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Historical Efficiency Improvements

Significant progress has been made in improving
the energy efficiency of buildings and HVAC equipment

USA New Commercial Construction Standard Strigency 1975-2015
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First-Cost DOE 90.1-2013

TABLE 2—INCREMENTAL CONSTRUCTION FIRST CoST (2013$) FOR ASHRAE 90.1-2013 vs. ASHRAE 90.1-2010

ASHRAE Climate zone
Prototype Value
2A 3A 3B 4A 5A
Small Office .....c.covvverercnnens | First COSt oo ($2,601) ($906) ($1,358) $12,472 $9,072
3112 ($0.47) (30.16) ($0.25) $2.27 $1.65
Large Office ........oowvvececueee. | First COSE v $352,647 | ($1,065,759) |  ($1,476,190) $98,124 |  ($1,014,770)
SIM2 oo $0.71 ($2.14) ($2.96) $0.20 ($2.04)
Primary School .................... | First Cost .......ccocovvvvivvvnnnns $88,857 $119,646 $9,620 $167,916 $179,872
L1 $1.20 $1.62 $0.13 $2.27 $2.43
Small Hotel ......coevevrvevrneenes | First COSt v $20,483 $18,527 $18,675 $32,441 $39,120
SM2 e $0.47 $0.43 $0.43 $0.75 $0.91
Mid-rise Apartment .............. | First Cost ......ccccovivinnnnee. $5,711 $23,214 $23,358 $12,891 $19,577
G2 s $0.17 $0.69 $0.69 $0.38 $0.58

1. Notes: Negative costs (shown in parentheses) indicate a reduction in cost due to changes in the code, usually due to reduced HVAC

capacity.'s
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Savings DOE 90.1-2013

TABLE 4—ANNUAL LIFE-CYCLE COST (LCC) NET SAVINGS (2013%) FOR ASHRAE 90.1-2013 vs. ASHRAE 90.1-2010

Prototype ASHRAE Climate zone
Value 2A 3A 3B 4A 5A
Small Office ........cccccoe... | Total ..o, $21,600.00 $15,200.00 $10,800.00 $2,900.00 $5,000.00
2 3.93 2.76 1.96 0.51 0.91
Large Office ................. | Total ........... 740,000.00 1,650,000.00 2,540,000.00 310,000.00 1,340,000.00
/M2 1.48 3.31 5.09 0.60 2.69
Primary School ............... | Total ........... 246,000.00 116,000.00 398,000.00 70,000.00 109,000.00
$ht2 ........... 3.33 1.57 5.38 0.95 1.47
Small Hotel ..........c......... | Total ........... 96,410.00 76,000.00 78,000.00 62,600.00 68,000.00
$it2 .......... 2.23 1.76 1.81 1.45 1.57
Mid-rise Apartment ......... | Total ........... 59,600.00 22,600.00 23,800.00 29,200.00 28,500.00
$iftz ........... 1.77 0.67 0.71 0.87 0.84

https://www.federalregister.gov/articles/20
15/11/06/2015-28078/energy-efficiency-
standards-for-new-federal-commercial-and-
multi-family-high-rise-residential#t-2
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LIGHTING POWER TABLES




S
Space-by-Space Method

Table 9.6.1, Part 1

TABLE 9.6.1 Lighting Power Density Allowances Using the Space-by-Space Method

and Minimum Control Requirements Using Either Method

Informative Note: This table is divided
into two sections; this first section covers
space types that can be commonly found

The control functions below shall be implemented in accordance with the descriptions found in the referenced paragraphs within
Section 9.4.1.1. For each space type:
(1) All REQs shall be implemented.
(2) At least one ADD1 (when present) shall be implemented.
(3) At least one ADD2 (when present) shall be implemented.

in multiple building types. The second Restricted to i Auto n:'latic Alll‘ﬂl‘l-'litit' Automatic
part of this table covers space types that Local Contro) Restricted to Partial L]::::i‘:g R'::;:‘i’:‘w R'::;:‘f:;:e Partial OFF  Automatic  Scheduled
are typically found in a single building _ Manual ON  Automatic {See Section  Full OFF Shutoff
type. (See Section g Gection  ON (See Control — Controls for  Controlsfor "y |\ 111" (See Section  (See Section
SALUaD g 41 Section ~ Loce Section  Sidelighting = Toplighting b\ 94 1ampy  e4r1gi)
90.4.1.1]c]) 9.4.1.1|d]) (See Sechgn (See Section complies])
2.4.1.10]™) 9.4.1.1111%
Common Space T'_vpesl ‘L%.P;Ej Thfefll::ld a b c d e f e h i
Atrium
... that is <20 ft in height 0.03/ft total height NA REQ ADDI1 ADDI —_ REQ REQ — ADD2 ADD2
thgat:(;si:?r?l?eiagj:: 0.03/ft total height NA REQ ADDI1 ADDI REQ REQ REQ — ADD2 ADD2
... that is =40 ft in height 040 +I|[:il‘;2hj:1 total NA REQ ADDI1 ADDI REQ REQ REQ — ADD2 ADD2
Audience Seating Area
... in an auditorium 0.63 6 REQ ADDI1 ADDI REQ REQ REQ — ADD2 ADD2
... In a convention center 0.82 4 REQ ADDI1 ADDI REQ REQ REQ — ADD2 ADD2
... in a gymnasium 0.65 6 REQ ADDI1 ADDI REQ REQ REQ — ADD2 ADD2
... in a motion picture theater 1.14 4 REQ ADD1 ADDI REQ REQ REQ — ADD2 ADD2
... In a penitentiary 0.28 4 REQ ADD1 ADDI — REQ REQ — ADD2 ADD2
... in a performing arts theater 243 8 REQ ADDI1 ADDI1 REQ REQ REQ — ADD2 ADD2
... in a religious building 1.53 4 REQ ADD1 ADDI REQ REQ REQ — ADD2 ADD2
... In a sports arena 0.43 4 REQ ADD1 ADDI — REQ REQ — ADD2 ADD2
... all other audience seating areas 0.43 4 REQ ADDI1 ADDI —_ REQ REQ — ADD2 ADD2
Banking Activity Area 1.01 6 REQ ADDI1 ADDI REQ REQ REQ — ADD2 ADD2
Breakroom
(See Lounge/Breakroom)
Classroom/Lecture Hall/Training Room
... In a penitentiary 1.34 4 REQ ADDI1 ADDI REQ REQ REQ — REQ —_
... all other classrooms/lecture halls/ 124 4 REQ ADDI1 ADDI REQ REQ REQ . REQ -

training rooms




9.4.1.1 INTERIOR LIGHTING CONTROLS
e. Automatic daylight responsive controls for sidelighting

A
Head

P

In any space where the
combined input power of all
general lighting completely or
partially within the primary and
secondary sidelighted areas is
300 W or greater,

the general lighting in the primary
sidelighted areas and secondary
sidelighted areas shall be
controlled by photocontrols.
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Parking Garage Lighting Control (1)

a. Parking garage shall have automatic lighting shutoff per
Section 9.4.1.1(i)

— (Scheduled shutoff).

b. Lighting power for each luminaire shall automatically be
reduced by 30% when no activity detected in lighting
zone for 20 minutes.

— Maximum zone size here is 3600 ft2.

— Exempt: Daylight transition zones and ramps without
parking



P

Parking Garage Lighting Control (2)

c. Lighting for covered vehicle entrances and exits from
buildings and parking structures:

— Shall be separately controlled by device
— Automatically reduce lighting by 50% or more
— From sunset to sunrise

d. Daylight control: Power to luminaires within 20 ft of any
perimeter wall structure shall be automatically reduced in
response to daylighting, if:

— There is a net opening-to-wall ratio of at least 40%
— And there are no exterior obstructions within 20 ft.
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ENVELOPE IMPROVEMENT




From 2004 to 2013 - Roofs

Building Opaque Envelope Nonresidential Insulation Minimum R-Value Requirements

Climate Zones (CZ)

Roofs cz1 cz2 3 cza s cz6 cz7 czs
Insulation Entirely above Deck 90.1-2004 | R-150ci | R-150ci | R-15.0ci | R-150¢ci | R-15.0ci | R-150ci | R-15.0ci | R-20.0 ci
90.1-2007 | R-15.0ci | R-20.0¢i | R-20.0ci | R-20.0¢i | R-20.0ci | R-20.0¢i | R-20.0 ci | R-20.0 ci
90.1-2010 | R-150ci | R-200ci | R-20.0ci | R-200¢i | R-20.0ci | R-200¢i | R-20.0¢ci | R-20.0 ci
90.1-2013 | R-20.0ci | R-25.0ci | R-25.0 ci | R-30.0 ci | R-30.0 ci | R-30.0 ci | R-35.0 ci | R-35.0 ci
o R-13.0 + R-
Metal Building 90.1-2004 R-190 | R-190 | R19.0 | R-190 | R-19.0 | R-190 | R-19.0 To0
90.1-2007 R-190 | R-190 | R190 | R-190 | R-19.0 | R-190 | R-19.0 R'";":OJ' R-
R-13.0 + R-|R-13.0 + R-|R-13.0 + R-|R-13.0 + R-|R-13.0 + R-|R-13.0 + R-|R-13.0 + R-
90.1-2010 R-19.0 13.0 13.0 13.0 13.0 19.0 19.0 19.0 Ls
R-10.0 + |R-10.0 + R-|R-10.0 + R-| K19 +R-| R19+R- | o o0 R. | R-30 + R | RZ5*R-
90.1-2013 R-19 FC 19 FC 19 FC 11 Ls or R-(11 Ls or R- 1 Ls 11 Ls 11 + R-11
25 + R-8 Ls|25 + R-8 Ls Ls
Attic and Other 90.1-2004 R-30.0 | R-30.0 | R-300 | R-30.0 | R-30.0 | R380 | R-380 R-38.0
90.1-2007 R-300 | R-38.0 | R-380 | R-380 | R380 | R-380 | R-38.0 R-49.0
90.1-2010 R-300 | R-38.0 | R-380 | R-380 | R-380 | R-380 | R-38.0 R-49.0
90.1-2013 R-380 | R380 | R-380 | R-49.0 | R-49.0 | R-49.0 | R-60.0 R-60.0




paque

ringency Increases
From 2004 to 2013 - Walls

Building Opaque Envelope Nonresidential Insulation Minimum R-Value Requirements

Climate Zones (CZ2)
Walls, Above Grade CZ1 Cz2 Ccz3 Cz4 Cz5 CzZ6 Ccz7 Cz8
Mass 90.1-2004 NR NR R-5.7 ci*® R-5.7 ci*® R-7.6 ci R-9.5 ci R-11.4ci R-13.3 ci
90.1-2007 NR R-5.7 ci®® R-7.6 ci R-9.5 ci R-11.4 ci R-13.3 ci R-15.2 ci R-15.2 ci
90.1-2010 NR R-5.7 ci*® R-7.6 ci R-9.5 ci R-11.4ci R-13.3 ci R-15.2 ci R-15.2 ci
90.1-2013 NR R-5.7 ci*® R-7.6 ci R-9.5 ci R-11.4 ci R-13.3 ci R-15.2 ci R-19.0 ci
Metal Building 90.1-2004 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 + R-13.0 R-13.0 + R-13.0
90.1-2007 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 + R-13.0 R-13.0 + R-13.0
90.1-2010 R-16.0 R-16.0 R-19.0 R-19.0 R-13.0 + R-5.6 c.i. | R13.0 +R-5.6 c.i. | R-19.0 + R-5.6 c.i. | R-19.0 + R-5.6 c.i.
90.1-2013 | R-0 + R-9.8 c.i.| R-0 +R-9.8 c.i. R-0 + R-9.8 c.i. R-0 + R-15.8 c.i. | R-0+R-19.0c.i. R-0 + R-19.0 c.i. R-0 + R-22.0 c.i. R-0 + R-25.0 c.i.
Steel Framed 90.1-2004 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0+R-3.8ci | R13.0+R-3.8¢ci | R-13.0+R-7.5ci R-13.0 + R-7.5 ci
90.1-2007 R-13.0 R-13.0 R-13.0 + R-3.8 c.i. | R-13.0 + R-7.5 c.i. | R13.0+ R-7.5¢c.i. | R13.0+R-7.5c.i. | R-13.0 + R-7.5 c.i. | R-13.0 + R-7.5 c.i.
90.1-2010 R-13.0 R-13.0 R-13.0 + R-3.8 c.i. | R-13.0 + R-7.5 c.i. | R13.0+ R-7.5¢c.i. | R13.0+R-7.5c.i. | R-13.0 + R-7.5 c.i. | R-13.0 + R-7.5 c.i.
90.1-2013 R-13.0 R-13.0 + R-3.8 c.i. | R-13.0 + R-5.0 c.i. | R-13.0 + R-7.5 c.i. | R-13.0 + R-10.0 c.i. | R-13.0 + R-12.5 c.i. | R-13.0 + R-12.5 c.i. | R-13.0 + R-18.8 c.i.
Wood Framed 90.1-2004 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 + R-7.5 ci
and Other
90.1-2007 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 + R-3.8 c.i. | R13.0+R-7.5¢c.i. | R-13.0 + R-7.5c.i. | R-13.0 + R-15.6 c.i.
90.1-2010 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 + R-3.8 c.i. | R-13.0+R-7.5¢c.i. | R13.0+ R-7.5c.i. | R-13.0 + R-15.6 c.i.
00.1-2013 R13.0 RA13.0 R13.0 R-13.0 + R-13+R-7.5c.i.0or |[R13+R7.5¢ci.or | RA3+R7.5cihor | o oo oo o

R-3.8 c.i.

R-19 + R-5 c.i.

R-19 + R-5c.i.

R-19 + R-5c.i.




Fenestration Prescriptive Req.:
90.1-2004 thru 90.1-2013

Max. U, Max. SHGC,
of Fenestration Assembly of Fenestration Assembly
Vertical Fenestration, < 40% of Wall cz1|cz2|cz3|cz3c|cza|czs|cze|cz7|cz8 cz1|cz2|cz3 g,(z: czalczs|cze|cz7|czs
90.1-2004 Fixed, all, <= 40% Hoar [0-25(0.25(0.25( 0.39|0.39| 0.39| .39 0.49| NR
12 (12|06 (122| 06| 06|06 06|05 o
Fixed, north, <= 40% N at 20% |0.61/0.61/0.49] 0.61 |0.490.490.49|0.64| NR
Operable, all, <= 40% ‘:'(;,f/‘t 0.25(0.25/0.25/0.34[0.39(0.39|0.39(0.49| NR
131307127/ 07|07 |07 |07 05 o

Operable, north, <= 40% N at 40% [0.44(0.61/0.39]0.61{0.49(0.49/0.49/0.64| NR
90.1-2007 Nonmetal framing, all 1.20|0.75| 0.65 0.40|0.35/0.35(0.35|0.35
Metal frami:ﬂ; curtainwall | 4 55106.70 | 0.60 0.50| 0.45 | 0.45 [ 0.40 | 0.40

: 0.25(0.25/0.25 0.40|0.40|0.40|0.45/0.45
Metal framing, all other |1.20|0.750.65 0.55|0.55| 0.55 | 0.45| 0.45
Metal "a'zrgr’ entrance |4 5411.10(0.90 0.85/0.80 | 0.80 [0.80 | 0.80
90.1-2010 Nonmetal framing, all | 1.20]0.75[0.65 0.40|0.35]0.35]0.35] 0.35
Metal f’a"‘igtgc’ curtainwall | 4 5410.70 | 0.60 0.50 | 0.45 | 0.45 [ 0.40 | 0.40

: 0.250.25/0.25 0.40{0.40|0.40|0.45/0.45
Metal framing, all other |1.20(0.75|0.65 0.55|0.55({0.55(0.45|0.45
Metal f'a";t‘gr’ entrance |4 5911.10(0.90 0.85/0.80 | 0.80 [0.80 | 0.80
90.1-2013 Nonmetal framing, all 05| 04 |0.35 0.35/0.32(0.32(0.32|0.32
Metal framing, fixed | 0.57|0.57 | 0.50 0.42]0.42]0.42]0.38]0.38

Metal framing, operable |0.650.65|0.60 0.50|0.50| 0.50 | 0.40 | 0.40 0.250.25/0.25 0.40)0.40|0.40/0.450.45
Metal f'a";i:gr’ entrance |4 10/0.83|0.77 0.77|0.77]0.77 [0.77 | 0.77




90.1-2004 thru 90.1-2013

Fenestration Prescriptive Req.:

Min. VT/SHGC,

of Fenestration Assembly

Vertical Fenestration, < 40% of Wall

CzZ1

Cz2

CZ3

CZ4

CZ5

CZé6

cz7

(074}

90.1-2004

Fixed, all, £40%

Fixed, north, £40%

Operabile, all, < 40%

Operable, north, <40%

90.1-2007

Nonmetal framing, all

Metal framing, curtainwall, etc.

Metal framing, all other

Metal framing, entrance door

90.1-2010

Nonmetal framing, all

Metal framing, curtainwall, etc.

Metal framing, all other

Metal framing, entrance door

90.1-2013

Nonmetal framing, all

Metal framing, fixed

Metal framing, operable

Metal framing, entrance door

1.10

1.10

1.10

1.10

1.10

1.10

1.10

1.10
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If Glass Cannot Be Avoided — Shade It

Shaded - 88°F
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Fenestration & Doors

NFRC shall be used to

. . . World's Best

determine compliance for: Window Co.

e U-Factor "::g:{%%::m
- NFRC 100

e Solar Heat Gain Coefficient S
- NFRC 200 m——

e Visible Light Transmittance

- NFRC 200 Manutecturer stipulates that these retings conform to applicable NFRC procedures for cetermining

whnie product energy performance. NFRC ratings are detsrmined for a flued set of environental
. condtions and specific product szes.

e Air Leakage

- NFRC 400

References to updated NFRC test procedures were updated via Addendum q to 90.1-2010.
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Fenestration Prescriptive

Requirements

5.5.4.2.3 Minimum Skylight Fenestration Area. In any enclosed space
in a building that is four stories or less and that is:

a. greater than 5;000-£t#2,500 ft? and,

b. directly under a roof with ceiling heights greater than 15 ft, and

c. one of the following space types: office, lobby, atrium, concourse,
corridor, storage (including non-refrigerated warehouse), gymnasium,
fitness/exercise area, playing area, gymnasium seating area, convention
exhibit/event space, courtroom, automotive service, fire station engine room,
manufacturing corridor/transition and bay areas, retail, library reading and
stack areas, distribution/sorting area, transportation baggage and seating
areas, or workshop,

the total daylight area under skylights shall be a minimum of half the
floor area and either:

a. provide a minimum skylight area to daylight area under skylights of 3%
with a skylight VT of at least 0.40 or

b. provide a minimum skylight effective aperture of at least 1%.



Changes to Mechanical
sections 6 & 7




Refrigeration New for 2013 (see6.5.11-6.4.5-6.4.6)

* 6.1.1.1 New Buildings. Mechanical equipment and systems
serving the heating, cooling, ventilating, or refrigeration needs of
new buildings shall comply with the requirements of this section
as described in Section 6.2.

* 6.1.1.2 Additions to Existing Buildings. Mechanical
equipment and systems serving the heating, cooling, ventilating,
or refrigeration needs of additions to existing buildings shall
comply with the requirements of this section as described in
Section 6.2.

* 6.1.1.3.1 New HVACR equipment as a direct replacement of
existing HVACR equipment shall comply with the specific
minimum efficiency requirements applicable to that equipment.



New Definition for Piping

« piping: the pipes or tubes interconnecting the
various parts of a fluid distribution system, including
all elements that are in series with the fluid flow,
such as pumps, valves, strainers, and air separators,
but not including elements that are not in series with
the fluid flow, such as expansion tanks, fill lines,
chemical feeders, and drains




DCV Control

™ 6.4.3.9 Ventilation

= Controls for High-
¥ Occupancy Areas. Demand
= control ventilation (DCV) is

required for spaces larger
than 500 ft? and with a

design occupancy for
ventilation of greater than
25 people per 1000 ft? of
floor area.

-
S
-




Requirements (Shall be Provided)

TABLE 6.4.3.10.1 DDC Applications and Qualifications

Building Status

Application

Qualifications

MNew building

Mew building

New building

Alteration or addition

Aldteration or addition

Alteration or addition

Alteration or addition

Aldteration or addition

Air-handling system and all zones served by the
system

Chilled-water plant and all coils and terminal units
served by the system

Hot-water plant and all coils and terminal units
served by the system

Zone terminal unit such as VAV box

Air-handling system or fan coil

New air-handling system and all new zones
served by the system

MNew or upgraded chilled-water plant

MNew or upgraded hot-water plant

Individual systems supplying more than three zones
and with fan system bhp of 10 hp and larger

Individual plants supplying more than three zones
and with design cooling capacity of 300,000 Biw'h
and larger

Individual plants supplying more than three zones
and with design heating capacity of 300,000 Btuw'h
and larger

Where existing zones served by the same air-
handling, chilled-water, or hot-water system have
DDC

Where existing air-handling system(s) and fan-coil{s)
served by the same chilled- or hot-water plant have
DDC

Individual systems with fan system bhp of 10 hp and
larger and supplying more than three zones and more
than 75% of zones are new

Where all chillers are new and plant design cooling
capacity 1s 300,000 Btw'h and larger

Where all boilers are new and plant design heating
capacity 1s 300,000 Biw'h and larger




6.4.3.10.2 DDC Controls

The DDC system shall be capable of all of
the following, as required, to provide
the control logic required in Section 6.5:

Transferring zone .
Automatically
and system :
detecting those
o demand
Monitoring zone : : zones and systems
information from
and system : that may be
zones to air . "
demand for fan S excessively driving
distribution system :
pressure, pump the reset logic and
: controllers and from
pressure, heating S generate an alarm
) air distribution D
and cooling , or other indication
systems to heating
. to the system
and cooling plant
operator
controllers

Readily allowing
operator removal of
zone(s) from the
reset algorithm
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DDC must trend and graphically display input and output points

Signak | 0.0 %

4=
>

F
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Command: |Disabled

System Press: 37.8psi

Htg Water Flow: | 129.3 galjmin

HWR Temp: 1143 F *
A
1
1
Status:| Off
. ] ’ Runtime: | 10670, 1 hr

HWS Temp: | 123.9 F

Central Plant Report
s
1
Status:
i I Runtime: 106885 hr

On

HWS Setpoint: 1210 F

Coil

Signak: | 40.6 %

Command: | Friablzd

Diff Press: | 10.0 psi
Diff Press Spt: | 10.0 psi

Across AHU-1

—iaa i

6.4.3.10.3 DDC Display

f Heating System [’Dnmﬁc Hw rOperatnr Commands ‘

1/3 Valve:| 3.6 %
2/3Valve:| 0.0%

Glycol Status: | Normal

Heating System

CP-1HiLevek: | Normal
Condensate Meter: | 1245666.0 gal

Heating System: Enabled

OQutside Air Temp:  59.0 °F



HOKE Erescrlptlve ﬁeqwrements

6.5.2.1 Zone Reheat Limitation (No DDC)

VAV Reheat Zone

Minimum Setpoint no
larger than the larger of:
* 30% of peak
. 0.4 cfm/ft \ PRIMARY

) CUOLING
* Min. OA vent. rate CFM ATR
+300-e¢fm
e A d alt t

pprovedafternate MINIMUM

*Required by other codes SETPOINT

Reheat Energy ~ -




HOKE Brescrlpglve ﬁequwemenzs 8551

Zone Reheat Limitation (with DDC)

« 20% of design peak
airflow

Supply Air
Temperature

 Reheated air can be
50% of design peak ...

airflow “m“m_\
* Air between dead

Minimum aicflow
band and full heating \ cecpois
or cooling is — —
Heating PID Signal Cocling PID Signal
modulated - S >

Figure 6-R. Example VAV Reheat Sequence That Meets Exception b to 6.5.2.1




6.5.2.1.1 Overhead Supply Air

Temperatures Limited

EXCEPTIONS:
* WARM-UP OR SETBACK
* LABS
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6.5.3.1.3 Fan Efficiency

Design total efficiency =2 maximum
fan total efficiency -15%-points

Figure 1: A typical fan curve showing the 10-point
total efficiency band.

FEG (fan efficiency grade) = 67

From amca.org website
Air Movement and Control Association

Figure 3: FEG band area for FEGE(.




HVAC Prescriptive Section 6.5.3.2.2
Static Pressure Sensor Location

* 6.5.3.2.2 VAV Sensor controlling fan must be located

such that its setpoint < 1.2 in. wc

— If this results in the sensor being located downstream of
major duct splits, multiple sensors shall be installed in each

major branch. Exception: Systems using 6.5.3.2.3

¢ 6.5.3.2.3 VAV Setpoint Reset

— For systems with digital control at zone level, setpoint must
be reset based on zone requiring greatest pressure.

— The setpoint is reset lower until one zone damper is nearly
wide open.
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6.5.3.5 Fractional Horsepower Fan Motors

Electrically-Commutated Motors

1/12 HP <
Motors <
1THP

Minimum
rated
efficiency
70%

Adjust
speed for
balancing or
remote
control
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6.5.4.1 Boiler Turndown

TABLE 6.5.4.1 Boller Turndown

Boiler System Design Input, Btu/h Minimum Turndown

Ratio

21,000,000 and =5,000,000 Jto ]
=3,000,000 and =10,000,000 4to |
=10,000,000 Jto |

The system turndown requirement shall be met through the use
of multiple single-input boilers, one or more modulating boilers,
or a combination of single-input and modulating boilers.
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6.5.6 Energy Recovery

TABLE 6.5.6.1-1 Exhaust Alr Energy Recovery Requlrements for
Ventllation Systems Operating Less than 8000 Hours per Year

% Outdoor Air at Full Desizgn Airflow Rate

>10% >20% >30% >40% >50% >60% =>T0%
Lone and and and and and and and =80
<20% <30% < 40% < 50% < 6% = T0% = B0%

Design Supply Fan Airflow Rate, cfm

3B, 3C, 4B, 4C, 5B NR NR NR NR NR NR NR NR
1B, 2B.5C NR NR NR NR 226000 212000 =5000 24000
6B 228,000 226,500 211000 25500 =4500 23500 =2500 21500
1A, 2A, 3A4A, 5A, 6A 226,000 216,000 =>35300 24500 =3500 22000 21000 >0
7.8 24500 24000 >2500 21000 =0 =() =) >

NE—Not required

Many Exceptions including heating in Zones 1&2; cooling
in Zones 3¢, 4c, 5b, 5¢, 6b, 7 and 8; and any system that
has less than 75% of the exhaust at a single location
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6.5.6 Energy Recovery

TABLE 6.5.6.1-2 Exhaust Alr Energy Recovery Requilrements
for Ventllatlon Systems Operating Greater than or Equal to 8000 Hours pet Year

%o Outdoor Air at Full Design Airflow Rate

210% =M% >30% >40% >50% 260% =T0%
Lone and and and and and and and =80%
<20% <30% <40% <50% <hll % <70% < 80%

Design Supply Fan Airflow Rate, ¢fm

iC NR NR NR NR NR NR NR NR

1B, 2B, 3B, 4C, 5C NR 219,500 29000 25000 24000 23000 21500 ={)

1A, 2A, 3A, 4B, 5B 22500 22000 21000 =500 =) =() =) ={)

4A, 5A, 6A, 6B, 7, 8 =) =) =() =) =) =() =0 =)
NR-—Not required

Many Exceptions including heating in Zones 1&2; cooling
in Zones 3¢, 4c, 5b, 5¢, 6b, 7 and 8; and any system that
has less than 75% of the exhaust at a single location
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6.5.10 Door Switches

Exceptlon: Any conditioned
Doors with space with a door
closers



7.5.3 Bw‘alngs with ngH—Eapac:l!y

Service Water Heating Systems

* New Buildings
* |nstalled input capacity = 1,000,000 Btu/h

* Minimum thermal efficiency (E,) of 90%

« Can use inﬁut caﬁaciti averaﬁinﬁ over multiﬁle units
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