Detailed Textual Analysis of the Differences
Between the 1989 and 1999 Editions of Standard 90.1
Energy Standard for Buildings, Except Low-Rise Residential Buildings

Background

The Energy Conservation and Production Act provides that whenever the ANSI/ASHRAE/ IESNA
Standard 90.1-1989, or any successor to that codeis revised, the Secretary of Energy (Secretary)
must determine whether the revised code would improve energy efficiency in commercid buildings. 42
U.S.C. 6833(b)(2)(A).

The American Society of Heeting, Refrigerating and Air-Conditioning Engineers (ASHRAE)
and the llluminating Engineering Society of North America (IESNA) approved the publication of the
1999 edition of Energy Standard for Buildings Except Low-rise Residential Buildings, in June
1999. After acting on severa appeds the 1999 edition was published in February 2000.

The Standard was developed under American National Standards Ingtitute (ANSI) approved
consensus standard procedures. ASHRAE submitted the standard to ANS! for designation as an
approved ANS| standard. In December 2000, the 1999 edition of Standard 90.1 was approved as an
American National Standard.

DOE has performed both a quantitative analysis of the likely impacts of the revised code on the
energy efficiency of seven categories of new commercia buildings, compared to the 1989 edition, and a
non-quantitetive assessment of the comparative stringency of those elements of the revised code that
could not be andyzed quantitatively.

The quantitative analys's concluded that the1999 revision of the code would likely reduce the
source energy consumption of new commercid buildings by approximately 5.9 percent. Site energy
savings were estimated to be gpproximately 3.9 percent.

The comparative assessment of those eements of the 1989 and 1999 revised codes that could
not be quantitatively analyzed aso concluded that the 1999 standard would increase energy efficiency.
The dominant factor in this comparative analyssis the 1999 edition’ s inclusion of dterations and
renovations to exidting buildings. If the value of annud investment in building dterations and
renovationsisagood indicator of their impact on energy use, then the expansion of this code to existing
buildings could produce nearly 50% more savings than if it were gpplied to new buildingsadone. The
comparative analys's dso concluded that the non-quantifiable changes affecting Lighting and Power,
and Mechanica Equipment and Systems would aso increase overdl efficiency, athough the changesto
the Envel ope reguirements would reduce efficiency dightly.

Together, these analyses appear to indicate that the revised code will improve the energy
efficiency of commercid buildings.



Request for Comment

The Secretary is not required to solicit comments from interested parties prior to reaching a
determination under Section 304 of the Energy Conservation and Production Act. The sole Statutory
requirement isthat the Secretary’ s determination be published in the Federal Register. During 1999,
asamatter of policy to further the determination process, DOE solicited comments on the methodology
it intended to use in performing itsanalyss. Prior to making itsfind determination, DOE is seeking
further comments on its gpplication of this methodology and the vdidity of its preliminary conclusons.

Comments received at:

http://www.er en.doe.gov/buildings/codes standar ds/buildings/com_deter minations.html

by March 9, 2001, will be consdered in making the fina determination.
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I. Summary of the Comparative Andlyss
We carried out both a broad quantitative andysis and a detailed textud andysis of the
differences between the requirements and the stringencies in the 1989 and the 1999 editions.

A. Quantitative Andyss

The quantitative comparison of energy codes was done using whole-building energy smulations
of buildings built to each sandard. We simulated seven representative building typesin 11
representative U.S. climates. Note that only differences between new building requirements were
consdered in this quantitative andyss. Requirementsin the 1999 edition that pertain to existing
buildings are addressed in the detailed textud andyss. The amulations were based on a 15 zone
building prototype used in previous DOE building research. The amulated Energy Use Intengities (EUI)
for each zone were scaded to correctly reflect variations in building size and shapes for each
representative building type. Energy use intensities developed for each representative building type
were weighted by totd nationa square footage of each representative building type to provide an
edimate of the difference between the nationa energy use in buildings condtructed to both editions. A
more detailed explanation islocated in Appendix B.



The scope of the 1999 edition also addresses additions and renovations to existing buildings,
unlike the 1989 edition. While this difference will have a sgnificant energy impact, we found no data
available to permit us to accuratdly quantify thisimpact.

The quantitative andyss of the energy consumption of buildings built to the 1999 edition, as
compared with buildings built to the1989 edition, indicates nationa source energy savings of
gpproximately 5.9 percent of commercid building energy consumption. Site energy savings are
estimated to be approximately 3.9 percent. These figures represent a conservative estimate of energy
savings.

The quantitative analys's can be found a:

http://www.er en.doe.gov/buildings/codes standar d/buildings/com_deter minations.html

B. Detaled Textud Andyss

The detalled textud andysis provides a non-quantitative assessment of the comparative
stringency of those dements of the revised code that could not be analyzed quantitatively.

The lighting requirements comparison focused on the impact the different lighting requirements
have on lighting energy use, aswell as on building loads. The comparison looked separately at the
whole building and space-by-space lighting requirements in both sandards in avariety of commerciad
building types, aswell as examined the affect of any “additiond lighting power alowances” It dso
looked at controls.

The mechanica requirements comparison looked at equipment efficiency requirements and
system design requirements.  The system design requirements affect the system efficiency, sysem
thermal |oad, and also had some direct energy impacts.

In comparing the envelope requirements, we made judgements of relative stringency and
frequency of occurrence of components. A postive or negative nationa energy impact was then
estimated, based on practica gpplication of the desgn requirements in each edition.

Each standard has multiple ways to demonstrate compliance. We did not perform adetailed
comparison of the relative stringency of the aternate paths internd to a single standard or between
gandards. Thelarge number of variables among the dternative compliance paths made such a
comparison prohibitive to undertake. Further, we knew of no data on which to base the selection of
representative requirements for such an andyss. Assgnment of requirements would have been
arbitrary. Rather we focused on the prescriptive compliance paths in each section, which we believe
represent the most common approach to using the standard in question for most buildings.

II. Discusson of Detalled Textud Andyss

A. Title and Scope

The 1999 edition contains atitle and text explicitly gpplying the standard to adterations and
renovationsto existing buildings, but only those portions or components of the existing building which
arereplaced or changed. This greatly expands the scope of the standard beyond the 1989 edition
which only applied to new buildings or new portions of exiging buildings (additions). Whileit is difficult
to quantify the energy efficiency impact of dterations and renovations, we know from the U.S.
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Department of Commerce Current Congtruction Reports that the broader category of improvements
and repairs to commercia buildingsin 1998 were vaued a $99.9 hillion, as compared to new building
congtruction valued at $210.7 billion. While the improvements and repairs category is only haf as
much as new congtruction, it is asgnificant amount and aterations and renovations can be expected to
be a dgnificant part of that category.

B. Lighting and Power

1. Interior Lighting Power Exemptions

The 1989 edition entirdly exempts a number of lighting categories such as digplay or accent
lighting for galleries, and lighting in spaces designed for the visudly impaired. In doing so, it dso
exempts controls for those lights. While the 1999 edition exempts the lighting power requirements, it
retains requirements for controls in the exempted areas. Lighting for outdoor manufacturing,
commercid greenhouses, and process facilities; and specid lighting for research are exempt in the 1989
edition but not in the 1999 edition. These differences can be expected to result in some reduction in
lighting power use as aresult of the additiona coverage in the 1999 edition. Conversdy, therearea
number of narrowly targeted exemptions in the 1999 edition that are not in the 1989 edition. These
include lighting integrd to equipment inddled by its manufacturer; lighting integral to open and glass
enclosed refrigerator and freezer cases; lighting integrd to food warming and preparation equipment;
lighting in interior Spaces that have been designated as a registered interior historic landmark; exit Sgns;
lighting that isfor sde or lighting educationd demongtration systems; and casino gaming aress. Thefirst
three of these are not generdly controlled by the 1989 edition because they are rardly known & the
time the lighting plans are gpproved. While portions of gaming areas are often consdered entertainment
areas and exempt, the broader 1999 edition exemption can be expected to increase energy usein
casnos. Lighting for landmark interiors might also increase in some cases. The net effect of these
differences in exempted spaces is expected to be asmal increase in efficiency in the 1999 edition.

2. Exterior Lighting Power

The 1989 edition prescribes maximum ingtaled lighting power (Watty/'square foot or Wetts/
linear foot) for exterior building and grounds areas that, when added together, become the dlowed
exterior wattage. The 1999 edition sets Smilar criteriafor exits, entrances, and surface areas or
facades, but dso adds an efficacy requirement of 60 Lumens per Watt in luminaries of over 100 Waits .
Thereis athree Watts/linear foot increase in dlowable wattage for entrances without canopiesin the
1999 edition. However, there is adecrease in alowable wattage for dl exits (5 Watts/linear ft), and for
high traffic canopied entrances (7 Watts/square foot ), and for light traffic canopied entrances (1
Wats/square foot ). The net impact is an overal energy savings with the 1999 edition.

For loading areas, loading doors, storage and non-manufacturing work areas, and driveways,
wakways, and parking lots, the 1999 edition deviates from the 1989 edition by iminating any
Wattysquare foot or Watts/linear foot maximums and instead sets an efficacy requirement of 60
Lumens per Wait (over 100 Watts per luminaire). This requirement in the 1999 edition iminates the
use of low efficiency technologies, such as incandescent lamps, and dlows the economics of fixture and



energy cost to redtrict the exterior lighting use to the minimum needed. We are aware of no dataon
which to make a judgement asto net decrease or increase in energy use from this change.

3. Lighting Controls— Interior

The 1989 edition requires control points for each task or group of tasks within a450 square
foot area. It “counts’ control “points’ (1 for manua , 2 for occupancy sensor, €tc.) to show
compliance with this requirement, giving credit to automatic controls versus manua ones. It further sets
aminimum of one control for each 1,500 Waits of lighting. In place of thistask control requirement,
the 1999 edition requires dl buildings over 5,000 square feet in Sze to have automatic lighting shutoff in
al spaces using time of day, occupancy sensor, or similar methods. Buildings over 5,000 square feet
make up gpproximately half the number of commercid buildings built and over 89 percent of the floor
area condructed. This should save energy in these buildings during unoccupied hours. Where
occupancy sensors are used to comply with the requirement the savings should be greatest, since this
will shut off lights in unoccupied individua spaces, even during regular business hours.

The 1999 edition adds control requirements for six specific lighting functions: al task lighting,
hotd/motel guest rooms, display/accent lighting, case lighting, nonvisua (plant growth, food warming),
and demondration (for sde or for lighting demongration). Furthermore, the 1999 edition requires that
gpaces up to 10,000 square feet in Size have at least one control per 2,500 square feet and that larger
gpaces have one control per 10,000 square feet. In buildings with large open areas with multiple task
aress lit by generd lighting, the 1989 edition would require more (total manud or automatic) switching
than the 1999 edition. The 1999 edition instead reduces lighting use in unoccupied spaces with
automatic controls that do not require human intervention. The 1999 automatic control requirements
are more likely to reduce lighting energy use in these gpaces than the manua controls permitted in the
1989 edition.

The 1989 edition provides lighting control credits for usein caculating interior lighting power
densities to encourage the use of automatic controls. For each area or group of lightsthat are
controlled by an occupancy sensor, lumen maintenance sensor, daylight sensor, or combination of
sensors, the design connected lighting power vaue used in showing compliance can be reduced by from
10 percent to 40 percent, depending on the controls used. This alows more lighting power to be used
in the space in trade of the use of an automatic lighting control. The 1999 edition requires the use of
automatic controls without allowing an increase in connected power.

The 1989 edition requires permanently wired lighting fixtures and switched receptacles in hotel
suites of rooms to be controlled at the entrance to each room. The 1999 edition further requires this
control to be at the entrance of the entire suite area. The 1999 edition should save energy by making it
easer to turn off dl the lights on the way out.

4. Bdlast Efficacy Factor

The 1989 edition includes aminimum ballast efficacy factor. The 1999 edition does not.
However, new balast manufacturing standards required under the Energy Policy and Conservation Act
serve the same purpose and no longer make it necessary to include such criteriain the 1999 edition.
There will be no change in energy use as areault of this difference.



5. Exit Sgns

The 1999 edition includes an additiona section specifying aminimum efficiency (35 ImyW) for
al exit Sgns operating at greater than 20 watts thet is intended to eiminate the use of sandard
incandescent lamps in exit Sgns. Thiswill essentidly diminate the use of incandescent exit Sgns thereby
reducing energy consumption.

6. Interior Lighting Power —Whole Building

The 1999 edition provides gregter clarity in specifying the caculaion of luminaire or lighting
system wattage that covers self balasted, remote ballasted, track lighting systems and other
miscdlaneous lighting. This could diminate some under-estimation of inddled lighting power. For
example, it is not uncommon for a fluorescent lighting fixture to be described by builders (with respect
to power consumption) as the ample sum of the lamp wattages while ignoring balast energy use.

The 1989 edition presents a set of whole building lighting power density requirements for 11
building typesin sx different building sze ranges (0 — 2,000; 2,001 — 10,000; 10,001 — 25,000;
25,001 — 50,000; 50,001 — 250,000; and greater than 250,001 square feet). The 1999 edition
presents asingle set of whole building lighting power density requirements for 31 building types without
building size variation. For four of the building types where there is a reasonable match between 1989
and 1999 editions, the 1999 alowance is higher by 0.06 to 0.64 Watts per square foot. Seven other
matched building types show the 1989 edition having lighting power alowances 0.20 to 0.80 Waits per
sguare foot higher than in the 1999 edition Over dl 11 matched building types there is an average
reduction of 0.11 Watts per square foot with the 1999 edition. Within the two building types
representing the largest percentage of building floor areaiin the commercid sector (office and retail) the
reductions with the 1999 edition are 0.40 Waits per square foot for office and 0.60 Watts per square
foot for retail buildings. Because there is an average reduction of lighting power densities from the
1989 edition to the 1999 edition in al matching building types, and aso areduction in the lighting power
densties dlowed in the two largest building types (office and retail), the overdl effect of the whole
building lighting power density requirements in the 1999 edition will be to provide increased energy
efficiency in most building types. However, it should be noted thet there isa sgnificant increase in the
lighting power dlowance for warehouse and storage type buildings, which are sgnificant in terms of
totd commercid building area. We expect anet reduction in energy use with the whole building
requirements.

7. Interior Lighting Power — Space-By-Space

Both the 1989 and 1999 editions present individua building soace lighting power dlowance
vaues for use in applying a space-by-gpace compliance method where individua space lighting power
is aggregated to arrive at a building total power dlowance. The 1989 edition’ s tabulated space-by-
space alowances are used in the compliance process only after they have been adjusted by an Area
Factor (AF) ranging from 1.0 to 1.8. Thisfactor is used to increase the dlowed lighting power when
the shape of the room (the size and height) necessitates the use of additiond lighting power to achieve
certain levels of illuminance. The areafactor that can be used to ca culate some space type alowances
islimited. For example, the dlowance for sports playing areas, corridors, open offices, and mechanica



rooms cannot be modified by an area factor, while the allowance for enclosed offices can be modified
by an areafactor of up to 1.55. Spacesthat are used for multiple functions, such as auditoriums,
conference, banquet, and meeting rooms, are alowed an additiond lighting power adjustment factor of
1.5. By contradt, this adjustment for room dimensions is dready built into the 1999 edition’s space
lighting power vaues, so adjustments for space dimensions are not permitted. The 1999 edition does
alow some additiond lighting power alowances to accommodate specific lighting needs. Theseinclude
additiona power for decorative lighting (1.0 Watts'square foot), additiona power for VDT termina
lighting (0.35 Watts'square foot), and additiond power for retail display lighting. In the latter case,
either 1.6 Watts/square foot of specific diplay areais dlowed for generd merchandise highlighting, or
3.9 Wattysquare foot of specific display areaiis dlowed for vauable merchandise highlighting. This
additiona power isonly dlowed if the specified luminaries are ingdled and can only be used for the
specific purpose noted.

It isdifficult to assess the actua impact from the use of the 1999 edition’ s space-by-space
method versus the 1989 edition’s. Thisis because the dlowed power dengty for abuilding will depend
greatly on the space makeup of the building, the individua room dimensions (affecting the area factor
adjusment) and any additional alowancesthat may apply. However, the average of al matching 1989
and 1999 edition power density space vaues shows a 0.36 Watts/square foot decrease in the 1999
edition’s vaues from those in the 1989 edition. Identical room geometry configurations (based on
those usad in the development of the 1999 edition’ s lighting power densities) were taken into account in
reaching this conclusion. Furthermore, it isimportant to congider the itemsin both editions that can
modify these lighting dlowances. For example, the 1989 edition would alow the use of a 1.5 additiona
lighting power adjustment factor for multi-purpose spaces, such as* Auditorium,” “Conference/Meeting
Room,” and “Banquet/Multi-Purpose Space’, whereas the 1999 edition would be even more energy
efficient because there is no such area factor adjustment.

Determining the impact of the additional power alowances in the 1999 edition make direct
comparison with vauesin the 1989 edition difficult, Snce any comparison using ether example buildings
or lighting models requires many assumptions regarding what is“typica” in this type of space and how it
isused. For example, in the 1989 edition the base lighting power dengity for a mass merchandise store
in awarehouse-type setting is 3.3 Watts/square foot. With the gpplication of an appropriate area factor
(1.05), the 1989 edition’s adjusted power alowance is 3.46 Watts/square foot. The 1999 edition
garts with a base lighting power dengty for dl retall establishments of 2.1 Watts/square foot. The 1999
edition dlows additiond lighting power for certain lighting activitiesinduding retall saleslighting. These
come in the form of an additiond 1.6 Wattysquare foot of lighted area for merchandise highlighting and
3.9 Watts'square foot of specific fine merchandise display. The application of these alowances will
depend on the layout of the retail space and how and for what height the lighting isemployed. Thisis
not unlike how the area factor in the 1989 edition depends on the geometry of the individua space.

Office space lighting has asmilar difference in that the 1999 edition offers an additiond power
dlowancefor visud digplay termind lighting. No such dlowance isincluded in the 1989 edition’s
vaues. Spaces with decorative lighting smilarly are dlowed extra power only for the decorative lighting
used.



To make some assessment of the possible impact of these additiona allowances, we developed
characteristics of a space under the 1999 edition whose total space lighting power alowance would
match that of the 1989 edition. For this comparison, we selected what we believed to be reasonable
amounts of additiond lighting power needed for merchandise display aress, office space used for
computer work, and decorative lighting. Table 1 presents comparisons for avariety of representative
Cases.



Table 1. Additiona lighting power alowance in the 1999 edition needed to match the 1989 edition

lighting power alowance.
Space Type 1989 1999 | Possble Scenarios of use of additiona power in
[Additiond Lighting Type] Edition | Edition | 1999 edition to equal 1989 edition vaue
Adjusted | Base
Totd Power
Power
(WIt?) (WIt?)
Hotel Lobby 251 1.8 Requires 71 percent of entire space with
[Decorative] decortive lighting
Office - enclosed 2.38 15 Cannot reach the 1989 edition’s vdue (Max
[Visud Display Termind] 1999 value = 1.85 W/ft?)
Office - open 2.51 1.3 Cannot reach the 1989 edition’s value (Max
[Visud Display Termindl] 1999 value = 1.65 W/ft?)
Jewdry Retall 7.40 2.1 Cannot reach the 1989 edition’s vdue (Max
[Highlight Merchandisg] 1999 vaue = 6.00 W/ft?)
Fine Merchandise Retall 4.23 21 55 percent of space dedicated to spotlighted
[Highlight Merchandise] fine merchandise displays — OR — 50 percent of
space dedicated to spotlighted generd displays
and an additiond 34 percent to spotlighted fine
merchandise displays
Mass Merchandise 3.30 21 75 percent of space dedicated to spotlighted
(big box) Retall generd displays— OR — 30 percent of space
[Highlight Merchandise] dedicated to spotlighted fine merchandise
disdlays
Department Store Retall 4.10 21 51 percent of space dedicated to spotlighted
[Highlight Merchandisg] fine merchandise displays— OR — 50 percent of
space dedicated to spotlighted generd displays
and 30 percent to spotlighted fine merchandise
disdlays
Food and Misc. Retall 2.80 21 43 percent of space dedicated to spotlighted
[Highlight Merchandisg] generd displays
Service Retall 3.57 21 92 percent of space dedicated to spotlighted
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[Highlight Merchandise] generd digplays

Mall Concourse 1.85 1.8 3 percent of space dedicated to spotlighted
[Highlight Merchandisg] generd displays

In the case of the hotd lobby and the mall concourse examples, little use of additiond lighting power
alowancesis required for the 1999 edition lighting power alowance to equal or exceed the 1989
edition value. By contrag, the office and jewdry store examples show that the 1989 edition lighting
vaue cannot be achieved, even with the maximum alowance possible gpplied. In the remaining
examples the 1989 edition lighting vaues cannot be achieved without additiond lighting power
scenarios that are generally unreasonable for the space type. Thisindicates to us that the 1999 edition
lighting vaues are more dringent, with the additiond lighting power alowances more than compensated
for by the reduction in base lighting power in the 1999 edition.

C. Building Envelope
1. Air Leskage

The 1989 edition provides a series of air-leakage standards or requirements that individual
components must meet. The 1999 edition replaces dl these standards with a requirement to use the
Nationa Fenedtration Rating Council’s, Procedure for Determining Fenestration Product Air
Leakage, NFRC 400, as the test procedure. Table 2 compares the air leakage requirements for
envelope openings in the two editions.
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Table 2. Comparison of air leakage requirements in the 1989 and 1999 editions.

Product 1989 - 1999
1989 Edition 1999 Edition Difference
Windows
Aluminum Framed, Operable 0.37 cfmllin ft 0.4 cfm/ft? +0.03
Aluminum Framed, Jdousie 1.5 cfrm/ft? 0.4 cfm/ft? -1.10
Aluminum Framed, Fixed 0.15 cfm/ft? 0.4 cfm/ft? +0.25
Vinyl Framed 0.06 cfm/ft? 0.4 cfm/ft? +0.34
Wood Framed, Residentia 0.37 cfmyft? 0.4 cfm/ft? +0.03
Wood Framed, Light Commercia 0.25 cfmift? 0.4 cfm/ft? +0.15
Wood Framed, Heavy Commercid 0.15 cfm/ft? 0.4 cfm/ft? +0.25
Skylights 0.05 cinvft? 0.4 cfmVit? +0.35
Doors
Aluminum Siding 0.37 cfmyft? 0.4 cfm/ft? +0.03
Vinyl Siding 0.37 cfmllin ft 0.4 cfm/ft? +0.03
Wooden, Residential 0.34 cfmyft? 0.4 cfm/ft? +0.06
Wooden, Light Commercia 0.25 cfmyft? 0.4 cfm/ft? +0.15
Wooden, Heavy Commercid 0.10 cfm/ft? 0.4 cfm/ft? +0.30
Commercia Entrance, glazed 1.25 cfr/ft? 1.0 cfrm/ft? -0.25
Commercia Entrance, opague 1.25 cfmift? 0.4 cfm/ft? -0.85
Residential Swinging 0.50 cfm/ft? 0.4 cfm/ft2 -0.10
Aluminum Wall Sections 0.06 cfmft? Not covered +

The impact of these changes on energy efficiency is hard to evauate. Air leakage requirements for
windows are more stringent for four window types, about the same for two window types and less
gtringent in one window type in the 1999 edition. Skylight requirements are more stringent in the 1999
edition than in the 1989 edition. Doors are more stringent for two types, less stringent for two other
types, and about the same stringency for three types, in the 1999 edition. We have no data asto the
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prevaence of each different type of component and without this data, we have determined that the
overd| impact on energy efficiency isminimd.

The 1999 edition does include additiona requirements for loading dock westher sedlsin colder
climates (greater than 3,600 heating degree days, base 65 degrees Fahrenheit) and also a requirement
for vestibulesin commercid building entrance doors. These requirements are not present in thel989
edition. These new requirements should improve energy efficiency in buildings where they are required.

2. Insulation Ingtdlation

The 1999 edition requires that insulation be ingtdled in substantia contact with theinsde
surface of cavities. It dso requiresthat lighting fixtures, heeting, ventilating, and air-conditioning, and
other equipment not be recessed in such a manner asto affect the insulation performance. Findly, the
1999 edition bansingdlation of insulation on suspended ceilings with removable celing pands. The
1989 edition does not address this subject at dl. These 1999 edition insulation ingtalation requirements
are expected to save energy in commercia buildings.

3. Speculative Building Envelopes
Buildings constructed on speculation that they will be leased or occupied by as yet unknown

occupants are referred to as “ speculative” buildingsin the 1999 edition. Speculative buildings are often
designed and the envel ope congtructed prior to the final occupancy being known. Both the 1989 and
1999 editions cover thisissue, dbeit in somewhat different fashion. The 1989 edition sets the most
gtringent envelope requirements likely to be encountered to be ingaled in the building from the gart,
while the 1999 edition dlows aless stringent envelope to be indtalled to accommodate aless
demanding occupancy (such as a semi-heated warehouse), but then requires an upgrade to the
envelope efficiency if the building use changes to a more demanding occupancy (such as office space).
While these gpproaches differ, we do not believe the difference will impact the overal energy use of
commercid buildings.

4. Enveope Thermd Transmittance in Cold Climates

The 1989 edition has an explicit set of requirements for the building envelope (wal, roof, and
fenedtration) for climates with more than 15,000 hesting degree days, base 65 degrees Fahrenheit. The
1999 edition addresses these climates in bins, or groupings of ranges of degree days, that are dightly
different than the 1989 edition (see Table 3). The U-factor requirements in the 1999 edition are
generdly less dringent. However, in redlity there are very few locationsin the United States (including
Alaska) that have heating degree days, base 65 degrees Fahrenheit, greater than 15,000.
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Table 3. Differencesin building envelope thermd requirementsin cold climates between the 1989 and

1999 editions.
Envelope Element 1989 Edition Cold Climate 1999 Edition Bin 25 (16,201-
(>15,000 HDD65) Requirements | 19,800 HDD65) Requirements
Opague Wl U-0.053 for large buildings U-0.045 to 0.071, depending on
U-0.040 for smd buildings type of wall)
Fenedtration U-0.52 (for window towall ratios | U-0.43, for the corresponding
of lessthan 0.2 for large buildings | WWR vaues
and 0.15 for smal buildings)
Roof U-0.024 U-0.027 to 0.049, depending on
type of roof
Hoor Over Unconditioned | U-0.023 U-0.033 to 0.064, depending on
Space type of floor

Sab on Grade Insulation

R-15 for 48 inches

R-15, for 24 inches

Sylight

Not alowed

U-0.95

The predicted impact on nationad commercid building energy useis negligible snce thereislittle
or no congtruction in areas with heating degree days, base 65 degrees Fahrenheit, greater than 15,000.

5. Skylight Therma Transmittance and Solar Heat Gain
For buildings whose overdl roof U-factor including skylights is less than the 1989 edition’'s
requirements, no separate skylight requirements must be met. For buildings that cannot mest this
requirement, the 1989 edition contains skylight thermad transmittance requirements that are a function of
hesting degree days, base 65 degrees Fahrenheit, as well as provides credit towards the overal roof
U-factor requirement where lighting controls are used to reduce lighting consumption. The 1999 edition
has separate requirements for glass skylights with curbs, plastic skylights with curbs, and skylights
without curbs, which vary by dimate bin. The least stringent of these are for glass skylights with curbs.
The 1999 edition provides no envelope credits for using lighting controlsin conjunction with skylights.
A comparison of the 1989 and 1999 editions requirementsis shown in Table 4. The 1989 edition U-
factors are those incorporated in Addenda F to that edition to show the whole window U-factors.
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Table4. Comparison of skylight U-factor requirements in the 1989 and 1999 editions.

Climates with: 1989 Edition 1999 Edition

HDD65 <8000 U-0.7 U-1.17 t0 1.98 (glass)
HDD65 $8000 U-0.52 U-0.88to 1.17 (glass)
Skylight curbs dl climates U-0.21 Included in U-factor for

ylightswith curbs

The 1989 edition limits the maximum alowable percent of skylight area based on skylight
visible light transmittance, number of hegating degree days, base 65 degrees Fahrenheit, number of

cooling degree hours, base 80 degrees Fahrenheit, foot candle levd, and interior lighting power dengty.
The alowable percent of roof areain skylight ranges from about 2 percent to 12 percent for specific

combinations. The 1999 edition limits skylightsto 5 percent of roof area.

The 1989 edition is more giringent than the 1999 edition in terms of required skylight U-factor.
On the other hand, the total area of skylight that can be ingtaled islessin the 1999 edition. In other

words, the 1999 edition has greater restriction on the total roof areain skylights, but does alow

skylights with a higher U-factor to be used. This essentidly alows the user of the 1999 edition to put in
asmaler amount of less efficient skylight than the 1989 edition.

The 1989 edition does not have any requirements for skylight solar heat gain. The 1999 edition
does include specific solar heat gain coefficient (SHGC) requirements for skylights. SHGC vaues for

glass skylights range from 0.16 in very warm dimates to “No Requirement” in very cold climates.

Implicit in thel989 edition’ s therma transmittance requirements, however, are SHGC va ues associated
with the required glass. With required U-factors at 0.7 and 0.52 for skylights, skylights would have to

be congtructed with glazing Smilar to double pane and double low-emissvity glazing. Such congruction
would have SHGC vaues of 0.68 and 0.59. Using thislogic, a comparison of skylight SHGC vaduesis

condructed in Table 5. Vaues are taken for 5 percent of the roof areain skylights, asthisisthe

maximum prescriptive leve in the 1999 edition. The upper range of SHGC vaues in the 1999 edition

column isfor cooler climates within each range.

Table 5. Comparison of solar heat gain coefficients (SHGC) in the 1989 and 1999 editions.

Climates With 1989 Edition SHGC 1999 Edition SHGC
HDD65 #7500 0.68 0.16 to 0.62*
HDD65 $7500 <10801 0.59 0.36 to 0.64*
HDD65 >10801 0.59 No requirement
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The 1999 edition SHGC requirement is more stringent for virtudly dl locationsin the US. The
1989 edition does have lower SHGC requirementsin very cold climates, but since solar gain isanet
benefit in these climates, restricting solar gain provides no benefit.

6. Slab-On-Grade and Below Grade Wall Insulation

Sab-on-grade insulation requirements are non-existent in both editionsin warm climates. For
cooler climates, the1989 edition requires between R-7 to R-8 for vertica insulation, extended 24
inches deep, whereas there are effectively no requirements for dab insulation in the 1999 edition in the
continentd U.S. For heated dabs the 1989 edition requires an additiond insulation level of R-2 above
the level required for unheated dabsin dl cases. For below grade walls the 1989 edition requires
insulation levels from R-7 to R-16 for the first story below grade, depending on location, whereas there
are effectively no requirements for below grade wall insulation in the 1999 edition until above 9000
heating degree days, base 65 degrees Fahrenheit (much of Alaska and some northern Minnesota
locations). The reduction of dab-on-grade and below grade wall insulation requirement in the 1999
edition will result in higher heating loads in cold dimates, particularly for smdl buildings. However, the
meagnitude of the impact will be tempered by the insulating effect of the surrounding earth.

7. Roof Thermd Transmittance

We looked at roof thermd transmittance requirements by comparing the U-factor criteriain 11
representative climate locations. For each climate, the 1989 edition provides a single prescriptive
U-factor for roofs, while the 1999 edition provides 9 possible U-factors (or R-values) depending on
building type and roof type.

Table6. Comparison of roof U-factor criteriain the 1989 and 1999 editions.
1989
Edition 1999 Edition 1989 - 1999
Non- Semi- Non-
Residential Heated Residential
City Roof Type All roofs | (U-Factor) | (U-factor) Difference
Buildings with Attics 0.051 0.034 0.053 0.017
Denver
Insulation Above Deck 0.063 0.173 -0.012
Metd Buildings 0.065 0.097 -0.014
: Buildings with Attics 0.053 0.034 0.053 0.019
Detroit
Insulation Above Deck 0.063 0.173 -0.010
Metd Buildings 0.065 0.097 -0.012
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Table 6. Comparison of roof U-factor criteriain the 1989 and 1999 editions.

1989
Edition 1999 Edition 1089 - 1999
Non- Semi- Non-
Residential Heated Residential
City Roof Type All roofs | (U-Factor) | (U-factor) Difference
Buildings with Attics 0.059 0.034 0.081 0.025
Fresno
Insulation Above Deck 0.063 0.218 -0.004
Metd Buildings 0.065 0.167 -0.006
_ Buildings with Attics 0.11 0.034 0.081 0.076
Knoxville
Insulation Above Deck 0.063 0.218 0.047
Metd Buildings 0.065 0.097 0.045
Buildings with Attics 0.1 0.034 0.081 0.066
Los Angeles
Insulation Above Deck 0.093 0.282 0.007
Metd Buildings 0.072 0.167 0.028
] _ Buildings with Attics 0.045 0.027 0.053 0.018
Minnegpolis
Insulation Above Deck 0.063 0.173 -0.018
Metd Buildings 0.065 0.097 -0.020
Buildings with Attics 0.063 0.034 0.614 0.029
Orlando
Insulation Above Deck 0.063 1.282 0.000
Metd Buildings 0.065 1.28 -0.002
Buildings with Attics 0.046 0.034 0.081 0.012
Phoenix Insulation Above Deck 0.063 0.218 -0.017
Metd Buildings 0.065 0.167 -0.019
, Buildings with Attics 0.053 0.034 0.053 0.019
Providence
Insulation Above Deck 0.063 0.173 -0.010
Metd Buildings 0.065 0.097 -0.012
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Table 6. Comparison of roof U-factor criteriain the 1989 and 1999 editions.

1989
Edition 1999 Edition 1089 - 1999
Non- Semi- Non-
Residential Heated Residential
City Roof Type All roofs | (U-Factor) | (U-factor) Difference
Sedttle Buildings with Attics 0.064 0.034 0.081 0.030
Insulation Above Deck 0.063 0.218 0.001
Metd Buildings 0.065 0.097 -0.001
Shreveport | Buildings with Attics 0.066 0.034 0.081 0.032
Insulation Above Deck 0.063 0.218 0.003
Metd Buildings 0.065 0.167 0.001

The 1999 edition tends to be more stringent than the 1989 edition for buildings with attic
insulation and less stringent for buildings with insulation above deck or metd buildings. Roof insulaion
requirements for semi-heated buildings are dso less stringent in the 1999 edition. (Semi-heated
buildings are defined as being heated by a heating system with output greater than 3.4 Btu per hour for
each square foot, but with an output less than in Table 3.2. Output in this table ranges from 5 to 30 Btu
per hour for each square foot for climates with heating degree days, base 65 degrees Fahrenheit,
ranging from none to over 16,201.) Because of the predominance of built-up roofs (insulation-above-
deck) in commercid buildings, aswell asthe ever-increasing use of meta-building congtruction,
particularly for semi-heated warehouse-type structures, we believe that the sole roof type that is more
gringent in the 1999 edition loses much of itsimpact. Overdl, we believe there is a moderate decrease
in roof U-factor with the 1999 edition, with a significant decrease in requirements for semi-heated type
structures.

8. Floors Over Unconditioned Spaces

For each climate, the 1989 edition provides a single prescriptive U-factor for floors, while the
1999 edition provides 9 possible U-factors (or R-vaues) depending on building type and floor type.
The range of requirements for the 1999 edition addresses wood framed, stedl framed, and mass
(concrete) floor congtruction separately. Typically, wood framed floors have the lowest (most
gringent) U-factor requirement, while mass floors have the highest (leest stringent) U-factor. The 1999
edition istypicaly more stringent for wood framed and sted framed floors, and less stringent for mass
floorsin non-resdentid (and resdentid) buildings. The 1999 edition is less stringent for semi-hesated
buildings (see Table 7.)
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Table 7. Comparison of floor over unconditioned space U-factor criteriain the 1989 and 1999
editions.

1999 Edition 1989 - 1999 Difference
Non-Residential Semi-Hesated Non-Residential
1989 Wood Wood Wood
Edition Frame Frame Frame
All & Steel & Steel & Steel
City Floors Other | Joists | Mass | Other | Joists | Mass | Other | Joists | Mass
Orlando 0.28 No Requirement No Requirement 0.280
Phoenix 0.19 0.051 0.052 0.137 No Requirement 0.139 0.138 0.053
LosAngeles 017 0.119 0118 | 0.033
Shreveport 011 0.059 0.058 -0.027
Fresno 0.10 0.049 0.048 -0.037
Knoxville 0.074 0.051 0.052 0.107 0.066 0069 | 0322 | 0023 0.022 -0.033
Sesttle 0.056 0.005 0004 | -0.051
Denver 0.049 0033 | 0.052 0.087 0.066 0069 | 0322 | 0016 -0.003 | -0.038
Detroit 0.048 0.015 -0.004 | -0.039
Providence 0.048 0015 | -0004 | -0.039
Minneapolis 0.040 0.007 -0012 | -0.047

Overdl, there will be a net decrease in energy use under the floor criteriain the 1999 edition.

9. Opague Wdl Thermd Transmittance

The 1989 edition provides a Sngle prescriptive U-factor for lightweight wals and arange of
possible U-factors for mass walls (depending on therma mass), while the 1999 edition provides 12
possible U-factors (or R-vaues) depending on building type and wal congtruction. The maximum
therma tranamittance requirements for mass wals in the 1999 edition generdly fdl within the range of
dlowable valuesin the 1989 edition, except for semi-heated buildings where in dl cases the 1999
criteriaisless stringent. However, since buildings in the semi-heeated category are expected to have
relatively low heating loads (due to the low interna temperature and limited hegting capacity) and no
cooling loads, the reduction in stringency is expected to have a minima impact.

The difference in criteriafor lightweght walls between the 1989 and 1999 editions varies, with
some wall types being more stringent in some locations and other less stringent. In generd, wood
framed wall requirements in the 1999 edition are most likely to be more stringent than corresponding
requirements in the 1989 edition.
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To compare requirements for mass walls in the1989 edition, we used the Alternate Component

Packages tables to determine U-factor requirements for 8 inch solid concrete and solid grouted

concrete block mass walls (Heat Capacity > 15 Btu/ft>-F) aswell asfor 8 inch unfilled or insulated
concrete block walls (10 Btu/ft>-F < Heat Capacity < 15 Btu/ft2-F). We did thisfor insulation on the
ingde of the wdl, integra with the wal, and on the outsde of the wal, under each of the three internd
load density (ILD) ranges in the Alternate Component Packages tables. Thiswas done for the 11
locations and for 18 percent and 38 percent window to wall arearatios. The requirements used were
based on interpolation across the tabulated fenestration levels. For each interna |oad density range, we

averaged together all caculated U-factor requirements. Theseresultsare shownin Table 8. In
addition, we show the 1999 edition’s U-factor requirements by that edition’s three space-type

categories (non-residentia, resdentia, and semi-heated).

Table8. Masswall requirements comparison.

1989 Edition Mass Wall 1999 Edition Mass Wall
Requirements Requirements U-Value Difference
Interior Load Density
Non- Semi- Non- Semi-
Location | Low |Medium | High [Residentia [Residential | heated | Residential | Residential | heated®
ORL 0.624 0.649| 0.636 0.58 0.151| 058 -0.062 -0473| -0.044
PHX 0404 0.403| 0.400 0.58 0.151| 058 0.179 -0.253 0.176
LOS 0.737 0.791( 0.793 0.58 0151 058 -0.212 -0586| -0.157
SHR 0.301 0.327| 0.328 0.58 0.123( 058 0.252 -0.178 0.279
FRS 0.293 0.307( 0.311 0.58 0.151( 058 0.271 -0.142 0.287
KNX 0.166 0.185( 0.188 0151 0.104( 058 -0.036 -0.062 0414
SEA 0.123 0.140( 0.147 0151 0.104( 058 0.007 -0.019 0.458
DET 0.100 0.107| 0.109 0.123 0.09| 058 0.015 -0.010 0.480
DEN 0131 0.144( 0.144 0.123 0.09| 058 -0.021 -0.041 0.449
PRV 0.100 0.107| 0.109 0.123 0.09| 058 0.015 -0.010 0.480
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MNP 0.078| 0.087| 0.088 0.104 0.09| 058 0.017 0.012| 0.502

a Non-Residentia versus average of Medium and High Interior Load Density cases
® Residentia versus Low Interior Load Density case
¢ Semi-heated versus Low Interior Load Density case

The difference in required U-factors for typica buildingsis dso shown. For this comparison,
we have assumed that most non-residential buildingsin the 1999 edition would fal into either the
medium or high interior load density ranges of the 1989 edition. The average U-factor for both of these
interior load dengity ranges was used in the comparison. Most residentia buildings would fal into the
low interior load density range of the 1989 edition. Most semi-heated building spaces (assumed to be
smilar to warehouse buildings) would likely fal under the low interior load dengity range of the 1989
edition. As can be seen from the table, the requirements of the 1999 edition are more stringent for
resdentia buildingsin dmogt dl dimates. Thisis particularly so in moderate to warm climates. The
1999 edition is consderably less stringent for semi-heated buildingsin dl but Orlando and Los Angdles,
where hegting losses are not expected to be sgnificant anyway. The 1999 edition is generdly less
gringent for non-resdentia congtruction in moderate to warm climates and dightly less stringent for
cool or cold climates. Overdl, it is expected that the reduced U-factor requirements for masswallsin
the non-residential and semi-heated category will result in increased heating energy use over the 90.1-
1989 mass wal requirements.

10. Window Thermd Transmittance and Solar Heat Gain

The 1989 edition does not specificaly provide a prescriptive gpproach to window thermal
transmittance or solar heat gain, but rather treats windows as a component of the building wall where
the wall must have certain overal heating and cooling performance to show compliance. However, the
ACP (Alternate Component Packages) tables which set out prescriptive requirements for the building
envelope provide tables of maximum percentage of wal glazing as a function of window U-factor,
shading coefficient, projection factor, and building internal gains. The 1999 edition, by contragt,
provides prescriptive U-factor requirement and Solar Heat Gain Coefficient requirements for particular
combinations of percentage of glazing and building category (non-residentid, resdentia, semi-heated),
amplifying use and enforcement. Both editions require the use of an energy tradeoff methodology for
buildings with very high percentages of window area (typicaly greater than 50 percent).

For typica levels of internd gains, the requirements for window thermd transmittancein
resdentid and non-residentia buildings are very smilar in both editions. The 1989 edition is somewhat
more gringent in cold climates in buildings with a high percentage of glazing. The 1999 edition is
marginaly more stringent in the rest of the country. For semi-heated buildings, the requirementsin the
1999 edition are less stringent except in warm climates where both editions require single pane glass.

Window solar heat gain requirementsin the 1999 edition are typicaly more stringent in
buildings with lower glazing areas (less than 30 percent), but often less stringent in buildings with higher
glazing areas (38 percent or 45 percent). Maximum solar heat gain requirements do not exist for semi-
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hested buildings in the 1999 edition. However, limiting solar heat gain does not reduce energy usefor a
building that is only heated.

For windows with northern orientations, the 1999 edition generdly alows greater solar heet
gain per window areathan the 1989 edition. Overdl the 1999 edition is more energy efficient in
reducing solar heat gain in most buildings, but somewhat less efficient with regard to window therma
trangmittance particularly in cold climates.

11. Opaque Doors

The 1999 edition contains explicit U-factor requirements for both swinging and non-swinging
doors, with requirements ranging from a U-factor of 0.5 (for both door typesin cold climates) to 1.45
for uninsulated doors of both types. An insulated metal door or a solid wood door require U-factors of
0.5. Glassdoorsthat are more than one-haf glass are consdered to be equivaent to vertica
fenedtration and would need to meet vertica glazing requirements. The 1989 edition does not explicitly
ded with either opague or glazed doors, but instead treats them as part of the overal wall requirement.
Opague doors are part of the opague wall, glass doors are part of the glazed area. Since the required
thermal performance of opaque doors in the 1999 edition is generaly worse than that of the
surrounding opaque wall area, and the opague door requirements are included in the overal wal
requirements of the 1989 edition, the requirements of the 1999 edition are less stringent. Doors
represent asmdl percentage of the wall area of multi-story buildings. They aso represent afarly smal
percentage of the wall area of many large single story buildings. Most commercia entrance doors are
glazed, reducing the impact of the difference in opagque door requirements. We therefore conclude that
the energy impact of this change is likely to be smal for most buildings. However, inindividud buildings
with aggnificant number of doors, the impact may be sgnificant.

D. Mechanicd Equipment and Systems
1. Load Cdculaionsand Sizing

The 1999 edition has no explicit Szing requirements for heeting, ventilation, and air-conditioning
systems. The 1989 edition requires the use of a computationa procedure for load calculations, and it
details sdection of indoor and outdoor design temperature, the use of Standard 62-89 for minimum
ventilation, and a sdlection of dlowed sources for internd gain data. The 1989 edition dso explicitly
allows a 10 percent safety factor for steady-state design loads and additiona 30 percent and 10
percent multipliers beyond that to account for heating and cooling pick-up loads. However, these
additiond parameters represent typica vaues or sources for Szing caculation data. Their omissonin
the 1999 ediition is not expected to result in a significant reduction in energy efficiency.

2. Separate Air Didribution Systems

The 1989 edition requires that zones with specia process, temperature, and/or humidity
requirements, either be served by air distribution systems separate from those used to satisfy zones
conditioned for comfort only, or have provisonsto alow control for comfort conditioning only. An
exception to thisalows up to 25 percent of the air flow serving primarily process sysemsto be
directed for comfort cooling-only needs with no system design modification. This exception might be
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used for office gpacein an indudtrid facility. This requirement provides the ability to operate the
primary hegting, ventilation, and air-conditioning systems for comfort conditioning only when processes
are not operating. The 1999 edition has no requirements explicitly for systems and equipment used for
process gpplications. However, where systems would aso serve spaces conditioned for comfort only,
the equipment and system requirements of the 1999 edition would apply. In particular, requirements
referring to zone isolation, dehumidification, and simultaneous heeting and cooling would address most
of the issues addressed by the separate ar distribution system requirement in thel989 edition. Thiswill
result in aminor reduction in sringency in alimited number of buildings.

3. Temperature Controls

The 1999 edition has an additiona requirement that al zone and loop controllers shdll
incorporate control error correction. In addition, it explicitly requires a set point overlgp restriction
when the heating and cooling to a zone are controlled by separate thermostats within that zone. The
additiond requirements make the 1999 edition better a controlling room temperature and will limit
reheating and recooling done by separate systems, which will provide improved efficiency over thel989
edition.

4. Off-Hour Controls and Setback

The 1999 edition requirements for off-hour controls are limited to systems with heating or
cooling capacity greater than 65,000 Btu per hour and fan system power greater than 3/4 horsepower.
The requirement for off-hour controlsin the 1989 edition are for systems greater than two kilowatts.
Exceptions are dso made for heating ventilation and air-conditioning systems serving hotel or motel
guest rooms. In these cases the 1999 edition is less stringent. However, the optimum start controls
required in the 1999 edition for large systems should reduce the number of hours needed to bring the
building to operating temperature.

The 1989 edition alows either independent shut-off controls or set-back controlsto reduce
hesting and cooling to the zone. The 1999 edition requires automatic shutoff controls for the supply of
conditioned air, outsde air, and exhaust air to each independent isolation area, aswell as autometic
shutdown controls. However, it specificdly dlows subgtitution of asystem air flow reduction in the
non-occupied zones, but limits the total volume of air to those zones to 14 percent of the system
arflow. The 1999 edition, by requiring maximum setback air volumes, has more stringent off-hour
requirements. These would be achieved by smple thermostat setback. Both editions incorporate
different exceptions to these off-hour requirements for multi-zone systems, but our limited data on
commercid building multi-zone systems and operating schedules is insufficient to evaluate these
exceptions.

5. Dampers

The 1999 edition requires motorized dampersin sair and devator shaftsand in al outdoor air
supply exhaust hoods, vents, and ventilators. Gravity dampers are acceptable on buildings less than
three stories and of any height in buildings in climates with less than 2700 heeting degree days, base 65
degrees Fahrenheit. These damper performance requirements are more stringent than smilar
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requirementsin the 1989 edition. However, the requirementsin the 1999 edition pertain to fewer
systems (only to systems larger than 65,000 Btu per hour). The 1989 edition requires dampers
(motorized or gravity) or other means of volume shut-off or reduction. It exempts supply and exhaust
systems less than or equa to 3000 cfm for warm climates (less than or equa to 3000 heating degree
days, base 65 degrees Fahrenheit). Overdl, the 1999 edition is consderably more stringent on large
systems, but is less stringent on small systems in climates above 3000 heating degree days, base 65
degrees Fahrenheit.

6. Humidity Control

The 1989 edition had a requirement that any humidity control device (humidistat) be capable of
limiting the use of fossl fud or dectric energy to provide reative humidities of greeter than 30 percent
or lessthan 60 percent. Thisrange limit of setpoint requirements for zone humidification is not included
in the 1999 edition. Instead, a requirement for having the cgpability to prevent smultaneous
humidification or dehumidification was added, with an exception for zones with tight humidity
requirements approved by locad authorities, or for desiccant systems used in series with evgporative
cooling. Minimum impact is expected from this change as both editions effectively require sysemswith
both humidification and dehumidification to have the controls to limit waste from abuse of these
systems.

7. Radiant Heating

The requirement in the 1999 edition that radiant heating be used on unenclosed spaces such as
loading docks without air curtains will save energy compared to the use of warm-air heating systems
dlowed in the 1989 edition.

8. Ventilation

The 1989 edition requires ventilation systems be designed capable of providing the ventilation
levels prescribed in Standard 62-1989. The 1999 edition omits this requirement. However, the 1989
edition did not st the ventilation rate, but rather specified a minimum operationa ventilation rate that the
system must be designed to provide. Operation of a system at higher or lower ventilation ratesis
alowed under the 1989 edition. Therefore no savings or lossin efficiency should occur from this
gpecific change. Furthermore, minimum ventilation rates are generdly specified in the mechanicd code
and not including them in the 1999 edition of the energy code will reduce any conflict between the two
codes.

The requirements in the 1999 edition for automatic ventilation controls for high occupancy areas
increase the stringency of that edition and should provide some energy savings.

9. Fipeand Duct Insulation

The 1999 edition has dightly less stringent pipe insulation requirements than the 1989 edition for
most building applications. The 1999 edition does not require insulation of piping unionsin heating
systems or hot water piping between the shutoff valve and coil (up to 4 feet of pipe) in conditioned
gpaces. It dso requires more insulation on higher temperature (> 250 F) piping, and less insulation on
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lower temperature heating system and service hot water piping. The 1989 edition requires more
insulation on low temperature cooling system piping. These differences should have minima impact.

The 1999 edition has sgnificantly less stringent duct insulation requirements for some categories
of ducts. For cooling-only ducts, the 1999 edition requires generdly lower insulation levels for ducts
located outside the building and insulation levels at or lower than required in the 1989 edition for most
spaces indde the building. The 1999 edition generaly requires higher insulation levels for ventilated
attics and for unvented attics with non-insulated attic decks, which can be high temperature areas of the
building. It requires no insulation for indirectly conditioned spaces including return air plenums.

For heating-only ducts, the 1999 edition requires somewhat lessinsulation on exterior heating
ducts, except in the most extreme hegting climates where it requires more. It requires very little
insulation on heating-only ductwork located ingde the building envelope.

For return ducts located exterior to the building, the 1999 edition requires lower insulation
levels. The lower duct insulaion requirements are likely to be most Sgnificant for heating-only ductsin
climates where insulation is not required for particular attic or unconditioned spaces. Thereductionin
the minimum insulation level for cooling-only ductwork is significant for centrd systemsthat rely on year
round cooling availability (such asvariable ar volume or dud duct systems). Both insulation reductions
will decrease energy efficiency of the 1999 edition.

Finaly, the 1999 edition does not restrict the use of pressure sensitive tape at sedl level C for
supply pressures up to 2 inches of pressure, whereas the 1989 edition restrictsits use for sed classC
above 1 inch. Research is ongoing regarding the impact of this, however it islikely to show areduction
in energy efficency.

10. Heat Recovery

New requirementsin the 1999 edition for exhaust air heet recovery for systems of 5,000 cfm or
greater with 70 percent or greater outsde air will have Sgnificant impact on energy efficiency in hegting,
ventilation, and air-conditioning systems with high outsde ar requirements. However, the number of
buildings of thistype that are exempted is Sgnificant. Requirements have aso been added that
condenser heet recovery be used to provide heeting of service hot water for buildingswith a
combination of continuous operation, high water heating loads (greater than 1,000,000 Btu per hour)
and high cooling loads (gpproximately 400 tons). Primary examples are large hotel facilities. These
requirements sgnificantly increase efficiency, but in ardatively smal percentage of buildings.

11. Completion Requirements

Both editions have requirements for testing and balancing of heeting, ventilation, and air-
conditioning equipment. The 1999 edition requires awritten balancing report for zones over 5,000
square feet in area, aswell as requires the ability to measure differentia pressure across pumps greater
than 10 horsepower in size. For buildings larger than 50,000 square feet conditioned area, detailed
commissioning ingructions for heeting, ventilation, and air-conditioning systems are required to be
provided by the designer in plans and specifications. An exception to this requirement is made for
warehouses and semi-heated spaces. The more detailed and extensive documentation requirements
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have the potentid to provide long-term energy efficiency beyond what would be expected under the
minimum completion requirements of the 1989 edition.

12. Simultaneous Hesating and Cooling Controls

The 1989 and 1999 editions have essentidly identicd text requiring that zone thermodtatic and
humidigtatic controls shdl be capable of operating in sequence the supply of heating and cooling energy
to prevent reheating, recooling, or mixing of previoudy heated and cooled air; or other smultaneous
operating of heeting and cooling systems in the same zone. Similar exceptions are provided for both
editions regarding: zones with specid pressurization or cross-contamination regquirements, zones where
at least 75 percent of the reheat energy is provided from a Site-recovered or site-solar source, and
where the reheated volume of supply ar to azoneis no grester than the maximum of severa defined
limits. Inthelatter case, however, the 1999 edition either removes or provides additiona stipulations
that limit the use of mogt of these maximum reheated-air exceptions. This should result in sgnificant
reduction in building energy use for many common multizone heeting, ventilation, and air-conditioning
system designs.

13. Economizer Controls

The 90.1-1999 edition requires economizers in fewer locations than the 1989 edition, but
requires them in the locations of the country where they are expected to be most beneficid. The 1989
edition requires economizers on 7 ¥z ton or larger equipment in climates not excepted from economizer
requirements atogether. The 1999 edition uses adiding scae of economizer requirements that depend
on climate and system size, going down to 65,000 Btu per hour equipment for some climates and up to
135,000 Btu per hour equipment in climates where economizers provide less benefit. In addition, the
1999 edition requires air economizers to be capable of providing 100 percent of the design supply air
quantity (versus only 85 percent in the 1989 edition), as well as specifying 1) dlowed economizer
contral types to maximize economizer savings in pecific dimates, 2) leekage rates for outsde air
dampers, and 3) that economizer dampers in multi-zone systems shall be capable of being sequenced
with the mechanica cooling equipment and shal not be controlled by only mixed air temperature. In
generd, 90.1-1999 attempts to provide more economizer savings where economizers are most
beneficid, and to not require them in climates where they provide less benefit.

14. Fan Sysem Design Criteria

Both editionswill result in amilar levels of dlowed fan power per CFM of arflow, dthough the
1999 edition has expressed those requirements using motor namepl ate horsepower in order to make
them more easily inspected. In addition, the 1999 edition places those requirements on fan motors
down to 5 horsepower, whereas the fan system power requirements are on motors 10 horsepower and
above in the 1989 edition. The 1999 edition aso has more stringent unloading requirements for VAV
fans, and places those requirements on VAV systems down to 30 horsepower, versus 75 horsepower
in the 1989 edition. Both the congtant volume and variable volume fan power requirements will be
extended to far more system typesin the 1999 edition. Overdl, there is expected to be a sgnificant
reduction in fan power using the 1999 edition, particularly for multi-zone sysems.
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15. Pumping System Design

Both editions require that pumping systems designed for varigble flow be designed to alow flow
variation down to 50 percent of design flow rates, but the 1999 edition aso has a requirement that
pump power at 50 percent flow be no more than 30 percent of design flow power for systems with
over 100 feet of pumping head or motors grester than 50 horsepower. Thiswill effectively require
variable speed pump drives on these large pumping systems. Exceptions are made for pumps under 75
horsepower where reduction of flow would be below the minimum flow requirements for hesting,
ventilation, and air-conditioning equipment, and for systems that include no more than 3 control vaves.
Sgnificant energy savings will result from application of the 1999 edition in larger systems due to these
part-load performance requirements.

16. Temperature Reset Controls

The 1989 edition requires system temperature reset controls on both multizone air systems and
large, non-variable-flow hydronic syssems. These controls shall be capable of providing areset of at
least 25 percent of the design supply to room air temperature difference, with some exceptions, most
notably for low zone flow rates or for systems not cagpable of providing reheat. The primary purpose of
this requirement is to reduce reheat in air systems. Supply water temperatures must also be capable of a
reset equivaent to 25 percent of the design supply-to-return water temperature difference except for
hydronic systems that can provide a 50 percent reduction in system flow, or are less than 600,000 Btu
per hour in capacity, or for which reset controls would cause improper operation of heating, cooling,
humidification, or dehumidification sysems. The 1999 edition requires reset on chilled and hot water
temperature controls used for heating, ventilation, and air-conditioning systems over 300,000 Btu per
hour design capacity. Direct energy savings are expected from the reset of the supply water
temperature from chiller and boiler, and the air supply temperatures in the system are assumed to follow
the water temperature reset. An exception is made for hydronic systems that use variable flow to
reduce pumping energy, or for systems where reset would cause improper operation of hesting,
cooling, humidification, or dehumidification sygems. Overdl, thereislittle net changein the reset
requirements for hydronic systems other than the 1999 edition gpplying them to more systems. The
1999 edition does remove the air reset requirements, but addresses s multaneous heating and cooling
more directly by better limiting the amount of air reheated or recooled in a new section of the standard
(see Smultaneous Heeting and Cooling Controls above). Some minima degradetion in efficiency is
expected from removal of the air-side resat requirements, but thisislikely to be offset by theincreasein
efficiency from requiring reset on smdler hydronic systems.

17. Hot Gas Bypass Restriction

The 1999 edition introduces a new requirement that restricts the use of hot gas bypassin
cooling equipment unless the equipment is designed with multiple steps of unloading. In the latter case,
hot gas bypass is dlowed, but maximum hot gas bypass levels are specified as a fraction of tota
capacity for different 9zes of cooling equipment. This requirement will provide an improvement in part-
load performance for cooling equipment, where not aready done by manufacturers.
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18. Hesting, Ventilation, and Air-conditioning Equipment

The 1999 edition provides updated equipment efficiency requirements which come into effect in
October 29, 2001. Tables6.2.1A - 6.2.1G of the 1999 edition show the existing 1989 edition’s
heating, ventilation, and air-conditioning equipment efficiency requirements (shown in the “Minimum
Efficiency” column) with the 90.1-1999 update requirements shown in the "Efficiency as of October 29,
2001" column in each table across heating and cooling product categories. A summary of the shipped
capacity weighted efficiency improvement across generic product categoriesis shown in Table 9.

Table9. Shipped capacity weighted efficiency improvement across generic product categories,
including equipment shipments to commercia buildings covered by Federa manufacturing standards.

Equipment Category Estimated
Full Load Efficiency Improvement

Unitary Air Conditioners and Condensaing Units ~7.6%
Unitary and Applied Heat Pumps ~9.2%

Electricaly Operated Water Chillers ~16.8%
Absorption Chillers ~5.2+%
Packaged Termina Air Conditioners and Heat Pumps ~22.4%
Room Air Conditioners ~10.1%°
Furnaces, Duct Furnaces, Unit Heaters ~0+9%0¢

Bailers ~0%°

The absorption chillers 5.2 percent estimated full-load efficiency improvement is based on
double effect chillers. The 1989 edition had no efficiency requirement for absorption chiller equipment,
but the market basdline for double effect chiller is a coefficient of performance of 0.95andrisestoa
coefficient of performance of 1.0 in the 1999 edition. Improvements of up to 25 percent above market
minimums are esimated for sngle effect equipment.

The change in room air-conditioner efficiency was driven by manufacturing standards
requirements effective October 1, 2000 (10 CFR 430). These will occur without the requirements of
the 1999 edition.

For furnaces, duct furnaces, and unit heaters, changes were made to test procedures and
efficiency descriptors for unit heaters, but no net change was made in efficiency. Improved prescriptive
requirements in the 1999 edition for warm-air furnaces such as requirements for intermittent ignition or
interrupted device and jacket loss limits, will improve annud efficiency.

For boilers, the full load descriptor was improved, but not the boiler efficiency requirements.
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In addition to providing updated efficiency requirements for most commercia equipment, the
1999 edition subdivides severa of the original 1989 edition product categories and adds new efficiency
requirements for heat rejection equipment which were not covered under 1989 edition. The 1999
edition provides coefficient of performance and integrated part-load vaue requirements for centrifuga
chillers operating at other than nomind test conditions. It also expresses efficiency requirements for
bailers less than or equd to 2.5 million Btu per hour input rating using true thermd efficiency, as
opposed to combustion efficiency requirementsin the 1989 edition. The 1999 edition provides
separae efficiency requirements for packaged termina air conditioner and packaged terminal heet
pump equipment used for replacements in existing buildings and used for new congtruction. It dso
updates efficiency requirements to reflect changing test procedures and mandates the use of intermittent
or interrupted ignition devices and ether power venting or flue dampers on forced air furnaces. Findly,
the 1999 edition restricts jacket losses on gas and e ectric furnaces located outs de conditioned space.

The 1999 edition provides sgnificant improvement to cooling equipment efficiencies, and minor
increases in average oil or gas pace heating equipment efficiency due to changesin efficiency
designator or shell loss requirements. It so provides for moderate increases in heat pump heeting Side
efficiency. All of these requirements will improve the generd efficiency of commercid space
conditioning products beyond that required in the 1989 edition, and will thus contribute to energy
savings with the 1999 edition.

19. Service Water Heating Equipment Efficiency

The 1999 edition sets service water heating (SWH) equipment efficiencies for gas- and oil-fired
equipment &, or moderately higher than, the 1989 edition levels. It improves thermd efficiencies from
2 to 3 percentage points for gas water heaters with integra storage and improves thermd efficiencies 1
percent for oil-fired ingantaneous water heaters with integra storage, as well asfor the smilarly defined
category of “hot water supply boiler”.

The generd form of the equations for standby |oss were recast between what is required under
the 1989 edition and what is required by the 1999 edition. With the 1989 edition, the standby loss was
purely afunction of volume. With the formulation in the 1999 edition, standby lossis a function of both
volume and input rating. For gas and oil water heaters, the stringencies of each standard are roughly
the same within each of the individua product categories. This dlows somewhat more standby loss for
large input rating products and dlows somewhat less stlandby loss for smaller input rating products.
Without very detailed information about the shipment of products within a Size category, it is unknown
whether thereis anet changein efficiency. For eectric water hegters greater than 12 kilowatt input, the
1999 edition does gppear to dlow margindly greater standby loss, asthe formulais based on rated as
opposed to measured contents, and alows a ten percent variation from the rated value. However,
sncethis product is covered by a Federd nationd manufacturing standard that is more stringent than
the requirements of the 1999 edition and the federd standard preempts state or loca regulation, unless
awalver is granted, the reduced stringency in the 1999 edition should result in no reduction in

efficiency.
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20. Service Water Heating Controls

Both the 1989 and 1999 edition have requirements for a minimum service hot water
temperature control cgpability set point, as well as a maximum control temperature requirement for
public restrooms, of 110 degrees Fahrenheit. Since these are only capability and not set point
requirements, no change in net building energy useis expected or assured. The 1989 edition dso hasa
requirement that booster heaters be ingtalled where outlet temperatures of over 120 degrees Fahrenheit
were required, which is absent in the 1999 edition. The energy impact of dropping this requirement is
highly dependent on the fuel source used by the booster heater. Generdly, adight increasein site
energy use in specific gpplications might be expected, however there may aso be a corollary reduction
in source energy use occurring from the reduced use of eectric booster heaters (a chesp first cost
dternative to meeting the 1989 edition requirement). The net impact on hot water energy useis
expected to be minimdl.

21. Conclusion About Detalled Textud Andyss

The predominate factor identified in the detailed textua analyssis that the scope of 1999
edition includes dterations and renovations to existing buildings. The scope of 1989 edition does not
indude exigting buildings. A sgnificant increase in energy efficiency of commercid buildings will occur
due to this change in scope.

Our assessment of seven areas of change in the Lighting and Power sections of the two editions
leads us to conclude that there will be anet positive increase of efficiency in commercid buildings from
these revisons. Conversdly, our assessment of the 11 areas of change in the Envelope section of the
two editions leads us to conclude that there will be anet decrease in efficiency of commercia buildings
dueto these changes. Findly, our review of the 22 areas of change in the Mechanica Equipment and
Systems sections of the two editions leads us to conclude that these revisions will produce a net positive
increase in the efficiency of commercid buildings.

We therefore conclude from our detailed textua andlysis that there will be asignificant postive
increase from the change in scope and amodest net gain from the other changes.
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