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ten-int has a connected load of 100 kV.A
ar mare. HVAC and service hot water
systemy, shared among tenants, need
nut meet this requirement but shall be
segurately metered,

£3.12 The electrical power feeders
for each facility for which check.
metering is required shall be by tenant
and shall be subdivided in accordance
with the following categories:

8.3.12.1 Lighting and receptacle
nutlats; '

8.3.122 HVAC and service water

heating systems and equipment; and

6.3.1.2.3 Special occupant equipment
or systems of more than 20 kW, such as
elevatars, computer rooms, kitchens,
printing equipment, and baling presses,
83.1.2.4 Exception to Section 6.3.1.2
(a) 10% or less of the loads on a feeder
may be from another usage category.
8.3.13 The power feeders for each
category shall contain portable or
permanent submetering prior to or

within any primary or secondary
distribution panels. Such provisions

shall include a separate compartment or
panel of adeguate size and design to
house the necessary voltage and current
transformers. An accessible means of
attaching clamp-on meters or split<core

current transformers shall be provided.

6.3.1.4 The locations of these points
of measurement may be central or
distributed throughout the huilding, as

appropriate to tne lavout of the building,

A minimum arrzngement shall provide &
saie method for access to the enclosures
through which feeder conductors pass,
and have sufficient space to attach
clamp-on or spiit-core current
transformers, These enclosures may be
separate compartments or combined.

.with electrical cabinets serving another

function. Enclosures so furnished shall
be identified by available measuring
function. A preferred arrangement
would include k\Vh meters and demand
registers, or a means 1o transmit such

Information to a building encrgy

management control system, )
83.1.5 In multiple-tenant buiidings,
where designed connected electrical
service is over 250 kVA. each tenant
space having a total connected load of

-~ more than 100 kVA shall have provisian

made to permit check-metering of the
total tenant load. If the building is
served by a common HVAC system. the
HVAC loads need not be check metered
for each tenant. T

832 Tronsformers

6321 All permanently wired
transformers, that are part of the

building electrical distribution systers,
uxcept utility-ownad transformers. shail
be seiected to minimize the combination
of no-load. part-icad, and fuil-load
lonses, without compromising the
electrical system operating and
reilability requirements,

8.3.22 If tne totai capacity of the
transformers exceeds 300 kVA. a
calcuiation of total estimated annual
operating costs of the transformer losses
shall be made. This caiculation shali be
based on estimated hours of transfarmer
operation at prmjected part-lcad and

‘full-load conditions, and the associated

transformer core and coil losses. If
appropriate data for projecting this
calculation is unavailable, use Form 6.3-
1 “Transformer Loss Calculation
Estimate” as a basis for making the
estimate. The calculations made in
accordance with this section shall be
used to compare among types of
transformers and configurations
available to the designer to balance
energy costs with necessary operating
flexibility, reliability (redundancy), and
safety. The projected annual energy
costs for the losses of the seiected
arrangement skail be retained as part of
the electrical design documentation.
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8.33 Electric Motors

8.3.3.1 Al permanently wired
polyphase motors of 1 hp or more
serving the building, shall meet the
requirements of this section. Motors
expected to operate more than 500 hours
per year shall have a minimum
acceptable nominal full-load motor
efficiency no less than that shown in
Table 83-1. - :
- 83.3.L1 Table 8.3~1 applies

motors having nominal 1200, 1800, or
3800 RPM: with open, drip-proaf, or
TEFC enclosures. Other motor types are
exempted from the minimum efficiency
requirements of these standards.

8.3.3.12° Motor efficiency ratings
shall be bused on a statistically valid
quality control procedure conforming
with ANSI/IEEE 112-1984, Test Method
B (Dynamometer) vsing NEMA MG 1-
1987 (MG 1-12.54 and MG 1-~12.55) for
motors below 5C0 hp. For motors 500 hp
and above, ANSI/IEEE 112-1984, Test
Saltiud S o Method F (T ivalent
Clrouit Calculatios), shiud 52 used.

83.3.1.3 Values lis. *d in Tabls 5251
are nominal efficiencies. M. num
motor eific'sncies shall no ‘oe less than
the correspondiag viluus provided in
NEMA MG :-12.54,
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8.3.3.1.4 Motor efficiencs shatl be
tested using a statistically valid quality
contrul procedure confor<:ing with the
IEEE 1124, Test Meth«d B (1978}

{Dynmometer] fan motors E below 500
hp. or Test Method F (1978) (Equivalent
Circuit Calculation) based on no-load
measurements for motors 500 hp and
larger.

6.3.32 Motor nameplates shall list
the minimum and the nominal fuil-load
motor efficiencies and the full-load
poswer factor,

6333 Full-load motor power factor

for three-phase motors can be calculated

.from nameplate data by Equation 8.3-1

% Power Factorw(hp X 748 X 100)/(nominal
efliciency X full-load amps X rated
voltage x3e9), .

Eguation 83«1

6.3.34 Motor horsepower rating shall
not exceed 125% of the calculated

maximum load being served, or the next .
"larger standard motor size if a standard

rating does not fall within this range,
8.2.5 Operation and Maintenance o

Electrical Systems =
6.34.1 The designer shai} specify

* that building owav.i'Be provided with

written informati .n that provides basic
data relating to the desiym, cperation,
and maintenance f the electrical
distiibution system for the building. This
shall include:

84451 asirgle-line diagram of the
“as-built” building electrical system:

6.3.4.1.2 schematic diagrams of
electrical contrs] systems (other than
HVAC, covered elsewhere);

6-3.4.13 mauufacturers’ operating
and mJinterance manuals on active
eivctrical nquipment; and

854134 the Transformer Loss
Zalculation Estirate if required by
Section 8.3.2.2,

§ 435,107 Heating, Ventitation, and Alr-
Conaitioning (HVAC) systema,

7.1 Genera!

7.1.1 This section contains minimum
and prescriptive requirements for the
design of HVAC systems. It is
recommended that the designer evahuate
ather energy conservation messures that

. may be applicable to the proposed

design.

7.1.2 A building shall be considered
in compliance with this section if the
following conditions are met:

7121 The minimum requirements of

Section 7.3 are met; and

7.1.22 The HVAC system design
complies with the prescriptive criteria of
saction 7.4. For the design of HVAC
systems that incorporate innovative or
alternate design strategies, the
compliance paths set forth in Section
110 or 12.0 should be used.

72 Principies of Design
721 Control of Equipment Loods

7.2.1.1 The thermal impact of
equipment and apniiences shail be
minimized by use or roods, radiation
shields. ‘or other conrimng techniques,
and by use of coatrals to assure that
such equipment is turned off when not
needed. In addition, majcr heat-
generating equipment shall, where
practical, be located where it can
balance other heat .0zseés. For examole,
computer centers or <itchen arezs couid

. .be located in the norcth or northwest

perimeter areas of uildings depending
on climate and prevailing wind

~directions. In addition. hes trecorery

shall be specificaily considemd for this
equipment, :

7.22 HVAC Spsiem Design

7221 Separate HVAC systems shall
be considered to serve areas expected

- to operate on widely differing operating

schedules or design conditions. For
instance, systems serving office arecas
should generally be separate from those
serving retail areas. When a single
system serves a multi-tenant building,
provisions shall be made to shut-of or
sel-back the heating and cooling to each
area independently.

7.2.2.2 Spaces with relatively
constant and weather-independent
loads may be served with systems
separate from those serving perimeter
spaces. Areas with special temperature
or humidity requirements, such as
computer rooms, shall be served by
systems separate from those serving
areas that require comfort heating and
cooling only, alternatively, these areas
shall be served by supplementary or
auxiliary systems.

7.2.2.3 The supply of zone cooling
and heating shall be sequenced to
prevent the simultanecus operation of
beating and cooling systems for same
space. Where this is not possible due to
ventilation or air circulation
requirements, air quantities shal. be
reduced as much as possible before
rebeating, recooling, or mixing hot and
cold air streams. Finally, supply air
temperature shall be reset to extend
economizer operations and to reduce
reheat, recool, or mixing losses.

7224 Systems serving areas with
significant internal heat gains (lighting,
equipment, and pecple), especially
interior zones with little or no exposure
to outside air. shall be designed to take
advantage of mild or cool weather
conditions to reduce cooling energy if
heat recovery systems are not used.
These systems, called air or water
economizers, shall be designed 1o
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provide a partial reduction in cocling
louds even whea mechaznical cooling
must be used to provide the remainder

nf 'he load. Ecunomizer controls shall be

integrated with the mechanical cooling
{(leaving uir temperature] controls so
that mucharical cooting is ornly operated
when necessary and so supply air is not
cvercooled 10 a temperature below the
desired suppiy temperature. The
systems and controis shall be designed
so that economizer operation does not
increase heating energy use. For
instance, single fan dual duct or
muitizone systems that use the same
mixed air plenum for both heating and
cooling suppiies shail not be used.
7.2.23. Controls shall be provided to
allow systems to operate in an occupied
mode and an unescupied mode, In the
occupied mode, contrels shall provide
for a graduslly changing control point as
system demands change from cooiiLg to.
heating. In the unoccupied mode,
ventilation and exhaust systems shall be
snut off if possible, and comfort haating
and cooling systems shall be shut off
except to maintain “setback” space
. conditions. The setback conditions shall
be the minimum and maximum levels
required to preverit damege to the
building or its contents and provide for a
reasonable morning pick-up period. Note
however that night setback may not
conserve energy in buildings with large
amounts of thermal mass.

7228 Inareas where diurnal
temperature swings and humidity levels
permit, the judicious coupling of air
cistribution systems and building
structural mass may be considered to
allow the use of night-time precooling to
recuce the use of day-time mechanical
cooling. ‘

72.27 High ventilation, such as in
Bospital operating rooms, can impose
enormous heating and cooling loads on
HVAC equipment. In these cases,
consideration shall be given to the use
of recirculating Altered and cleaned air,
rather than 100% outside air, and pra-
heating outside air with sclar systems or
reclaimed heat from other sources.

723 Energy Transpor: Systems

7231 Energy shall be transported
by the most energy efficient means
possible. The {following options, are
listed in order of efficiency from the
{most efficient) lowest energy transport

" burden to the highest:

7.23.1.1 Electric Wire or Fuel Pipe,

72312 Two-Phase Fluid Transfer
{Steam or Refrigerant),

7.2.3.1.3 Single-Phase Liquid Fluid
{Water, Glycol, Ete.), and

72314 Air.

7.23.2 The distribution system shall
be selected to complement other svstem

parameters such as control strategies,
storage capabilities, and conversion and
utilization system eficiencies.

r23.3 Stecr: Systems

7.2.3.31 Provisions for seasonal or
“non-use time" shutdovm shall be
incorporated. )

7.2.3.3.2 The venting of steam and
ingestion of gir shall be minimized with
the design directed toward full vapor
performance,
be?.z.a.s.a Subcooling shall generally

prevented.

7.2.3.3.4 Condensate shall be
returned to boilers or source devices at
the highest possible temperature.

7.23.4 Water Systems

. 7.234.3 Design fiow quantity shall
be minimired by designing for the
maximum practical temperature
differential.

7.2.3.42 Flow quantity shall be
vanad.with lead where possible.

7.2.3.4.4 ~Designs shall be for lowest
practical pressure dss-or arop) "

72.3.4.4 Operating snd idle control
modes shall be provided.

7.2.34.5 When locating equipment,
the critical pressure path shall be
identified and the runs oized for
minimum practical pressure drop.

77385 AirSystems

72351 Al flow quantity shall be
minimized by careful loac analysis and
an effective distribution system. If the
psychometric nature of the application
allows, the supply air quantily shall
vary with the sensible load (l.e.. VAV .
systems). The fan pressure require2ent
shall be held to the lowest practical
value, Fan pressure shall be avoided as
a source for control power.

7.2.3.52 Each fan system shall be
designed and controlled to reduce
mechanical cooling requirements by

taking advantage of favorable weather

conditions.

. 72353 *“Normal" and “idle” control
‘modes shall be provided for the fan
systems as well as the psychometric
systems,

72354 Duct nm distances shall be
as short as possible, and the runs on the
critical pressure path sized for minimum
practical pressure drop. '

-7.2.4 Radiont Heating

7241 Radiant heating systems shall
be considered in lien of convective or
all-air heating systems to heat areas
which experience infiltration loads in
excess of two (2) air changes per hour at
design heating conditions.

7.2.42 Radiant heating systems
should be considered for areas with high
ceilings. for spot heating, and for other

applications where radiant haating may
be more energv efficient than convective
or all-gir heating systems.

7.2.5 Energy Recovery

7.2.5.1 Systers that recover energy
should be considered when rejected
fluid is of adequate ternperature and a
simultanecus need for energy exists for
a significant number of operating hours.

7.3 Minimum Requirements
731 Caleulction Procecures

7311 Heatimg and cooling system
design loads for the purpose of sizing
systems and equipment shall be
determined in accordance with the
procedures described in the ASHRAE
Handbovk, 1985 Fundamentals Volure,
or & similar computation procedure. The
design parameters specified in sections
7.3.1.2 through 7.3.1.10 shall be used for
calculational purposes only and are not
requirements or recommendations far |
operating setpoints. ..

-.. 7312 Indoor IZesign Conditions.
Indoor design temperature and humidity
conditions for general comfort
applications si:all be in accordance with
the comfort criteria established in
ANSI/ASHRAE Standard 5§5-1881.
“Thermal Environmental Conditions for
Human Occupancy,” and/or Chapter 8
of the ASHRAE Heondbook, 1985
Fundomentals Volume, except that
winter humidification and summer
dehumidification are not required.

7.3.3.21 Exceptions o Section
7312

(a) Health care institutions and
similar facilities where the indoor
conditions may not be appropriate for

—ihe health and safety of occupants; and

{h) Where special room temperature
and/or humidity conditions are required
by a process or procedure, other than
comfort, such as rooms used for surgery
nr data processing. ’

.. #31.3 Outdoor Design Conditions.
Chutdocr design conditions shall be
sedected for listed locations from the
ASSHRAE Handbook, 1985 Fundamentals
Voliune. from the columns of 99% values
for hrating design and 2.5% values for
cool ‘ng design. Local weather data from
the Nutional Weather Service of the
National Oceanic and Atmospheric
Administration based on the same 99%
and 2.5% values (or statistically similar
annualized values such as 0.2% winter
and 0.5% summer) may be used.

7.3.1.3.1 Exception to Section 7.3.1.3:

{a) Where necessary to assure the
prevention of damage to the building or
to material and equipment within the
building, the m>dian of annual extremes
for heating and1% column for cooling
may be used. -
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7.2.1.4  Ventilation. Ou:zuar air
vertiation rates shall be sejected from
seClon 8.1 of ASHRAL Standard 52-
1921, “Ventilation for Accertabie Indoor
Alr Quality.”

7.2.1.4.1 Exception 1o Section 7324

() Ouidoor air quantities, exczeding
those shown in ASHR4E Stenderd 62-
1862, required because of special
OCCupancy or process requiresents.
source control of air contamination. or
local codes,

7.3.1.8 [nfiltration. Indiltration for
heating and cooling design loads shall
be calculated by the procedures in the
ASHRAE Handbook. 1985 Fundomentals
Volume, or a similar computation
procedure.

7.3.1.8 Envelope. Building envelope
heating and cooling loads shall be based
on envelope characteristics, such as
thermal conductance, shading
coefficient and air leakage, consistent
with the values used in the proposed
ouilding design to demonstrate

" comgliance with section 5.0,

73.1.7 Lighting. Lighting loads shall

" be based on proposed design lighting

levels or power budgets consistent with
section 3.0. Lighting may be ignored for
heating load calculations.

73.18 Other Loads. Other HVAC
system loads, such as those due to
peopie and equipment, shall be based on
design data compiled from at least one
of the following sources:

73.1.31 Actual information based on

‘the intended use of the building:

7.3.1.82 Published data from
manufacturers’ technical publications
and from technizal society pubiications
such as the ASHRAZL Hendbook, 1987
HVAC Systems Applications Volume:

7.3.1.8.3 " Alerezg, “Estimates of -

. Recommended Heat Gains Due to

Commercial Appliances and
Equipment,” ASHRAE Transactions 90
Pt 2A), 25-28 (1984);

7.3.1.8.4 Default values to be used in
determining the design energy budget in
section 11.0 or 12.0 taken from Tables
11=2, 113, 114 and 11-8; and

73.1.85 Other data hased on
designer's experience of expected loads
and occupancy patterns.

7.3.1.88 Exception to Section 7.3.1.8

(a) Internal heat gains may be ignored
for heating load calculations,

73.18 Safety Factor, Design loads
may, at the designer's option. be
increased by as'much as 10% to account
for unexpected loads or changes in
space usage.

73.1.10 Pick-up Loads. Transient
loads such as warm-up or cool-down
loads that occur after off-hour setbuck

or shutoff, may be calculated from basic -

prirciples, based on the heat capacity of
the building and its contents, the degree

of setback, and desired recovery time, or
mzy be assumed to be up to 305 for
keating and 10% for cooiing of the
steady-state design Joads.
752 System and Zquipment Sizing
7.3.2.1 “HVACsystems and .
equipment shall b sized to provide no
more than the space and system loads
require, ¢s caiculated in accordance

with section 7.3.1, .
7.3.2.1.1 Exceptions to Section

‘73.2.1:

{a) Equipment capacity may exceed
the design load if the equipment
selected is the smallest size needed to
meet the load within avaijable options
of equipment;

(b) Equipment whose capacity
exceeds the design load may be
specified if calculations demonstrate
that oversizing can be shown not to
increase annual energy use:

(c) Stand-by equipment may be
installed if controls and devices are
provided that allow stand-by equipment
to cperate avtomativ.lly crdy whan the
primary equipment is not operating;

(d) Multiple units of the same
equipment type, such as multiple chillers
and boilers, with combined capacities .
exceeding the design load may be
specified to operate concurrently oniy if
controls are provided that sequence o
otherwise vptimally control the
operation of each unit based on tooling
or heating load;

(e) For unitary equiprient with both
heating and cooling capability, only one
function, either the beating or the
cooling, need meet the fequirements of
this subsection. Capacity for the~Zier
function shall be, within available
equipment options, the smallest size
necessary to meet the load; and

(f) For buildings complying with
section 11.0 or 12.0, equipment of higher
capacity than the design load may be
specified if the oversized equipment is
modeled in the building energy analysis
of the proposad design and the proposed
design complies with the standards,

7.3.3 Separate Air Distrsbution
Systems »

73.3.1 Zones in a building that are °
expected to operate non-concurrently
for 750 or more hours per year shall
either be served by separate air
distribution systems, or off-hour controls
shall be provided in accordance with
section 7.3.5.3.

" 7332 Zones with special process
temperature and/or humidity
requirements shall be served by
separate air distribution systems from
those serving zones requiring only
comfort heating and/or cooling, ar
supplementary provisions shall be

included to allow the primary sysiems i
be specifically controiied for comiart
purposes only,

7.3.3.21 Exception i Section * LA

{a} Zones, requiring comsurt heanns
and/er eocling, thatare served by a
svstem primariiy usea for procees
temperature and humidity controi. need
not be served by a separate system if
the total supply air to these zcnes is no
more than 25% of the total system
supply air, or the zones total .
conditioned floor area is less than 10C0
HE

7.3.3.3 Zones having substantiaily
different heating or cooling load
characteristics, such as perirmeter zones
in contrast to interior zones, shail not be
served by a single multiple zone air
distribution system.

7.3.4 Temperature Controls

7.34.1 System Control, Exch HVAC
system shall include at laast one
temperature control device.

7.3.42 . Zone Controls. The suppiy of
heating and/or cooling energy to cach
zone shall be controlled by an
individual thermostat located within the
zone, »

7.3.4.2.1 Exceptions to Section
7.3.4.2

(a) Independent perimeter systems
may serve muitiple zones of the
primary/interior system with the
following limitations:

(1) Tke perimeter system shall include
at least one thermostatic control zone
for cach major building exposure having -
exterior walls facing only one
orientation for 50 contiguous feet or
more; and

{2) The perimeter system heating and/
or cooling supply shall be controlied by
thermostat controls located within the
zone(s) served by the system: and

(b) A dwelling unit may be considered
& single zone.

7.3.4.3 Zone thermostats used to
control comfort heating shall be capable
of being set, locally or remotely, by
adjustment or selection of sensors,
down to 55 °F.

7.3.44 Zone thermostats used to
control comfort cooling shall be capable
of being set, locally or remotely, by
adjustment or selection of sensors, up fo
85 °F. _

7.3.4.5 Zone thermostats used to
control both heating and cooling shai] be
capable of providing a temperature
range or dead band of at least 5 'F
within which the supply of heating and
cooling energy to the zone is shut off op
reduced to a minimum,

7.34.5.1 Exceptions to Section
7.2.4.5:
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(a) For tuildings complying with
. Section 11.0 or 12.0, dead band controls
are notrequired if, in the building
energy analysis, heating and cooling
thermostat setpoints are set to the same
value between 70 °F and 75 °F and
assumed 1o be constant throughout the
vear
{b) Special occupancy, special usage

or construction code requirements
where dead band controls are not
appropriate, adjustable single setpoint
thermcstats may be used; and

_{c) Thermostats that require manual
changeover between heating and cooling
modes,

3.5 . Off-hour Controls

7.3.5.1 Each HVAC system shall
have automatic control setback and/or
shutdown of equipment during periods
of non-use or alternate use of the spaces
served by the system. -

7.3.5.1.1 Exceptions to Section
73.51:

(a) Systems serving areas expected to
operate continuously:

{b} Where equipment with a full load
demand of 2kW ({6826 Btu/h) or less may
be controlled by readily accessible
manual off-hour controls; -

{c) Where setback or shutdown will
not result in a decrease in overall
building energy use.

7.3.5.2 OQutside air supply and/or
exhaust systems ghall be equipped with

motorized o gravity dampers or other
means of automatic volume shutoff or
reduction during periods of non-use or
slternate use of the spaces served by the
system,

73521 Exceptions to Section
7.3.5.2: .

(a) Individual ventilation systems
when design air flow is 3000 cfm or less:

{b) Systems that operate continuously:

{c) When restricted by code, such as
st combustion air intakes; or

{d) When gravity and other non-
electrical ventilation systems may be
controlled by readily accessible manual
damper controls.

7.3.52.2 Dampers may be required in
some climates to prevent equipment
damage due to freezing and/or to

‘provide proper warm-up control.

7.3.5.3 Systems that serve areas that
operate non-concurrently for 750 or
more hours per year shall have isolation
devices and controls for shut off or set
back of heating and cooling to each zone
independently. Isolation is not required
for zanes expected to operate
continuously or expected to be
inoperative only when all other zones
are inj tive.

73531 For buildings where
occupancy patterns are not known at
the time of system design, isolation
areas may be predesignated.

7.3.5.32 Zones may be grouped into
a single isolation area providing the

total conditioned floor area does not
exceed 25.000 ft 2 per group nor include
more than one floor.’ }

7.5.6 Humidity Control

7.3.8.1 U a system maintains specific
relative humidities by adding moisture,
a humidistat shall be provided.

7.3.6.2 lf comfort humidification is
provided, the system shall be designed
to prevent the use of fossil fuel or
electricity to maintain relative humidity
in excess of 30%. _
' 7363 U comfort dehumidification is
provided. the system shall be designed
to prevent the use of fossil fuel or
electricity to reduce relative humidity
below 80%. .

7.3.7 Muaterials and Construction

7.3.7.1 Insulation required by Section
7.3.7.2 and 7.3.7.3 shall be suitably
protected from damage. Insulation shall
be installed in accordance with the
Midwest Insulation Contractors ,
Association “Commercial and Industrial
Insulation Standards,” 1983.

73.7.2 Piping Insulation. All HVAC
svstem piping installed to serve
buildings and within buildings shall be
thermally insulated in accordance with
Table 7.3-1.

BILING CODE S480-01uidt
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Table 7.2-3
Hinimum Pipe lnsulation (Xn.)‘

r T e 1
| ] ! |
i Fluid } lrsutation | !
) Design | Concuctivity | somira{ Pipe Diazater (In.) !
| Operating | ] , ) ' |
| Temperature |} Y o Y 1 v T ; !
| .Range, °F . | Ccomcuctivity | Mesn Ratimg | ! - | | [
! | Rarge | temersture | Ruouts® | ted | 1e16 | 212 | S | 8 |
] ] stutin./Fhefe2 | O | wto2 | less | 2232 | tws | 86 |[ad |
: 3 } 1 1 13 1 M 1 ! ;
I . I
| Westing Systems (Steam, Stesm Comdensate, & Hot Water) |
: ] ] 4 1 ) L i I :
I v ! ! , ! | ] |- | | ]
| 3S1es80 | 0.32:0.3% | 250 | s | 28 | 25 | 30 [ 35 | 15 |
| 30 | gzv-a3 | 200 | W5 ] 28 | 2.5 | 2.5 | 3.5 | 3.5 |
| L6 | 0270300 | 150 | w0} 18 | s | 2.0 | 2.0 | 3.5 |
| w1200 | 0.25-0.29 | 125 oS | 1S | 15 | 1S | s | 1S |
| 100 | 0.2¢-0.28 | 100 | 85 | %0 | 1.0 | 1.0 | 1.5 | 1.5 |
t i 1 : 1 A 1 + 1 ¥ J
| : [
| Oomestic and Service ot Water SystemsS |
:‘ ] 13 t . i H H + i %
] [ ! f | | ! | ¥ |
| 105140 ] 0.264-0.28 P 10 ] TR R I S R - D R - S O | 1.8 |
: ] M s ) ; 1 1) 1 : :
] |
| Cooling Systems (Chilled Gater, Brine, & ﬂefrigemt)‘ |
} i ] i i ke 1 + ¥ - :
! ! A | | ] | | | !
z &0-55 | 0.23-0.27 | 73 ] 8.8 } .5 | 0.7 | 1.0 } 1.0 | 1.0 |
|  Selow 40 | 0.23-0.27 | 75 | 1.0 | 1.0 | 1.8 | 1.5 | 1.8 I 1.8 |
I I | | | | | | | |
L L] b t 1 1 1 1 ! ]

1.
2.
3.

4.

-For minieum thicknesses of stternstive insulation types, see Section 7.3.7.2.2.

Rurouts to irdivicual terminal units not exceeding 12 ft in length,

Applies to recirculating sections of service or domestic hot water systems ard first § f¢t from starm
tank for nomerecircuiating systems.

The required minimm thicknesses do rot consider water vapor tramnsmission end cordensation. Ad:hnml
insulation ard/or vapor retarders owy be nquind to limit water vapor trensmission. snd cordensatien.

BLLING COOE 6480-0%-C
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. 73721 Exceptions to Section from piping without insulation will not insulating materials having
F3T2 increase building energy use. conductivities more than of those shown

{a) For manufacturer installed piping
within HVAC equipment tested and
rated in accordance with Section 8.3;

{b) For piping conveying fluids at
temperatures between 55 °F and 105 °F;

{c} For piping conveying fluids that . .

have not been heeted or cooled through
the use of fossil fuels or electricity: and
(d) When calculations demonstrate -

that heatgalnnnd/o; heatlosstoor - .

Bquation 7.3=1
Where:

T = minimum insulation thlcknm fo;'}-xuteﬂal

with conductivity K in.
PR = pipe actuzl outside redius, in. -
t=insulntion thickness from Table 7.3-1, in.

723722 Alternctive Insulction
Types. Insulation thicknesses in Table
7.3-1 are based on insulation with
thermal conductivities listed in Table
7.3-1 for each fluid operating
temperature range, rated in accordance
with ASTM C 335-&4, “Test Method for

Steady-State Heat Transfer Properties of

Horizontal Pipe Insulations,” at the

mean temperature listed in the table. For.

-

C . TmPRX[1+YPRIk=1) .

" Kmconductivity of alternate material at the -

mekn rating temperature indicated in -
. Table 7.3-1 for the applicable fluid
tempersture range, Btu-in./h-"F-fi *

k = the lower value of conductivity listed in.
Table 7.3-1 for the applicable fluid i
temperaturs range, Btu-n./hF.ft ®

7.3.2.3 Air Handling System

. Insulation. Al air handling ducts.

in the Table 7.3-1.{or the applicable

fluid operating temperature range and at

the mean rating temperature showrn,
when rounded to the nearest 1/100th
Btu/h.*F.ft %, the minimum thickness -

“shall be determined in accordance with

Equation 7.3-1:

«

plenums, and other enclosures installed
as part of an HVAC air distribution

system shall be thermally insulatedin- .

accordance with Table 7.3-2 (This table
comes from Section 1005 of the 1885
Uniform Mechanical Code).
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Table 7.3-2

Minimsm Duct Insulation’

[

735>‘Q 5.6%

l ] i 1
| I I |
I | Cooling? | m:mg3 I
! _ b= T t Y i
| . buct Location ] | . I : o o
] C & Arnual | Irsulation . | . Ancuasl ). Insutation |
] | Cooting I R-value® | - sesting .~ | R-value® }
[ | Degree Days | fe2nCF/Btu | Degree Days' | ft2-n-Spgy |
| | Sasess % | ] sesess %r | ' |
} } } aaa t {
] . | oo : ! ; |- |
| Exterior of building | below 500 _ | 3.3 ] below1s00. | - 3.3 - !
| -] 500 to 1150 | 5.0 | 1500 to 4500 | - 5.0 |°
| | 1151 2o 2000 | R ] 4501'to 7500 | 65 .|
| | ebove2000. | 80 - | above 7500 | .. 8.0, |
} e } e } {
I I ] | o I
| inside of building | | | 1. ]
| envelope or in | 4 B N |
| unconditioned | l | 3 |
| spaces’ | t [ ~ | A 1
} T0° <aiS ] | Nore Requ'd ] t Nore Req'd }
| 48>=T00 > 18 | . ! 3.3 I -ee- | 3.3 |
| S | s.é. | eee | |
! | | ! ] ]
1 1 4 } ]

=
.

[

7.

Insulation R-values shown are for the irsulation as installed and do mot include film resistarce.
The required minisum thicknesses do not censider water ‘vapor transmission srd condensation.
Additiomal fnsulation and/or vapor retarders may be required to limit vapor transmission and

concersation. For ducts shich are designed to convey both heated snd cooled air, duct insutation

shall be as required by the most restrictive condition. Where exterior walls sre used as plemem
valls, wall insulation shall be as required by the most restrictive condition of this Section or
Section 5.0,

Cooling ducts are those desigmed to convey mechanically beat-d air or return ducts in such
systems.

Hesting ducts are those designed to convey mechanical ly heated air or return ducts in such
systess.

Insulation resiszance measured on a horizontal plane in sccordance with ASTM CS18-25 at a mean
terperature of 75 °F at the instalied insulation thickness.

TO is defined as the temperature difference at design conditions (see Section 7.3 1) between the
spece within which the duct is located and the design air tenperature in the duct.

Insulation resistance for runouts to terminal devices less than 10 feet in length need not
exceed 3.3 ft2-n-F/mtu. } : :
Unconditicned spaces include crawl spaces an attics,

_ RLAING CODE 6480-01=C
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7.3.53.1 Exception to section 7.2.7.3:

Duct insulation is not required in any of
* the foilowing cases:

{a) Manufacturer instalied plenums,
casings or ductwork furnished as a part
of HVAC equipment tested and rated in
accordznce with section 8.3; and

(b} When calculations demonstrate
that heat gain and/or heat loss to or
from ducts without insulation will not
increase building energy nse.

7.3.7.4 Duct Construction. All air
handling ductwork and plenums shall be
constructed, erected and tested in
accordance with the following Shaet
Metal and Air Conditioning Contractors
National Association (SNACNA)
Standards: HVAC Duct System Design
Manual, 1888; HVAC Duct Leakage Test
Manual, 1985: and Fibrous Glass
Construction Standards, 5th edition,
1979,

7.3.7.41 Ductwork designed to
operate at static pressure differences
greater than 3 in. W.C. shall be leak
tested and conform with the following
requirements of the HVAC Duct

Leakage Manual, 1985: Test procedures
shall be in accordance with those
outlined in section 5.0 of the manusal, or
equivalent: test reports shall be
provided in accordance with section 8.0
of the manual, or equivalent; the tested .
duct leakage class at & test pressure
equal to the design duct pressure class
rating shall be equal to or less than
leakage class 6 as defined in section 4.1
of the manual. Leakage testing may be
limited to representative sections of the
duct system but in no case shall such
tested sections include less than 25% of
the total installed duct erea for the
designated pressure class.

7.3.7.4.2 Where supply ductwork
designed to operate at static pressure
differences from % in. t0 2 in. W.C. are
located outside of the conditioned
space, including return plenums, joints
shall be sealed in accordance with Seal
Clase C. as defined in the SMACNA
manuals referenced above. Pressure
sensitive tape shall not be used as the
primary sealant for such ducts designed
to operate at 1 in. W.C. pressure
difference or greater.

7.3.8 Completion Reguirements

735.81 An operating and
maintenance manuai shall be provided
to the building owner. The manual shail
include basic data relating to the
operation and maintenance of HVAC
svstems and equipment. Required
soutine maintenance actions shall be
clearly identified. Where applicable,
HVAC controls information such as

diagrams, schematics, control sequence

descriptions, and maintenance and

calibration information shall be
included. '

7382 Air system balancing shall be
aceomplished in a manner to minimize
throttiing losses and then fan speed
shall be adjusted to meet design flow
conditions. Balancing procedures shall
be in @ccordance with those established
by the National Environmental
Balancing Buresu (NEBB), the
Association of Air Balancing Council
(AABC}. ur similar procedures.

73821 Excsption tosection 7382

(a) Dasnper torottling may be used for
air system balancing with fan motors of
1 hp or leas, or if throttling results in no -
greater than % hp fan horsepower draw
above that required if the fan speed
were adjusted. :
~ 7:383 ‘Hydronic system belancing
shall be zcoommplished in 8 manner to
minimize throttling logses and then the

p impeller shall be trimmed or pump
gpeed shall be adjusted to meet design
flow conditions.

v3.8.3.1 ZExceptions to section 7.3.83:
Valve throttling may be uséd for
hydronic systems balancing under any
of the following conditions:

(a) Pumps with pump motors of 10 hp
znd less: .

(b} If throttling results in pump
horsepower draw no greater than 3 hp
sbove that required if the impeller were
trimmed;

(¢) To reserve additional pump
pressure capability in open circuit piping
systems subject to fouling. Valve
tirottling pressure drop shall not exceed
that expected for future fouling: or

{d) Where it can be shown that
throttling will not increass overall
building energy use.

7.3.84 HVAC control systems shall
be tested to wssure that control elements
are calibrated, edjusted. and in proper
working condition.

7.4 Heating, Ventilation and Air-
Condilionirg {HVAL] Systemge=
Prescriptive Compiionce Allernative
74.1 Zone Controls

=431 Zone thermostatic and
humidistatic controis shail be capable of
operating in sequence, the supply of
heating and cooling energy to the zone.
‘The controls shall prevent:

24411 Rehesting (heating air that
is cooler than system mixed air};

7.41.1.2 Recooling (cooling sir that is
warmer than system mixed air):

7.41.1.3 Mixing or the simultaneous
supply of air that has been previously
mechanically heated and air that has
been previously cooled. either by
mechanical refrigeration or by
economizer systems: and

24.11.4 Other simultaneous
operation of heating and cooling
gystems to one zone. .

7.4.12 Exceptions to Section 7.4.1.1:

24.1.21 Variable air volume systems

that, during periods of occupancy. are

~ designed to reduce the air supply to

each zone o a minimum before
reheating. recooling. ar mixing during
periods of occupancy. The minirmum
volume setting shall be no greater than
the larger of the following: T

{a) 30% of the peak supply volume:

{b) The minimum volume required to
meet the ventilation requirements of
Section 7.3.1.4: and

(c) 0.4 cfm/ft® of conditioned zone -
area. In addition, supply air
temperzatures shall be automatically
veset based on representative building
joads or outside air temperature by at
least 25% of the difference between the
design supply air and room alr
temperature. Zones expected to
experience relatively constant joads,
such as interior zones, shall be designed
{or the fully reset supply temperature.
Supply air reset control is not required if
calculations demonsirate that it
increases overall building energy use:

24122 Zones where special
pressurization relationships or cross-
contamination requirements are such
that variable air volume systems are
impracticsl, such as some areas of
hospitals and laboratories. In these
cases, systems shall include automatic

.supply air reset contrels in accordance

with section 7.4.1.2.1 above:

. 74123 Atleast 75% of the energy
for reheating or providing warm air in
mixing systems is provided from site-
recovered encrgy that would otherwise
be wasted, or from non-depletable
energy SoUrces:

7.4.1.24 Zones where specific
humidity levels are required to satisfy
process needs, such as computer rooms
and museurns (see section 7.3.3.2): and

4125 Zcwes with e peak supply
air quantity of 300 cfm or less.

v4.2 Economizer Controls

2421 Each fan system shall be
designed to take advantage-of favorable
weather congditians to reduce
mechanical coaling requirements. The
system shall include either of the
following:

7.4.2.1.1 A temperature or enthalpy
air economizer system that is capable of
automatically modulating outside air
and return air dampers to provide up o
85% outs:de eir for cooling: or .

7.4.2.1.2 A water economizer system

" that is capable of cooling supply air by

direct and/or indirect evaporation. The
system shall be designed and controlled
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to te abi2 to provide 100% of the system
sooling {213 ut outside air temperarures
of 50 °F Zre-bulb/45 *F wat-bulb and
Selow. Zsck e2concmizer system shali be
s2pavle of sroviding pastial cooling
evsn when additional mechanicai
cooling is required to meet the
remainder of the cooling load.
74.21.3 Exceptions 1o Section
7422
{a) individual fan/cooling units with
supply capacity of less than 3.000 cim or
a total cocling capacity less than 90,000
Btu/h. The total capacity of such units
per building complying by this exception
shail not exceed 660,000 Btu/h per
building or 10% of the total installed
cooling capacity, whichevar is largen
(b) Systems with air or evaporatively
cooled condensers and for which one of
the following is true:
(1) The system is located where the
quality of the air, as defined in ASHRAE
Standard 62-1981, is sopoorasto  ~
requu'ed ire extensive treatment of the air,
an .
(2) Calculations indicate that the use
of outdoor air cooling affects the
operation of other systems, such as
humidification, dehumidification, and

- supermarket refrigeration systems and

-will incregse overall building energy
use; : : :

(¢) Culculations demonstrate that the

-overall building energy use for - _ e
alternative designs, such as internal/
external zone heat recovery systams,

-are less than those for an economizer

. sSystemu: ‘

{d) The system is Iocated where the
outdoor summer wat-bulb design
condition (2.5% occurrence, ASHRAE
Handbook, 1985 Fundamentals Volume)
is more than 72 °F and annual HDDs3
are less than 2,000; '

(e) Systems that serve envelope

_ dominated spaces whose design space
sensible cooling load. excluding
transmission and infiltration loads, is
less than or equal t transmission and
infiltration losses at an outdoor
tez&p;ranm of 60 °F; 4 |

ystems serving residentia spaces
including hotel/motel rooms:

(8) Cooling systems for which 75% of
its annual energy consumption is
provided by site-recovered energy that
would otherwise be wasted, or from
non-depletable energy sources: and

(h) The zone(s) served by the system
each have operable openings (windows,
doors, etc.), the openable area of which
i8 greater than 5% of the conditioned
floor area. This exception applies only
to spaces open to and within 20 f of the

o operable openings: Automatic controls

shall be provided that lockout sysiem
mechanical cooling when outdoor air
temperatures are less than 60 'F,

7422 Eccaomizer sysiems shall be
capable of providing partia} coaoling
even when additional mechanical
couiing is required tc meet tha
remainder of the cooling load.

74I21 Excapiions to Secticn
rd22 |

{a} Direct expansion systems may
include controls to reduce the quantity
of outside air as required to prevent coil
frosting at the lowest step of compressor

- unloading. Individual direct expansion

ucits that have a cooling capacity of -
180.0C0 Btu/h or less may use
economizer controls that preclude
economizer operation whenever
mechanical cooling is required
simultaneously: and

(b) Systems in climates with less than
750 average hours per year between 3
a.m. and 4 p.m. when tha ambient dry
bulb temperatures are between 53 °F
and 69 °F inclusive. See Attachment 5A
for climate data for 234 U.S. cities.

7423 System designand .
economizer controls sha!l be such that
economizer operation does not increase
the building heating energy use during
normal operation.

7.4.2.3.1 Exception to section 7.4.2.3-

(a) At least 75% of the energy for
heating is provided from site-recoverad
energy that would atherwise be wasted,
or fromrnon-depletabie energy sources.

. 74.3 Fan System Design Requirements,

74.31 The following design criteria
apply to all HVAC fan systems used for
comfort heating, ventilating and/or
cooling. For the purposes of this
subsection, the energy demand of a fan
is the sum of the demand of all fans that
are required to operate at design
conditions to supply air from the heating
and/or cooling source to the conditioned
space(s] and return it back to the source
or exhaust it to the outdoors.

743.11 Exceptions to section 7.4.3.1:

(a) Systems with total fan system
motor horsepower of 10 hp or less;

(b) Unitary equipment for which the
energy used by the fan is considered in
the efficiency ratings of Section 8.0; and

(c) Total fan energy demand need not
include the additional power required
by air treatment or filtering systems
with final pressure drops in excess of 1
in. W.C. , .

7.4.3.2 ° Constant Volume Fan Systen:s.

7.4.3.21 " For supply and return fan
svstems that provide a constant air
volume whenever the fans are operating,
the power required for the combined fan
system at design conditions shall not
exceed 0.8 W/cfm of supply air.

7w3.3 Varicdle Air Volume (17417
Tan Sys:ems.

7.4.3.3.1 For supply and razurm “un
systems that vary system air voiume
actomatically as a function of icad. t5e
pawerrequired by the moters for the
ccmbined system at desizn conditions
shali not exceed 1.25 W/cfm.

7.4.3.3.2 Iadividual VAV fans with
motors 75 =p and larger shall inciude
controis and devices necesaary for the
fan motor to control demand to no more
than'50% of design wattage at 507 of
design air volume, based on
manufacturer's test data,

7.44 Pumping Sys:em Design Criteric.

7.4.4.1 The following design criteria
apply to all HVAC pumping systems
used for comfort beating and/or cooling.
For the purposes of this section, the
energy demand of a pumping system is
the sum of the demand of all pumps that
are required to operate at design
conditions to suppiy fluid from the
heating and/or cooling soures to the
conditicned space(s) or heat transfas
device(s) and returs it ‘o the source.

74411 Exception to section 744

(&) Systems wilh total pump system
motor horsepower of 10 hp or less.

7.4.4.2 Friction Rate. Piping systems
shall be designed at a design friction
pressure loss rate of no more than 4.0 it
of water per 100 equivalent ft of pipe.
Lower friction rates may be required for
proper noise or carrosion control.

7443 Varioble Flow. Pumping

* systems that serve control valves

designed to modulate or step open and
close as a function of load, shall be
designed for variable fluid flow. The
system shall be capable of reducing flow
to 50% of design flow or less. Flow may
be varied by one of several methods,
including, but not limited to, variable
speed driven pumps, staged multiple
pumps, or pumps riding their

.characteristic performance curves.

7.4.4.3.1 Exceptions to section 7.4.4.3:

(a) Systems where a minimum flow
greater than 50% of the design fiow is
required for the proper operation of
equipment served by the system, such as
chillers:

(b} Systems that serve no mare than
one control valve; ' .

{c) Where the overall ‘building energy
use resulting from an alternative design,
such as a constant flow/variable
temperature pumping system. is no more
thz:in those from a variable flow system:
an .

(d) Systems that include supply
temperature reset controls in
accordance with section 7.4 52 without
exception.
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4.5 System Temperature Reset -
‘ontrols.

7.4.5.1 AirSystems. Systems

:upplying beated or cocled air to
nultiple zones shall include contrals
‘hat automatically reset supply air
emperatures by representative building
oads or by outside air temperature.
Temperature shall be reset by at least
25% of the design supply-air-to-room-air
remperature difference. Zones that are
expected to experience relatively
zomstant loads, such as intarior zones,
shall be desigmed for the fully reset
supply temperature.

7.4.5.1.1 Exceptions to section 7.4.5.1:

() Systems which comply with
section 7.4.1 without using exceptions in
sections 7.4.1:21 or 7.41.2.2 and

(b} Where it can be shown that supply
air temperature reset increases overall
building wnrual energy costs.

7.452 Hydronic Systems. Systems
supplying heated and/or chilled water
to comfort conditioming systems shall
include controls that automatically reset
supply water temperatures by
representative building loads {including
return water temperature) or by outside
air temperature. Temperature shall be
reset by at least Z5% of the design
supply-tostetum water temperature
difference.

» 4521 Exceptionstossction7.45Z
.{a) Systems that comply with section
7.4.4.3 without exceptiom -

(o) Where it can be shown thst sepply 1
texnperature reset inCTEEEES overell
building ennual energy vse;

(c) Systems for which supply
temperature reset cannot be
implemented without causing improper
. operation of beating. cooling.
humidification, or dehumidification
systems: of

(d) Systems with less than 600,000
Btu/h design capacity.

§ 435.108 Hexting, ventiistion snd sir-
conditioning (HYAC) squipment. :
&1 General

811 ‘This section contains minimum
requirements for fundamental to good
practice and/or the minizrum acceptable
state-gi-the-art in energy efficient
HVAC equipment.

g12 A building shall be considered
in compliance with this section if the
minimum requirements cf Section 8.3 are
metl.

2 Principles of Design

821 - The rate of energy irput(s) and
the heating or cooling output(s) of ell
HVAC products sbell be ascertained.
This information shall be based on
equipment in new condition, and shall
cover full load. parzial load, and standby

conditisns. The infarmatios shal elso
include performance data for modes of
equipment operation and at ambient
conditions &s specified in the minimum
equipment performanoce requirements
below. .

8.2.2 Source Systems

8.2.21 “To zllow for HVAC
equipment operation &t the highest

- efficiencies. conversion devices shall be

matched to load increments, and
operation of modules shall be
sequenced. Oversized or lerge scale
systems shail never be used to gerve
small seasonal loads [eg. a large
heating boiler to serve & summer service
water heatine lond). Specific “low toad”
units shall be incorporeted in the design
where prolenged use at minimal

8222 Storage techniques should be
used 10 ievel or distribute ioads that
vary on s time or spatial basis to allow
operation of & device at maximum {full
load) efficiency.

8223 All aquipment shall be the
most efficient {or highest COP) practical.
at both design and reduced capasity |
{part-load) operating conditions.

8224 Fluid temperatures for heating
equipment shall be as low as practical
and for cooling equipment as high as
practical, while meeting {oads snd
minimizing flow quantities. -

83 Minimum Regquirements

83.1 Eguipment Efficiency

B.3.14 Minimum Eguipment
Efficiency. Equipment shall have 2
minimum efficiency at the specified
rating conditions, not less than the
values shown in Tables 8.3-1 through .
8.3-10. Minimum efficiencies Ior
equipment using chiorofuorocarbons
{CFCs) refrigerants reflect the
assumption that the use of certain
refrigerants may be restricted because
of ozone layer depletion cancerns.

83.1.2 Data furnished by the
equipment supplier or certified under &
nationally-recognized certification
program or rating procedure may be
used ¢o satisfy these requirements.

2313 integrated Part-Load Value
(IPLV) iz the descriptor for part-ioad
efficiency for tertain types of
equipment. The IPLVs are found in the -
referenced AR! Standards. Compliance |
with minimum efficiency requirements

_ specified for certain HVAC equipment

shall inclnde compliance with part-load:
requirements as wel &s standard or full-
load reguirements.

8314 U natienally~recognized test
prooedures for combined equipment are
not available, efficiencies for service
water heating shall be determined nsing

data provided by equipment and
component m rs, exrploying
reasonable assumptions conceming
uncertain parameters.

8.2.15 Omission of minimum
performance regquirements for certain
classes of HVAC aquipment does not
preclude use of such equipment where
appropriate.

8.32 Field Assembled Equipment and
Components

8321 Where components, such as
indoor er outdoor coils, from more than
cne manufacturer zre used &s parts of a
cooling or heating unit. it shall be the
responsibility of the sveters designer to

ify component efficiencies, which
when combined will provide equipment
that is in compliance with the
requirements of these standards, based
on data provided by the component
manufacturers.

8.3.22 ‘Total on-site energy inputto
the equipment shall be determined by -
combining the energy inputs to all
components, elements, and accessories
including but not limited to
compressor(s), internal circulating
pump(s), condenser-gir fan(s),
evaporative-condenser cooling water
pump{s), purge devices, viscosity control -
heaters. gnd controls.

8.3.2.3 Hent-Operoted Water
Chilling Package. Double-eifect. heat-
operated water chilling packages shall
be used in lieu of single~effect
equipment, due to their higher efficiency.
except where the epergy input is from
low temperature waste-heat or non-
depietable energy sources.

233 Eguipment Controls

8333 Heat pumps equipped with
supplementary rasistance heaters for
comiort heating shall be installed with a
control to prevent hester operation
when the heating load can be met by the
heat pump. A two-stage room
thermostat, that controls the
supplementary heaton its second stage.
will meet this requirement. :
Supplementary beater operation is
permitted where it canrbe shown that
supplementary hecting reduces energy
use. Supplementary heater operation is
permitted during short ransient periods
of less than 15 minutes during defrost
cycles.

83333 Controis shall provide a
mesns of activating the supplementary
heat source on an emergency basis and
a visible indicator shall be provided to
indicate the emergency heat status.

8334 <Cooling Equipment Auxiliary
Controis. Evaporatar coil {rostng and
excessive compressor tycling at part-
Joad conditions shall not be controlied
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By use of either hot gas by-pass or
evaporator pressure regulator control.
&3.4 Comfort [{eatlny Equinment

8.3.4.1 The designer shail obtain data
and information from ‘1 manufacturer
of electric resistance comiort heating
equipment regarding fuil-load and part-
load energy consumption of the heating

k;quipz:nent over the range of voltages at

which the equipment is intended to
operate, All auxiliaries required for the

operation of the heater equipment such -

as, but not limited to fans, pumps,
viscosity control heaters, fuei handling
equipment, and blowers shall be
included in the energy input data

‘ provided by the manufacturer(s).

8.3.5 Maintenarice

8.3.5.1 Provisions shail be made to
provide necessary prevertive
maintenance informadton o maintain
efficient operation of all HVAC
equipment.
BILLING CODE 8280014
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- , Table 8.3-1 :
" ‘ Stardard Rating Conditions and Minimsm Performance
- Unitary Air Conditioners snd heat Pums - Air-Cooled, Electrically-Cperated
<135,000 Btu/h Cooling Capscity - Except Packaped Terminal and Room Air Conditioners

H 4 H o ‘]
! | l I | I
{ Reference | Catepory |Phases| Subcategery ¢ Rating Cordition | Hirvigm |
| Standards { ] ! (Outdoor Temps. °F) { Performence |
F — $ f t i
! | T ! I : : | -
| | «45,000 Brush 1 | Sepsonal Raring! | |
| | ! ! - ! l
| AR1 210-81 | cooling Capacity | 1 | SplitSystem | 10.0 .SEER |
! ' 1" S I | I l
| ARI 260-81 | Cooling Mode | | Single-Package ! 9.7 sEER ] -
l R ; ; ? {
| &1 2107 | o | ] | 1
j 260-84 | -<&5,000 srusn | | Stendard Ratimg ] ]
! ] . | I l . I
| | cooling Capscity | 3 | split-System L Single-pkg. | 9.5 EER |
| | | ! ! |
| . .| Ctooling Mode ! | lngegratred Ppre- val gy | |
: . | l l o
| ‘ | | Split-System & Single-Pkg. ] 8.5 Ly |
I : B : :
l. I . l ' 'M“\—.._.._ ' I
] | 265,000 <135,020 Btwh | | $zendard Revi TTTTT 8.9 EER ]
! ;. ’ | t - ; { -
| | Ccooling Moge | All | Intecrsted Part-oad Value (80 cb) | &3 1PLV |
l - E— ‘ : |
I | , I | | I
| | «45,000 Brurh - | Seesons! Rating} ] |
| | | | ! I
] | Cooliny Capacity | 1 | Split-Systems | 6.6 nsPF |
l | - | | | !
{ | Hestirg Wode (Hest Pumps) - | | Simgle-Package ] 6.6 wsPF |
! F t ? 1 { -
! | I | | |
| | <65,000 Bruh i | $plit-Sverem ¢ Sinale Pkg, | ]
| I . ' I | : I A
] " | cooling Capscity | 3 | High Temo. Rating (47c8/43wd) ] 3.0 cop |
l I : I | b |
] .| Hesting Wode ] | Low Temp. Rating (17cb/15/wb) ] 2.0cop |
l } : ? t i
I | ! I | |
] | 265,000 «135,000 Btwh | | Split-System ! Single Pkg, ] |
| | ! | I |
| " | Ceoling Capacity | ALl | High Temp. Rating (47db/4Sub) | 3.0 oo |
| | - ! o i I
| | Mesting #Hode | | Low Temp. Rating (17cd/15uwb) | 2.0 co@ |
L 3 1 - ! J

1. To be consistent with Nationsl Applismce Energy Comservation Act of 1987 (Pub. L. 100-12)
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"Table 8.3-2 ,
Standard 2ating Conuivians and Minimusm Perforcance
unity Air Conrditioners and Heat Puncs - Evaporatively-Cooled, Electrically-Cperated - Cooling Mode
<135,000 Btu/n Coolirg Capscity - Except Packaged Terminal and Rooam Air Corditioners

RBtwh

[ i 3 i 1
| | . | | |
| Reference | Category ] Rating Condition °F | Ninimum I
| starcards ] | Incoor Temp, Outdoor Tesp. | Performmnce |
, ] } m—— —]
l 1 | S x 1
| | «5,000 Btwh | Stondsrd Rating | |
| | _ | : : I 1
| ARl 210-81 | Cooling Cupacity | 30ch/67wd 95/ 7Sub | 9.3 EER |
| I t } {
] I | . | | -
| | «5,000 stwh . | inteqrated Part-Load Value (80db/67wb) | 8.5 tpLy |
| f - } {
| | | | !
[ arr 210/ | 265,000 <135,000 | Standard Rating | I
| 2m0-& | | 1 |
| ] gtusn | 80/ 87wbd Scd/7Sub | 10.5 EER l
| : : ; ; ;
] | | R |
i cu 201 (886 | 265,000 <135,000 | nt ted Part-Load Yalue (ROUh/67v5 i .7 1PLY i
I |- | ' | |
| | ! I |
] ¢ 1 b

[ -
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Table 8.3-3
Starciard Reting Conditions & Minisum Perforsence
Yater-Cooled Air Conditioners and Heat Pumes -Cool ing Mode
<135,000 Brw/h Coolimg Capacity « Electrically-Gpersted

f R 1 : ' I
Lo neference | Category ] Rating Cordition °F | Kinismm
| - Standsrd 1 ' | indoor Air Entering Water | Performance
| ; ; z
] o | B . ] I : 2
| uater-Source | <£5,000 Btw/h . | - §tendargd Reging |
] Hest Pusps | Cooling Capecity | 80av/En ‘ & | 9.3 EER
! : I B S F meassaamearsnte ‘ -t
! ART 320-86 . | ] hou Tempersture Rating |
| L i i oL |
| CT1.20%- (%) - | | 80cvé7ub - , S | 10.2 ER
N Coe ) } - . — ;
| | >65,000 <135,000 Btwh | ' Stengard Reting !
B | cooling Capacity | 20ce/6Tud : g5 | 10.5 e
b ¢ : e :
! | ] ' " |
| Srounduater~Cooled | ! Stardargd Rating |
! ' ! : | ¢ -
. : ‘
i Heat Pures | <135,000 Bu/h | 70 F Entering Yater i 11.0 €ER
| ‘ | } :
1 AR] 325-85 | Cosling Capacity I Low Terperatyre Rating |
| | | A
| ] ] S0 F Entering uater ) MSEm
? ; : :
I g ! ' I
| vater-Cooled | | © §terciarg Rati I
] ] i - : S I
] - Unitary | <45,000 Btush | 80db/6Twd 8 | 9.3 EER
| a X o . :
|  Afr Conditioners | Cooling Capacity ] ntecrated Pert. value N
i | | ' !
| ART 210-81 ) l .75 F Entering Water | 8.3 1PLY
! ' $ - ~ -
| ARI 210/260-84 | 265,000 <135,000 Btum | Stendard Rating !
| ) | o |
] £T1 201 (86) ] Cooling Capacity | eoch/éTwn g8 | - 0.5 EER
i N 1 . L] H

e e e e b i — et ol e — ——— s i e it e s ——e e o s - i s whs iy ettt Sl s . aa et bt ottt Vo s
. v N
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Table 8.3-4a
Standard Rating Canditions and Ninima Pertormenrce
Packaged Terminal Air Conditizrers and hest Pups
Air-Cooled, Electrically-(parsted

T T T
- . | !
Refererce | - Category | Subcategory & Rating Condition ] i mum
Standards | ] (Outdoor Temps. °F) ] Performerce
} ; }
| o . | .
. | - PTAC'S. & PTAC M.P.'s? i Staraard Rating (95 db) | -10.0-¢.16 x Cap.
ant 310-87 | Cool ing. Mode I ‘ | ¢BTwh)/1000) EER
. [1 . [l . 1.
1] L] . .
] | Low Temp. Rating (&2 amy! | 12.2-(.20 « cap.
| I _ ] (Bruny/1000) £ER
1 | T
g t . 1 . i
AR 380-87 | PTAC H.P.'s - Heating Mode |  Standard Rating (47cb/a3ubd) - | 2.7 cop
. § . 1 ) N :

1. For mlti ~capacity oqu:ment thc minimam performence shall apply to. each capacity step provided arnd

2‘

allowed by the controls.
1f the unit's copacity is .ess than 7000 Stu/n, use 7000 Btwh in the calcutanon.
is greater than 15000 Stush, we 15000 8twh in the calculation,

l_f the unitts capacity ‘

b S el a s dohn —ir mais e todar ra— o— 2wl
' . :
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Table 8.3-4b o
Sterciard Rating Conditions & Minimm Performence
Room Air Cornditioners and Room Alr Corditioner lest Pumps

1 4 L i i

| . ] | |

| Reference | Category | . dinimm Performance’ ]

| assi/amam maC-4-82 | | -

i 1 [ i

1 & } 1

J | dithout Reverss Cycle and With Lowversd Sides | |

! | - I |

| | < 6000 stwh | . 8.0 €28 1
| | , | , |

| | 2 6000 < 8000 Btu/h | 8.5 EER |

| | ' | I

| | 2 8000 < 16000 Btuh 1 9.0 EER |

| i | I
] | 2 14000 < 20000 $twh | 8.8 EER ]

I | ' I : |

] | 2 20000 Btwh ] 8.2 EEr ]

| [ | P
! F t !

| | without Reverse Cycle secd Without Louvered Sides | - |

! | ' I |

| | < 6000 Stwh 1 8.0 EER |

| I : 1 |

| | 2 6000 < 20000 Btwh - | 8.5 EER |

| ] l , |

| | 2 20000 Btum | 8.0 EER |
! } i { .
| | with Reverse Cycle ardd With Louvered Sides i 8.5 EER |

! — t . {

] | wWith Reverse Cycle, Without Louvered Sides | 8.0 EER |

{ L I J

1. To be consistent with Mationsl Applisnce Energy Conservation Act of 1987 (Pub. L. 100-12).
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Table 8.3-5
Standard Rating Conditions ard Minimum Performance
Water-Source and Grouncsater-Source Heat Purps - Electrically-Cperated
<135000 Stw/h Cocling Capacity ’

{ ] - i ]
! | I I
] Reference | Rating Conditien °f! ] Hinimm |
] Standards ] | . Performence |
| : : -
! I ‘ | 1
| - water-Scurce | Standard Ratirmg ] 1
| | | |
| Heat Purps | 70 F Entering Water? | 3.8 cop |
| ! | |
| ARl 320-85 | | |
l I | l
| et 20 (8) | I |
! l ; {
| Groundwater-Source | 1. High Temperature Rating | |
I | : - !
| Heat Pumps | 70 F Entering Vater? ] 3.4 Cop |
I l , } i
] AR 325-85 | 2. Low Terperature Rating | ]
! | ! \ }
| } SO F Entering Mater? I 3.0 cop ]
{ 3 H H

e
It 1. Air entering indoor section 70cb/60wd (mex.).
2. water Flow Rate Per Manufacturer's Specifications.
3

\-‘;,:‘,7’
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Table 8.3-6 .
Stardard Rating Conditions and Minimum Perforterce
Large Unitary Air Corgitiomers amc Weat Pumps - Electrically-Opersted
> 135,000 8TU/K Coolimg Casscity

Category/

Reference Stardards Hinimm Performence

Efficiency Rating

- T
|
I
+

| I ] Kl
! I | |

i | | |

| | I |

1 1 1) ]

i 1 t 1

I | I _ . !

| Air Corditioners 1 EER | < 750,000 Bzu/h > 760,000 Btuh |

! B t t —

| Air-Cooled ARl 360-65 | 1LY | 7.5 |

1 1 i ]

L) i i ]

| Afr Conditioners | EER . | 9.6 .
| Water/Evap. -Cooled } PLY ] 9.0 |

! - | !
| 4RI 360-85, cT1 201 (86) | [ |
F : i ! . {
| Heat Purps | | | |
Lo . | | | |

|- -Air-Cooled - Cooting i EER | = 760,000 Rrush | > 760,000 Btwh |

l : { 1 )I

I | 1PLY I 7.5 |
I ' T {

| =Air-Cooled - Hesting i P (47 Oy I 2.9 |

! ' I f {

| AR 340-84 | P (17 %) | 2.0 [

4 1 1 J

+ f ] 1

f Condersing Units | EER | 9.5 |

! ' f {

| Air Cooled AR! 345-87 ] IpLy ] 11.0 ] .
b fer } !
| Conderging Units | EER | 12.9 ]

| ' f : {

] uater/Evap, -Coocled ] 1PLY | 12.9 |

I | | |
1, i L J

AR 345-87, C€T1 201 (26)

{. For units that have a heating suctiqn. decuct 0.2 from all required EER's ard IPLV's.
2. Condersing unit requirements sre based on single-riurber ratings defimed in parsgrash 5.1.3.2
of AR] Stanclard 345-87. )
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. “able 8.3-7 v
o : Stardard Rating Congitions and Minimea Performance _ :
water-Chilling Packages - Water. amg Air-Cooled - Electrizally-Coeratea

N i B 1 1
I | ! ‘ | |
i Reference ] Category | efticiency Rating | Minimam |
| Stancards | ] | Pertformwnce |
I . T } - {
! | | - I
| | water - Cooled. I I ‘l
| | A T : " i
O] amiss0-s8 | .2 300 tons ] c» l 5.2 !
! | I f : {
| ARI 550-88 | | 1pLY | 5.3 I )
i } - t } !
| CT1 201 ¢8) | 2 150 Toms < 300 tons ] cee | 4.2 |
! | I ! !
| | | 1PLY | 4.5 |
! b t 7 i
| | < 150 tons ] = J | 3.8 |
t ! : } B =
i | o 1PLy | 3.9 |
; : H i 3
+ A H +
] | AirsCooled Vith Cordenser | | | .
| i : | | |
! ] > 150 tons - J P | 2.3 1
e f ! l t [ )
g f T 1
: | | 1 O i 2.5 |
| F t ! { g
| I < 150 ters } cop I 2.7 |
! | } T {
! | I W | 2.2 [
| f T ; !
| | Condensertess, Aie-Cooled | | |
! N ’ | I |
] | All Capacities ] coe ] 3. |
I | f % : i
I | | 1LY | 3.2 1
L i 1 ! ]

1. where R-22 or CFC refrigerants uith equivatent azone cepletion factors are used these
requirements are recuced to 4.7 CCP ard 4.8 IPLY (see Section 8.3.1.1)

%QTE: The lavels sbove are minimum performance leveis. Betler energy efficiencies may be
available, end their use is encoursged.
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‘ Teble 8.3-8 _
‘Standara Rating Conditiers and Winimum Performance = A o Vot
: Beilers: Gas- ard Oil-Fired . C. o e

Hinimm
“performmnce

Reference . - - Category ‘Rating Cordition

| DOE Test Procecurs Gas-Fired ARE .

10 CRR, Parg, .30 . | -<<300,000 Btwh goztes

PR

7 Dil-Fired .

wow

«300,000 Btwn Rating

AGR Z21.13-82 " GageFired 1. Mex. Rated Cap.?

K.l. Wtg. Bofler Std. 8 |  <300,000 Btwh . Stesdy-State

ASHE PTCL, 166 -

Uulie 79573 ° Stesdy-State -

Uol. 72675 Oil-Fired 1. wex. Rated Cap.?"

K.l. Htg. Sofler Std. & 300,000 Btuw/h . " Stesdy-State:

ASHE PTC 4,164 2. Min. Rated Cap.2

sfendy'szatc

H.i. Htg. Boiler Ofl-Fired 1. Max. Rated Cap.®

Std. 8 (Resicdual) Steady-State

ASME PTC 4.1-64 2300,000 Btuh

2. Kin. Reted Cap.z

S}tndr- State

. "
v o e e s s s fe e . e e s s e e e s Wit et s et ol e St s g ooenn ettt ‘et e e o Ve o]

{

]

]

i

!
t

!
L
l .
?

i

|

|

i 2. Win. Rated Cap.2
l . .
|

i

|

!

i

1 -
!

i

|

i

|
.'-
]

e e s g s e oo e e - -l — — s e e o fn wr v o e - - — — ol —— — — ]
m
,ﬂ'\ - .
e i e e i maiandErn R P PAPR VARSI S ——

1. To be consistent with Hatidmal Applisnce Energy Conservation Act of 1687 (Pub. L. 100-12).
2. Provided end allowed by the controls. .

3. Except for gas-fired stesm boilers for shich minimum AFUE is 75X,

4. E, ® combustion efficiency, 100X - flue losses.
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Table 8,3-9
. Standard dating Corditiors and Minimum Performence
warmAie F«rmcu‘ and Cobination Warm-Air furraces/Air-Corditioning Units

he e v ana whis s dm—n o e alhn tmam S a—

e e e e e e e . —h e— a— —

- 2.

i € i iv
| | i L I o
] Referance - - | Category - } - Ratimg Condition | Ninissm
] ' | | I Performence
I ? ¥ 1
| | : | |
| OOE Test Procedure | =~ Gas-Fired | Seasonal ] - AFUE
| : ! . °; ’ . e g ! .o
| 10crm, Part 30 |  <225,000 Brwn | Reting ] mx s
! N t t :
| App. ¥ . | Oil-Fired . [ - Seasoral | amse
] RO AT N
! | <225,000 Btwh | . Rating ] -8
[ ! (- - 4
H i 1 4
| AGA 221.47-83 | Gas-Fired | 1. Max. Rated Cap.? | £ |
| N l | B
| | 2225,000 8tuh } Steady-State ] 80% ]
| o f ? {
] I | 2. wWin. Rated C2p.? | Ewt
! I ! . |
] ] ] Steady-State ] g~
{ ! ] 1
¥ i ) +
| u.L. 72786 | Oii-Fired | 1. mex. ated Cap.? | £,
| o ' ! | .
! | 2225,000 Btwh | Stesdy-State b Bi%
! ! : < b )
| l | 2. Win. sated tap.? - | R
| | | . |
] | ] Steody-State } R 13
[ 3 1 1
1. 7o be consistent with Natiomel Applisnce Energy Cornservetion Act of 1987
(Pub. L. 100-12).
Provided anct allowed by the controls. .
3. Minisam performance requiremt: for furnaces <45,000 8tush capscity sre to be
established by DOE under Pub. L. 100-12.

‘0

E, » theroml efficiency, 100X - flue losses.
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Taeble 8.3-10
Warm Alr Duct Furraces and Unit Westers

-

Hinisum
Perforeence

Rating Conditions

Reference Category

" AGA Z83.9-8 | Duct Furnaces 1. Wax. teted cap.!

Gas-Fired Steady-State

. 2. Min. Rated Cap.!

Stesdy-State.

‘AGA 2£3,8-85 Unit Hesters Max. Rated Cap.)

Gas-Fired Steacly-State

2. Min. Rated Cap.!

$teady-State

u.L 731-75 Unit Neaters 1. vus'x. fated bp.‘

© . Qi{+Fired Steady-State

2. #in, Rated c-u:.‘

[ e s ot W—- i —— - b o — e s s soirs i e wr——, G— —— —— ot amtn. S o s ey e o)
1
.
foo ot e e arfirr S — et efn Grn A — G i cprs St By . — ——. > — i o— b~ ol St wm—— o]
- .
o e e e e e e s ke e s vt s e e s s e e e R sttt it P e s s

.
o ot o s e e i s e s —— — . G oy o Sls Bty o Gt WA i s s G Sfoe st S o]

I
l
!
I
I
I
I
i
!
I
|
l
|
l
|
I
|
!
5
!
I
!
|
|
|
!

Steady-State

1. Provided and allowed by the controts.
2. E; @ thermal efficiency, 100X -flue loases.

-

BILLIG COOE 0460-0%-C
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- 4E3¢

3 ¢35.10§, Service water heating systems,

2.1 Generc!

9.1.1 This section contains minimum
und prescriptive requirements for the
design of Service Water [{eating
Systems, :

9.12 A building shall be considered
in compliance with this section if the
following conditions are met:

8.1.21 The minimum requirements of
section 9.3 are met: and

9.1.2.2 The Service Water Heating
System design camplies with the
prescriptive criteria of section 9.4.

8.2 Principles of Design

© 821 Showerheads shall be designod

to provide and maintain user comfort
_..and energy savings. They should not use
removable flow restricting inserts to
meet flow limitation requirements,

922 Point of use water heaters shall
be considered where their use wiil
reduce energy consumption and is life
cycie cost effective. '

9.2.3 High temperature condensats,
when returned to condensation pump

" tanks or other vented tanks. will have a

vertain portion flashed into steam. thus
wasting energy. To conserve this energy,
a heat exchanger shall be considered for
use in the condensate return line to heat
" or preheat the service water, cool the
condensate, and prevent flashing.
8.2.4 Storage may be used to

optimize heat recovery when the Jow of

“the demand for heated water. or when
energy use for water heating can be
shifted to take advantage of off-peak
rafes.

. heat to-be recovered is out of phase with

9.3 Minimum Reguirements
9.3.1 Sizing of Systems

8.3.1.1 Service water heating system
design foads for the purpose of sizing
and selecting systems shali be
determined in accordance with the
procedures described in chapter 54 of
the ASHARAE Handbook, 1587 HVAC
Systems and Applications Voiume. or a
similar enmputation procedure.

9.3.2 Equipment Efficiency

- 83.2.1 All water heaters and hot
water storage tanks shail meet the
criteria of Table 9.3-1. Where muitiple
criteria are listed. all criteria shal] be
met. Where no criteria are provided. no
requirements need be met.

BRLING. CODE $450-0 144



 Teble 9.3-1

Sturcard ntim;c«do’tim'.& #inimm Performence of uater »iuting Equi pment
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J
1
|

; <1.9 Hl(tz

20.95-0.00132v
EF

| 20.62-0.001V

i‘ .
|
|
|
|

DOE Tes: Procedures, 1985 |

H

| DOE " Test Procedures; 1985

tiors Titie 10, Part 430.

Code of Federal Regule-

Code of Federsl Reguls-
.tiora Titie 30, Part &30

| axsy cT2.4 - 972
| w/addench 221.10.30- 1985

| ANSI Z21.10.3-1584
| Gas uater Weaters

. m M
ot ¢
g
N
8-
e
g
mwm

B

. EF

i
|
!
3
i

DOE' Test Procesures, 1985 |
Code of Federal Reguia-

| 75,000

.| stum
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Table 9.3-4
Standarg Rating c...ndtts s & Minioum 9erfor=~:nce of Water Heating Cquipment (Cont.)

! t

; }i Tvpe ; {m‘mu Perfcrmeg

F T 4 T 4 A;phcaclc Test Procedure } ]
i | I | input | 1 }
| Class | Fuel .| Copacity | Rating | } ]
i » . * ] + [ i L
f b : | ! | 1 o
| unfired | B SR 1 S A YU Foe H |
| Storage ! | voiume | Inputs | b : —
i ! t I I -1 w5
i . I i | 'l '1 !s:wn-fcz ! .
i Inetantanscus? ; Ges | - i Att ; " ARST 221.10.3-19% ; £, i - i
f ! } | Inpues | ; - —
! LT EIE
| [ oiscitt | | A} be | - !
l oot} o | tnpues | ——— [
| T I
l ool [ Gasz- | au E ARSE I28.56-19%8 [ & | - 11
! { ot ' - | Inputs | —— ]
i ? E ! il B

Notes for Tabie 9.3-1:

,Terma Defined: : _

1. EF = Energy factor, overatl heater efficiency by OCE Test Procecure
€¢ = Thermal efficiency with 70 OF, of
E. ® Combustion efficiency, 100% - flue Loss when ssoke » 0 (trace is perm:ted)
SL = Stancby loss based on 80 °F, sor m:perhowbasndonrmxml%”? a7
R = Kea? loss of tank surface sres - .
V = Storsge volune in gallons

2. an instantaneous water hutes' is & device uith an uput rate greater than 4000 8tu/h per ~
galion of water stored and less than 10 saunm £¢ storsge capecity.

uu...eomms—c
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2.3.2.1.1 Exception to-section §.3.2.1

(a} storeze water heaters and hot
water storzge tanks having more than
500 gallons of storuge capacity need not
meet the standby loss {SL) or heat loss
HL) requirements of Table 8.3-1 if the
tank curface ares is thermaily insulated
to R=12.5 and if a standing pilot light is
not used. .

8.3.L.2 Fect Trops. Storage water
heaters not equipped with integral heat
traps and having vertics! pipe risers
shi«ll he installed with heat traps on

‘both the inlet and outiets. The heat trap

shzll be installed directly, or as close as
possitle to the outlet fittings. Circulating
sysiems need not employ heat traps.

- 9.3.22.1 A heat trap may take the
form of a bent piece of tubing that forms

a loop of 260 degrees: an arrangement-of —

pipe fittings, such as elbows, conzected
so that the inlet and outlet piping make
vertically upward runs just before
turning downward to connect to the
water nester's inlet and outlet fittings: a
commercially available heat trap: or any
other type that effectively restricts the
naturul tendency of hot water to rise in
the verticul pipe during standby periods.
8.3.2.22 \Vhen the water heater
outlet is directly horizontal out of the
tunk. or is piped with an elbow on the
vertical outlet and then downward, this
piping arrangement itself is effectively a
neat trap and a separate heat trap is not

* then needed.

8.3.53 Piping Insulation

9.3.2.1 For circulating systems,
piping insulation shall conform to the
requirements of Table 7.3-1 or an
equivalent level as calculated in
accordance with Equation 7.3-1.

9.33.2 For non-circulating systems, =
the first 8 ft of piping from a storage
system that is maintained &t a constant
temperature shall be insulated in
accordance with Table 7.3-1. oran
equivalent level as calculated in
accordance with Equation 7.3-1.
Systems without a heat trap to prevent
circulation due to natural convection
shall pe considered circulating systems.

8.3.4 Controls

8.3.4.1 Temperature. Service w;ater
heating systems shall be equipped with

- temperature controls capable of

N

adjustment from 90 °F to a temperature
setting compatible with intended use,
except for svstems serving residential
dwelling units may be equipped with
coutrols capable of adjustmerit down to
110 °F onlv. (See ASHRAE Handbook,
1987 Systems and Applications Volume.
Chapter 54.-Table 3).

8.3.4.1.1 Where temperatures higher
then 120 °F are required at certain :
outlets for a particular intended use,

separate remotc hesters or booster
heaters shall be installed for those
outlets unless it can be shown by
calculation thet either energy is not
saved by the application of this’
requirement or that the totul cost over

“the life of the equipment is not reduced.

9.3.4.1.2 Circulating Hot Water

Systemns and Heated Pipes. Systems
designed to maintain temperatures.in
hot water pipes. including circulating
hot water systems and heat tape on
water pipes, shall be equipped with
automatic controls that can be set to
turn off the system when hot water is
not required.

8.3.5 Equipment end Control
Regquirements for the Conservation of
Hot Water

8.3.5.1 Showers used for other than
safety reasons shall limit the maximum
hot water discharge to 2.75 gpm when

. tested according to ANS/ A112.18.1M=-

197%. “Finished and Rough Brass
Plumbing Fixtures”. The designer shall
evaluate the use of lower flow
showerheads than 2.75 gpm. particularly
for heavily used facilities. Removable
flow restricting inserts shall not be used
in showerheads to meet this criterion.
When flow restricting inserts are used
&s a component part of a showerhead,
they shall be mechanically retained at

the point of manufacture. [Mechanically V

reteined means a pushing or pulling
force to remove the flow restricting
insert at 8 pounds or more.] This
requirement shall not apply to
showerheads that will cause watser to
leak significantly from areas other than
the spray face, if the flow restricting -
insert were removed.

* 8.3.5.2 Lavatories in public
restrooms, with the exception of .
lavatories for physically handicapped °
{»:rsons. shall be equipped with devices

at: . ’

8.3.5.2.1 Limit the flow of hot water
to either:

{a) A maximum of 0.5 gpm:

(b} 0.75 gpm if a device or fitting is

-used that limits the period of water

discharge, such as a foot switch, fixture
occupancy sensor; or

{c) 2.5 gpm if equipped with & sell-
closing valve;

8.3.5.2.2 Either be equipped with a

foot switch or occupancy sensor or

sitmilar device or limit delivery with a
self-closing valve or a foot switchto a
maximum of 0.25 gallons of hot water for

- circulating systems:

8.3.5.23 Limits delivery with & sell-
clozing valve or a foot switch to a
maxymum of 0.50 gallons for non-
creulating systems: and

9.3.5.2.4 Limits the outlet
temperature to a maximum 110 °F.

8.3.6 Swimming Pools

8.3.6.1 Pool Heaters. All pool heaters
shall meet the criteria of Table 9.3-1 and
be equipped with a readily accessible
“on-off"" switch to allow system shut-off
without adjusting the thermostat setting
and. when applicable. allow restartirg
without manually relighting the pilot
light. ’

8.3.6.2 Pool Covers. Outdoor heated
swimming poois shall be equipped with
& pool cover. However, pools deriving

" over 70% of the energy for heating from

non-depletable sources or from recovery
of energv that would otherwise be
wasted {computed over an operating
season) need not be equipped with pool

covers.

9.3.6.3 Time Switches. Time switches
shall be installed on ell swimming pool
pumps and all electric swimming pool
heaters. These switches shell allow for
the shutdown of heaters during hours of
peak utility demand except asis ~
pecessary in peak period operation to
maintsin water in a clear and sanitary
condition in keeping with applicable
public healith standards.

8.3.8.3.1 Exceptions to section 8.2.5.5:

{a) Where public health standards
require 24 hour operation of pumps: and
. (b) Pumps are required to operate
solar pool heating systems. -

9.4 Service Hot Water Heating
Systems--Prescriptive Compliance
Alternative

9.4.1 Combination Service VWater
Heating/Space Heating Equipment

£.4.11 Water heaters used for
combination service water and space
heating shall meet the appropriate
minimam efficiency requirernents of
both section 8.3 and 8.3. ’

8.4.1.2 Combiration space heating
and service water heating equipment
shall only be used when at least one of
the following conditions is met:

8.4.1.21 -where the annual space
heating energy use is less than 50% of
the annual service water heating energy
use;

8.4.1.2.2 where the energy input or
storage volume of the combined boiler
or water heater is less than twice the
size of the gmaller of the separate
boilers or water heaters otherwise
required:

9.4.1.23 where calculations show
that the combined system uses no more
energy than separate svsiems that meet
the requirements of sections 8.3 and 8.3;
or

8.4.1.24 where the inpu! o the
combined boiler is less than 150,000
Btu/h.




4
-4

Federal Register / Vol. 34, No. 18 ; Mondav. Januarv 3C. :439 / Rules and Regulations

1403

8.4.1.3 Coumbination function
equipment fspace heating, sesvice water
Sheating, couilng, etc.) shall comply with
minimum atficiency reguirements in
accordance with nationally recoynized
test proanuires. Where such procedures
are not av.:ubie for particular
eyuipment cesigns, compiiance shall be
determined 5ased on the function
represensing the maximum annual
enargy consumption. using data
provided by equipment and component -
manufacturers.

942 Additionc! Equipment Efficiency
Measures '

9.4.2.1 Electric Water Heaters. In'
applications where water temperatures
not greater than 145 °F are required. an
sconomic evaluation shall be made on
the potential benefit of using an electric
heat pump water heater(s) instead of
electric resistance water heater(s). The
analysis shall compare the extra costs of
the heat pump unit with the benefits in
reduced energy costs, less increased
maintenance costs, over the estimated
service life of the heat pump water
henter. :

8.4.2.1.1 Excsption to section 9.4.2.1;

{a) Electric resistance water heaters
used in conjunction with site-recovered
or non-depletable energy sources ar off-
peak heating with thermal storage.

8.42.2 Gas-Fired Water Heaters. All
gas-fired storage water heaters that use
indoor air for combustion or draft hood
dilution and that are installed in a -
conditioned room shall be equipped
with a vent damper unless the water
heater is already so equipped. Unless
the water heater has an available
electrical supply, the installation of such
& vent damper shall not require an
electrical connection. The vent damper
shall be listed as meeting appropriate
ANSI standards and shall be installed in
accordance with manufacturer's
instructions and local codes.

9.4.221 Exception to section 9.4.2.2

(a) where the cost of the damper

- exceeds the value of reduced energy

costs over the damper’s lifetime.

9.43 Use of Waste Heat. Solar Energy,

and Thermal Storage

8.4.3.1 An evaluation shall be made
of the potential for the use of condenser
heat, waste energy, solar energy, or off-
peak heating with thermal storage to
reduce water heating energy cost.

9.4.3.2 Storage shall be used to

- optimize heat recovery when the flow of

heat to be recovered is out of phase with
the demand for heated water, or when
energy use for water heating can be
shifted to take advantage of off-peak
rates.

§435.110 Energy management.
10.1 Generol

30.1.1 This section contains
minimum requirements for building
energy management systems. [t _
describes the energy measurement,
control, testing and documentation that

shall be provided to the building owner. -

The intent is to minimize energy use by
providing the building operatar «w'th
design. construction and equipment

. data, along with a means of testiny the

completed facility.

10.1.2 A building shall be considered
in compliance with this section if the
minimum requirements of Section 10.3
are met-

102 Principles of Design

10.2.1 Energy Mancgement Control
Systems '

102.1.1 An energy management
control system is critical to the effective
management of building energy. Energy
management systems require
measurements at key points in the
building system and must be capable of
part-load operation recognition and be
equipped with controls to match svstem
capacity to load demands. -

'10.2.1.2 Controls cannct correct
inadequate source equipment, poorly
selected components, or mismatched

- 8ystems. Energy efficiency requires a

design that is optimized by realistic
loads prediction, careful system
selection, and full control provisions.

102.2 Building Operating
Documentation

10221 The building construction
drawings and specifications must show -
system types, sizes, performance
criteria, controle, and materials intended
for use prior to construction. The system
designer shall provide or specify that
documentation be provided for the .
education and guidance of the building
operator showing the actual elements
that have been installed, how they have
been installed, how they performed

during testing, and how they operate-as -

a system in the completed facility. Since
minimum energy use is the ultimate goal,
operating procedures are one of the
majar factors in controlling énergy use
in buildings. The activities of building
occupants and operators can result in

differences as great as two to one in the

energy consumption of essentially
similar buildings. While neither the
designer nor these standards can control
the way the building is actually
operated, the designer shall contribute
to the education and guidance of the
building operator by including this
documentation in the contract

specifications,

13.2.2.2° The building operator shali
be provided with the following:

10.2.221 As-built drawings and
specifications:

10.2.2.2.2 Cperating manuals with a
schematic diagram. sequence of
operatinn-and systern-operating-criteria
fer each-and ali svstems installed: ‘

102.2.2.3 - Where the building -
systems a’e complex. a comprenensive
balancing and testing program and
report to demonstrate the energy.

_performance capabiiitiés of the system:

and

10.2.2.2.4 Maintenance manuals with
complete information for all major
components in the facility.

103 Minimum Requirements

103.1 Each distinct utility-provided
energy service shall be metered. This
shall apply to central and individual

‘tenant meters. Such meters shail be

located. or arranged. so that the meter
can be visually monitored. B

10.3.2 Each distinct commerciallv-
provided energy service shall have a
sysiem to measure and record the
amount of energy being delivered, based
on the energy content.

10.3.3 - The energy delivery systems.
shall be arranged %o allow individual
mesasurement of occupant lighting and
outlet services, production processes,
auxiliary systems, service water heating,
space heating, space cooling, and HVAC
delivery systems, ;

10.3.4 Provisions shall be made for
the measurement of energy inputs and
outputs (flow, temperature, pressure,
etc.] to determine equipment energy
consumption and/or installed
performance capabilities and
efficiencies of all heating, cooling, and
HVAC delivery systems equipment,
greater than 20 kVA or 60,00 Btu/h
energy input.

103.5 Energy Mecsurement

. Instrumentation

10.3.5.1 In buildings or tenant areas-
with electric service greater than 130

- kVA or fuel use greater than 500.000

Btu/h, energy use shall be measured for
electrical lighting, miscellaneous power
outlets, HVAC systems and equipment.
service hot water, and process loads
and when the peak use of:

10.3.5.1.1 Production processes.
including manufacturing, computers,
laundries, kitchens, etc., is greater than
100 kVA or 300.000 Btu/h:

10.3.5.12 Auxiliary systems and
service water heating is greater than 100
kVA or 300.000 Btu/h:

10.3.5.1.3 * Space heating (including
reheat) is greater than 100 kVA or
300.000 Btu/h;
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. 10.3.5.1.4 Space cooling is greater
:kan 1C0 XV A or 200,000 Bu/h: and

10.3.3.1.5 HVAC delivery systems is
sreater than 100 kVA or 300.000 Bu/h.

30.3.5.1.8 Exception to section
J0.5.5.4: .

{2) When there is an energy service
fer only 2 of the 8 categories listed. a
singie:measurement may be made for
the larger of the two energy services and
the second use determined by
subtraction from the primary service
megsurements, '

10.3.8 - HVAC System Controls

10.3.81 The designer shall designate,
specify, or otherwise show in the
construction documents the type of

controls and control systems needed. . . .

This shall include a description or
sequence of control of the system's
cperational procedures,

10.3.62 Controls may be electric,
pneumatic, electronic, or direct digital.
Control action may-be “on/off”, or
proportional that can use manual,
automatic, or remots resst-and can have
rate of action or derivative action
compensation as designated by the
designer. Control devices may be

-provided by the manufacturers of
equipment or by the field installers, but
all shall be compatible with the design
sequence of control The designer shall
designate accuracy and long term
requirements for controls. :

10.3.8.3 All primary energy
conversion equipment such as boilers,
neat exchangers, refrigeration units,
furnaces and heat pumps shall have a
ioad activated local control loop for
each piece of equipment. Controls for
multipie equipment shall integrate the
individual control units or provide
system control for all the units,

10.3.6.4 Al energy delivery systems
shall have a local control loop for each
svstem.

10.3.8.5 Energy consuming systems
cr components with a peak use greater
thanr 1 kW or 3.500 Btu/h shall be
provided with & means of shut-off when
occupancy or weather conditions do not
require its operation.

10.3.8.8 The control equipment
provided for local control loops except
for “on/off” and self-contained sensor
devices shall be arranged so that
sensing, control action. and control
setting variables can be read or tested at
the device.

103.6.7 * Contro: loops for terminal
unit zones with less than 24 hours per
day or 7 days per week occupancy shall
have separate control points for day and
night heating and cooling, The devices
shall be capable of local resetting, and
have provisions for remote management
system selection of the occupied or

unoccupied heéting or cooling mode of
operation.

10.3.7 Centrc! Monitoring and Contro
Sysiems '

10.3.7.1 A central monitoring and
contro! system shall be provided in any
building er submelered tenant space
exceeding 40,000 [1% in gross Joor area.

10372 The minimum energy
management requirements for such a
system shall be to: -

10.3.7.2.1 Read and retzin daily
totals for all energy measurement
insguments:

103.7.22  Total all energy values
weekly and record and retain values
placed on a summary report;

10.3.7.2.3.. Record and plot hourly -
outdoor and indoor temperatures
against real time and summarize and
report for each year in a format
compatible with degree-days or bin
temperature; .

10.3.7.2.4 Based on time schedules,
turn on or off any HVAC or service
water heating system or equipment;

10.3.7.2.5 Based on time schedules,
turn on or off major building lighting and
occupancy power circuits; .

- 103728 Reset Jocal loop control
systems for HYAC equipment;

103.72.7 Monitor and verify
operation of heating, cooling end energy
delivery systems;

10.3.7.2.8 Monitor and verify
operation of lighting and occupant
power, auxiliary and service hot water
systems:

10.3.7.29 Provide readily accessible
override contrels so that time-based
HVAC and lighting controls may be
ten;poraﬁly overridden daring off hours:
an

1037230 Provide optimum start/
stop for HVAC systems.

103.8 Completion Requirements

10.3.8.1 The building construction
documents shall describe the
requirements for placing all energy
management systems in operation. This
includes check-out procedures and al}
controls and metering equipment
operational information.

10.3.82 The building construction
documents shall describe the
requirements for balancing and check-
'out procedures for all HVAC systems
and equipment. All HVAC system
balancing shall be required to be
accomplished in @ manner to minimize
throttling losses. I air systems, fan -
speeds shall be required to be adjusted
to meet design conditions. Water
systems shall be required to be
proportionally adjusted to minimize
throttling losses and then corrected to
design flow conditions by trimming the

pump impeller or changing pump speed.
The design specifications shal! stace that
a pump shall not be brought to final flow
conditions by valving.

10.3.3.3 The building construction
documents shall describe the
requirements for control system testing -
to assure that control eiements are
calibrated, ranges adjusted. set points
ascertained, and full travel of moveable
elements assured. All elements in the
control system shall be tested with the
system in operation.

10.3.9 Energy Performance T es:i:;g

10.3.9.1 The building construction
doctments shall describe the
requirements for determining building
energy performance in the completed, °
operational brilding.

10.3.8.2 The building energy

" performance testing shall be performed

in winter for heating and in summer for
cooling. These tests shall ascertain the
in-gite capabilities of all HVAC systems
and equipment. Internal building loads
shall be aceounted for in assessing
cooling performance. Heating
performance shall be determined during
unoccupied night time periods during
winter weather, If any internal load,
such as lighting, contributes to building
heating, such loads shail be accounted
for in assessing heating performance.

10.3.83 Energy use measurements
shall be made for the overall building
system while HVAC system
performance is being tested. Each
energy management and control svstem
shall be used to determine energy use
for: :

10.3.8.3.1 Utility enerpw:

10.2.8.3.2 Commercial service energy:

10.2.8.3.3 Occupant lighting and
receptacle power;

103.9.3.4 Production process energy:

10.3.9.25 Auxiliary systems and
service water heating energy;

10.3.8.3.6 Space heating energy:

103.8.3.7 Space cooling energy: and

103.8.3.8 HVAC delivery system
energy.

10.3.83.8 Test periods shall be at
least six {6) hours in duration. Hourly
outdoor and indoor temperatures, solar
intensity during a day test. and wind
speed during a night test shall be

_recorded.

10.3.9.4 The building epergy
performance test data shall, at
minimum, measure energy use and
outdoor temperatures hourly for each
test period.

t»:{r}
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10.5.i0 Cocumertciion Data
Reguiremnnts

103.20.0  As-buiit information snail
be proviuzd ‘or all the ‘ollowing energy-
related zatures of the huilding:
. 10.3.20.2.1  Thermal 4nd solar/optical
transmiss:on characteristics of the
building envelope, including infiltration;

10.3.10.1.2 The operating
charactenstics of the HVAC, lighting,
and service water heating equipment
and systems; .

10.3.10.1.3 Internal heat gain
contributed by equipment and
processes: and

10.3.16:1.4 The operating
characteristics of controls.

103.1C.2 A summary report shall be
provided outlining the design basis data
for the building envelope, the internal
heat gains, the weather extremes. major
heating/cooling equipment sizes and
sequence of operation.

10.3.10.3 The construction
documents shall require that shop

-drawings, schematic diagrams, control

sequence, maintenance manuals, and
operating instructions, with data on all
HVAC, auxiliary equipment and. service
water heating systems be provided to
the owner. .

-10.3.104 A system balancing report
shall be provided that follows National
Environmental Balancing Bureau or the
Association of Afr Balancing Council

formats with an extra section
summarizing the energy-related values
gathered during balancing.-

10.3.20.5 An energy performance test
report shall be provided showing all the
data gathered during the energy
performance tests. The results shall be
presented in a format that provides
convenient comparison with design
values. _ : .
§ 435111 Building energy cost

N

‘complianca aitermative,

1.1 Generaol

11.1.1  This section provides an
alternative compliance path that allows
greater flexibility in the design of energy
efficient buildings using an annual
energy cost method. Energy cost is used
as the common denominator in
determining compliance. Using unit
costs rather than units of energy or
power such as Btu, kWh or kW allows
the energy use contribution of different
fuel sources at different times tc be
added and compared. This path allows
for innovation in designs. materialy, and
equipment, such as daylighting, pussive
solar heating, heat recovery, better
zonal temperature control, thermal
storage, and other applications of off-
peak electrical energy, that cannot be
adequately evaluated by the
prescriptive or system performancs
alternatives found in sections 3.4. 3.3,

4. 5.5, and 7.4. This compliance path is
intenced lor design comparisons onlv
ard is not intended to be used to either
rre ict, document, or verify annual
er: Ly consumption or annual energy
£asrs, .

i1.22 The Buiiding Energy Cost
Comziiance Alternative is to be used in
lieu of the prescriptive or system
perisrmance methods and in
conjunction with the minimum
requirementa ‘vund in sections 3.3. 4.3,
8.3, 8.3, 7.3, 8.3. 9.3 and 10.3. )

11.1.3 Comoliance. Compliance

-under this method requires detailed

energy analyses of the entire Proposed
Design. referred to as the Design Energy
Consumption; an estimate of annual
energy cost for the proposed design.
referred to as the Design Energy Cost:
and comparison against an Energy Cost
Budget. Compliance is achieved when -

.the estimated Design Energy Cost is less
- than or equal to the Energy Cost Budget |
~(see Figure 11-1). This section provides

instructions for determining the Energy
Cost Budget and for calculating the
Design Energy Consumption and Design
Energy Cost. The Energy Cost Budget
shall be determined through the
calculation of monthly energy
consumption and energy cost of a
Prototype or Reference Building design
configured to meet the requirements of
sections 3.0 through 10.0. .

BILLING CODE €450-01-M
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- Figure 11-1 Building Energy Cost Compllance Alternative

PRINCIMES O
EFFECTIVE ENERGY
CONSERYIRG DES IGN
SECTIONS 2 TRy 10

PROPOSED DESIGH -

1

KRINIMUM COMPLIANCE
RESUIREMENTS
FIGURE 3.3-3

A

PROTOTYPE
BUILD ING
SECTION 131.2.2

DESICGN EMERGY
cosT
SECTION 11.3

ENERGY COST
BUOCET
SECTION 131.2.2

ENERGY COST
BUDGET

SECTION 11.2.%

;
i
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11.1.4 Designers are :ncouraged *o
employ the Building Ercray Sost Budiot

* compilance method set fores in this

seztion for evaluating pronased desim
aliernatives in preferencs :o using 1=
prescriptive/system methods. The
Buililing Energy Cost Suazet establisans
the relative effecuveness of each desiyn
alternative in energy rost savings,
providing an energy-cos! busis upon
wiich the building owner and desiznar
may select one desizn uver anothar,
This Energy Cost Budget is the highest
allowable caiculated Enerqy Cost
Budgat for a specific building desiyn.

- Other alternative desigms are like!y to

have lower annual enecrgy costs and life

cvele costs than those that minimully .

meet the Energy Cost Budget,

11.1.5 The Fnergy Cost Budgnt is a
numerical target for annual energy cost.
It is intended to assure neutrality with
respect to chuices of HVAC system
type. architectural design. fuel choice,
etc.. by providing a fixed. repeatable
budget target that is independent of any
of these choices wherever possible (ie.,
for the prototvpe buildings). The Energy
Cost Budget for a given building size
and type will vary only with climate, the
nuomber of stories, and the choice of
simulation tool. The specifications of the
prototypes are-necessary 1o gssure
repestability, but have no other
significance. They are not recommended

" energy consarving practice. or even

physically reasonable practice for some
climates or buildings. but represent a
reasunable worst case of energy cost
resulting from compliance with the spirit
and the letter of sections 3.0 through
10.0. -

11.2 Determination of the Annuu!
Energy Cost Budget -

11.2.1 The annuval Energy Cost
Budgets shall be determined in
accordance with the Prototype Buiiding
Method in section 11.2.3, or the
Reference Building Method in section
11.2.5. Both methods calculate an annual

-Energy Cost by summing the 12 monthly

Energy Cost Budgets. Each monthly
Energy Cost Budget is the product of the
monthly Building Energy Consumption
of each type of energy used multiplied
by the monthiy Energy Cost per unit of
energy for each type of energy used.

11.2.2 The Energy Cost Budget shall
be determined in accordance with
Equation 11-1 as {ollows:

ECBwmECBua+ . . . ECBu= " .. +ECBq.
Equation 11-1

Based on:

ECBn = BECON, < ECOSui+ . . .

+BECON. X ECOS,,

Equation 112 ‘
Wheres:
ECB=The annual Enerny Cost Budget
ECB., = The monthly Energy Cost Sudget
EECONu = The monthiv Budget Energy
Consumption of the i* type of »nergy
ECQOS.=The monthly Energy Cost. par unit
of the i** typw of enerqy
11.2.3 The monthly Eneray Cost
Budget skail be determined using
current rate schedules or contract prices
available at the building site for-all non-
depletable types of energy purchased.

‘These costs shail include demand

churges, rate biocks, time of use rates.
interruptable service ratey, delivery
charges, taxes, and all other applicable
rates for the type. location. operation,
and size of the proposed design. The
monthly Budget Energy Consumption
shall be calculated from the first day
through the last day of cach month,
inclusive. ‘

11.2.4 The Energy Cost Budyet,
Design Energy Consumption and Design
Fnergy Cost calculations are applicable
only for determining compliance with
these standards. They are not
predictions of actua! energy
consumption or costs of the proposad
building a{ter construction. Actual
experience will differ from these

- calculations due to vuriations such as

occupancy, building operation and
maintenance, weather, energy use not
covered by these standards, changes in
energy rates between design of the
building and occupancy, and precision
of the calculation tool.

11.2.5 Prototype Building Procedure -

11.2.5.1 The Prototype Building
procedure shall be used for all building
types listed below. For mixed-use
buildings the Energy Cost Budget is
derived by allocating the fioor space of
each building type within the floor space
of the prototype building. For buildings
not listed below, the Reference Building
procedure of section 11.2.5 shall be used.

11.2.5.1.1 Prototype buildings
include:

{(a) Assembly;

(b} Office (Business):

(c) Retail (Mercantile):

(d) Warehouse (Storage});

(e}'Schoo!l (Educational);

{f) Hotel/Motel:

(g} Restaurant:

(h) Health/Institutional: and

{i} Multi-Family.
11252 Use of the Prototype Building
to Determine the Energy Cost Budget

11.252.1 Determine the building
type of the Proposed Design using the

_ categories in section 11.2.5.1. Using the

appropriate Prototype Building
characteristics from Tables 11-1 through

11-3, the building skall he simujated
using the same gross flear ares and
number of floars for the Protasroe
Building as in the Proposed Design.

11.2.3.2.3 The form, arientation.
ocsupancy and usz profiles for the
Prototype Buildin: shall be fixed as
described in seciiun 11.3.3: Enveione,
lighting. other irtemnal icads and HVAC
sysiems and encipmant shali meet tha
prescriplive.or system reguirements of
section 3.0 through 10.0 asd are
standiscdized inputs.

i12.6 eference Buila'.":-:',' Method

11.2.8.1 The Refrren:e Building
procedure shall be used oaly when the
Proposed Design caznot be represented
by one or a combination of the
Prototype Building listed in Secrion
11.2.5.1 or the assumptions for the
Prototype Building in Section 11.3, such
as occupuncy and use-profiles. do not
reasonably represent the Proposed

Design.

11.28.2 Use of the Reference Buildiny
to Determine the Encrgy Cost Buczet

11.2.821 Each floor shall be oriented
in the sume manrner for the Reference
Building as in the Froposed Design. The
form, gross and conditioned floot arnas
of-each floor and the number of flcors
shall be the same as in the Proposed
Design. All other characteristics, such as
lighting, envelope and HVAC systems
and equipment, shall meet the
prescriptive/system requirements of
Sectinn 3.0 throughn 10.0.

1127 Calculotion Procedure and
Simulation Tool :

11.2.7.1 The Prototype or Reference
Buiidings shall be modeled using the
criteria of section 11.5 and section 11.6.
The modeling shall use a climate data
set appropriate for both the site and the
complexity of the energy conserving
features of the design. ASHRAE
Weather Year for Energy Calculations
{WYEC) data or bin weather data shall
be a default choice.

11.3 Determination of the Design
Eneryy Consumption and Lesign Energy
Cost

11.3.1 The Design Energy
Consumption shall be calculated by
modeling the Proposed Design using the

.. same methods. assumptions. climate

data. and simulation tool as were used
to establish the Energy Cost Budget.
except as explicitly stated in 11 5. The
Design Energy Cost shull be calzulated
per Equation 11-3. If the Proposed
Design includes cogeneration ornon-
depletable energy sources designed for
the sale of energy ofi-site, then energy
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sost wild ncome resulting from outside
sajes chaii .ot be used to reduce the
Design Energy Costs..Such systems shall
Ue modeied as operating to supply
anerty need's of the Proposed Design
iy,
DUCOS=DECCS e
a OECOS e
Eurtion J1=3
Dased nn: . .
DECOL s UECON,i »ECOSpi . & o
+CZCONmXECOSe .
Lquestion 13-4
Vhers: ' :
CECOS= The unnual Dosign Energy Cost  ~
DECUS, = The moathly Design Energy Cost
{CON. = The monthly Design Energy
' Consumption of the i*® type of energy
ECU8 = The monthly Energy Cost per unit
of the i*® type of energy :

" The DECON,, shall be calculated
fromn the first day through the last dav of
the mounth, inclusive. .
11.4. Compliance =

11.4.1 If the Design Energy Cost is -
less than or equal:to the Energy Cost
Budget. and all of the minimum
requirements of sections 3.0 through 10.0
are met, the Proposed Design complies
with the standards.

11.5 .. Standard Calculation Procedu}e :

11.5.1 The Standard Calculation
Procedure consists of methods and- .
assumptions for calculating the Energy -
Cost Budget for the Prototype or
Reference Building and the Design
Energy Consumption and Design Energy
Cost of the Proposed Design. In order to
maintain consistency between the
Energy Cost Budget and the Design
Energy Cost. the input assumptions to be
used are stated below. These inputs
shall be used to-determine the Energy
Cost Budget and the Design Energy
Consumption. .

1152 Prescribed assumptions shall
be used without variation. Default
assumptions shall be used unless the
designer can demonstrate that a
different assumption better
characterizes the building's energy use
over its expected life. No modified
default assumptions shall be used in
modeling both the Prototype or
Relerence Building and the Proposed
Uesign unless the designer demonstrates
clear cause to do otherwise. Special
procedures for speculative buildings are
cdiscussed in section 11.5.9. Shell
buildings may not use section 11.0.

,..DECOS-...."

11.53 Crientation and Shape

11.53.1 The Prototype Building shall
consist of the same number of stories,
and gross and conditioned floor area as
the Proposed Design, with equal ares-

per story. The building shape shall. be
rectangular, with a 2.5:1 aspect ratio.
The lony dimensions of the building
shall face East and West. This is
intended to provide an energy budget
that can be met even if thers are -
unfavorable site constraints. The
fenestration shull be uniformiy
distributed in proportion to exterior wall

ares.

11.8.3.2 Floor-to-floor height for the
Prototype Building shall be 13 ft except
for dwelling units in hotels/motels and

* multi-family high rise residential

buildings where fioor-to-floor height
shall be 8.5 ft.

11.5.3.3 The Reference Building shall
consist of the same number of stories,
and gross floor area for each story.as.
the Proposed Design. Each floor shall be
oriented in the same manner as the
Proposed Design. The geometric form
shall be the same as the Proposed
Design. )
11.5.4 Internal Loads

11.5.43. The systems and types of
energy specified in this section are
intended only as constraints in
calculuting the Energy Cost Budget.
They are not intended as either
requirements or recommendations for
either systems or the type of energy to
be.used in the Proposed Design or for
calculation of Design Energy Cost. .

11542 Internal loads for mult. -
family high rise residential buildings are
presented in Table 11-1. These' ‘
assumptions shall be prescribed
assumptions. Internul loads for other
building types shall be modeled as
noted in this subsection. ’
11.5.4.2.2 Occupancy

{a) Occupancy schedules shall be
Default Assumptions. The same
assumptions shall be made in computing
Design Energy Consumption as were
used in calculating the Energy Cost
Budget.

{b) Table 11-2. Occupancy Density,
establishes the density, in ft2/person of
conditioned floor area, to be used for

each building type. Table 11~3, Building _

Schedule Percentage Multipliers,
establishes the percentage of total.

‘occupants in the building by hour of the

day for each building type.
11.54.22 Lighting

{a) Interior Lighting Power Allowance
{ILPA), for calculating the Energy Cost
Budget shall be determined from section
3.0. The lighting power used to calculate
the Design Energy Consumption shall be
the actual adjusted power for lighting in
the Proposed Design. If the lighting
controls in the Proposed Design are
more effective at saving energy than

t'hose required by section 3.3, the actual
installed lighting power shall be used

. along with the schedules reflecting the

action of the controls to calculate the
Design Energy Consumption. This actusl

- instalied lighting power shall not be

adjusted by the Power Adjustment
Factors listed in Table 3.5-2

{b} Lighting energy proiiles are shown
in Table 113 that establish the
percentage of the lighting load switched-

- on in each Prototype or Referencs

Building by hour of the day. These
profiles are default assumptions and can

o be changed when calculating the Energy

Cost Budge! to provide, for example, a
12 bour rather than an 8 hour work ﬁay.

11.5.4.23 Re:eptac/es

(a) Receptacle loads and profiles are .
default assumptions. The same
assumptions shall be made in .
‘calculating Design Energy Consumption
as-were used in calculating the Energy
Cost.Budget. - : o

(b] Receptacie loads include all
general service loads that are typical in
a building. These loads exclude any
process electrical usage and HVAC
primary or auxiliary electrical usage.
Table 114, Receptacle Power Densities;
establishes the density, in W/[t2, to be
used for each building type. The
receptacle energy profiles shall be the
same as the lighting energy profiles in
Table 11-3. This profile establishes the
percentage of the receptacle load that is
gwitched on by hour of the day and by -
building type. . _ .

11.5.5 Building Exterior Envelope
11.551 "Insulation and Glazing

11.5.5.1.1 The insulation and gluzing

characteristics of the Prototype and -
Reference Building envelope shall be
determired by using the first column
under “Base Case", with no assumed
overhangs for the appropriate Alternate
Component Tables (ACP) in section 5.0,
as defined by climate range. The
insulation and glazing characteristics
from this ACP are Prescribed
Assumptions for Prototype and .
Reference Buildings for calculating the
Energy Cost Budget. In calculating the
Design Energy Consumption of the
Proposed Design, the envelope

. characteristics of the Proposed Design

shall be used.
11.5.5.2 Infiltration

11.5.5.2.1 ' For Prototype and
Reference Buildings. infiltration
assumptions shall be prescribed
assumptions for calculating the Energy
Cost Budget and default assumptions for
the Design Energy Consumption.

o
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fnfiltraton shall impact perineter zones
only.

118322 When the HVAC systam i3
switched “ca”, no infiltrar.ca shall be
assumed. When the HVAC svstem is
switched "oil”, the infiltration rate for
buiicings with or without operabie
windows shali be assumed {0 be 0.038.
afm/ 82 of gruss exterior wail. Hotels/
motels and multi-family high sise
residential buildings shall have
infiltration rates of 0.038 cfm/ft3 of gross
exterior wali area atall times,

11.5.5.3 Envelope and Ground
Absorptivities

11.5.3.3.1 For Prototype and - -
Reference Buildings, absorptivity
assumptions shall be prescribed
assumptions for computing the Energy
Cost Budget and default assumptions for
computing the Design Energy
Consumption. The solar absorptivity of -
opaque elements of the building
envelope is assumed to be 70%. The
solar absorptivity of ground surfaces is
assumed to be B0% (20 reflectivity).

11.5.54 Window Management

11.5.54.1 For the Prototype and
“Reference Building, window
managament drapery assumptions shall
be prescribed assumptions for setting
~ the Eneryy Cost Budget. No draperies
shall be the default assumption fos _
computing the Design Energy :
- Consumption. Glazing is assumed to be
internally shaded by medium-weight
draperies, closed one-half time. The
draperies shall be modeled by assuming
that one-half the area in each zone is
draped and one-half is not. If manually-
- operated draperies, shades, or blinds are
to b2 used in the Proposed Design, the
Design Energy Consumption shall be
calculated by assuming they are
effective over one-half the glazing area

in each zone.
11.5.55 Shading

. 11.5.5.5.1 For Prototype and

Reference buildings and the Proposed:
Design. shading by permanent
structures, terrain, and vegetation shall
be taken into account for computing
energy consumption, whether or not
these [eatures are located on the
building site. A permanent fixture is one
that is likely to remain for the life of the
Proposed Design.

- 11.5.8 HVAC Systems and Equipment

11.5.8.1 The specifications and
requirements for the HVAC systems of
the Prototype and Reference Buildings
- shall be those in Table 113, HVAC -
Systems for Prototype and Reference
Buildings. For the calculation of the
Design Energy Consumption, the HVAC

svystems and equipment of the Proposed
[esign shall be used. o

$1.5.6.2 The systems and types of
energy presented in Table 11-3 are
intended onlv as constraints in
caiculating the Energy Cost Budget,
They are not intended as either
requirements or recommendations for
either systems or the tvpe of energy to
be used in the Proposed Building or for

. the :aleulation of the Design Energy
. Cost.

11503 HVACZones

12.5.83.1 HVAC zones fur
calcuiating the Energy Cost Budget of
the Prototype or Reference Building

- shall consist of at least four perimeter

and one interior zones per floor.
Prototype Buildings shall have one

~ perimeter zone [acing each cardinal

direction. The perimeter zones of
Prototype and Reference Buildings shall
be 15 ft in width. or one-third the narrow
dimension of the building, when this

. dimension is between 30 ft and 45 ft

inclusive, or one-balf the narrow
dimension of the building when this
dimensian is less than 30 ft. Zoning

" reguirements shall be a default

asgumpton for calculating the Energy
Cost Budgel. For multi-family high rise
residential buildings, the prototype
building shall have one zone per
dwelling unit. The proposed design shall
have one zone per unit unless zonal
thermostatic controls are provided
within units: in this case, two zones per
unit shall be modeled. Building types
such as assembly or warchouse may be
modeled as a single zone if there is only
one space.

115632 For calculating the Design:
Energy Consumption, no fewer zones
shall be used than were in the Prototype
and Reference Buildings. The zones in
the simulation shall correspond to the
zones provided by the controls in the
Proposed Design. Thermally similar
zones, such as those facing one
orientation on different Joors, may be
grouped together for the purposes of
either the Design Energy Consumption
ot Energy Cost Budget simulation.

11584 Eguipment Sizing and
Redundant Equipment

11.5.8.4.1 For calculating the Energy
Cost Budget of Prototype or Refersnce
Buildings, HVAC equipment shall be
sized to meet the requirements of
section 7.3.2, without using any of the

. exceptions. The size of equipment shal}

be that required for the building without
process loads considered. The designer
shall determine the final equipment
sizing including the process loads by
separate calculations. Redundant and/ .
or emergency equipment need not be

simulated if it is controlled so that it wil
not be operated Juring normal
operations of the building. The designer
shall document the instailation of
process equipment and the size of
process loads.

11.5.84.2 For calcvlating the Desizn
Energy Consumption. actua! air flow
rates and installed equipment size shall
be used in the simulation, except that
excess capacity provided to mee!
process loads need not be modeled if the
process load was not modeled in setting
Energy Cost Budget. Equipment sizing in
the simulation of the Proposed Desiyn

..sncll:correspond to the equipmen:

actually selected for the design and the
designer shall not use equipment sized
automatically by the simulation tocl

11.5.6.4.3 Redundant and/or
emergency equipment need not be
simulated If it is controlled to not be
operated during normal operations of
the building.

11.58.7 Service Woter Heoting

11.52.1 The service water loads for
Prototype and Reference Buildings are
defined in terms of Btu/h per person in
Table 11-0. The service water heating
loads from Table 11~8 are prescribed
assumptions for multi-family high rise
residential buildings and defaxit
assumptions for all other buildings. The
same service water heating load
assumplions shzll be made in
calculating Design Energy Consumption
as were used in calculating the Energy
Cost Budget.

11572 The service water heating
system, including piping losses for the
Prototype Building, shall be modeled
using the methods of the ASHRAE
Handbook, 1987 HVAC Svsterns and
Appifcations Volume using a system
that meets all requirements of section
8.0. The service water hesting
equipment for the Prototype or
Reference Building shall be either
natural gas or =2 huel oil. if natural gas
is not available at the site, or an electric
heat pump.

11.8.7.3 Exception lo section 11.5.7

11.5.7.31 If electric resistance
service water heating is preferable to an
electric heat pump when analrzed
according ta the criteria of section
8.3.7.1 or when service water
temperatures exceeding 145 °F are
required for a particular application,
electric resistance water hesting may be
used. .

1548 Controls

11.3.8.1 All occupied conditioned
spaces in the Prototype. Reference and
Proposed Design Buildings in ail
climates shall be simulated as being
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beth heated and cooled. The
assumpticas in this subsection are
prescribed assumptions, If the Propused
D--ign does not inciude equipment for
¢ -ng or heating, the Design Energy

C. .umption shall be determined by the
srecifications for calculating the Energy
Cost Budget as described in Table 11-7.

11.3.8.2 Exceptions to section 11.5.&

11.5.8.2.1 If a building is to be
provided with only heating or eooling.
buth the Prototype or Reference Building
and the Proposed Design shall be .- ~
simulated, using the same assumptions.
if such an essumption is made, the
anuiysis shall show that the building
interior temperature meets the comiort
criteria of ANSI/ASHRAE 55-1981
“Thermal Environmental Conditions for
Human Occupancy,” at least 98% of the----
occupied hours during the year.

11.5.8.22 If warehouses are not
intended to be mechanically cooled,
both the Energy Cost Budget and Design
Energy Consumption shall be modeled
assuming no mechanical cooling; and

11.5.8.23 In climates where winter
design temperature (87.5% occurrence) is
greater than 59 ‘F, space heating need
not be modeled. .

11.5.8.3 Space temperature controls
for the Prototype or Reference Building,
except multi-family high rise residential
buildings shall be set at 70 °F for space
heating and 75 °F for space cooling with
u deadband per section 7.3.4.5. The
system shut off during off-hours shall be
according to the schedule in Table 11-3,
except that the heating system shall
cycle on if any space should drop below
the night setback setting of 55 °F. There
shall be no similar setpoint during the
cooling season. Lesser deadband ranges
may be used in calculating the Design
EZnergy Consumption.

11.5.83.1 Exceptions to section
11.5.8.3:

{a) Setback shall not be modeled in
determining either the Energy Cost
Budget or Design Energy Cost if setback
is not realistic for the Proposed Design,
such.as 24 hour/day operations. Health’
facilities need not have night setback
during the heating sesson:

{b) Hotel/moteis and multi-family high
rise residential buildings shall have a
night setback temperature of 60 °F from
12:00 p.m. to 6:00 a.m. during the heating
season: and

{c) If deadband controls are not to be
instailed, the Design Energy Cost shall
be calculated with both heating and
cooling thermoslat setpoints set to the
same velue between 70 °F and 75 °F )
inclusive, assumed to be constant for the
year, v
11.5.8.3.2 For multi-family buildings.
the thermostat schedule for the dwelling
units shall be as in Table 11-8.

{2} The Prototype Building shall use
the single zone schedule. The Proposed
Design shall use the two-zone schedule
only if zonal thermostatic controls are
provided. For Proposed Designs that use

- heat pumps employing suppiementary

hest, the controls used to switch on the
suxiliary heat source during morning
warm-up periods shall be simulated
sccurately. The thermostat assumptions

- for multi-family high-rise buildings are

prescribed assumptions.

11.5.8.4 - When providing for outdoor
air ventilation in calculating the Energy
Cost Budget, controls shall be assumed
to close the outside airintake to reduce
the flow of outside air to 0 cfm during
setback and unoccupied periods.
Ventilation using inside air may still be

‘required to maintain scheduled setback

temperature. Outside air ventilation,
during occupied periods. shall be as
required by ASHRAE Stondard 62-1981,
“Ventilation for Acceptable Indoor Air,”
or the Proposed Design, whichever is
greater. '
11.5.8.5 If humidification is to be
used in the Proposed Design, the same
leve] of humidification and system type
shell be used in the Prototype or
Reference Building. If dehumidification
requires subcooling of supply air, then
reheat for the Prototype or Reference

Building shall be from recovered waste

heat such as condenser waste heat.
11.5.9 Speculative Buildings
21.50.21 Lighting

11.5.8.1.1 The interior lighting power

allowance {ILPA) {or calculating the
Energy Cost Budget shall be determined
from Table 3.4-1. The Design Energy

. Consumption may be based on an

assumed adjusted lighting power for

‘future lighting improvements.

(a) The assumption about future

lighting power used to calculate the

Design Energy Consumption must be

documented so that the future installed -
~ lighting systems may be in compliance

with these standards. Documentation

- must be provided to enable future

lighting systems to use either the
Prescriptive method of section 3.4 or the
Systems Performance method of section
3.5.

(b) Documentation for future lighting
svstems that use the Prescriptive .

method of section 3.4 shall be stated as -
- a maximum sdjusted lighting power for

the tenant spaces. The adjusted lighting
power allowance for tenant spaces shall
account for the lighting power provided
for the common areas of the building.

(c) Documentation for future lighting
systems that use the System
Performance method of scction 3.5 shall
be stated as a required lighting

adjustment. The required lighting
adjustment is the whole building lighting
power assumed in order to calculate the
Design Energy Consumption minus the
ILPA value from Table 3.4-1 that was
used to-calculate the Energy Cost
Budget When the required lignting
adjustment is less than zero, a complete
lighting design must! bz developed for
one or more representative tenant
spaces, demonstrating acceptable
lighting within the limits of the assumed
lighting power allowance,

11592 HVAC Systems and Equipment

11.5.82.1 If the HVAC system is not
compietely specified in the plans, the
Design Energy Consumption shall be
based on reasonable assumptions ebout
the construction of future HVAC
systems and equipment. These
assumptions shall be documented so
that future HVAC systems and
equipment may be in compliance with
these standards.

1.6 The Simu]at:‘an‘ Tool

11.81 Annual energy consumption -
shall be simulated with a multi-zone,
§780 hours per year building energy
model. The model shall account for:

11.6.1.1 The dynamic heat transfer of
the building envelope such as soiar and
internal gaine;

11.61.2. Equipment efficiencies as a

. function of load and climate;

11.6.13 Lighting and HVAC system

controls and distribution systems by

simulating the whole building:

" 11.6.1.4 The operating schedule of
the building including night setback
during various times of the year: and

11.8.1.53 Energy consumption
information at a level necessary to
determine the Energy Cost Budget and
Design Energy Cost through the
appropriate utility rate schedules.

11.8.2 While the gimulation tool
should simulate an entire vear on an
bour by hour basis {8760 hours),

-programs.that approximate this dynamic

analysis procedure and provide

- equivalent results are acceptable.

11.6.3 Simulation tools shzall be
selected for their ability to simulate

.acecurately the relevent features of the

building in question, as shown in the
tool's documentation. For example, a
single zone model shall not be used to -
simulate a large, multi-zone building,
and a steady-state model such as the
degree-day method shall not be used to
simulate buildings when equipment
efficiency or performance is
significantly affected by the dynamic
patterns of weather, solar radiation., and
occupancy. Relevant energy-related

- features shall be addressed by a model
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such as daylighting, atriums or

-sunspaces, night ventilation or thermal

storage, chilled water storage or heat
recovery, active or passive solar
systems, zoning and controls of heating
and cooling systems. and ground-
coupled buildings. In addition, models
shall be capabie of translating the

.Design.Energy-Conaux_nptiou into energy

o

cost using actual utility rate schedules .
with the coincidental electrical demand-
of a building. Examples of pubiic
domain models capable of handling such
complex building systems and energy -
cost translations availabie in the United
States are DOE-2.1C and BLAST 3.0 and'
in Canada, Energy Systems Analysis:
Series., : . . ot

T A

11.8.4  All simuldtion toois shall use .
scientifically justifiable documented
technigues and procedures for mode!ing
building loads, systems. and equipment,
The aigorithms used in the program
shall have been verified by comparison
with experimental measurements. loads.
systems, and equipment,

T RALING COOR 64500144
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TABLE 11-2
OCLUPANCY DERSITY

i i H
| ] CONDITIONED FLOOR AREA |
| BUILDING TYPE I Fe2/persow |
} f {
l : :
} Assembly | s0 |
! | !
] Office ] 275 ]
I i .y x
] Retail | 300 |
! o :
| Warehouse | 15000 |
e . n :
] School | 75 I
! a ;
] Hotel/Motel | 250 ]
! ! |
] Restaurant i 100 I
! | | |
] Health/Imtitutional i 200 |
| | |
] Multi-family High Rise | ]
| Residential | 2 per wnit! I
t. 1 [

Heat generation: Btw/h per person: 230 Stu/h per persory sensible, and 190 |
Btu/h per -person latent, ' . .. .

§
1. See Table 11-1
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NCTES FOR_TasLe 11-3

.

1 Reference: Recommercations for Energy Conservation Standsros snd
Cuidelines for New Commercial Bufldings, vol. Hl App. A Pacific
Northuest Laboratory, PNL-4870-8, 1983,%

2 Teble H°3 containg multipliers for conwverting the mominsl values. - e
for bwilding occupsncy (Table 11-2), receptacle power: dcmity o _ o
(Table 11-4), service hot water (Table 11-6), snd lighting enetyy i
(Sectien 3.4 or 3.5) into time series drte for estimating building s o
loa& u'uor the surdnd Caleulation Procedure. . , e PR

Fer sach stencrd buildmg profile there sre thm series - one esch

for weekdays, Saturday ard Surdsy. There are 26 elemants per series. .

Thm represent - the mttipticr that  shoald be used to estimate building . ) .
loads from 12 a.m. to 1 a.m. (series element #1) through 11 p.a. to 4

12 s.m. (series element #24). The estimmted load for eny hour is gimply

the multiplier from the sppropriate standard profile mttxpuod by the ,

agprepriste value from ‘the tables citod sbove,

3 The lmlqu HVAC System Schedule listed in Table 11-3 lists the howes
uhen the HVAC system shall be considersd “om* or %of#* in sccordance
with Section 11.5.%.2.




Federal Register /' Vcl. 34. No. 18 / Monday. January 30, 1623 / Rules and Reguiations

—

+ L

TABLE 114 ' -
RECEPTACLE POWER DENSITIES

SUILDING TYPE

w/tt? oF
TIONED FLEOR AREA

Assemply
Otfice
a‘l'otaﬂ
Qb-hcuu
School
Hotal/Motel
estaurant
Health

Multi-fFamily High Rise
Ras'idmtial

r....‘—-..._-_.—.——.—-——-————-—-......—...—-..-—.-—.—.—.—-—.__.-

I
!
!
1
!
!
!
!
1
!
!
!
!
!
|
x
!
!
!
!
!
;

0.1
1.0
Included in Lights and

Equipment portions of
Table 111

| St @ e e M e e e e e S o S — s s ot b e e o

i
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~ TABLE 115 ' o :
HVAL SYSTERS OF PROTCOTYPE AND REFERENCE IUILDINGS" 2

isvsmko.i REMARES |
!

f___......_—.,.-_--....._._.........-.-........_,..._.....-

BUILDING/SPACE CCTUPANCY . {(TABLE 11-7)| (TABLE 11-73]
1] 1) P )
Asseply | | |
4.  Churches (any size) } 1 | |
b. 50,000 ft2 or <3 floors [1er3 | wotet |
c. 50,000 #t2 or >3 floors ! 3 1
. . 3, l ]
1] t ]
Office | { A .
a. <20,000 #t2 | 1 I |
B. 20,000 $t2 snd either 1 | ] -
<3 floors or <75,000 12 | & | |
c. >75,000 ft2 or »3 floors ! 5 ]
t } i -
Retail ] ] 1
a. 50,000 #¢° [1er3 | wotet |
b, >50,000 t2 jeorS | Noret |
M 1 4
1 ] i
© Harehouse | 1 | sote 1 I
t + i
Schools | | 1
a. 75,000 f22 or 3 floors ] 1 ] ]
b. >75,000 fcZ or >3 floors ] 3 R
t t i
Kaotel/Motel 1 | ]
a. <3 stories ] 2er 7 | WoteS5, 7 | )
b. >3 stories | 6 | uote 6 }
1 K] !
14 ] . 1
Restaursnt ]1or3 | %ote 1 }
! : §
t 11 1
Health » | { | -
& Hursing Home (atry size) |20r 7 | wote 7 !
b. 15,000 <2 ! 1] |
€. 15,000 tt2 and 50,000 fr? | & | wote2 |
d. 50,000 t¢2 ] 5 | wote2, 3 |
4 4 1
¥ H 1
rulti-Family High Rise Resicential >3 stories] 7 | ]
. . ] 1 )

o e e St s e i me e Sa e - —— e —— — — . — o

1 Space snd Service Water Weating bumget calculations shall be made using
both electricity ancd natural gas. The Energy Cost Budget shall be the
lower of these two calculations. !f matursl gas is not availadle et the
rete, electric'ty ard #2 fuel oil shall be used for the budget . . Ce e
caleulations, i .

2 The "systu ard energy types presented in this Table sre not intended
as requirements or recosmencations for the preposed design. Floor
sreas below are the totsl conditioned floor aress for the listed
ccoupancy type in the bullding. The rumber of floors indicated betow is
the total number of occupied floors for the listed occupency type.
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. . TABLE 11-5
. SERVICE MOT WATER QUANTITIES

{ . T =
| uilding Type |  BrwPersan-hour! |
] T {
| ! I .
| 1. Assesbly ! 215 |
| | I
| 2. otfice i A7 | .
| | e S 5 . :
| 3. Retail } 135 ]
|- : | : I
| 4. warehouse ‘ 225 '
I | |
| S. schoot - I 215 | . .
| v I ' !
) 4. Motel/motel ] 1110 |
| 1 | O
] 7. Restaurant | | 390 |- "
| I A
| 8. wealth | 135 -
I : ! ‘ I4
I 9. multi-famity i ]
[ : High Rise | o . -
| Residential | 17002 !
{ 1 . J

1. This value is the muiber to be sulliplied
by the percentage multipliers of the
tuilding profile schedules in Table 11-4. ) ;
See Table 11-2 for ocoupancy levels.

Total hot uater use per dwelling unit for
each hour shall be 3400 Btu/k times the
sutti-family high rise residential tuilding
SUN system sultiplier from Table 11-3.
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TABLE 11-7 , ‘o o
HVAC- SYSTEM DESTRIPTION FOR PROTOTYPE AND REFERENCE BUILDINGS'e 2

i i i T i i
| wvac, | I I | I
| COMPONENT | srsten | sYsTEM £2 | SYSTEM #3 | SYSTEM %4 j
1 L] i 1 1 !
{ 4 " i [ 1
| System Descriptions | Packaged reoftop ] Packaged terminal | Air handler | Peckaged rooftop i
} | single zome, one | air conditiomer with., | per zone with | VAV w/perimeter rehest |
{ | wnit per zome | space hester or | centrat plant ! S
| ] | hestpump, one hestings | ] }
| ] | ecooling unit per zone | } ]
p t ? t t 1
| fon systen | | | | -
| Desion mpply | dote 9 | Note 10 | note & | Wote ® !
| cireulation rate | | [ i !
b S : } t et !
| Sueply fan toral ..|. 1.3 ine-W.Come- | - /&= - ] 2.0 in, w.C. i 3.0 in. W.C. {
| static pressure | ] | ] i
% t t n : : {
Coobined supply | 40% | WA { 50% | 45% }
fan, motor, e | | | ! |
drive efficiency | ! | ! !
1 - ! H ! J
i 1 + H t
Supply fen'control | Constant volume | Fan Cycles with call | Constant volume | VAV w/forward curved !
: | | for heating or cooling | | centrifugal fan ang i
| ] : ) | ] varisble inlet vanes {
t } ; : !
Return fen total | /A I 7/ ) } 6.6 in. W.C. | 0.6 in. w.C. ol
static pressure | { . | 1 {
m— = : 4 i
Combined retwn | W/A RL7LY | == } =% i
fen, motor, ad | I i ! i
drive efficiency | ! 1 | |
5 — % : :
Return fan control | /A [ KA { Constant voluwe | VAV wtforuard saseved {
‘ | I . | | cemtrifugal fan end i
! | | | discharge caspars {
) (] 1 :

N i i A 1 14 LI
Cooling System ] Direct expansion | Direct expension | ehilled water | Direct expansion |
| air cooled - | sir cooled | tuote 11) | soir cooled |
1] 1 [ ) ]
¥ ] . 4 1 [}
Keating System | Furnsce, hestpump, . | Hestpurp welectric | Hot weter | -Hot woter (Note 12) or |

| or electric | resistence suxiliary | (Wote 8, 12) | electric resistance 1

| resistence (Note 8) | or air conditioner { | (note &) i
] ’ |. w/space hester (lote 8) | ] !
_ — : ; ; :
Remerks | DPrybulb economizer | No ecenomizer | orytulb economizer | Orybulb econamizer per |
| per Section 7.4.3 | | per Section T.4.3 | section 7.4.3 minisum |
| (barametric relief) | ! | ] vav setting per 7.4.3 |
| ] i | exception 1. Supply sir !
] | | | reset by zenc of v }
| | ! | greatest cooling derend. !
2 i ] ! J

Moves:

1. The systams and energy typss presentsd in this Table sre not intended be requirements of recommengations for the proposed
desipn. .

2. For rambered notes see end of Tadble 11-7,
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TABLE 11-7, (Contirued)
HVAC SYSTEM DESCRIPTION FOR PROTOTYPE AND REFERENCE BUILDINGS'

tavAC

CMPOHENT

SYSTEM #5

SYSTEM %6

SYSTEN #7

System Description

I
Built-up central ]
VAV with perimeter |

|

Four-pipe fan coil
per zone with central

Water source hest pump ’

[.-.-.....-—..,-._._-.-,...... ey

Chilled water (Note 11)-

centrifugsl biower type coolirg
tower sized per Note 11.
Cireulating pum sized for 2.7
GPH per ton, |

Heating Systes

Hot water (Note 12) or
- electric resistance
(kate 8)

Hot water (Note 12) or
electric resistarce
(Note 8)

Electric or natural draft fossgil
fuel boiler (Note 8)

reheat plant .
t t
Fan System | . ]
Design swpply Note 9 | note 9 | note 10
circulation rate ] {
] i [
| Supply fan tozal 4.0 in. ¥W.C. | 0.5 in. w.C. | 0.5 in. W.C.
| static pressure | |
| !
| Combined supply §3% | 25% P14
| tan, motor, and ' |
| drive efticiency |
i {
{ T
| Supply fan control VAV w/air-foit | Fan cycles w/eall for fan cyeles w/cail for
i centrifugal fan ard AC | heating er cooling heating or coolirg
| frequency variable speed | ‘
] drive |
F t
Return fan total 1.0 in. W.C. | w/A N/A
static pressure ]
t
‘
Combined return fan, 30% | ura H/A .
. eotor, ard drive |
efticiency |
]
i
aeturn fan control VAV with air~foil | N/A WA
: cantrifugal fan ard AC {
trequency variable speed |
drive ]
]
- R H N .
Cooling System | Chitled water (Note 11) | Clesed circuit, centrifugal
]
|
!
|
1
1
|
|
|
{
1
!
|
|
]
!
I
1

i
!
i
!
!
i
|
!
|
!
|
|
|
i
x
!
|
|
!
i
!
3
i
l
|
!
|
:
x
!
!
i
1
!
i
!
!
!
|
|

Drybulb economizer per
Section 7.4.3

Ninimrm VAV £etting per
Section 7.4.4.3 .
Supply air reset by zone of
grestest cooling demard.

Tower fans and boiler cyvled
to maintain circulating water
tarperature between 40 and
design tower leaving water
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TABLE 11-7
HUMBERZD NOTES FOR TABLE 11.7
© WVAL SYSTEM DESCRIRSIONS FOR PROTOTYPE MWD REFERENCE BUILDINGS

NOTES:

1. for ccoupancies such as regtaurants, assendly i&: retail which sre part of a mined use building wvhich, sccording to Table
117, incluies 8 contral evilled water piant (systems 3, 5, or 6), cnilleo water systan type 3 or 5, as irgticated in the
Tedle, .shall be used. o . ‘

2. Constant volume way be wsed in 2omes where w;nsuriznion relationships must be maintained Dy code. VAV shail be used 'in
sll other sress, in. sccordarce with Section 7.4.4.3. : : * )

3. provice rwirmlmt'mm systems for all fan gystems with minimsm outside air intake greater then 7SI, Recovery
eftectiveness snsll be 0.60. : '

4. 1f & werehome is mot intended to be mechanicatly cooted; both the tnergy Cost Budgets anc Design Enrergy Costs, may be
catculated sgsuming mo mechanical cooling, ' . . .

S. The system listed is ‘for guest rooms anly. Aress such as pudlic sress ang tack-of-house arees shall be served by system &,
Other aress auch as offices s retail shall be served by the systems iisted in Table 11+7 for these ccoupancy types.

‘6. The system listed is for guest rm only, Argas 'w:h 8 pdtic aress ana back-of-house aress shail be served by system S.
Other sreas such st offices and retail shall be served by systems listed 1n Table 11-7 for these cccupency types.

" 7. System 2 shall be used for the Energy Cost Budget calculation except n arees with cesigh heating outsioe sir temperatures
less than 10 °F, - T ) . .

e e. ce . AR

8 Prototyps erergy tusget’ cost calcutations shall be rooe using both electricity and maturat gas. If natursl 938 ‘§ hot
available at the site, electricity and ®2 fuel oil shall be used.” The Energy Cost ducget snall be the tower of these results.
Alternately, the Energy Cost Wt: may be based on the fusl sourte that minimizes total ersting, mmintensnce, equipment,
sl iratalistion costs for the prototype over the buiiding Lifetime. Eosioment and installation cost estimates shall be
prepared Using protessionstily recopnized cost esTimating ‘tools, guices, and techniguet, The methods of sralysis shetl comform
to those of Subpart A of 10 CFR 434, Energy costs shall be based on ectual costs 1o the building as cefined in this Section.

Design sugoly air circutation rate shatl be besed on & Wipply air torroom 2ir temperature difference of 20 7. A higher suzoly
3ir tesperature mey be used if recuired to maintein & minimm circulation rate of 4.5 air chenges per hoaur or 15 cfm per
person at cesign corditions to esch 2one served by the system. [f return fans are specified, they shatl be sizet from the
spply fen capscity less the required minimum ventilation with cutsice arr, or 7% of the DLy -8ir capacity, whichever is
targar. Except where noted, sudly srd return fems shall be perated continuously Guring occuwpied hours.

10. Fan Energy When inciuced in the efficiency rating of the unit as Gefirea in Section 7.4.4.3 need Mot be mockeled explicitiy for
this system. The fan shall eycle with calls for neating or coot ing, ) :
11 Chilled water systess shall be moceled using 3 reciprocating ehilter for systems with total cooling capscities less than 175
tong, sred eentrifugal chillers for systems with cooling capscities of 173 tons or grester., For systems with cooling of 600
tons or more, the Energy Cost Buoget shatll be catculsted Wing two centrifugal eniliers leads/lag controtied, Chilled water
Pures shall be sized wing a 12 °F tewperature rise, from & OF 1o 5¢ 9F, operating ot 75 feet of head and and 5% combined
impeller snd motor efficiency. Concenser water pumps shaii be sized wting 2 10 °F tempersture rise, opersting st 60 feet of
heed and 60X combined inpelier snd wotor efficiency, The cooling tower shall be an open tirguit, centrifugal biower type
sized for the (arger of 85 SF leaving water tespersture or 10 °f approach to orsign wettulb tevomrature. The tower shall be
controlied to proviee 2 65 OF leaving wster terperature whenever weather conditions permit, flosting @ to design -ieaving vater
terpersture at design conditions. Chilled water sutdly tewersture shall be reset in sccordarce with Section 7.4.6.2,

12. WOt water system shell incluoe s metural craft fossil fuel or electric boiter per Hote 8. The hot waiter mumo shall be sized
besed on. 8 30 °F temperature crep, for 180 OF to 150 °F, cperating at 40 feet of hesd W & comoired impeller snd motor efficiency
of 40%. Mot weter supply tempersture snali be reset in sccorcance with Sectiom 7.4.6.2.
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I TABLE 11-8 S
" [=ERMCSTAT SETTINGS FOR MULTI-FAMILY KIGH-RISE BUILDINGS ‘ '
T ’ T T —
| TIME OF DAY | SINGLE IOHE } TWO ZONE ]
| ' ] OWELLING WnIT H DWELLING UNIT ]
L ol : ) ! . !
L 1 1 ¥ i i
] | } |  BEDROCMS/BATHROCMS |  OTHER ROOMS | -
| | l F T ~ T !
[ | wear | cooL ¢} weAr | cool | MEAT | coou |
- , F i ; % 1 f !
| wicnight -~ 6 a.a. | &0 | 73 | & | ™ | & | &5 |
! I 1 I l ! | I
| éaa -9aa3 | 70 | 73 | ] n | | |
| | ! o I e I
] 9 s -5 p.m. | 70 | 78 | & | & | ©» | 718 |
| ! o _ | I | !
| . 5 pa - 11p.a. | 7 ] by | | @& | o | 1 |
! I I ! l l | |
| 11 pom - wignighe | 60 | 7 | & | m® | & | m |
! ! ! I ! ! l -
i : 3 1 H | A oo
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§ €35.112 Building energy compliancs

- .aiternative,

12.1 General

12.1 This section provides an
alternative path for compliance with the
standards that allow for greater.

" flexibility in the design of energy
efficient buildings using an annual - -

-energy target method. This path, as does

the path used in section 11.0, provides
:an opportunity for the use of innovative
'designs, materials, and equipment such
as daylighting, passive solar heating,
‘heat recovery, and thermal storage as

well as other applications of off-peak
electrical energy where they cannot be
adequately evaluated by the
prescriptive or system performance
methods found in sections 3.4, 3.5, 5.4,
55 74.andod.

1212 The Building Energy Use
Budget Target alternative may be used

" as an option to the Building Energy Cost

Budget method in Section 11.0 and is 10
be used in lieu of the prescriptive and
system performance methods and in
conjunction with sections 3.3, 4.3, 5.3,
8.3,7.3, 8.3, 8.3 and 103 '

- 12.1.3 Compliance under this section
is demonstrated by showing that the
calenlated annual energy usage for the
Proposed Design is less than or equal to
a calculated Energy Use Budget. (See
Figure 12-1). A life~cycle cost economic
analysis is required to evaluate

_ alternative fue! sources and energy

reduction strategies. The procedures in
this chapter are intended only for
establishing design compliance, and are -

_'not intended to be used either to predict,. .
. - document or verify annual energy |
. .consumption or annual energy costs.

. BULLING CODE 8450-0%-4
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PROPOSED DESIGN
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FIGURE 5. 1-3
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SECTION 12.3 SECTION 312.2
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| EMERGY USE SUDGET

SECTION 12.2

COMPLIANCE COMPLETED
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1214 Comgliance under the Building
Eergy Use Zudget method requires a
detuiied energy anaivsis, using a
ccriventiona: simulation tool, of the
Troposed Design A lile-cycle cost
azalvsis shall be used to select the fuel
source for the HVAC systems, service
bot water. azd process loads from
available alternatives. The Annual
Energy Consumption of the Proposed
Design with the life-cycle cost-effective
fuel selection is calculated to determine
the modeied energy consumption. called
the Design Energy Use.

121.5 .The Design Energy Use is
defined as the energy that is consumed -
within the five foot line of a proposed
- building per ft2 over a 24 hour day, 365-

day year period and specified operating . .
hours. The calculated Design Energy
Use is then compared to a calculated
Energy Use Budget.

12.1.6 Compliance. The Energy Uae
Budget is determined by calculating the
ennual energy usage for a Reference or
Prototype Building that is configured to
~ comply with the provisions of Section
. 11.0 for such buildings, except that the
fuel source(s) of the Prototype.or
Reference Building shall be the same
life-cycle cost-effective source(s)
selected for the Proposed Design. If the
Design Energy Use is less than or equal
to the Energy Use Budget then the

proposed design cormplies with these
standards.

1217 This seclion provides
instructions for determining the Design
Energy Use and for calculating the
Energy Use Budget The Energy Use
Budget is the highest allowable
csiculated annual energy consumption
for & specificd building design.
Designers are encouraged to design

. buildings whose Design Energy Use is

lower than the Energy Use Budget.
Incorporated in this section isan -

optional life-cycle cost economic -

analysis procedure that may be used by
the designer to examine the economic
feasibility of all energy design
alternatives and to produce a more
optimum design. ...

122 Determination of tbe Annual
Energy Budget

12.21 The Energy Use Budget shall
be-calculated for the appropriate
Prototype or Reference Building in
accordance with the procedures
prescribed in section 11.2 with the
following exceptions: The Energy Use
Budget shall be stated in units of Btu/ft*
yr and the simulation tool shall |
segregate the calrulated energy
consumption by fuel type producing
Energy Use Budget for each fuel {the fnel
seiections having been made by a life

cvcle cost gnalysis in determining the

preposed design).
1222 The Energy Use Budget (EUB)
is calculated similarly for the Reference

or Frototype Budmg using the following -

eguation:

EUB=EUB: « i + EUB:/ b+ ..... +EUB>{
Eyuation 12-2

Where EUB;, EUB.. . . . EUB,are the

calculated ennual energy targets for
each fuel used in the Reference or
Prototype building and fi. &, . . . [ are
the energy conversion factors given in
Table 12-1. In lieu of case by case
calculation of the Energy Use Budget,
the designer may construct Energy Use
Budget tabies for the combinations of
energy source(s) that may be considered
in a set of project deslgns such as
electric heating, electric service water,

-and gas cooling or oil heating, gas

service water and electric cooling. The
values in such optional Energy Use
Budget tables shall be equal to or less
than the corresponding Energy Use

. Budgets calculated on a case by case

basis according to this section. Energy
Use Budget tables shall be constructed
to correspond to the climatic regions
and building types in accordance with
provisions for Prototype or Reference
Building models in Section 11.0 of these
standards.

BULIG CODE ¢450-0 vt
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TABLE 12-1
+  FUEL CONVERSIOH FACTORS FOR COMPUTING DESIGH AeMUAL ENERAGY. USES

FUELS CONVERSION FACTOR

Electricity 3412 'ltu/kilmnét hour

$ i - oo whe e o
.

Fuel Oil 133,700 Btwgallon

Natursl Gas - 1,031,000 8tus1600 ¢S

Liquified Petroleus

|
H
i
i
!
I
!
|
|
|
| 95,500 stweoallan
tincluding Propane and Butane) | - ‘

- * - I
I
|
!
|
!
}
!
!

Anthrecite Coal 28,300,000 Stu/short -ton

26,580,000 8tu/short ton

“Bitwminous Coal = -- .

Purchased Steam m‘ Steas

1,000 Stu/Pourd -..
from Central Plants '

High Tempersture or Medium Ute the heat value based

!
I
i
I
I
!
|
!
!
I
|
|
|
I
!
I
|
|
!
!
!
i

O S d——y s, Sty s st Gl Wil . st i e g oo poronts

Terperature Yater fron " on the uater actually

Centrsl Plants . | deliversd st the tuilding :
| ¢ive foot tine ;
1

e

MOTES At specific locations where the energy source Btu
content varies significantly from the valus presented sbove
then the tocal fuel velus swy be used provided there i3
siupporting documentation from.the fusl source supplier stating
this sctual fuel emergy value end verifying that this valus
will resain consistent for the foressesble future. The fual
_content for fuels not given sbove shall bo determined from the
b«t avai ub{c source.

SILLING CODE 8480-04-C
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2.2 Determination of the Design
Ernergy Use

12.3.1 The Design Energy Use shall
be caiculated by modeling the Proposed
Design using the same methods,
assumptions, climate data. and
simuiation tool as were used to
esiabiish the Energy Use Budget. but
with the design features that will be
used in the final building design. The
" simulation tool used shall segregste the
calculated energy consumption by fuel
type giving en annual Design Energy
Use for each fuel. The sum of the Design
Energy Uses muitiplied by the fuel
conversion factors in Table 12-1 yields

. the Design Energy Use for the proposed
design:
DEU=DEU, X f; +DEUs X fs+ +... +DEU, x f;
Equation 12-2 ’

Where [,. £, . . . [, are the fuel conversion
{actors in Table 12-1.

12.3.2 Reguired Life Cycle Cost
Analysis for Fuel Selection

12321 Fuel sources selected for the
Proposed Design and Prototype or
‘Reference buildings shall be determined
by considering the energy cost and other
costs and benefits that occur during the
expected economic life of the
altermnative,

12.3.2.2 The designer shall use the
. procedures set forth in Subpart A of 10
- CFR Part 436 to make this
determination. The fuel selection life
* cyvele cost analysis shaull include the
Jollowing steps:

123.2.21 Determine the feasible
ulternatives for energy sources of the
Proposed Design's HVAC systems,
service hot water, and process loads.

123222 Model the Proposed Desizn
including the alternative HVAC and
service water gystems and conduct an
annual energy analysis for each fuel
source alternative using the simulation
tool specified in this section. The annual
energy analysis shall be computed on &
‘monthly basis in conformance with
section 11.0 of these standards with the
exception that all process loads shall be
included in the calculation. Separate the
curput of the analysis by fuel type.

12.3.2.23 Daotermine the unit price of
each fuel using informatiof: from the
utility or other reliable local source.
During rapid changes in fuel prices it is
recommended that an average fue! price
for the previous twelve months be used
int lieu of the current price. Caiculate the
annual energy cost of each energy
source alternative in eccordance with

procedures in Section 11.0 for the Design
Energy Cost. Estimaie the initial cost of
the HVAC and service water systems

- and other initial costs such as energy

distribution lines and service connection
fees associated with each fuel source
alternative. Estimate other costs and
benefits {or each alternative including,
but not necessarily limited to, annual
maintenance and repair, periodic and
one time major repairs and
replacements and salvage of the energy
end service waler systema. Cost
estimates skal] be prepared using
professionally recognized cost

estimating tools, guides and techniques,

12.3.2.2.4 Perform a life cycie cost
analysis using the procedure specified in
scction 12.3.2. ‘

123225 Compare the total life cycle
cost of each energy source alternative.
The alternative with the lowest total
life-cycle cost shall be chosen es the
encrgy source for the proposed design..
12.4 Complionce .

124.1 Compliance with this section
is demonstrated if the Design Energy

Use is equal to or less than the Energy
Use Budget. ’ )

DEUKEUB

Equetion 12-3

12.42 The energy consumption shall
be measured at the building five foot
line for all fuels. Energy consumed from
non-depletable energy sources and heat
recovery systems shall not be included -
in the Design Energy Use calculations.
The therma! efficiency of fixtures,
equipment, systems or plants in the
proposed design shall be simulated by

. the selected calculation tool.

12.5 Standard Calculation Procedure

12.51 The Standard Calculation
Procedure consists of methods and
assumptions for calculating the Energy
Use Budgets for Prototype and
Reference Buildings and the Design
Energy Use for the Proposed Design. In

order to maintain consistency between

the Energy Use Budgets and the Design
Energy Use, the input assumptions
stated in section 11.5 are to be used.
12.52 The terms Energy Cost Budget
and Design Energy Cost or Consumption
used in section 11.0 correlate to Energy
Use Budget and Design Energy Use,
respectively, in section 12.0,

3228 The Simulation Tool

12.6.1 The criteria established in
Section 11.0 for the sclection of a

simulation too! shall be {ollowed when
using the compliance path prescribed in
Section 12.0. :

12.7 Life Cycie Cost Analysis Criteria

1271 The following life cycle cost
criteria applics to the fuel selection
requirements of this chapter and lo
option life cycle cost analyses
performed to evaluate energy
conservation design alternatives. The |
fuel source{s) selection shall be made in
accordance with the requirements of
Subpart A of 10 CFR Part 436. The
implementation calculations for the

athodology of Subpart A of 10 CFR
Part 436 is provided in Neticnal Burecu
of Standords A ndbook 135 entitled
“Life Cycle Cost Manual for the Federa!
Energy Mansgement Proram.” When
performing life cycle cost analyses of
optional energv conservation
opportunities the designer may use the
life cycle cost procedures of Subpart A
of 20 CFR Port 436 or OMB Circular A~
84 or an equivalent procedure that meets
the assumptions listed below:

12.7.1.1 The economic life of the
Prototype Building and Proposed Design
shall be 25 years. Anticipated
replacements or renovations of energy
related {eatures and sysiems in the
Prototype or Reference Building and
Proposed Design during this period shall
be included in their regpective life cycle’
cost calculations,

12212 * The designer skall follow
established professional cost estimating
practices when determining the costs
and benefits associated with the energy
related feetures of the Prototype or
Reference Building and Proposed
Design.

12.7.3.3 Al costs shall be expressed
in current dollars. Genersl inflation shall
be disregarded. Differential escalation
of prices (prices estimated to rise faster
or slower than general infiation) for
energy used in the life cycle cost
calculations shall be those in effect at
the time of the life cycle cost
calculations as published by the
Department of Energy's.-Energy
Information Administration.

27.14 The economic effects of
taxes, depreciation and other factors not
consistent with the practices of Subpcr?
A of 10 CFRR Part 436 shall not be
included in the life cycle cost
calculation.
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