of the monitor
based on the size and position preferences of the user.
There are essentially two options for the heavier, CRT
monitors: adjustable blocks that rest on the worksurface;
and cantilevered arms that are usually bolted to the
worksurface. Although the cantilevered arms are heavy
and more expensive, they do permit functional use of the
worksurface behind the keyboard and under the moni-
tor. The use of this space is fairly limited, however, be-
cause the distance from the bottom of the screen to the
base of a CRT monitor is usually only 6 inches.

There are two distinct advantages with the use of the
FPM. First, the FPM is much lighter than a CRT and
therefore, easier to adjust. Second, the distance from the
bottom of the screen to the bottom of the FPM is only 2
inches. This allows for increased height between the
worksurface and the bottom of the monitor in the area
under the monitor and immediately behind the key-
board, which is premium worksurface due to its proxim-
ity to the user. If the worksurface behind the keyboard is
adjusted to the same height as the bottom of the key-
board, the clearance between the bottom of the monitor
and the worksurface ranges between 12 and 14 inches.

9. Additional Considerations

9.1 FPM Longevity

9.2 Monitor
Adjustability -
FPM Arms
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9. Additional Considerations

Several FPM Arms are currently available that allow
the user to effortlessly tilt, rotate, or swivel the FPM
to suit individual preferences. Some arms even allow
for horizontal (landscape) and vertical (portrait)
positioning of the monitor. FPM Arms may utilize
desk clamps, slatwall mounting interfaces, or a
freestanding base using minimal space. Benefits
include even more available desk space - even on a
24-inch deep worksurface, unequalled ergonomic
adjustability, and a clutter-free, high-tech appear-
ance. Users who spend time at their workstations
working with the computer and interacting with
people can also benefit from FPM Arms that place the
monitor unobtrusively out of the way when it is not
needed and in the proper position when it is
needed.

Due to the increased heat loads from people and com-
puters, renovation of existing buildings for high-density
office spaces almost always requires installation of
supplemental air conditioning units. As an example, a
190-seat call center installed in a new, speculative office
building in Reno, Nevada, required an additional 15-ton
air conditioning unit (one ton per 1,000 sq. ft.). The
solution involved reinforcing the roof structure, installing
a new roof unit, and a duct loop serving the building
core.

In many existing buildings with functioning air condi-
tioning systems, it is difficult, and therefore expensive, to
modify or supplement the air conditioning systems. The
use of FPMs may reduce the heat load sufficiently to
prevent the need for major changes to existing air condi-
tioning systems.

9.3 Potential to
Eliminate HVAC
Modifications
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The quality of the FPM is generally considered to be
superior to that of the CRT. One of the primary rea-
sons is that the CRT projects moving images that
result in pixel instability on the display screen, a
problem not found with FPMs. In addition, FPMs are
more tolerant to a variety of daylighting and electri-
cal lighting conditions. This is because the matte
finish on the FPM is less reflective than the glass
screen on the CRT. As a consequence, there is poten-
tial, through the use of FPMs to reduce eyestrain
problems and therefore, improve occupancy comfort
and increase productivity.

Additionally, FPMs offer health-related benefits, since
they do not radiate electromagnetic rays like CRTs, and
emissions that could negatively affect occupancy health
and the environment.

9. Additional Considerations

9.4 Comfort,
          Productivity and
          Health
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10. Conclusions - Discussion

This study updates the research completed in 1998
by KSBA Architects that confirmed the potential for
facility operating savings through the use of FPMs in
high-density, open plan office environments. The
earlier study was based on the hypothesis that even
though FPMs are more expensive than CRTs, facility
savings could financially justify their use. This argu-
ment is even stronger today since FPM prices have
dropped significantly during the last 1-2 years, and
as a result, the cost premium over CRTs is quickly
evaporating.

Thus, the energy, furniture and construction cost
analysis confirmed that:

a. FPMs use approximately 60% less energy than the
average equivalent CRTs;

b. workstations designed for the smaller FPMs, while
maintaining the same functional worksurface
area are 10% to 20% smaller, and;

c. larger workstations offer greater savings potential.

The financial results clearly demonstrate that, when
approached holistically, the use of FPMs in high-density
workplaces can save money. This is particularly true with
larger workstations in new buildings, where the full
savings potential can be realized.

Finally, additional parameters, that are beyond the scope
of this study, but offer substantial savings opportunities,
should not be underestimated. These parameters include
the superior quality of the FPM (eliminates screen flicker)
that leads to improved occupancy comfort and produc-
tivity through reduced eyestrain; the longer lifespan of
the FPM; and, the potential to sufficiently reduce
heat loads to prevent the need for expensive modifi-
cations of existing mechanical systems.
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Appendix A - Definitions

Benchmark Workstation

Cathode Ray Tube (CRT)

Central Circulation

Functional Worksurface Area

Gross Rent

Flat Panel Monitor (FPM)

Modified Workstation

Local Circulation

Rentable Square Feet (RSF)

One of the seven workstation configurations selected by
the researchers as representative examples of worksta-
tions typically found in high-density, information and
technology-based office environments.

Computer monitor employing a Cathode Ray Tube
which projects images onto a glass screen. Generally, the
depth of the monitor is equal to, or slightly greater than,
the diagonal dimension of the CRT.

Circulation between clusters of workstations to which
local circulation connects.

Worksurface area with depth between 12 and 24 inches.
Any worksurface area that is less than 12 inches deep, as
well as any portion of a worksurface greater than 24
inches deep is excluded.

Full rental rate including building owner's debt service
and profit, taxes and insurance, utilities, maintenance
and amortization of tenant fit-out costs.

Computer monitor that uses Liquid Crystal Display
(LCD) technology allowing monitor depth less than 3
inches. Also known as LCD monitor.

Benchmark workstation modified with the use of FPM to
eliminate space primarily necessary because of the
greater depth of a CRT monitor.

Common circulation space immediately adjacent to a
workstation.

Usable square footage plus a markup factor (usually
ranging between 10% and 20%) for areas of a multi-
tenant building not directly controlled by the tenant
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Appendix A - Definitions

Standing Area

Tenant Fit-Out

Tenant Standard Workletter

Usable Square Feet (USF)

from which the tenant benefits. These areas might
include common restrooms, elevator lobbies, janitor
closets, mechanical rooms, etc.

That portion of a workstation not occupied by worksur-
face or filing. Includes any areas where people can stand
at the workstation with the chair(s) removed.

Construction work completed for the benefit of individual
tenants. Tenant fit-out work usually includes extension into
the tenant space, of mechanical and electrical systems, as
well as interior finishes such as walls, doors, ceilings and
flooring. However, tenant fit-out for higher density, infor-
mation/technology office space often requires modifica-
tions to existing base building systems, particularly in older
buildings not designed for higher density occupancy.

The scope or extent of tenant fit-out offered by the build-
ing owner as the "standard" for the building. The cost of
the construction work defined by the tenant standard
workletter is included in the gross rent. Tenant standard
workletter can be defined in terms of dollars per square
foot available to the tenant for construction of the space
or "bricks and mortar" where actual quantities of various
construction components are defined.

Floor area used exclusively by the tenant.
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Appendix B - Financial Results

Table indicating for workstation Type 1 - Training Room the savings per year, and
the Return-On-Investment at various rental rates under the three Scenarios A, B,
and C.

15-inch FPM
Workstation Type 1 - Training Room

ÌdÍaÎ+Ï"ÐIÑ Ò Ó1Ô ÌdÍaÎ+ÏIÐ"Ñ Ò Ó�Õ ÌdÍaÎIÏIÐ"Ñ Ò Ó}Ö
× Ø Ù Ú"Û Ü,Ý�ÚIÙ�Þ ß"àFá½â"ã+Þ Ú�ä Û ã�Þ Ù�å × ØaÙ�Ú"Û Ü,Ý Ú+Ù�Þ ßIà�Ü)âmã�Þ Ú
ä Û ã+Þ ÙaÜ × ØaÙ ÚIÛ Ü)Ý�Ú+Ù�Þ ßIà�Ü
â"ã�Þ Ú
ä Û ã�Þ ÙaÜ

Ô�æ æOç
èRÎ"é á�ê�Ù ÚIë�Ú"Û,â"ä Û ì íFã"Û å ê�Ù Ú"ë�ÚIÛ,âmä Û ì íFãmÛ Ü áWîmë ï Ù�îIð ñ+ß�ò�óaÝ�å Ô�æJæJç
èRÎ"é
ô Ñ Ó�æJæ ÌdÐ�õ�Ò ÏIö�æ ÌdÐ�õ�Ò ÏIö�æ ÌdÐ õ
Ò ÏIö�æ ô Ñ Ó�æJæ
÷mÎ+Ï"ø ùIÎ"Ñ�úqÑ û æ ø Ï/÷mÎmø ç�Ñ Ï1Ó)ÏüùIÎ"Ñ�úqÑ û æ ø Ï/÷mÎmø ç�Ñ Ï1Ó)ÏüùIÎ"Ñ�ú�Ñ û æ ø Ï ÷"Î�ø ç+Ñ Ï­Ó)Ï ÷"ÎIÏ"ø
ý ÷IÌ þmÿ ùIÎ"Ñ��)Î"Ð"Ñ � Ï�õ+Îmæ ø èRÎ+Ï"ø ùIÎ"Ñ��)ÎmÐIÑ � Ï�õ+Îmæ ø èRÎ+Ï"ø ùIÎ"Ñ��)ÎmÐIÑ � ÏmõIÎ"æ øJèRÎIÏ"ø ý ÷IÌ þmÿ

����� ��� 	�
���
 ��� ����
 ��� 	�����
 ��� ����
 ��� 	�����
 
�� 
�
�
 
 ��� ����� ���
����� ��� 	�
 ��
 ��
 ����
 ��� 	�����
 ��� ����
 ��� 	�����
 ��� 
�����
 ��� ����� ���
����� ��� 	�����
 ��� ����
 ��� 	�����
 ��� ����
 ��� 	�����
 ��� 
�����
 ��� ����� ���
�� �� ��� 	�����
 ��� ����
 ��� 	�����
 ��� ����
 ��� 	�����
 ��� 
 ����
 ��� �� �� ���
��!�� ��� 	�����
 
�� ����
 ��� 	"����
 ��� ����
 ��� 	�����
 ��� 
 ����
 ��� ��!�� ���
��#���� ��� 	�����
 ��� ����
 ��� 	"����
 ��� ����
 ��� 	�����
 ��� 
"����
 ��� ��#���� ���
��#�#�� ��� 	"��
�
 ��� ����
 ��� 	�����
 
�� 
 ����
 ��� 	�����
 �$
 
�����
 ��� ��#�#�� ���
��#�%�� ��� 	"����
 ��� ����
 ��� 	�����
 ��� 
�
 ��
 ��� 	�����
 
�� 
�����
 
 � ��#�%�� ���
��#�&�� ��� 	��'
�
 ��� 
 ����
 
 � 	��(
�
 ��� 
�����
 ��� 	�����
 ��� 
�����
 ��� ��#�&�� ���
��#�)�� ��� 	�����
 ��� 
�
���
 ��� 	�����
 ��� 
�����
 ��� 	�����
 ��� 
�����
 
 � ��#�)�� ���
��#���� ��� 	�����
 ��� 
�����
 ��� 	�����
 ��� 
 ����
 ��� 	�
�����
 ��� ������
 ��� ��#���� ���
��#���� ��� 	�����
 
�� 
��(
 
 ��� 	�����
 ��� 
�����
 ��� 	�
�����
 ��� �(
 ��
 ��� ��#���� ���
��#���� ��� 	�����
 ��� 
 �$
 
 ��� 	�����
 �$
 
 ����
 ��� 	�
�
�
�
 ��� ������
 ��� ��#���� ���
��#� �� ��� 	�����
 ��� 
�����
 ��� 	�����
 
�� 
�����
 ��� 	�
�
 ��
 ��� ������
 ��� ��#� �� ���
��#�!�� ��� 	�����
 �(
 
 ����
 ��� 	�����
 ��� 
 ��
 
 ��� 	�
��*
�
 
�� ������
 ��� ��#�!�� ���
��%���� ��� 	�����
 ��� 
 ����
 ��� 	�����
 ��� 
 ��
 
 
 � 	�
�����
 ��� ������
 ��� ��%���� ���
��%+#�� ��� 	�����
 ��� 
�����
 ��� 	�����
 ��� ������
 ��� 	�
�����
 ��� ������
 ��� ��%+#�� ���
��%�%�� ��� 	�����
 ��� 
 ����
 ��� 	�
�����
 ��� �*
���
 
 � 	�
�����
 ��� ������
 ��� ��%�%�� ���
��%�&�� ��� 	�����
 
�� 
 ����
 ��� 	�
�����
 ��� �*
���
 ��� 	�
�����
 ��� ������
 ��� ��%�&�� ���
��%�)�� ��� 	'
 ����
 ��� ������
 ��� 	�
�
���
 �$
 ������
 ��� 	�
 ����
 �(
 ������
 ��� ��%�)�� ���
��%'��� ��� 	'
 ����
 ��� �*
���
 ��� 	�
�
 ��
 
�� ������
 ��� 	�
 ����
 ��� ������
 ��� ��%'��� ���
��%���� ��� 	'
�
���
 �(
 ������
 ��� 	�
�����
 ��� ������
 ��� 	�
"����
 
 � �(
�
 
 ��� ��%���� ���
��%���� ��� 	'
�
���
 ��� ������
 ��� 	�
�����
 ��� ������
 ��� 	�
"����
 ��� ���*
 
 ��� ��%���� ���
��%� �� ��� 	'
��*
�
 ��� ������
 ��� 	�
�����
 ��� ������
 ��� 	�
�����
 ��� ������
 ��� ��%� �� ���
��%�!�� ��� 	'
�����
 ��� ������
 ��� 	�
�����
 ��� ������
 ��� 	�
�����
 ��� ������
 
 � ��%�!�� ���
��&���� ��� 	'
��*
�
 
�� ������
 
 � 	�
 ��
�
 ��� ������
 ��� 	�
�����
 ��� ������
 ��� ��&���� ���
��&,#�� ��� 	'
�����
 ��� ������
 ��� 	�
 ����
 ��� ������
 ��� 	�
�����
 �(
 ������
 
 � ��&,#�� ���
��&'%�� ��� 	'
 ����
 ��� ������
 
 � 	�
"�'
�
 
�� ������
 ��� 	�
�����
 ��� ������
 ��� ��&'%�� ���
��&�&�� ��� 	'
 ����
 ��� ������
 ��� 	�
"����
 ��� �*
 ��
 ��� 	�
�����
 
 � ������
 ��� ��&�&�� ���
��&�)�� ��� 	'
�����
 ��� ������
 ��� 	�
�����
 ��� ������
 ��� 	�
��(
�
 ��� ������
 ��� ��&�)�� ���
��&*��� ��� 	'
�����
 ��� �*
���
 ��� 	�
�����
 ��� ������
 ��� 	�
�����
 ��� ������
 ��� ��&*��� ���
��&���� ��� 	'
�����
 ��� ������
 ��� 	�
�����
 ��� ������
 ��� 	����(
�
 ��� ������
 ��� ��&���� ���
��&'��� ��� 	'
 ����
 
�� ���(
 
 ��� 	�
�����
 �(
 ������
 
 � 	�������
 ��� �$
 ��
 ��� ��&'��� ���
��&� �� ��� 	'
 ����
 ��� ���$
 
 ��� 	�
�����
 ��� ������
 ��� 	��(
 ��
 ��� ������
 ��� ��&� �� ���
��&�!�� ��� 	'
�����
 ��
 ������
 ��� 	�
�����
 
 � ������
 
 � 	��(
���
 ��� ������
 ��� ��&�!�� ���
��)���� ��� 	'
�����
 ��� ������
 ��� 	�
�����
 ��� ����
 
 ��� 	�������
 
"� ������
 ��� ��)���� ���
��),#�� ��� 	'
 ����
 ��� ������
 ��� 	�
�����
 ��� ����
 
 ��� 	�������
 ��� ������
 ��� ��),#�� ���
��)'%�� ��� 	'
 ����
 ��� ������
 ��� 	�
�����
 ��� ������
 ��� 	�������
 ��� ������
 ��� ��)'%�� ���
��)�&�� ��� 	'
 ����
 ��� ������
 ��� 	�������
 ��� ��
���
 ��� 	�������
 ��� ������
 ��� ��)�&�� ���
��)�)�� ��� 	'
 ����
 
�� ������
 ��� 	�������
 �(
 ��
���
 ��� 	�������
 ��
 ������
 ��� ��)�)�� ���
��)*��� ��� 	����(
�
 ��� ������
 ��� 	��(
���
 ��� ������
 ��� 	�������
 ��� ������
 ��� ��)*��� ���



Kingsland Scott Bauer Associates, Pittsburgh, Pennsylvania USA

Copyright 2003

Kingsland Scott Bauer Associates (KSBA), Pittsburgh, PA

All rights reserved.

412-252-1500 www.ksba.com

Analysis of Facility Cost Savings
Associated with Flat Panel Monitors

Appendix B - Financial Results

Table indicating for workstation Type 2 - Carrel the savings per year, and the Return-
On-Investment at various rental rates under the three Scenarios A, B, and C.

15-inch FPM
Workstation Type 2 - Carrel
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Appendix B - Financial Results

Table indicating for workstation Type 3 - Hub and Spoke the savings per year, and
the Return-On-Investment at various rental rates under the three Scenarios A, B,
and C.

15-inch FPM
Workstation Type 3 - Hub and Spoke
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Ä�Ü,Ù�Æ Ç�Ç È�É�Í�Ê�Ë É�Ô Î�Ì�Ó�Ë É Ð È'É�Ï�Ê�Ë Ò�É Î�Ï�Ê�Ë Î�Ð È�Ñ�Ó�Î�Ë Ì�Ò Ó�Ï�Ñ�Ë Ò�Ð Ä�Ü_Ù�Æ Ç�Ç
Ä�Ü'Ú�Æ Ç�Ç È�É�Í�Ï�Ë Í�É Î�Í�Î�Ë Ò�Ð È�Ñ�Ô�Ô�Ë Î(É Ó�Ô�Ó�Ë Í�Ð È�Ñ�Ó�Í�Ë Ó�Ì Ê�Ô�Ñ�Ë É Ð Ä�Ü*Ú�Æ Ç�Ç
Ä�Ü�Û'Æ Ç�Ç È�É�Ï�Ó�Ë Ê*É Î�Ï�Î�Ë É Ð È�Ñ�Ô�Ê�Ë Ô�É Ó$É Ó�Ë Î�Ð È�Ñ�Ê�Î�Ë É�Ì Ê*É�É Ë Ò�Ð Ä�Ü'Û'Æ Ç�Ç
Ä�Ü�Ü'Æ Ç�Ç È�É�Ï�Ï�Ë Ñ(É Ó�Ô�Ñ�Ë Ò�Ð È�Ñ�Ô�Ï�Ë Ì�Ñ Ó�Ñ�Î�Ë Í�Ð È�Ñ�Ê�Ì�Ë Í�Ì Ê�Ñ(É Ë É Ð Ä�Ü'Ü'Æ Ç�Ç
Ä�Ü*Å�Æ Ç�Ç È�Ñ�Ô�Î�Ë Ï�Ñ Ó$É�Ñ�Ë É Ð È�Ñ(É Ó�Ë Ó�Ñ Ó�Î�Î�Ë Î�Ð È�Ñ�Ò�Ñ�Ë Ê�Í Ê�Î�Ô�Ë Ò�Ð Ä�Ü(Å�Æ Ç�Ç
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Appendix B - Financial Results

Table indicating for workstation Type 4 - Sawtooth the savings per year, and the
Return-On-Investment at various rental rates under the three Scenarios A, B, and C.

15-inch FPM
Workstation Type 4 - Sawtooth
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Appendix B - Financial Results

Table indicating for workstation Type 5 - Small Cubicle the savings per year, and the
Return-On-Investment at various rental rates under the three Scenarios A, B, and C.

15-inch FPM
Workstation Type 5 - Small Cubicle
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Appendix B - Financial Results

Table indicating for workstation Type 6 - Trading Desk the savings per year, and the
Return-On-Investment at various rental rates under the three Scenarios A, B, and C.
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Appendix B - Financial Results

Table indicating for workstation Type 7 - Medium Desk the savings per year, and the
Return-On-Investment at various rental rates under the three Scenarios A, B, and C.
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Analysis of Facility Cost Savings
Associated with Flat Panel Monitors

17-inch FPM
Workstation Type 1 - Training Room

Appendix B - Financial Results

Table indicating for workstation Type 1 - Training Room the savings per year, and
the Return-On-Investment at various rental rates under the three Scenarios A, B,
and C.
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Analysis of Facility Cost Savings
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Workstation Type 2 - Carrel

Appendix B - Financial Results

Table indicating for workstation Type 2 - Carrel the savings per year, and the Return-
On-Investment at various rental rates under the three Scenarios A, B, and C.
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Appendix B - Financial Results

Table indicating for workstation Type 3 - Hub and Spoke the savings per year, and
the Return-On-Investment at various rental rates under the three Scenarios A, B,
and C.
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Appendix B - Financial Results

Table indicating for workstation Type 4 - Sawtooth the savings per year, and the
Return-On-Investment at various rental rates under the three Scenarios A, B, and C.
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Appendix B - Financial Results

17-inch FPM
Workstation Type 5 - Small Cubicle

Table indicating for workstation Type 5 - Small Cubicle the savings per year, and the
Return-On-Investment at various rental rates under the three Scenarios A, B, and C.

½
¾
¿�À�Á�Â Ã Ä�Å ½
¾�¿�À�Á�Â Ã Ä�Æ ½�¾�¿�À�Á�Â Ã Ä�Ç
È É�Ê�Ë�Ì Í�Î*Ë�Ê*Ï Ð�Ñ!Ò#Ó�Ô�Ï Ë%Õ Ì Ô%Ï Ê�Ö È É�Ê�Ë�Ì Í)Î�Ë�Ê*Ï Ð�Ñ�Í�Ó�Ô�Ï Ë'Õ Ì Ô�Ï Ê
Í È É�Ê�Ë�Ì Í�Î�Ë�Ê�Ï Ð*Ñ�Í'Ó�Ô%Ï Ë%Õ Ì Ô�Ï Ê�Í

Å,×-×/Ø%Ù7¿�Ú Ò�Û*Ê�Ë�Ü�Ë�Ì)Ó�Õ Ì Ý Þ7Ô�Ì Ö Û�Ê�Ë�Ü�Ë�Ì)Ó�Õ Ì Ý Þ7Ô�Ì Í�Ò9ß�Ü
à Ê;ß�á â�Ð�ã@ä
Î�Ö Å,×-×/Ø'Ù1¿�Ú
å Â Ä�×-× ½
Á�æ%Ã À�ç�× ½�Á*æ%Ã À�ç�× ½�Á*æ%Ã À�ç�× å Â Ä�×-×
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ò�ó�ô õ�õ ö�÷*ø�ù ú*û ú�ü*ù ø*ý ö�þ�ÿ�ù ÿ�ÿ ÿ���ù ��ý ö�� û�÷*ù ÷�� � þ�ú*ù ü�ý ò�ó�ô õ�õ
ò��'ô õ�õ ö�ú*ÿ�ù �*÷ ��� ù þ�ý ö	��þ�ù ø�ø ���*ù ÷�ý ö���� û�ù þ�þ �
����ù þ�ý ò��'ô õ�õ
ò��%ô õ�õ ö�þ�þ�ù ��þ ÿ�ú*ù û*ý ö
ÿ�ú*ù � û ø�ø�ù ø*ý ö���� ø�ù ÿ�ÿ � ÿ��*ù û*ý ò��%ô õ�õ
ò�
'ô õ�õ ö	�*÷*ù ü�� ��þ�ù ��ý ö���� ù ú�ú � û�û�ù þ�ý ö��-÷*ÿ�ù ø�ø ���*ø�ù ÿ*ý ò�
'ô õ�õ
ò��'ô õ�õ ö
ÿ�� ù �-ü ø�ÿ�ù � ý ö���ü*ù ��� ���-÷*ù û*ý ö��-ú���ù � û �-ü*û�ù � ý ò��'ô õ�õ
ò���õ'ô õ%õ ö
ÿ�ü*ù þ�� ü��*ù ��ý ö
ø��*ù ��� �-÷�ú*ù ��ý ö�� þ�ú*ù ú�ú ÷*û�� ù ��ý ò���õ%ô õ%õ
ò����*ô õ%õ ö����*ù ÿ�ú � û�ü*ù ú�ý ö�ü���ù ü�ü �-ú���ù � ý ö��
��� ù ��� ÷��-ú*ù ú�ý ò�����ô õ%õ
ò��	�%ô õ%õ ö
ø���ù ø�ÿ �-÷*û�ù ø*ý ö�� û*þ�ù ÷�÷ � þ�ÿ�ù ��ý ö��
�*ü*ù ��� ÷�÷�þ�ù ü�ý ò�����ô õ%õ
ò����'ô õ%õ ö�ü�þ�ù û�ø �-ú�÷*ù þ�ý ö����-÷*ù þ�þ �
��ø�ù ÷�ý ö�� ÿ��*ù ü�ü ÷�ú*ÿ�ù þ�ý ò��	�%ô õ%õ
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Appendix B - Financial Results

17-inch FPM
Workstation Type 6 - Trading Desk

Table indicating for workstation Type 6 - Trading Desk the savings per year, and the
Return-On-Investment at various rental rates under the three Scenarios A, B, and C.

�������� �! " #%$ �������� �! " #'& �(������ �! " #*)
+ ,�-�.�/ 0�1	.�-	2 3�46587�9�2 .�: / 9�2 -	; + ,	-�.�/ 0�1	.�-	2 3�4�0�7�9�2 .�: / 9�2 -�0 + ,�-	.�/ 0�1�.�-�2 3�4�0�7�9�2 .�: / 9�2 -�0

$=<�<�>�?@��A 5*B�-	.�C	.�/�7�: / D E@9�/ ; B�-	.�C	.�/�7�: / D E@9�/ 0�5GF�C(H -IF�J K�3'L=M(1�; $N<�<
>�?O��A
P ! #�<�< �( 	Q�" ��R�< �( 	Q�" ��R�< �( 	Q�" ��R�< P ! #�<�<
S�����T U���!�VW! X	< T�� S���T >�! �%#��YU���!�VW! X�< T�� S���T >�! �%#��ZU���!�VW! X	< T�� S���T >�! �%#�� S�����T
[ S���\�] U���!�^��� �! _ ��Q���<�T ?@����T U���!�^��� �! _ ��Q���< T�?O����T U���!�^��� �! _ ��Q���<�T�?O����T [ S���\�]

`�a�b c�c D d�e�f�g h�i D j�f�g k�l D d(k�m�g h�h D f�f�g n�l D d�f�g o	p D p�g e	l `�a�b c�c
`�q�b c�c D d(n�p�g f�p D f�n�g f	l D d	o�f�g f�k D�i n�g m�l `�r	c�b c�r s�b a�t `�q�b c�c
`�u�b c�c D d(k�h�g k�e D f�j�g n�l D d�j�e�g h�o D�i m�g p�l d�f�f�g o�j h�g e�l `�u�b c�c
`�v�b c�c D d	o�o�g i�n D(i�e�g m�l D d�f�h�g f	m D e�g k�l d�j�o	g p�m i
f�g j	l `�v�b c�c
`�w�b c�c D d�m�f�g k�h D(i
o	g p�l D d�i m�g h�f D o	g f	l d�m�h�g o�o i�k�g h	l `�w�b c�c
`�r	c�b c�c D d�j�p�g i�o D(i p�g k�l D d	f�g f�i D p�g n�l d(k�p�g p�k f�i g i l `�r	c�b c�c
`�r�r�b c�c D d�i�h�g k�m D k�g f	l `�r	c�b s�c s�b q�t d�h�f�g o�h f�o	g o�l `�r�r	b c�c
`�r�x�b c�c D d	o	g i�j D(i g n�l d�f�f�g n�i n�g p�l d(n�o	g p�e f�e�g e	l `�r�x�b c�c
`�r	s�b c�c `�u�b s�v x�b q�t d�j�o	g j�f i�f�g m�l d�e�h�g k�p j�m�g j	l `�r	s�b c�c
`�r	y�b c�c d�i�e�g n�e h�g p�l d�m�h�g n�m i k�g n�l d�i�i p�g i�i j�n�g h	l `�r	y�b c�c
`�r�a�b c�c d�j�f�g m�i i�i g m�l d(k�p�g j�o f�i g f	l d�i�f�f�g k�f m�j�g i l `�r�a�b c�c
`�r	q�b c�c d�m�m�g e�f i�o	g n�l d�h�f�g n�k f�o	g k�l d�i�j�o�g i
j m�h�g o�l `�r	q�b c�c
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Appendix B - Financial Results

17-inch FPM
Workstation Type 7 - Medium Cubicle

Table indicating for workstation Type 7 - Medium Desk the savings per year, and the
Return-On-Investment at various rental rates under the three Scenarios A, B, and C.
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