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Designing Efficient

Office, retail and service buildings 
are the largest consumers of energy 

in the U.S., and between 44% and 59% 
of that energy is consumed by lighting.1 
Because the average age of commercial 
buildings in the U.S. is 30.5 years, many 
of these buildings have inefficient light-
ing and no smart controls. 

This means better lighting design of 
new buildings and lighting retrofits can 
significantly reduce operating costs,  
electrical consumption and greenhouse 
gas emissions. These strategies also 
can increase occupant comfort and 
productivity. 

The Alabama 4-H Environmental 
Education Science Center’s north-
facing glazing allows natural light to 
penetrate deeply into the building, 
located south of Birmingham, Ala. 
This design eliminates the need 
for artificial lighting during most 
of the occupied periods. The north 
orientation also limits solar heat 
gain, reduces internal heat gain 
from artificial lighting and provides 
a spectacular view to the natural 
environment outside. 
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Lighting Design 
Lighting design is complex because of 
factors ranging from aesthetics to occu-
pancy types to specific task require-
ments. Combining daylighting with 
artificial lighting increases complexity, 
but improves occupant satisfaction and 
lowers operating costs. Lighting design 
professionals, electrical contractors, while increasing light levels within 

the restaurant. A lower cost option 
that can generate a savings of 10% 
or more is as simple as developing 
a standard store-closing protocol for 
shutting off lights during closed hours. 

Energy-smart buildings typically 
use automated controls such as occu-
pancy sensors and bi-level switch-
ing to reduce energy consumption. 
Occupancy sensors in unoccupied 
offices or infrequently used areas and 
bi-level switching in parking lots or 
retail areas can lower energy use up 
to 30%. Bi-level switching alone can 
lower energy use by 50% in unoccu-
pied sales areas or parking lots.2

Figure 1 shows several lighting 
strategies. The office on the left is 
a single T8 lamp combined with a 
high-efficiency electronic ballast and 
a cool white lamp. Second from the 

efficient technology can yield sav-
ings of up to 50%, with a similarly 
positive impact on occupant comfort. 
For example, a fast food restaurant 
chain conducted a lighting retrofit that 
changed front and back-of-house T12 
fluorescent fixtures consuming 140 W 
to T8 fluorescent fixtures consuming 
only 65 W. This resulted in a 46% 
reduction in lighting power density, 

on daylighting, fixture selection, lay-
out and control strategies. The CxA, 
who reports directly to the owner, 
must have an in-depth knowledge of 
lighting design and controls. 

Saving Energy With Fixtures 
and Controls
In existing buildings, renovations 
that replace older systems with more 

commissioning authorities, and opera-
tion and maintenance staff need to 
work together to obtain maximum ben-
efits from a lighting retrofit. If lighting 
modifications are part of a grander plan 
or a new building, a full team of design, 
construction and commissioning pro-
fessionals may be needed. The team 
must be committed to project goals and 

have experience with high performance 
building design and construction. 

Using the commissioning process to 
develop the owner’s project require-
ments (OPR) organizes and clearly 
states the project’s design and per-
formance requirements and helps 
ensure all team members have a solid 
understanding of project objectives 
and criteria. It is typically necessary 
to modify standard agreements to 
include the deliverables outlined in 
an OPR, and to define a method for 
modifying defined requirements dur-
ing project development. Remedies 
should be included in the agreements 
to handle situations where the design 
and construction team cannot meet 
the defined requirements.

The team should include an inde-
pendent lighting designer and an 
independent commissioning authority 
(CxA).The lighting designer should 
not be tied to a specific manufacturer 
and must be able to provide guidance 

The main entrance and the largest glassed area are located on the north side of 
Suwanee City Hall. This minimizes the need for artificial lighting. It also reduces glare 
and air-conditioning load while improving occupant comfort and perception of the 
space. Suwanee is a suburb of Atlanta.

The Day-Brite|Omega|Capri Lighting Institute’s learning center in Tupelo, Miss., can demonstrate the various effects associated 
with different types of lamps and lamp temperatures, providing professionals and their clients a preview of the visual environment 
being created by the design team. The Lighting Institute’s illumination engineers can also assist with photometric evaluations to 
achieve optimum lighting for the defined environment. 

North-facing fenestration is maxi-
mized, while east and west glazing 
areas are minimized. The 46 ft tall 
aperture allows natural light to pen-
etrate deeply into the occupied space. 

The City Hall’s structural support minimizes obstructions to incoming natural light.
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lighting for new construction) and the 
illumination requirements. Energy 
savings are achieved through a com-
bination of technologies ranging from 
simple lamp/ballast changeouts to 
implementation of smart controls to 
integration of daylighting strategies. 

These lighting strategies differ 
depending on the type of occupancy, 

fluorescent lamps with special phos-
phors that give it a similar color to 
daylight or natural sunshine. 

Caution should be used where occu-
pants have had cataract replacement 
because visual acuity may decrease. 
The potential energy savings depend 
on the existing lighting that is in the 
candidate space (or the proposed 

right is a warm white, two-lamp T8 
lamp combined with high-efficiency 
electronic ballast. Both are energy-
efficient fixtures. However, the two-
lamp fixture uses almost twice as 
much energy. Visual acuity is gener-
ally better under the whiter light3 
(see sidebar, “Color and Temperature 
of Light”) typically associated with 

use of facility (24-hour or daytime) 
and new or existing conditions. 
Understanding and documenting the 
specific requirements each owner 
will need for efficient delivery of the 
facility’s mission, staying in budget 
and occupant comfort are essential, 
as is the knowledge of various light-
ing and control nuances and their 
associated implementation strategies. 
Achieving these benefits requires a 
team approach to gain maximum ben-
efit from the investment. 

Implementation of smart design 
and correct installation and verifica-
tion of performance provide lower 
construction/retrofit costs and per-

C O L O R  A N D  T E M P E R AT U R E  O F  L I G H T

Color rendering index (CRI) is a measure 
of the quality of color light, devised by the 
International Commission on Illumination 
(CIE). CRI values generally range from zero 
for a low-pressure sodium vapor lamp, which 
is monochromatic, to 100 for an incandes-
cent light bulb, or color temperature similar 
to daylight. CRI is a quantitatively measur-
able index, not a subjective one. 

A standard “cool white” fluorescent lamp 
typically has a CRI near 62. Corrected color 
temperature (CCT) is a characteristic of vis-
ible light that is color balanced so that all 
colors are present or neutral. CCT is a mea-
surement on the Kelvin scale that indicates 
the warmth or coolness of a lamp’s color 
appearance. Typically, a CCT rating below 
3200 K is considered warm, while a rating 
above 4000 K is considered cool. 

CRI and CCT often are combined into 
a three-digit number where the first digit 
represents the CRI and the last two digits 
represent the CCT. This combined value 
is helpful in selecting spectrally enhanced 
lighting. Efficacy or the ratio of the light 
output to the power measured in lumens 
per watt (lm/W) means that the higher 
the efficacy, the more efficient the fixture. 
Combining high efficacy with spectrally 
enhanced lighting (SEL) has resulted in 

savings of 17% to 30% by allowing lower 
lighting levels in the typical office environ-
ment with no significant difference in user/
occupant acceptability. More information is 
available from a 2002 feasibility study4 that 
compared two nearly identical floors in an 
11-story office building using SEL lighting 
design strategies.5 

Evaluation of user feedback showed SEL 
design can be used at reduced light levels 
without affecting user satisfaction. The 
design method for SEL provides a reliable 
model for predicting light level differences 
and energy savings potential. Projects 
with SEL systems are an economical and 
viable solution for many commercial build-
ings. Specifically, the installation costs 
are no higher than other forms of lighting 
retrofits, making the incremental energy 
savings a no-cost benefit to building 
owners/operators. 

For buildings with T12 lamps, SEL can pro-
vide a 71% rate of return on the investment 
over the life of the system. A 30% rate 
of return is obtainable for buildings with 
existing T8 lamps. For new construction, 
SEL provides a design tool that can reduce 
initial construction costs and provide peak 
load reductions and long-term energy sav-
ings for building owners/operators.6

Using SEL achieves the same level of 
visual ability in existing or new facilities with 
reduced lumen output, while maintaining 
increased brightness perception and visual 
acuity. This reduction in lumens translates 
directly to the energy savings. 

Approximately half of the savings in the 
case study on office buildings was due to 
the use of SEL. The other half was attrib-
utable to the change from the preretrofit 
T12/magnetic ballast system to the post-
retrofit T8/electronic ballast system. SEL 
lamps with electronic instant start ballast 
cost approximately the same compared to 
installing more traditional lighting systems 
and offer immediate payback. 

The SEL approach appears to be supported 
by recent medical research conducted by 
Thomas Jefferson University Neurosciences 
department7 that discovered that wavelengths 
of light in the blue region of the visible spec-
trum (446 nm to 477 nm) is the most effective 
in minimizing melatonin production. Melatonin 
production impacts human alertness,8 which 
can be directly related to productivity. These 
discoveries have significant implications in 
applying lighting design strategies. Warmer 
colors, typically 654 nm as shown in Figure 2, 
allow higher production of melatonin,9 allowing 
animals to relax and settle into sleep. 

Figure 2 Visual light spectrum.

Figure 1 Different lighting strategies are used in each of the four office spaces. The office on the left uses a single T8 lamp 
combined with high-efficiency electronic ballast and a cool white lamp. Second from the right is a warm white two-lamp T8 lamp 
combined with high-efficiency ballast. Both are energy-efficient fixtures, but the two-lamp fixture uses almost twice as much energy. 

C O M M O N  L I G H T I N G  M I S TA K E S

•		Using	less	efficient	lighting	fixtures	and/
or exceeding IESNA-recommended illumi-
nation levels while still being within allow-
able limits of the building code. Lighting 
power densities typically can be reduced 
by 35% below ASHRAE Standard 90.1-
2007 and still achieve recommended 
IESNA illumination levels in almost all 
occupancy types.

•		Designing	a	building	that	brings	in	day-
light, but does not use dimming ballasts 
and daylighting controls.

•		Designing	lighting	controls	using	the	
wrong type of lighting sensors for sens-
ing occupancy and/or adequate levels of 

natural light. When furniture layouts are 
not coordinated with placement of the 
sensors, it can result in poor detection of 
lighting conditions that determine when 
lights should be on or off. 

•		Daylighting	design	that	increases	solar	
heat gain and air-conditioning loads and 
fails to control glare results in occupant 
discomfort. This is typically due to incor-
rect selection of glazing area and charac-
teristics for orientation.

•		Using	the	wrong	type	of	window	shading/
glare control devices. Designers seem to 
miss that the contribution of daylighting 
typically comes from glazing above 7.5 ft.  

They often specify blinds for glazing 
areas without considering the function 
of the upper and lower window sections. 
Interior shades that block daylight com-
ing in above the 7.5 ft elevation as well 
as the viewing window below eliminate 
available natural light. This light can be 
reflected off the ceiling to provide ade-
quate lighting, control glare and eliminate 
use of artificial light.

•		Selecting	interior	finishes	that	do	not	
adequately reflect light increases the 
need for higher densities of natural and 
artificial light. 
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In warmer climates additional energy 
savings and operating costs are real-
ized from reduced air-conditioning 
requirements. As internal heat loads 
from lighting are reduced, so are 
the cooling requirements. Not only 
does the reduced internal heat load 

reduce energy used for cooling, in new 
construction it can result in reduced 
equipment size and lower construc-
tion costs. In cooler climates increased 
heating may be required to supple-
ment the warmth provided by the light-
ings system. •

manent reductions of electric load 
and operating costs. These measures 
automatically reduce greenhouse 
emissions and demand load costs at 
peak hours. The return on the invest-
ment—positive occupant perceptions 
and savings to our environment—can 
be substantial.
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Control energy costs and enhance 
employee comfort by installing energy 
management systems, occupancy sen-
sors and programmable thermostats. 

Save energy costs and improve pro-
ductivity through increased use of 
daylighting. 

Reduce lighting loads by installing effi-
cient fixtures or replacing inefficient ones. 

Choose ENERGY STAR®-rated comput-
ers, printers, copiers and other office 
equipment.

H.J. Enck, LEED AP, CxAP, HBDP, is 
principal and founder of Commissioning 
& Green Building Solutions, Inc., 
(CxGBS) in Atlanta. He is a contributing 
author of ASHRAE’s GreenGuide. 

A B O U T  T H E  A U T H O R

Interior glazing separating the lobby area from the city council chambers allows 
natural light to fully penetrate the interior of the chambers while providing 
acoustical separation. Highly reflective surfaces bounce incoming diffused natural 
light, adding to the level of illumination in the space.

The overall lighting power densities in 
the Suwanee City Hall were reduced 
37% below ASHRAE Standard 90.1–
2004. This was achieved by using 
higher efficiency lighting, better spac-
ing and photometric analysis to mini-
mize electrical and air-conditioning 
requirements while meeting the occu-
pants’ needs and desired illumination 
levels. 

Indirect and direct lighting strategies 
were used in the Suwanee facility. 
Lighting illumination levels followed 
IESNA recommendations.
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