
LBL-11209 '-. 
Preprin t C .,) ~ 

ITlI Lawrence Berkeley Laboratory 
~ UNIVERSITY OF CALIFORNIA 

,., ~ 

ENE R G Y & EN V I RON MEN T "£~::"';~';;~{;~~:~~RY 
DIVISION 

Submitted to Energy 

LIGHTING CONTROLS: SURVEY OF MARKET POTENTIAL 

R.R. Verderber and F. Rubinstein 

September 1982 
TWO-WEEK LOAN COpy 

This is a Library Circulating Copy 
which may be borrowed for two weeks. I 

I For a persona.1 ~~tention copy~ call 

-iii <!I!>-~ 

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098 

... 
\~ 
;' 

n C' 
6) .,' 

1 
I 



Submitted to Energy. 

LIGHTING CONTROLS: SURVEY OF MARKET POTENTIAL 

R. R. Verderber 
F. Rubinstein 

Lighting Systems Research 
Lawrence Berkeley Laboratory 

University of California 
Berkeley CA 94720 

SEPTEMBER 1982 

LBL-1l209 
EEB-L-80-0Lf 

L-34 

This work was supported by the Assistant Secretary for Conservation and 
Renewable Energy, Office of Building Energy Research and Development, 
Buildings Equipment Division, of the U.S. Department of Energy under 
Contract No. DE-AC03-76SF00098. 





ABSTRACT 

This report describes the impact of lighting management systems that 
dynamically control lights in accordance with the needs of a building's 
occupants. Various control strategies are described: scheduling, tun­
ing, lumen depreciation, and daylighting. From some initial experimen­
tal results, the energy savings provided by each of the above strategies 
are estimated to be 26%, 12%, 14%, and 15%, respectively. 

Based upon a cost of $0.05 to $0.10 per kml for electric energy and 
a two-, three-, or four-year payback, target costs for a simple and a 
sophisticated lighting management system are found to be $0.24 and $1.85 
per square foot, respectively, for a cost-effective investment. 

A growth model, based upon an extrapolation of the increase in 
building stock data since 1975, indicates that the commercial and indus­
trial (C&l) building stock will grow from 40 billion square feet in 1980 
to about 67 billion square feet by the year 2000. Even with the use of 
more efficient lighting components, the energy required for this addi­
tional C&l stock will be 307 Bkmt compared to the 230 BkWh used today. 
Adopting controls tl70uld reduce this requirement to 243 Bkmt, or an 
increase of only 13 Bkmt above today's use. 

The above information is used to analyze the economic impacts that 
using these systems will have on the lighting industry, end users, util­
ity companies, and the nation's economy. A $1 billion to $4 billion 
annual lighting control industry can be generated, creating many jobs. 
The estimated return on investment (ROI) for controls for end users 
would be between 19% and 38%. Utilities will be able to make smaller 
additions to capacity and invest less capital at 7% to 10% ROl. 
Finally, the annual energy savings-- up to $3.4 billion for end users 
and about $5 billion for utilities--representing the unneeded generating 
capaci ty, tl7ill be available to inves t in other areas of our economy. 





LIGHTING CONTROLS: SURVEY OF MARKET POTENTIAL 

1.0 INTRODUCTION 

R.R. Verderber 
F. Rubinstein 

Lighting Systems Research 
Lawrence Berkeley Laboratory 

University of California 
Berkeley CA 94720 

1 

This report has been prepared to describe the need and the evidence 
for a future large lighting control industry and to provide a basis for 
estimating its size. Data are presented· to describe the participants 
(manufacturers, designers, architects, distributors, and building opera­
tors and owners), the types of lighting management systems, the present 
stock of buildings, and projections of the growth of the building stock. 
Based upon the above, the impact of this new industry upon end users, 
utilities, and the nation's energy consumption is projected. 

The small size of the present lighting control market (estimated to 
be less than $100 million) is due to the prevailing lighting design phi­
losophy. Nearly all existing commercial and industrial buildings have 
installed lighting systems based upon minimizing initial costs. Operat­
ing cost were ignored (although they generally exceed initial costs) due 
to the traditionally low cost of electrical energy. Furthermore, those 
who constructed a building were generally not the eventual owners; the 
builders did not consider effective energy management an asset that 
would add to the value of the building. Thus, lighting controls in a 
building consisted of a few manual switches that were centrally located 
on each floor and that operated large banks of lamps. 

The present lighting control industry is a specialty industry that 
meets the demands of spaces that require dimmable lights (e.g., 
theaters, hotels, conference rooms, and ballrooms) or that represent an 
added luxury (e.g., executive offices and boardrooms). Many of the con­
trol systems are designed for incandescent lamps, which are simple to 
control but are inefficient light sources. Some control systems are 
available that can switch and dim gas-discharge lamps, but at a cost of 
about $2 to $4 per square foot, or about $100 to $200 per fixture. 

The soaring cost of electrical energy since 1970 has begun to impact 
the philosophy of lighting design. The lighting industry is introducing 
more efficient lighting components and systems, which· cost more ini­
tially but have a lower total cost (operating plus initial). That is, 
we find that end users are basing their purchasing decisions on the pay­
back period, the return of investment (ROI), or the life-cycle cost. 
The continued use of these decision techniques should create a demand 
for cost-effective lighting management systems. When such a demand 
emerges, industry will move to satisfy it. 
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The market for this energy-conserving lighting product is unique 
because it does not represent a replacement product but a virgin market 
that provides a growth opportunity for the lighting industry. 

The Department of Energy (DOE) has an interest in supporting the 
development of this new industry. Its gro\"th can impact the nation's 
annual consumption of energy used for lighting (~450 BkWh), while still 
providing the illumination to maintain our productivity. This will 
reduce future requirements for-electrical generating capacity, providing 
capital for other needs. To this end, DOE supported two major demons­
trations of lighting control systems, one at the Pacific Gas and Elec­
tric office building in San Francisco and at another the Port Authority 
of New York and New Jersey's World Trade Center in New York City. The 
systems were installed on one entire floor at each site to demonstrate 
and measure the energy savings from various types of control strategies 
and techniques. Honeywell, Inc., and the General Electric Company were 
subcontracted to supply the control hardware. In addition to supplying 
the controls, each subcontractor submitted reports examining the indus­
trial and commercial lighting market. The information presented in this 
report represents, in part, a review of their contributions as well as 
information gathered and analyzed by LBL staff. 

The report consists of five sections. The first section contains 
general information about the building industry and lighting. It 
discusses the major buying influences, lighting use patterns, and bar­
riers to introducing control systems into the marketplace. The second 
section descri.bes advanced control strategies and techniques and esti­
mates the energy savings they can provide. Based upon these energy sav­
ings, a range of target costs for control systems are determined assum­
ing different decision criteria. The third section presents data on the 
existing floorspace in the commercial and industrial (C&I) sector. 
Future floorspace is estimated using two growth models. Considering the 
growth of floorspace and assuming a cost-effective price for control 
systems, the potential lighting control market is determined. The 
fourth section analyzes the impact of control systems upon the lighting 
industry, utilities, and national energy consumption. The final section 
summarizes the report. 

2.0 ASPECTS OF MARKET PENETRATION 

2.1 Lighting Use Patterns 

2.1.1 Commercial Buildings 

Table 2.1 shows the estimated average lighting use patterns for 
buildings in the commercial sector. The values for average light 
source efficiency have been calculated by weighing frequency of use 
and the efficacy of the light sources used in various building 
types. 
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Table 2.1 

LIGHTING ENERGY USE IN VARIOUS COMMERCIAL BUILDING TYPES 

Building Estimated Source Power Annual Annual 
Type Lighting Efficiency Density Operating Lighting 

Level (Lumens/Watt) (Watts/ft2) Hours Energy Use 
(Footcandles) (kHh/ft 2) 

Stores 90 44 4.1 4500 18.5 

Offices 70 54 2.6 3500 9.1 

Public 
Buildings 70 54 2.6 3500 9.1 

School 
, Classrooms 70 44 3.2 2000 6.4 

Educational 
Labs 100 44 4.5 2000 9.0 

Warehouses 30 54 1.1 3000 3.3 

The frequency of use has been determined from sales data. Values 
for power density are calculated in the relation below, assuming 
0.50 to be an average coefficient of utilization (CU) for the fix­
tures: 

---..1.ight--1~Y~l.-llift~l __ 
CU x Source Efficacy (l/W) 

Power Density (W/ft2) (2.1) 

The light level in lumens per square foot is equivalent to 
footcandles. The final column, energy density, is a metric of par­
ticular interest for control systems because it considers the time 
of use as well as the power density of a lighting system. 

A survey of building owners, contractors, and spokesmen for 
utilities and trade organizations in 10 major U.S. cities provided 
the following general lighting patterns for commercial buildings. 1 

i. Lighting is 30% to 50% of the electrical load in typical com­
mercial buildings. 

ii. In 1974 the average connected load of lamps in commercial 
buildings was 2.85 watts/ft 2 • 

iii. Most U. S. commercial buildings have light levels between 100 
and 150 footcandles, although newer buildings and energy­
efficient older buildings typically have 75 to 100 footcan­
dIes. 
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iv. Nearly all the lighting for commercial applications is 
fluorescent, with the 2 ft. x 4 ft. fixture dominating. 

v. More than half of all fluorescent lighting is operated at 277 
volts; the trend is toward 277 volts. The other major input 
current is 120 volts. 

vi. There are about 1.75 x 109 fluorescent ballasts in place in 
the commercial sector. In 1979, about 67 million new bal­
lasts were shipped. 

vii. The cost of labor to replace an existing ballast is between 
$6.30 and $9.52. 

viii. Most wiring for lighting has been installed in large-block, 
minimum-wire-run patterns without regard to light-level zon­
ing. In some newer buildings and progressive states, light­
ing wiring now includes switches for local light control. 

ix. Group relamping is not commonly practiced. 

x. Nearly all U.S. utilities charge their commercial customers a 
demand and consumption rate. 

xi. It is estimated that in the next decade, commercial electric 
utility rates will increase 10% faster than inflation. 

2.1.2 Industrial Buildings 

Table 2.2 lists the lighting use patterns in three types of 
industrial buildings. 

Table 2.2 

LIGHTING ENERGY USE IN VARIOUS Ii~DUSTRIAL BUILDING TYPES 

Building Estimated 
Type Lighting 

Manufacturing 

Level 
(Footcandles) 

Plants 75 

Industrial Labs 100 

Industrial 
Warehouses 40 

Source 
Efficiency 

(Lumens/Watt) 

52 

52 

52 

Power 
Density 

(Watts/ft2) 

2.9 

3.8 

1.6 

Annual Annual 
Operating Lighting 
Hours Energy Use 

(kHh/ft2) 

3500 10.2 

3450 13.1 

2500 4.0 

The estimates of average lighting levels and source efficiencies 
have been obtained in the same manner as for Table 2.1. 



5 

2.2 Control Hardware 

In this report we will be concerned only wi th control systems for 
gas-discharge lamps because they are the predominate light source in the 
commercial and industrial sectors. 

2.2.1 Present 

Several types of systems are employed to switch and control 
low-pressure gas-discharge lamps. One type consists of a micropro­
cessor with hardwired transmitter-receivers to control relays that 
turn groups of lamps on and off. The designer determines the floor 
area each relay will control; the microprocessor is programmed to 
accept commands at a prescribed time schedule from a photocell that 
senses ambient light levels, or from personnel who may desire to 
override the standard lighting pattern. Standard core-coil bal­
lasts can be used with this system. 

Another method of controlling lights employs special dimming 
core-coil ballasts and a power-supply control unit (a phase control 
that limits the duty cycle), which can dim fluorescent lamps con­
tinuously through a wide range of light levels. A computer is used 
which can be programmed to alter light levels according to a 
predetermined schedule as well as from signals provided by photo­
cells that sense prevailing light levels. The relatively high cost 
of the pmqer-control unit requires that each unit control a large 
bank of lamps. 

A system is also being marketed that dims fluorescent lamps by 
varying the input voltage to the lighting system. This system 
requires an external means to provide a time-of-day schedule. This 
voltage-control system is most economical when large banks of lamps 
are controlled from one unit. The range of control is limited with 
this type of system because ballasts are specified to operate reli­
ably about ±10% voltage about the center design voltage, and the 
light output of a lamp does not respond linearly to voltage 
changes. 

Special elements are available for controlling light levels for 
one or two fixtures. These modular control elements are placed in 
the circuit at the fixture and use fiber optics to conduct the 
ambient light to a sensor. When a specified light level is 
exceeded, the electrical lights will dim to maintain a constant 
illumination. These systems are not designed to control large 
banks of lamps and are limited to the above control strategy. 

Occupant sensors that are now on the market will automatically 
turn lamps on or off in response to a space being occupied or unoc­
cupied. 
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2.2.2 Near Future 

An important new element in the design of future automatic con­
trol systems is the introduction of solid-state ballasts. These 
ballasts, which operate fluorescent lamps at high frequency, 
improve system efficacy by 25%.2 A feature of these systems is 
their ability to dim lamps by using low-voltage signals. Most of 
the systems described in the previous section dim lamps by switch­
ing the input power, a method that requires expensive auxiliary 
power equipment. With solid-state ballasts, many lamps can be made 
to respond to command from a centralized system or independently 
from a localized control (photocell). The advantage of using these 
new ballasts is that they also permit control of the illumination 
from individual fixtures. 

Powerline carrier technology is being developed which can also 
be applied to lighting control systems. This will permit control 
signals to be sent over existing pm07er lines to provide many more 
degrees of freedom without additional control wiring. 

2.3 Buying Influences in the Construction Market 

2.3.1 New Construction 

When a new building is being designed and built, a potential 
buyer/owner can turn to several sources for information and recom­
mendations. Figure 2.1 shows the participants who influence the 
decision-making process and illustrates their relationship to the 
owner. 

Figure 2.1 

Hierarchy Of Buying Influences In The Construction Market 
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a. Owners. Most owners of new buildings can be classified as 
either developer/occupants or developer/managers. Speculative 
building developers borrow capital with the intention of selling 
the building immediately after its completion. Fast turn-around 
developers, while not in the majority today, are rarely concerned 
with the building's operating costs; consequently, lighting control 
hardware will find few buyers in this group. Most owners who are 
also building occupants or managers are becoming aware of rising 
operating costs and are increasingly receptive to economical 
methods for reducing these costs. 

b. Architects. The architect acts as the owner's agent and is 
responsible for the overall building design. An architect is not 
always involved in new construction projects, but is usually a 
major participant in larger projects. The architect does not 
become involved in the specific details of the lighting design, 
which are left for the electrical consultant. However, the archi­
tec t, as principal consultant to the owner, determines the budget 
allotted to each portion of the building: mechanical,· heating, 
structural, finishing, lighting, etc. 

c. Consultants. ·Consultants may be associated with an archi­
tectural engineering (A/E) firm different from that of the archi­
tect. Consultants produce design specifications for the building 
systems--electrical, mechanical, or structural--based the on design 
parameters provided by the owner via the architect. The specifica­
tions produced by a consultant are either functional or generic in 
form and are designed around known products. 

Lighting is the domain of the electrical consultant or a spe­
cialized lighting consultant. Consultants who have built their 
reputations on being innovators are most receptive to energy­
efficient lighting products, including controls. They must be cau­
tious because innovation involves risk: consultants are subject to 
suit for losses resulting from their recommendations. Innovative 
lighting designers have to sell their ideas to the architect and 
owner. 

d. Contractors. A general contractor is responsible for the 
total project and subcontracts tasks to many specialized contrac­
tors; e.g., the electrical package is subcontracted to one or more 
electrical contractors. It is to the electrical subcontractor's 
benefit to use the lmvest-cost product that meets the specifica­
tions in order to increase his profit margin. The subcontractor 
prices the products used for a job. The subcontractor's knowledge 
of the performance of a particular product determines which product 
is used. The subcontractor has the greatest influence on products 
that are added by the owner or consultant after the job is given to 
the contractor. 
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2.3.2 Retrofit Market 

In retrofit installations the roles of the architects and 
electrical consultants are supplanted by an energy or facilities 
manager. These individuals are not specialists and lack the exper­
tise to perform a completely effective job of application engineer­
ing. Therefore, in ret rofi t applications, there is greater need 
for the electrical subcontractor or manufacturer to provide 
engineering services. Manufacturers with large service organiza­
tions supply this need; they sell the engineering as well as the 
hardware in what is called a "turn-key" job. 

2.3.3 Summary of Influences 

For lighting controls to effect a major penetration of the 
market, marketing efforts should be directed primarily at the indi­
vidual with the greatest influence--Le., the building owner, who 
controls project funding. Although the "top-down" marketing effort 
should be effective, such an effort will be expensive because 
building owners are a diverse group. The problem is similar for 
controls manufacturers attempting to reach building tenants for 
retrofit orders. 

Until a mature market for controls is developed, we would not 
expect most consultants to actively promote lighting controls. 
Consultants are concerned primarily with the design stage of a 
building and less with the long-range considerations of operating 
costs. Consequently, there is relatively little financial incen­
tive for consultants to promote the use of energy-conserving light­
ing controls. Also, some consultants are becoming increasingly 
overwhelmed with the complexities of modern building systems; 
lighting controls represent an additional building component with 
attendant questions of specification, engineering, and insta~la­

tion. Consultants will be more receptive to using lighting con­
trols if they are easy to install and if manufacturers assure the 
consultants that they involve no risk. 

2.4 Market Survey 

A limited survey of 50 building owners and tenants was conducted to 
assess the marketability of lighting control systems, payback criteria, 
and influences on product selection. All regions of the country-­
Northeast, Midwest, South, and West--were represented. More than 50% of 
the respondents, however, were concentrated in the Northeast. No 
attempt was made to break down the data regionally. A summary of the 
results appears in Table 2.3. 3 



Table 2.3 

SUMMARY OF RESPONSES FROM OWNERS AND TENANTS 

BUILDING SIZE 
Less than sOM ft 2 2 
Greater than sOM ft 

LIGHTING SYSTEH CURRENTLY INSTALLED 

Buy Factors 

Installed during construction in new building 
Retrofit 

AWARENESS OF AUTO}~TED OR SEMI-AUTOMATED LIGHTING CONTROL SYSTEM 
Has reviewed a lighting control system 
Has heard of lighting control systems 
Unaware of lighting control systems 

POTENTIAL INTEREST IN AUTOMATED LIGHTING CONTROL SYSTEHS 
Owner-occupied 
Tenant (pays metered energy bill) 
Tenant (energy charge included in rent) 

Respondent Percentage 

0% 
100% 

6% 
2% 

10% 
40% 
50% 

70% 
15% 

0% 

WHAT HOULD YOUR PAYBACK CRITERIA BE FOR A LIGHTING CONTROL SYSTEM? 
2 years or less 80% 
2 to 3 years 18% 

- more than 3 years 2% 

SYSTEM SERVICE (AFTER INSTALLATION) 
System should provide capability to be serviced in-house 40% 
Service contract 30% 
No response 30% 

Specifying and Selecting Influences 

WHO SPECIFIES LIGHTING SYSTEMS APPLICATIONS? 
Consultant/Engineer 
Owner 
Electrical Contractor 

- Don't know 

WHO SELECTS LIGHTING SYSTEMS EQUIPMENT? 
Consultant/Engineer 
Owner 
Electrical Contractor 
Don't know 

PURCHASE DECISION INFLUENCED BY 
Single manufacturer of all components 
System components from several manufacturers 
No preference 

Respondent Percentage 

60% 
20% 

20% 

10% 
40% 
40% 
10% 

60% 
20% 
20% 

9 



10 

2.5 Barriers to Market Penetration 

, The previous sections were presented to provide the reader with a 
basic understanding of the lighting market and a concept of the complex­
ity of purchasing and marketing a new lighting product: no single person 
or department is solely responsible for their purchase. 

One of the major barriers to the adaptation of centralized lighting 
control systems is that reduced operating costs are not considered an 
asset and do not add to abuilding's value. Thus, if the original 
builder/owner does not intend to operate the building, he will not incur 
initial costs in order to reduce operating costs. The same reluctance 
will prevail if an operating O~ler passes energy costs to tenants. 

The mode of operation of a building is important. If the tenant 
pays the utilities, there is little incentive for the building 
operator/owner to invest in energy-efficient practices. If the 
operators/owners can cost-effectively reduce their operating costs while 
maintaining income, they will invest in energy-efficient products that 
can realize a good return. 

The separation between the knowledge of lighting systems, the 
specification of the system, and the final selection is also a signifi­
cant barrier. In regard to Table 2.3, note that 50% of the owners are 
unaware of lighting controls and another 40% are just aware of them, yet 
the owner makes the decision about their use. The consultant who is 
knowledgeable about these new products specifies the system but does not 
select the equipment. This lack of overall responsibility means that 
all participants hesitate to recommend new concepts. The owner is 

'reluctant to spend extra funds on items he does not understand; the 
consultant's judgement is questioned if he specifies a technique and 
then the contractor purchases an inadequate system. This division of 
decision-making and split responsibility tends to support the use of 
traditionally accepted techniques. 

The general purchasing criteria for a payback of two years or less 
(see Table 2.3) is a stringent requirement for a new large-cost product 
at its initial stage of introduction. (A payback of two years or less 
is equivalent to a 50% or greater return on a capital investment). 
Because a lighting control system will have a life of 20 to 30 years, a 
life-cycle cost analysis would be a more realistic method for assessing 
its cost-effectiveness. 

The lack of t'edera1 and/or state energy-saving tax incentives is 
another barrier to the use of these systems. In determining the deci­
sion criteria (payback period, return on investment, life-cycle cost­
ing), any gains (profits) that are realized will be taxed at a rate of 
50%. This lowers the net return on investment. 

Many federal and state lighting codes currently in force give no 
credit for the use of lighting management systems. The connected load 
(watts per square foot) is used as the standard that a lighting system 
must meet. This is satisfactory for static lighting systems. The dynamic 
lighting capability offered by control systems may require a higher 
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connected load to be optimally effective. However, by virtue of the 
dynamic control, less energy will be used, and the computer can be pro­
grammed to limit the load in use at any time to meet government regula­
tion. Thus, regulations that are based on connected load without pro­
viding for the use of control systems are another barrier to these pro­
ducts. 

3.0 TARGET COSTS FOR CONTROL SYSTEMS 

3.1 Control Strategies and Their Energy Savings 

To estimate the energy savings of a lighting control system, we will 
consider the four control strategies listed in Table 3.1. The table also 
includes the type of control required and the response time of each sys­
tem. For example, in order to use tuning, which provides a semiper­
manent lighting pattern that can be changed occasionally when the visual 
task or room arrangement is altered, the system must have modular con­
trol (local independent control of one or a few fixtures). 

Table 3.1 

LIGHTING CONTROL STRATEGIES 

Strategy System Period 

Performance 

Scheduling Central Hourly 

Lumen Maintenance Central Monthly 

Tuning Modular Occasional 

Daylighting Modular Immediate 

Load-shedding is one strategy not considered in this report because 
it does not reduce energy use. However, it will reduce high demand 
charges and offers an additional monetary savings. 

3.1.1 Scheduling 

A control system can provide the necessary patterns of lighting 
in time to respond to the scheduled activities of the space. A 
typical office schedule might be: lights on at 7:00 am; dim lamps 
for lunch from 12:00 pm to 1:00 pm; turn off lamps at 8:00 pm 
(leaving some stumble lighting); and in the evening provide one­
third light levels for the cleaning crew. On weekends and holidays 
the lights are off all day. These systems must provide a suitable 
override for unscheduled activities. 
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Most workers (about 83%) work from 8:00 am to 5:00 pm. 3 Their 
lighting needs can be supplied from 7: 30 am to 5: 30 pm, 10 hours 
per day. Neglecting holidays, this amounts to 2600 hours annually, 
(10 hours per day, 5 days a week, 52 weeks per year). The lighting 
use patterns described in Section 2.1 showed that the average 
annual operating time in offices was 3500 hours. Scheduling could 
save 26% of that lighting. This is a conservative estimate of the 
energy savings because our experience in monitoring lighting 
demonstrations involving manual lighting controls documents that 
many nights the lights are accidentally left on all night. Thus 
actual usage exceeds 3500 hours annually. 

3.1.2 Lumen Depreciation 

Lighting systems are designed to maintain a particular level of 
illumination. Because of lumen depreciation, lighting systems must 
initially provide illumination in excess of the specified level. 
These recoverable light-loss factors include lamp lumen deprecia­
tion (the decreases in light output of lamps with operating time) 
and dirt lumen depreciation (the accumulation of dust on walls in 
fixtures, which decreases transmission and reflection of light from 
the source). They are designated recoverable light-loss factors 
because the initial illumination level can be recovered by washing 
the fixtures and walls and by re1amping. 

A continuously dimmable lighting system can provide a constant 
illumination level. A control system linked to a photocell that 
senses the illumination level can dim the lamps to the design 
level. As the lamps age and dirt accumulates, more power is 
applied to the lamps to maintain the required light level. When 
the lumen depreciation becomes too severe to compensate for, it is 
time to clean and relamp the area. This technique provides an 
incentive to maintain the lighting system: aged lamps and dirt 
accumulation require more power (consume more energy) and cost more 
to operate than a newly 1amped, clean area. Thus, scheduled 
maintenance will lower operating costs. A static, dedicated light­
ing system cannot compensate for these recoverable light-loss fac­
tors. 

In a previous paper, an estimate was made of the initial light 
levels for a room with a 2.3 room/cavity ratio, using open, semi­
direct luminaires category 114 and a two-year maintenance period. 2 

For a standard ballasted, dimmable lighting system the energy sav­
ings were determined to be 14%. 

3.1.3 Tuning 

After a lighting system is installed and the arrangement of the 
space is finalized, the lighting system can be "tuned" to the space 
if the light level from each fixture can be independently con­
trolled. For example, the lamps can be dimmed above aisles and 
less visually critical work spaces. In areas where critical visual 
tasks are done, light levels can be increased. Thus, the proper 
light can be provided throughout the space to maintain productivity 
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and optimize energy use. The significance of this strategy is that 
when subsequent changes are made in floor arrangements, the illumi­
nation can be readily altered to accommodate them at virtually no 
cost. 

Centralized control systems that operate large banks of lamps 
cannot employ tuning, so other means must be used to "tune" such a 
lighting system--de1amping, low-output lamps, etc. However, these 
limit the range one can dim and incur added cost for the additional 
inventory of lighting products that must be maintained. So lid­
state ballasts are available that permit each fixture's light level 
to be set over a wide range, enabling the optimum employment of 
this strategy. 

It is difficult to estimate average energy savings. Thus, we 
have used the office layouts at the PG&E building and the World 
Trade Center to determine the amount of aisle space where the light 
level could be reduced by 50%. The aisle space in these demonstra­
tions amounted to 24% of the total area; thus the average savings 
for an entire floor from tuning the lights above the aisles is 
estimated at 12% (50% x 24%). This is a conservative estimate 
because illumination levels can also be lowered in work spaces 
designed for less visually critical tasks (reception areas, etc.). 

3.1.4 Day1ighting 

In the perimeter area of a building, part of the requi red 
illumination can be supplied by natural daylight. In order to 
exploit this illumination one must be able to dim the electrical 
lights in proportion to the amount of natural daylight available. 
A dimmable lighting control system can respond to daylight by using 
a photocell that senses light levels. The design objective for 
such a system is to maintain the prescribed light level at all 
times. This day1ighting strategy can greatly reduce the energy 
consumption of an electrical lighting system. 

The energy savings that can be realized from daylighting in 
buildings depends upon many factors--c1imatic conditions, building 
form and design, and the activities within the building. Interest 
in the use of daylighting is just emerging, and there is little 
documented research in this field. The Civil Engineering Laboratory 
at Port Hueneme, California, has measured the energy reduction in a 
we11-day1it office in Los Angeles, reporting a 70% reduction in 
energy consumption. 5 Considering the climatic conditions of other 
selected cities, they estimate a range in savings from a low of 57% 
in Indianapolis to a high of 70% in Los Angeles. Based upon the 
above and projected savings by others,6,7 we will assume an average 
energy savings of 50% in those areas of a building that can employ 
daylighting. 

Only a portion of a building can be day1it, however. Thirty 
percent of the floorspace for a building 100 feet square is suffi­
ciently near to the perimeter to be day1it; thus the average energy 
savings from day1ighting for an entire building that can save 50% 
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in the daylit area will be (50% x 30%), or 15%. 

3.1. 5 Summary of Energy Savings 

The total energy savings for a control system that can use one 
or some combiTlation of the above strategies is listed in Table 3.2. 

Table 3.2 

CUMULATIVE ENERGY SAVINGS FOR ONE OR MORE CONTROL STRATEGIES (%) 

I I,ll I,II,IlI I,IV I,Il,IIl,IV II,III II,IV I,IIl 

I Scheduling 26 26 26 26 26 26 

II Lumen 
Depreciation 14 14 14 14 14 14 

III Tuning 12 12 12 12 12 

IV Daylighting 15 15 15 15 

Total 34 42 46 51 24 27 35 

Table 3.2 lists energy savings for each combination of strategies. 
Notice the total accumulated energy savings is not the arithmetic 
sum of t~e strategies. 

We wish to emphasize that the energy savings listed in Table 
3.2 are based upon limited experimental data. For that reason we 
have attempted to use the most conservative values. The lack of 
sufficient data is precisely the reason we are carrying out the two 
switching and control demonstrations. 

3.2 Decision Criteria 

Traditionally, first costs have been used to determine whether 
to purchase a lighting component or system that meets design 
specifications. Standard procedures required purchasing agents to 
obtain at least three bids for a set of specifications. If the 
lowest bid was not accepted, a detailed justification was required. 

Because of the increased cost of energy, today's criteria for 
purchase must include the operating cost of the equipment. Analyt­
ical methods are used to determine and compare the payback, return 
of investment (ROI), or life-cycle cost of different lighting pro­
ducts and techniques. Each 0 f these methods considers initial 
cost, operating costs, and the cost of the investment. Life-cycle 
costing also includes the life and salvage value of the equipment. 
Industries base their decisions on the payback period, which is 
inversely proportional to the ROT. From our market survey (Table 
2.3), the acceptable payback time is two years, which is equivalent 

I,IV 

26 

15 

37 
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to a 50% return on investment. This high rate of return describes 
an attractive investment and a stringent guideline for many new 
products. Some building owners employ three-year payback periods8 

because lighting control systems have long lives. Federal agencies 
are required to base their decisions on a life-cycle cost analysis. 

The use of paybacks and life-cycle costing are mandatory for 
purchasing decisions regarding retrofits. When one is replacing a 
functional lighting system with a system that will reduce operating 
costs, the only rationale for purchase is the reduced energy cost. 

3.3 Target Costs for Lighting Systems 

One objective of this paper is to estimate an "effective cost" 
(equipment plus installation) an end user could be expected to pay 
for a lighting control system. The analysis will be based upon the 
control strategies the system can provide (scheduling, lumen depre­
ciation, tuning, daylighting), and the energy savings that will be 
realized from each strategy or combination of strategies. The tar­
get cost of the system will be described in dollars per square 
foot. We will employ a simple payback analysis using the following 
relationship: 

Payback period (yr) = Initial Investment ($) 
Annual Savings ($!yr) • (3.1) 

The number of lighting control strategies that can be employed 
depends upon the complexity of the control system. We will deter­
mine the effective total cost (equipment plus installation) of sys­
tems having different degrees of capability. Using the data listed 
in tables 2.1 and 2.2 for annual energy consumption and in Table 
3.2 for percent energy savings, we will calculate the annual energy 
savings for an energy cost of $0.05 and of $0.10 per kWh. A deci­
sion criteria of a two-, three-, or four-year payback period will 
be used. 

3.3.1 Scheduling 

This is the simplest control system and could consist of a 
system as simple as a clock and relays to turn large segments 
of lamps off or on. Such a system could be installed in the 
electric closet so that there would be virtually no difference 
in cost between new construction or a retrofit. In an office 
using 9.1 kHh/ft2/yr annually, the annual savings would be: 

Annual Savings ($/ft2) Annual Energy Use (kWh/ft 2/yr) 
x Percent Savings 
x Energy Cost ($/kWh), 

(3.2) 

which is $0.118/ft2 at $O.Os/kWh. The acceptable total cost 
of a system for a three-year payback is $0.3s4/ft2 . 



16 

3.3.2 Scheduling, Lumen Depreciation, and Daylighting 

This control system is more complex than the first because 
equipment must respond both to a photocell that senses the 
ambient light level and to a time clock. For the conditions 
used above, the annual savings for the three strategies is 
$0.209/ft2 • The total cost of this system for a three-year 
payback is $0.627/ft2 • 

This type of control system is less costly in new con­
struction than for retrofits because it entails considerable 
rewiring in the ceiling; new dimming ballasts or relays and 
photocells have to be installed in the workspace. 

3.3.3 Scheduling, Lumen Depreciation, Daylighting, and Tuning 

The addition of the tuning strategy introduces the capa­
bility of controlling each fixture. Each fixture can be con­
trolled by using solid-state ballasts that permit light levels 
to be set by means of a potentiometer in the ballast. For the 
same general conditions as above, the annual savings is 
$0.232/ ft2. Fo r a three-year payback period, the total cost 
is $0.696/ft2 • 

Table 3.3 

TOTAL COST OF CONTROL SYSTEM 

2 Energy Cost ($/ft ) 

$O.05/kHh 

Strategy Payback eyr. ) Payback 

2 3 4 2 

Sch 0.L36 0.354 0.472 0.472 

Sch,LD 0.310 0.466 0.620 0.620 

Sch, LD, ]j 0.418 0.627 0.836 0.836 

Sch, LD, D, T 0.464 0.696 0.924 0.924 

Scheduling Sch 
LD Lumen Depreciation 

$O.IO/kWh 

eyr. ) 

3 

0.472 

0.931 

1.254 

1.392 

D 
T 

4 

0.708 

1. 241 

1.672 

1.848 

Daylight 
Tuning 

, -
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Table 3.3 summarizes the results for two-, three-, and 
four-year payback periods and for energy costs of $0.05 and 
$0.10 per kWh for four combinations of strategies. 

As with the previous system, the payback period for new 
construction will be less than for a retrofit because the 
proper installation of this system will require considerable 
rewiring. 

4.0 POTENTIAL CONTROLS MARKET 

4.1 Building Market Structures 

4.1.1 Commercial Building Stock 

The total square footage of in-place commercial building 
stock is listed in Table 4.1. The total area is broken down 
into the nine 
Office space, 
for more than 

major categories of the commercial sector. 
retail stores, and educational buildings account 
50% of the total space. 

The total commercial building space is plotted as a func­
tion of time in Fig. 4.1. The curve represents the net growth 
of commercial stock. Between 1960 and 1975 the rate of growth 
has been large and constant. 
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Table 4.1 

IN-PLACE COMMERCIAL BUILDING STOCK 

(In Millions of Square Feet) 

Year Office Retail! Garage Warehouse Educ. Public Hospital 
Wholesale 

1925 2,136 273 531 
1930 2,312 321 599 
1935 2,282 384 608 
1940 (2) (2) (2) (2) 2,387 447 652 
1945 2,406 488 732 
1950 2,683 512 888 
1955 3,359 585 1,028 
1960 4,203 720 1,175 

1965 2,851 3,163 375 1,381 5,049 870 1,413 
1966 2,957 3,328 404 1,953 5,258 899 1,462 
1967 3,037 3,496 433 1,526 5,961 928 1,516 
1968 3,164 3,676 466 1,605 5,659 959 1,574 
1969 3,313 3,891 501 1,700 5,833 985 1,648 
1970 3,452 4,084 531 1,784 5,985 1,002 1,705 

1971 3,614 4,278 554 1,869 6,126 1,034 1,771 
1972 3,769 4,535 583 1,982 6,239 1,062 1,840 
1973 3,940 4,837 601 2,114 6,339 1,100 1,900 
1974 4,088 5,088 690 2,224 6,766 1,134 1,962 
1975 4,180 5,241 618 2,291 6,564 1,168 2,010 

(l)The figures prior to 1960 do not include hotel-motel floorspace. 

(2)In-place stock estimates for these building types not available prior to 1965. 

, " 

Religious Hotel! 
Motel 

450 
501 
494 
502 
506 
594 
795 
972 (1) 

1,185 1,273 
1,221 1,293 
1,254 1,313 
1,204 1,337 
1,306 1,306 
1,324 1,369 

1,339 1,378 
1,356 1,407 
1,372 1,425 
1,388 1,445 
1,405 1,468 

Misc. 

782 
883 
889 

1,071 
1,498 
1,681 
2,049 
2,368 

2,650 
2,718 
2,782 
2,853 
1,306 
3,000 

3,071 
3,236 
3,225 
3,311 
3,383 

Total 
Commerical 

7,640 
8,678 
8,662 
9,114 
9,957 

11,123 
13 ,071 
15,801 

20,269 
21,023 
21,777 
22,602 

2,936 
24,252 

25,061 
25,934 
26,883 
27,745 
28,328 

I-' 
co 
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Figure 4.2 shows the relative sizes of the major elements 
of the commercial sector in 1965 and in 1975. The figure 
shows a 2% decline in schools and 3% increase in the growth of 
stores. 

Figure 4.2 

Commercial-Sector Building Types 

1965 vs 1975 
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4.1.2 Growth of Commercial Building Stock 
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Figures 4.3, 4.4., 4.5, and 4.6 show the annual additions 
to floor area of various commercial sec tors. as presented by 
one of our subcontractors in a preliminary report. 3 They pro­
jected the yearly additions between 1978 and 1983 (shaded area 
in the above four figures). These curves reflect only added 
stock and do not consider the yearly attrition due to fire and 
demolition. The construction of new office space (Fig. 4.3) 
has been roughly proportional to the growth in white-collar 
employment. This sec tor of the labor force has increased 
relative to the total, from 15% to 51% in 1977, and is 
expected to surpass 53% by 1983. The rapid growth of the 
office-space market from 1963 to 1975 is attributed to the 
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increase in white-collar employment in the post-war years. 
Because the growth of white-collar workers peaked in the mid-
1970s, demand for office buildings is expected to remain high 
in the early 1980s but lower than during the peak years 
between 1969 and 1973. 
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Figure 4.3 

Yearly Additions to Floor Area 

Office (and Bank) Bui Idings 

1968 1973 1978 1983 

Source: Ref. 3. XBL 813-4526 

The most notable feature in the growth of educational 
buildings is the steady decline since 1965 (Fig. 4.4). This 
decline is attributed to the declining enrollment in schools 
since 1965. Two factors that have affected the nature and 
location of the demand for educational buildings are that: 1) 
the age structure has created a need for more colleges and 
fewer primary schools; and 2) population shifts have caused 
increased construction in the Sun Belt area of the United 
States. Without the prospect of a turn-around in enrollment 
before the mid-1980s, the educational building growth should 
be maintained at the present market level, llO-1l5 million 
square feet per year. 

., 



Figure 4.4 

Yearly Additions to Floor Area -
Educational (and Science) Buildings 
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The need for stores and warehouses is related to the 
volume of retail sales. On a.year-to-year basis the demand is 
closely related to the volume of residential building. On the 
average, each one million square feet of new housing leads, 
within a year'" s time, to the construction of about 200,000 
square feet of retail buildings. The data in Fig. 4.5 feature 
a continuous rate of increase of retail buildings from 1963 to 
1973; the sharp transitory drop reflects the 1975 recession. 
The limited growth potential for residential buildings during 
the next five years implies a plateau in the trend for retail 
building. . 

The yearly addition to public buildings is related to the 
demand for public services, which grows roughly in line with 
population. The other feature of this curve (Fig. 4.6) is the 
occasional interruption. or acceleration of this trend by 
events that are unrelated to the need for government facili­
ties. 
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Figure 4.5 

Yearly Add it ions to Floor Area -
Stores (and Other Mercantile Buildings) 
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Figure 4.6 

Yearly Additions to Floor Area­
Public Buildings 
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Source: Ref. 3. 
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4.1.3 Commercial Growth Potential 

4.1.3.1 Short-Term Projections 

The total in-place commercial floor stock given in Table 
4.1 extends to 1975. We have extended this curve to 1978 by 
using gross construction data from the Statistical Abstracts 
of the United States. 9 With the aid of the subcontractors'" 
growth projections (Figs. 4.3 through 4.6),3 we have extrapo­
lated the curve in Fig. 4.1 to 1983. In order to employ the 
above data on yearly additions, we had to amend the values by 
considering a yearly stock removal rate of 1.1%. The above 
estimate of the growth rate between 1978 and 1983 is slightly 
less than the preceding five years, 680 x 106 per ft 2 per year 
versus 800 x 106 per ft 2 per year. 

4.1.3.2 Long-Term Projections 

In 1978 Oak Ridge National Laboratory (ORNL) has developed 
a model for predicting the growth of commercial stock. 10 This 
model estimates future commercial construction based on popu­
lation data and per-capita income. The model predicts that 
the average growth rate of nothing in-place commercial build­
ingswill be 4.3% annually through the year 2000. Considering 
a stock removal rate of 1.1%, total annual additions will be 
5.4%. 

The authors estimated an average growth rate by extrapo­
lating the data between 1975 and 1980 (2.3% annually) to the 
year 2000. Taking into account the 1.1% stock removal rate, 
yearly additions must grow at a rate of 3.4%. 

The ORNL model was amended;10 Table 4.2 lists the results 
of a computer run of their model made in May 1979. 

Figure 4.7 plots these estimates of growth rates from 1980 
to the year 2000. Note that by the years 1990, 1995, and 2000 
the building stock added since 1980 will be 30%-43%, 43-59%, 
and .54-72% of the total in-place stock, respectively. The 
annual additional f100rspace for those three years as pro­
jected to be between 1.33 and 2.53 billion square feet. The 
final ORNL growth model as amended in 1979 predict's a consid­
erably smaller growth rate and is slightly greater than the 
simple projections used by the authors. 
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Table 4.2 

ORNL COMMERCIAL ENERGY USE SIMULATION, 1970-2000 
SUMMARY OF ENERGY-DEMAND FORECAST 

STOCK INCLUDING ADDITIONAL TOTAL FLOORSPACE (MILLION SQUARE FEET) 

1970 1975 1980 1985 1990 1995 2000 

Retail/Whl. 3,972 4,579 5,625 6,677 7,774 9,000 10,290 
Office 3,266 3,956 5,272 6,658 8,179 10,010 12,031 
Auto Repair 485 511 535 566 596 621 645 
Warehouse 1,782 2,117 2,732 3,368 4,052 4,852 5,718 
Educational 5,983 6,581 7,470 8,356 9,240 10,140 11 ,048 
Health 1,697 1,881 2,161 2,440 2,720 3,010 3,305 
Public Bldg. 1,004 1,051 1,095 1,150 1,204 1,247 1,291 
Religious 1,337 1,456 1,625 1,795 1,963 2,130 2,297 
Hotel Bldg. 1,371 1,539 1,805 2,070 2,340 2,626 2,920 
Misc. 2,999 3,428 4,157 4,883 5,632 6,462 7,327 
Total 23,896 27,100 32,476 37,961 43,700 50,099 56,872 

ANNUAL ADDITIONS TO FLOORS PACE (MILLION SQUARE FEET) 

1970 1975 1980 1985 1990 1995 2000 

Retail/Wh1. 195.1 120.6 258.0 265.5 284.1 324.8 358.2 
Office 181.0 120.8 312.9 332.3 369.1 447.7 507.9 
Auto Repair 27.4 9.3 10.0 12.1 13.3 13.9 16.1 
Warehouse 93.0 61.4 147.8 154.7 169.0 200.1 224.2 
Educational 195.0 136.3 238.0 252.3 273.0 303.6 335.9 
Health 75.0 42.1 76.1 80.7 86.4 94.1 101.5 
Public Bldg. 29.0 20.6 22.6 26.3 27.8 28.1 31.7 
Religious 27.0 29.0 47.2 50.9 55.8 62.1 69.0 
Hotel Bldg. 47.0 40.6 73.0 75.2 78.8 85.7 92.4 
Misc. 89.0 89.6 191.3 202.5 217.2 241.3 256.3 
Total 958.4 670.2 1376.9 1452.5 1574.5 1801.4 1993.1 
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Figure 4.7 
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4.1.4 Industrial Building Stock 

Data on industrial floorspace are quite scarce. Discus­
sions wi th realtors lead us to conclude that the in-place 
stock of industrial buildings in 1980 was about 8.2 billion 
square feet (estimate from Ted Dale of Coldwell-Banker).ll 
This estimate includes industrial warehouses as well as 
manufacturing floorspace. 
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4.1.5 Growth in Manufacturing Buildings 

Figure 4.8 shows the gross yearly additions to manufactur­
ing space from 1970 to 1978. Only additions to industrial 
floorspace are plotted; annual losses of building stock are 
not included. 

Figure 4.8 

Yearly Additions Only­
Manufacturing Building 

estimates 

---~ 

1970 71 72 73 74 75 76 77 78 79 1980 

Source: Ref. 9. XBL 827-10733 

Annual construction of manufacturing buildings appears 
closely correlated with the business cycle. Physical volume 
declined 50% between the growth year of 1973 and the recession 
of 1975. Additions to manufacturing buildings were probably 
about 200 million square feet in 1979 and 1980. 

There are few available data on the growth potential for 
industrial buildings during the next 15 years. However, 
because growth of building space in a given sector is at least 
roughly correlated with the number of employees in that sec­
tor, the potential for growth in industrial buildings is 
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probably much less than that for commercial buildings. This 
conclusion is based on the fact that between 1948 and 1977 the 
number of workers employed in the manufacture of goods has 
only slowly increased, from 15.5 million workers in 1948 to 
19.1 million in 1977.12 This amounts to an average annual 
increase of only 0.72% between 1948 and 1977. 

If the trend in manufacturing employment which began in 
1948 continues throughout the next 15 years, the net increase 
in industrial floorspace will average no more than 1% annually 
through 1995. Based on this assumption, the in-place inven­
tory of industrial buildings will be no more than 9.5 billion 
square feet by 1995. Figure 4.9 plots this growth rate. 

Figure 4.9 

Growth of Industrial Building Stock 
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4.2 Estimated Harket 

By combining the results of the target costs and the 
predicted new building stock, we can estimate a lighting con­
trols market. The low estimate is based upon the use of a 
simple energy management system (scheduling strategy) with a 
target cost of $0.236/ ft2. If the investments during the 14 
years (bet,.,een 1986 and the year 2000) are in simple lighting 
management systems, the total market will be $5.2 billion. 
In the year 2000, 4.5 billion ft 2 will be added, and the 
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annual market would be $1.1 billion. 

To estimate an upper limit we assume that all new energy 
management systems will employ all four control strategies. 
At an energy cost of $O.lO/kWh, the target cost is $0.924/ft2 • 
For the same new building stock (22 billion ft2), the total 
market from 1986 to the year 2000 will be $20 billion. In the 
year 2000 the annual market will be $4.2 billion (4.5 B ft 2 x 
$0.924/ft2). 

The range determined above, a total market between $5.2 
and $20 billion and an annual market in the year 2000 of $1.1 
to $4.2 billion, is based upon 100% penetration of control 
systems by the year 1986. While this may appear optimistic, 
the object of this report is to estimate the "potential" 
market and its subsequent impact. We believe that a market in 
the above range can be realized because we did not include the 
potential sale of controls in the retrofit market. For exam­
ple, in 1990 there will be more than 25 billion square feet of 
"old" building stock that will be candidate for a lighting 
management system. 

5.0 ENERGY UIPACT 

In the previous sections, information was presented on 
energy management systems, control strategies, and their rela­
tive energy savings. From these data the total cost of a sys­
tem was determined based upon an energy cost of $0.05 to $0.10 
per kWh and a payback criteria of two, three, or four years. 
Based upon the growth of floorspace in the industrial and com­
mercial sectors, a potential controls market was calculated. 
In this section the energy impact of the lighting controls 
will be assessed. Table 5.1 shows the mix of floorspace in 
the year 2000 for buildings built after 1986. 

Table 5.1 

COMMERCIAL AND INDUSTRIAL FLOORSPACE MIX 

IN THE YEAR 2000 FOR BUILDINGS BUILT AFTER 1986 

Stock Extrapolated ORNL Model 

Model 009 ft2) 00
9 

ft
2

) 

New 29.1 35.7 

Old 31.3 31. 3 

Total 60.4 67.0 
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5.1 No-Control Scenario 

In the United States, approximately 450 billion kWh of 
electrical energy are consumed annually for lighting. Fifty­
one percent of this energy (230 billion kWh) is used in the 
indoor commercial and industrial (C&I) sec tor. Current C&I 
floorspace is estimated to be 40 billion ft 2 and uses an aver­
age annual energy density of 5.8 kWh/ ft2. Average building 
usage is 2500 hours a year, from which one obtains the average 
installed power density of 2.32 W/ft2. 

Several of the energy-efficient lighting products on the 
market are based upon improvements made to old technologies. 
Energy-efficient core-coil ballasts and energy-saving fluores­
cent lamps are among them. In addition, the Illuminating 
Engineering Society (IES) has reduced the recommended light 
levels for many visual tasks. 13 The above techniques save 9%, 
6%, and 30% in lighting energy, respectively. The accumulated 
saving of all three is 40%. The incorporation of the above 
into new lighting systems will reduce a building's energy den­
sity and power density for lighting to 3.5 kWh/ft2 and 1.4 
W/ft2 per square feet, respectively. (The above products have 
been cited because they are on the market today; more effi­
cient lighting systems using new technologies will be avail­
able in the mid 1980s). 

The projected energy usage in the C&I sectors in the year 
2000 will be between 284 and 307 BkWh using either the extra­
polated or the ORNL growth model, respectively (60.5 billion 
ft2 or 67.0 billion ft2). The above values are calculated 
using the lower energy density for new construction and 5.8 
kWh for existing buildings. 

5.2 Use of Energy Management Systems 

5.2.1 Scheduling 

If all buildings constructed after 1986 employed the 
scheduling control strategy, the energy consumed in the C&I 
sector would be reduced by 26% (see Table 3.2). The average 
energy density and power density of the new buildings would 
become 2.6 kWh/ft2 and 1.0 W/ft2 , respectively. The total 
annual energy usage in the C&I sector would be between 258 
BkWh and 275 BkWh. The annual savings, at $0.10 per kWh, would 
be between $2.6 billion and $3.2 billion. The above range is 
obtained by using the two building growth models. 

The investment to install this control equipment in all 
buildings that are built after 1986, at $0.236/ft2 (see Table 
3.3 for a two-year payback), is between $6.9 and $8.9 billion, 
for an annual investment of $0.5 to $0.6 billion. 
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5.2.2 All Strategies 

If all buildings constructed after 1986 employed all four 
strategies--day1ighting, scheduling, tuning and lumen 
depreciation-- the average reduction in energy would be 51% 
(see Table 3.2). In the year 2000 the energy density of these 
new buildings would be 1.7 kWh/ft 2 (3.5 kWh x 0.49). The 
average power density for a usage of 2500 hours is 0.7 W/ft2. 
The energy use of the new building stock would be 49 BkWh and 
61 BkWh, for the extrapolated and ORNL models respectively. 
If these are added to the old stock, 31.3 billion ft 2 at 5.8 
kWh/ft2 (182 billion kWh), total energy consumption for C&I 
would be 231 billion kWh to 243 billion kWh. The net energy 
reduction from the no-control scenario is 53 to 64 billion kWh 
annually. The annual savings at $0.10/kWh is between $5.3 and 
$6.4 billion annually. 

The necessary total investment for employing these systems 
at $0.928/ft2 (see Table 3.3) is $27.0 to $33.1 billion, or a 
capital investment of $1.9 to $2.4 billion annually. 

5.2.3 Total Cost of Energy Hanagement System 

The arguments presented in the previous sections have been 
based upon a 100% market penetration, which assumes the 
manufactured price can meet the end user's purchasing cri­
teria. Because the controls market is expected to be elastic, 
the rate of total market penetration depends upon the manufac­
turers' ability to produce controls below the limiting cri­
teria. To provide some evidence that the cost of the lighting 
management systems can be expected to be below the limiting 
cri teria (determined from the price of energy and a two-, 
three-, or four-year payback period), two examples of control 
installations will be described. The systems from which the 
prices were obtained are available today. 

5.2.3.1 Scheduling System 

One cost we wish to determine is the total cost of an 
energy management system based on the scheduling strategy. 
The characteristics of an example building are listed in Table 
5.2. 



Table 5.2 

OFFICE BUILDING STATISTICS 

Characteristic 

Floors 

Floor Area 

Lighting Power Density 

Light Output 

Lamp Type 

Ballast Loss (core-coil CBM ballast) 

Fixture 

Coefficient of Utilization (fixture) 

Maintenance Factor 

Maintain Illumination 

Initial Illumination 

Number of Fixtures on Floor 

Number of Ballasts/Floor 

Number of Lamps/Floor 

Supply Voltage 

Current per Ballast 

Description 

40 

200' x 100' (20,000 ft 2) 

2.32 W/ft 2 

= 3150 lumen~/lamp 

= F40 rapid-start, Cool White 

8 W/ballast/lamp 

4 lamps/fixture 

0.50 

0.75 

70 fc. 

94 fc. 

300 

600 

1200 

277 volts 

0.34 A 
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A programmable control system is available which can send 
a prescribed schedule of lighting patterns to transceivers and 
operate relays that switch groups of lamps on and off. The 
example system consists of a microprocessor with a memory 
capacity for 500 transceivers. Each transceiver can control 
32 relays operating at 20 A. 

The installed control system will employ 30 relays and one 
transceiver per floor. The entire building (40 floors) will 
require 1200 relays and 40 transceivers. To function as the 
central control system (with memory), one programmable 
microprocessor will be required for the 40 transceivers. Table 
5.3 lists the estimated cost of the system. 
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Tahle 5.3 

TOTAL CONTROL COSTS 

Equipment 

Unit 

Microprocessor 
40 Transceivers 
1200 Relays 

$10,000 
2,000 

7.00 

Total 

Microprocessor 
40 Transceivers 
1200 Relays 

TOTAL 

Total Cost 
Floor Space 
Cost per square foot 

Installation 

Man-hours 

Each Total 

40 hr 
40 hr 
0.5 hr 

$154,400 

40 hr 
1600 hr 

600 hr 

800,000 square feet 
$0.193 

5.2.3.2 All Strategies 

Total 

$10,000 
80,000 
8,400 

$98,400 

Cost 

@$25/hr $ 1,000 
40,000 
15,000 

$56,000 

A control system for all strategies--scheduling, lumen 
depreciation, tuning, and daylighting--might consist of the 
above programmable control system with the addition of dimm­
able solid-state ballasts. Branches of lamps can be switched 
on or off according to a prescribed schedule; a photocell sig­
nals each ballast, varying the light output to maintain a con­
stant illumination (lumen depreciation and daylighting stra­
tegies). The dimmable solid-state ballasts also have poten­
tiometers (variable resistors) that can be used to manually 
adjust the light output of each lamp (tuning strategy). Thus, 
this energy management system consists of the central control 
system plus dimmable solid-state ballasts with photocells in 
the ceiling to monitor illumination levels. This example will 
employ four-lamp solid-state ballasts at $90 per ballasts. 
Each floor will require about 40 photocells. The photocell 
control system requires 18-volt dc power supplies and an 
electrical isolator for each ballast. There is also an addi­
tional $5 per fixture installation cost for wiring each bal­
last in a fixture· with the low-voltage wire from the photo­
cell. There is no installation cost for the solid-state 
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ballast because the cost of installing a solid-state ballast 
is the same as that for a core-coil ballast. That is, the 
solid-state ballasts will be installed at the factory by the 
fixture manufacturer. We will assume that energy-efficient 
2-lamp, 40-watt, core-coil ballasts made by a Certified Bal­
last Manufacturer (CBM) cost $10 each; thus the pre~ium cost 
for a four-lamp solid-state ballast is $70. The total cost 
for this lighting management system is itemized in Table 5.4. 
The payback is less than calculated because we have not 
included the intrinsic 15% energy reduction achieved by using 
the solid-state ballasts2 (solid-state ballasts are 25% more 
~fficient than standard coil-core ballasts and about 15% more 
efficient that the energy-efficient type). 

Table 5.4 

TOTAL COST OF CONTROL SYSTEMS FOR ALL STRATEGIES 

Unit Total 

Central Control System $154,400 

12,000 Solid-State Ballasts $70 840,000 

1600 Photocells 4 6,400 

1200 Fixture Wiring 5 60,000 

400 DC Supplies 10 4,000 

1200 Isolators 5 6,000 ---
$1,070,800.00 

TOTAL COST $1,070,800.00 

FLOOR SPACE 800,000 square feet 

COST PER SQUARE FOOT $1.339 
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5.2.4 Summary of Use of Control Systems 

This section provides arguments to show that the use of 
lighting management systems will reduce national electrical 
energy consumption. For an estimated increase in floorspace 
of 151% (from 40 to 60.5 billion square feet), the energy use 
will increase 123% (from 230 to 284 BkWh). The impact upon 
energy is greater than the above projection indicates because 
we have not included the impact that reducing the lighting 
load has upon the HVAC load of a building. The importance of 
adopting lighting management systems is evidenced by the 
resulting financial benefits (see sections 5.2.1 and 5.2.2). 
For an annual investment of $0.5 to $1.9 billion in equipment, 
an annual energy saving of $2.6 to $3.3 billion would be real­
ized in the year 2000. The $0.5 to $1.9 billion of invest­
ments represents real growth in the lighting industry (unit 
products, money, and jobs). The net savings in energy costs, 
minus equipment costs, is between $2.1 and $3.4 billion, 
representing capital that is available for investment in 
further industrial growth. 

Forecasting market penetration is a complex task. To pro­
vide confidence that lighting management systems will be 
employed in newly constructed buildings, we have determined 
the total cost of a control system for a large office building 
(Section 5.2.3). Based upon the target cost of control equip­
ment that will be a sound investment (Table 3.2) and a two- to 
four-year payback, we have shown that equipment available 
today can provide the scheduling strategy at a cost of 
$0.193/ft2 • This is well below the acceptable decision cri­
teria of $0.236/ft2 based upon a cost of energy of $0.05/kWh 
and a two-year payback period. The more sophisticated system, 
which employs all four control strategies, presently is lim­
ited to buildings in regions in which energy cost is near 
$0.10/kWh and to end users who are willing to base investments 
on three-year paybacks. 

Thus, there are energy management systems available today 
that could meet a payback criteria considered acceptable by 
some segment of the market at energy prices of $0.05 to $0.10 
per kWh. By 1986 the costs of lighting products will be less 
(especially the solid-state ballast, which now accounts for 
the primary cost of the sophisticated system). In addition, 
the cost of electrical energy is expected to increase faster 
than the inflation rate. These factors will make these capi­
tal investments more attractive than estimated in this study, 
and is evidence that we can reasonably expect a near 100% 
penetration of controls in new buildings. 

5.3 Utilities 

In 1980 the connected load for li~hting in the C&I sector was 
93 billion kWh (2.32 W/ft2 x 40 B ft). Table 5.5 lists the con­
nected load for the C&I sector for the extrapolated and ORNL esti­
mates of in-place building stock in the year 2000. New building 
stock consists of buildings constructed after 1986. 

. 
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Table 5.5 

TOTAL CONNECTED C&I BUILDING LOAD 

19S0 

Current No Controls Simple Controls Sophisticated Controls 

ORNL EXTRAP. ORNL EXTRAP. ORNL EXTRAP. 

New 50.0 40.7 35.7 29.1 25.0 20.4 

Old 92.S 72.6 72.6 72.6 72.6 72.6 72.6 

TOTAL 92.S 122.6 113.3 10S.3 101.7 97.6 93.2 

Table 5.5 shows that if no controls are used in new construction, 
the connected load for lighting in the C&I sector will increase by 
30 gigawatts (30 billion watts). 

If no controls are used, utilities will have to increase their 
present capacity of 700 gigawatts by 4.3%. A generating plant 
costs about $3/W to build. Thus utilities will have to expend about 
$61.5 to $89.4 billion by the year 2000 to provide this new capa­
city, or an average annual investment (from 1986) of $4.4 to $6.3 
billion. If only the simple control system is employed, 8.9 to 15.5 
more gigawatts will be required at $26.7 to $46.5 billion, for an 
average annual investment of $1.9 to $3.3 billion. If the sophisti­
cated control system is used, 0.4 to 4.8 gigawatts (at $1.2 to 
$14.4 billion) will be required, for an average annual investment 
of $0.09 to $1.03 billion. Thus the use of lighting control sys­
tems could save utilities approximately $4 to $5 billion annually 
in the year 2000. This is $4 to $5 billion utilities would other­
wise have to spend building generating capacity. 

5.4 Summary of Impacts 

Table 5.6 summarizes the conclusions of this chapter and lists 
the energy saved under each scenario and the costs for controls to 
realize this energy savings. The various investments required by 
the utilities to meet the projected commercial and industrial 
building load in the year 2000 are given. 
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Parameter 

Energy Use (BkWh) 2 
Energy Density (kWh/ft ) 
Power Density (W/ft2) 
Increased Energy Cost (B$) 

@ $0.10 per kWh 
Decrease Energy Cost 

by Use of Controls (B$) 
Annual Investment in 

Controls (B$)9 
Connect Load (10 W) 
Total Utility 

Investment (B$) @$3 per watt 
Added Connected Load (109H) 
Average Annual Added 

Load (109W) 
Average Annual 

Investment (B$) 
Annual Increased Load (109W) 
Annual Increased Load (B$) 
(A) Return on Investment 

at Year 2000 (%) 

Table 5.6 

IMPACTS IN YEAR 2000 

1980 

No 
Controls 

230.0 
5.8 
2.32 

9.29 

Simple 
Controls 

284 - 307 
3.5 
1.4 

5.4 - 7.7 

113 - 123 

62 - 89 
21 - 30 

1.5 - 2.1 

4.5 - 6.3 
1.5 - 1.8 
4.5 - 5.4 

8.7 - 8.7 

Total Capital Saved (Utilities) by Use of Controls 

Annual Energy Saved (2000) (B$) by Use of Controls 

Annual Investment in Controls (B$) 

Annual Reduced Utility Investments (B$) 

(B)ROI of End Users (%) 

2000 

Sophisticated 
Controls 

258 - 275 
2.6 
1.0 

2.8 - 4.5 

2.6 - 3.2 

0.5 - 0.6 
102 - 108 

27 - 47 
9 - 16 

0.6 - 1.1 

1.8 - 3.3 
0.6 - 0.8 
1.8 - 2.4 

10.3 - 9.6 

3.48 - 42.9 

2.6 - 3.2 

0.5 - 0.6 

2.7 - 3.0 

37 - 38 

231 - 243 
1.7 
0.7 

0.1 - 1.3 

5.3 - 6.4 

1.9- 2.4 
93 - 98 

1.2- 14 
0.4 - 5.0 

0.03- 0.3 

0.09- 0.9 

8.3 - 9.3 

60.3 - 75.0 

5.3 - 6.4 

1.9 - 2.4 

4.S - 5.4 

21 - 19 

From the above data, the return on investment has been deter­
mined for the end user, (B) ROI, and for the utilities based upon 
need since 1986 and with respect to the no-control scenario, (A) 
ROI. Each of the above ROIs is determined by summing the annual 
investment for 14 years (1986 to 2000) and dividing it into the 
return realized in the year 2000. 

All of the ROIs for the utilities are between 8.7% and 10.3%. 
In the case of the ROI for the three scenarios, (A) ROI in Table 
5.6, the adaptation of controls would minimize the need for new 
power plants, r.esu1 ting in a 1m" ROI. For end users, investing in 
controls would result in an attractive ROI (19% to 38%) by the year 
2000. 
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6.0 SUMMARY 

Information on various aspects of lighting management systems 
has been presented to elucidate the energy savings of various con­
trol techniques, the barriers that inhibit their introduction, 
potential impacts on utilities, and the effect on our national 
energy consumption. 

The major barriers that inhibit the use of advanced control 
systems are the nature of the construction industry, the split 
responsibility of the recommendation and the purchase of control 
systems, and the fact that low operating costs are not considered 
an asset that contributes to a building's value. 

A credible data base is being compiled to substantiate the 
energy savings that can be realized by the use of one or more con­
trol strategies. Based upon a conservative estimate of some early 
measurements, the cumulative energy savings are between 30% and 
50%. Using this estimate, typical energy costs ($0.05 to $0.10 per 
kWh), and standard acceptable payback periods (two to four years), 
we have determined the target cost for an energy management system 
($0.236 to $1.848/ft2) that should significantly penetrate the 
marketplace. 

Two examples are presented for the cost of installing a light­
ing management system in a large building; one system employs a 
single control strategy, while the second system employs all four 
major strategies. The cost of the systems is $0.193/ft2 and 
$1.339/£t2, respectively. Even at today's costs these are both 
cost-effective conservation strategies. 

Finally, the investment of capital in the development of light­
ing management systems can lead to a $1.1 to $4.2 billion annual 
market by 2000 and will increase employment in the lighting indus­
try. It will reduce the need for utilities to make large capital 
investments that have unattractive returns on investment (8.3% to 
10.3%) compared to the ROI realized by the end user. The savings 
for both the utilities and end users represent capital that can be 
invested in other sectors of our economy. 
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