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recommendation, or favoring by the United States Government or any agency, contractor or subcontractor
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of
the United States Government or any agency thereof.
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Executive Summary

The Lighting Market Characterization study is a multiyear program to evaluate light sources in the
United States, and identify opportunities for saving energy. Sponsored by the United States Department
of Energy’s (DOE’s) Building Technologies Program (BT), the Lighting Market Characterization
consists of two phases. This report, Phase I, provides an estimated inventory of installed lighting
technologies for 2001 and their associated energy consumption. Phase II will evaluate this inventory and
research lighting technologies to identify energy saving opportunities.

The objective of Phase I is to collect and present in one document the fundamental energy consumption
information that DOE needs to plan an effective lighting research and development (LR&D) program.
This report answers three main questions:

o How much energy is consumed by light sources in the United States?

. How many lighting technologies are installed, where are they installed, and what area do
they illuminate?

J What are the performance attributes of the installed stock of lighting technologies?

This report attempts to answer these questions at the right level of aggregation and as uniformly as
possible across end-use sectors. This study draws data from existing sources such as the Commercial
Building Energy Consumption Survey (CBECS) and the Manufacturing Energy Consumption Survey
(MECS), as well as previously untapped data sources such as end-use metering studies and building
audits. Two important features that distinguish this study from prior efforts are its use of new data
sources, and its analysis by applications that cut across building sectors.

One of the new sources of data on lighting use in buildings was the XenCAP™ energy auditing system.
XenCAP™ is based on a database of nearly twenty-five thousand detailed audits of commercial and
industrial facilities conducted throughout the U.S. in the 1990’s. A statistical correction was applied to
these audits to establish 2001 as the inventory estimate year. The report was circulated to more than 35
reviewers from government, industry, and academia. This final report incorporates their valuable input
and additional insights.

End-use lighting installations in the U.S. were classified into four general sectors made up of three
building categories (residential, commercial and industrial) and one category called ‘outdoor stationary’
which incorporates lighting installations such as street lighting, airport runway systems, traffic signals,
and billboard lighting. The term ‘stationary’ is used in the category to differentiate it from automobile
and other mobile lights that are beyond the scope of this study. To evaluate the available data on installed
lighting technologies, these general sectors were broken down into further sub-groups (e.g., office,
education, retail, etc.), which correspond to those used by the Energy Information Administration in
CBECS and MECS. In total, more than fifty separate building types across the sectors were evaluated in
this analysis.

Light sources in this study were grouped into four broad categories: incandescent, fluorescent, high
intensity discharge and solid state. Within each of these, the market analysis evaluated subgroups of
commonly available lighting products (e.g., reflector lamps, T8 fluorescent tubes, metal halide lamps). In
total, thirty-one lamp subgroups were carried through the analysis, extracting information like average
wattage and number of sockets from the data set. A complete list of the light source subgroups can be
found in Table 2-3 of the main report.

ix



Table ES-1 summarizes the lighting energy consumption estimate for the four general lighting market
sectors in terms of both delivered (end-use site energy) and primary (source) energy. Primary energy
refers to the total energy required to generate and supply electricity to the customer site.'

Table ES-1 U.S. National Energy Use for Lighting Disaggregated by Sector

Electricity Use ~ Number of Site Energy  Primary Energy Percent

per Building Buildings (TWh/yr) (quads) of Total
(kWh/yr)
Residential 1,946 106,989,000 208 2.2 27%
Commercial 83,933 4,657,000 391 4.2 51%
Industrial 475,063 227,000 108 1.2 14%
Outdoor stationary n/a n/a 58 0.6 8%
Totals 765 8.2 100%

Table ES-1 shows the estimate of total lighting electricity consumption as 765 Terawatt-hours (TWh) at
the building site, or 8.2 quadrillion british thermal units (quads) of primary energy. Putting this level of
consumption into a broader context, the United States used approximately 98.3 quads in 2001, more than
a third of which, about 37 quads, to generate electricity (EIA, 2002a). Thus, lighting was approximately
8.3% of national primary energy consumption, or about 22% of the total electricity generated in the U.S.

From a buildings perspective, the percentages are even higher. Nationally, total energy use in commercial
and residential buildings was approximately 36.4 quads, of which electricity use in buildings was
approximately 21.3 quads (BTS, 2002). Summing together the energy use for lighting from Table ES-1,
the residential and commercial sectors consume approximately 6.4 quads. Thus, in these two building
types, lighting constituted approximately 17.6% of total building energy consumption, or approximately
30.3% of toal building electricity use.

Looking across the sectors shown in Table ES-1, commercial buildings were found to use the largest
share of lighting energy use (51 percent), followed by residential (27 percent), industrial (14 percent) and
outdoor stationary (8 percent). The estimates presented in this table for lighting energy use are compared
with other studies on lighting energy consumption in Table 7-1 of this report.

Providing further breakdown of the study findings, Figure ES-1 shows the total lighting energy
consumption for each of these four general sectors, and illustrates the amounts of energy used by the
various light source technologies. The numerical values presented in this figure appear in Table 5-22 of
this report.

! The factor used to convert the site-use electrical energy to primary energy consumed at the generating power plant
is 10,768 BTU/kWh (DOE, 2002) for the year 2000. This conversion factor incorporates generation, transmission
and distribution losses on an average basis for the U.S. Note that the conversion efficiency varies from year to year,
depending on the mix of electrical generating power plants used in a given year.

X
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Figure ES-1 Shares of Sectoral Energy Use by Lighting Technology

Figure ES-1 shows that the outdoor stationary energy consumption is primarily HID sources, which
account for 87% of the outdoor stationary’s 56 TWh/year electricity use. The industrial sector has sizable
energy shares of both fluorescent and HID sources, 67% and 31%, respectively, of this sector’s 108
TWh/year consumption. The commercial sector is the largest energy user overall, having large quantities
of energy used by all three light sources. Fluorescent and incandescent are the two largest commercial
lighting energy users, accounting for 56% and 32% of its annual 391 TWh/year of electricity use. In the
residential sector, energy use is primarily driven by incandescent technologies, where 90% of the energy
is consumed by this light source.

It is helpful to have an estimate of the lighting energy budget in the United States, by sectors and light
sources. Additionally, it is also helpful to understand the technologies and sectors where the estimated
energy consumption levels are found. Electricity is a means to provide a service — visible light — in our
workspaces, homes and other installations. Using manufacturer catalogues, lamp efficacies® were gathered
for all 31-lamp types, differing by general building sector and average wattage.” Figure ES-2 provides an
estimate of the resulting calculated source lumen® production in the United States. The numerical values
shown in this figure appear in Table 5-8 of this report.

? Efficacy is a lighting measure of efficiency, based on number of lumens of light produced per watt of energy
consumed (Im/W). It is a metric similar to miles per gallon (MPG) in an automobile. MPG tells you how far you
can travel on a gallon of gas, while efficacy tells you how much light you will get per watt of energy.

? A table of efficacies used can be found in Appendix D, E and F of this report.

* A lumen is a measure of light production, specifically it is the SI unit of luminous flux, defined as the quantity of
light emitted in a unit solid angle (1 steradian) by a point source with uniform intensity of 1 candela. A lumen-hour
(Im-hr), the metric used in Figure ES-2, is a measure of lighting service over a period of time (one hour). Terais a
unit modifier referring to a trillion units, or 10"12.
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Figure ES-2 Estimated Source Light Production by Sector and Lamp Type, 2001

According to Figure ES-2, the greatest source lumen production in the United States is for the commercial
sector. This sector, comprising retail establishments, office buildings, and many other commercial space-
types, is generally lit throughout the day and into the evening hours — contributing to the large demand for
lighting services. The high prevalence of fluorescent lighting in this sector (see Table ES-2), the high
occupancy rates of many commercial space-types and fluorescent’s relatively high efficacy all contribute
to this considerable source lumen output.

When compared with Figure ES-1, Figure ES-2 shows the relative efficiencies — or lamp efficacies —
associated with each of the light sources. For example, within the commercial sector, 32% of its energy
use was for incandescent lighting — but only 8% of the commercial lumens were generated by this source.
Conversely, 56% of energy use in the commercial sector was for fluorescent sources, which provide 78%
of its lumen output.

Looking across all four sectors in Figure ES-2, it becomes clear that fluorescent is the most important
light source in the U.S. in terms of lighting service. On a national basis, 62% of the source lumens are
produced by this source. HID sources are the second most important, generating 26% of the lumens in
2001, followed by incandescent which delivered 12%. Figure ES-1 reports the energy consumed by each
of these sources. Contrasting with their lumen output, incandescent is the highest energy user, accounting
for 42% of the nation’s electricity use for lighting. This is followed by fluorescent with 41% and HID
with 17%. Thus, incandescent lighting, the light source developed more than 100 years ago and still in
use today, consumes the most energy and provides the least amount of light nationally.

Table ES-2 provides a summary estimate of the number of lamps installed for a typical building in the
United States. Further detail on this table can be found in Table 5-2 of the main report. A estimate of the
total installed lamps by technology category is also provided in Table ES-2. Note that this column
includes the lamps from the outdoor stationary sector, however outdoor stationary is not shown in the
table because they cannot be presented on a per-building basis.

xii



Table ES-2. Average Number of Lamps per Building and Total Lamps, 2001

Technologies Residential Commercial Industrial Total Lamps Percent
in US of Lamps
Incandescent 39 91 33 4,397,000,000 63%
Fluorescent 6 324 1,340 2,473,000,000 35%
HID 0.04 7 67 105,357,000 2%
Solid State - 0.4 0.3 1,840,000 0.03%
Total 45 422 1,440 6,977,197,000 100%
Number of Buildings | 106,989,000 4,657,000 227,000 n/a n/a

Note the dominance of incandescent lighting in the residential sector, and fluorescent in the commercial
and industrial sectors. Of the 7 billion lamps in the United States, incandescent constitutes the most
common light source (63%) by sheer number of installations, however as was shown in Figure ES-2,
incandescent contributes the least amount of light to the national annual lumen demand.

Table ES-3 presents an estimate of the daily operating hours by light source. Although incandescent
outnumber other lamp types (particularly in the residential sector), the majority of them generally operate
for less than three hours per day — contrasting with fluorescent and HID, that operate three times as long.

Table ES-3. Average Operating Hours per Day by Light Source, 2001

Lamp Type Resic}ential Commercial 'Industrial ' Outdoor National Avg.
(hours/day) (hours/day) (hours/day) (hours/day) (hours/day)
Incandescent 1.9 10.2 16.7 7.9 2.8
Fluorescent 2.2 9.7 13.4 10.8 8.2
HID 2.8 10.1 13.9 11.3 11.0
Solid State - 23.0 23.4 7.0 22.2
Total 2.0 9.9 13.5 10.5 4.8

In addition to this type of summary information on the installed base of lighting (both number and type of
lamps) and the typical use profile, more detailed information is provided in the body of the main report
where lamp type subgroups and other disaggregated information is presented. For example, the following
observations about light sources can be made from information presented in Chapter 5:

e General service lamps account for 73% of the electricity consumed by incandescent sources
across all building sectors. The second highest incandescent energy user is the standard-reflector
lamp, estimated at 17% of the electricity consumed by incandescent sources.

e Four-foot linear lamps account for 61% (T-8 and T-12 together) of electricity for fluorescent
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sources in all sectors. The second highest energy consumer in the fluorescent category includes
the greater than four foot tubes, accounting for 23%. Of these, most are used in industrial building
installations.

e For high intensity discharge lamps, metal halide is the primary consumer, constituting 49% of
energy consumed by HID sources in all sectors. This is followed by high pressure sodium at 32%
and mercury vapor at 17%. HID sources, while both used in commercial and industrial
applications, consume 87% of the energy for the Outdoor stationary sources, and deliver 96% of
the lumens for that sector.

In addition to the results presented in Chapter 5, the Appendices to this report contain the tables of data
used to calculate and generate this 2001 US Lighting Market Inventory. Providing this level of
transparency is intended to provide researchers and interested parties with a useful resource.

Observations such as these about the installed base of lighting technologies in the United States give the
DOE a baseline from which to make decisions on the allocation of lighting research and development.
This study helps to identify areas where new technologies could be developed, where incremental
improvements in existing technologies may be targeted and the magnitude of energy savings that would
result.
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