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Executive Summary

Technical Report One evaluated the compliance of Elementary School One
with ASHRAE 2013 Standards 62.1 and 90.1. Elementary School One is a school
located in Town, Maryland. The existing school building was renovated and an
addition was built on the west side of the building. Elementary School One
modernization finished in 2011 and was designed using a much older standards like
IBC 2006. The purpose of this report is to see if the building complies with the
newer standards.

ASHRAE 62.1 required the building systems and equipment to meet the
standards. The systems must be designed to provide ventilation minimum, prevent
mold growth, and control indoor air quality. ASHRAE 90.1 sets standards for
systems and building envelope are energy efficiency. This assessment involved the
evaluation of the building materials and power, water, lighting, and HVAC systems.

After assessing Elementary School One for compliance with the standards,
the building meets the majority of the requirements. The ventilation rate for a
couple spaces did not comply, but this may be due to the change in standards over
the years. The existing building envelope will be imperfect due to its age. Even
though most of the building meets the standards, the building systems can be
improved. There are more efficient equipment and new technology now compared
to when Elementary School One was built.
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Building Overview

Building Name: Elementary School One
Location and Site: Town, Maryland
Dates of Construction: 2010 - August 2011
Size: 84,400 sq. ft.
Number of Stories: 3 above and 1 below grade
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Figure 1: First Floor Plan.

The red line separates the existing building and the addition. The existing is
on the right and the addition is on the left.
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Mechanical Systems Summary

Elementary School One modernization involved a reinvasion of the existing
building and adding an addition on the west side. All new mechanical systems were
applied to both the existing and the addition. The mechanical system has three
dedicated outside air RTUs that supply VAV boxes in each space. Each space then
exhausts air back to the RTUs for heat wheel. There are three VRF systems that
condition these spaces with dedicated outside area.

Two RTUs serve the cafeteria and two serve the multipurpose room. There
are also base board radiators and cabinet heaters in some of the spaces near the
exterior. In the administrative section of the existing building, an AHU conditions
the spaces with its own outside air intake.

RTU-1 and 2 serve cafeteria

RTU-3 and 4 serve the existing building (heat wheel)
RTU-5 serve the addition (heat wheel)

RTU-6 and 7 serve the multipurpose room

ASHRAE 62.1 Evaluation

Section 5 - Systems and Equipment

5.1- Ventilation Air Distribution

Section 5.1.1 air balancing of the ventilation system must provide the means
to adjust to achieve at least the minimum ventilation airflow required for the space.
Most spaces are supplied a dedicated outside air system that reaches a VAV box for
each space. The branches from the VAV box to the diffusers have a balancing
damper, which both allow each space to get the appropriate OA flow. The RTUs that
serve the cafeteria and multipurpose room have OA intake balancing within the unit.
The administrative space that is served by its own AHU has a motorized damper to
control the outside air intake to the unit.

Section 5.1.2 states when ceiling or floor plenum is used to reticulate return
air and to distribute ventilation that the system must provide at least the minimum
required ventilation airflow. This section does not apply to Elementary School One
because the mechanical systems do not use a plenum.

Section 5.1.3 requires that air balance testing requirements to be
documented. In specification 15950, states that all air systems must be balanced
with accordance to Associated Air Balance Council (AABC), National Environmental
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Balancing Bureau (NEBB), and Sheet Metal and Air Conditioning Contractor’s
National Association (SMACNA).

5.2- Exhaust Duct Location

Section 5.2 states that all harmful contaminants that are exhausted must be
negatively pressured and not leak into any spaces that the duct passes through. All
spaces that require exhaust such as bathrooms, storage, etc. have a negatively
pressured duct that leads to an energy wheel and is not mixed with supply air.

5.3- Ventilation System Controls

Section 5.3 requires the ventilation system to be controlled manually or
automatically to maintain at least the minimum outside air requirement. The
mechanical ventilation system is controlled by VAV boxes, manual balancing
dampers, air flow sensors and thermostats. The VAV boxes in each space have a
minimum air flow setting and the airflow can be increased depending on the
sensors’ data sent to the RTUs. All controls are located on an interface with BAS and
ATC.

5.4- Airstream Surfaces

Section 5.4 requires that all airstream surfaces must resist mold growth and
erosion. In specification 15815, all ducts and airstream surfaces comply with ASTM,
UL or SMACNA standards. All ducts are made of sheet metal and the duct accessories
comply with the standards above.

5.5- Outdoor Air Intakes

Section 5.5 requires the outdoor air intakes to be a certain distance from
potential outdoor contaminant sources. All outdoor air intakes meet the required
distance and coverage from rain, snow and birds. All RTU’s have parallel outside air
intake and exhaust which are pointed away from the adjacent RTUs. This allows for
the Class 4 air exhaust not to containment the supply air.

5.6- Local Capture of Contaminants

Section 5.6 states that non-combustion equipment discharge shall be directly
ducted outdoors. The Elementary School does not have non-combustion equipment
on site so this section does not apply.
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5.7- Combustion Air

Section 5.7 requires fuel-burning appliances to be provided with sufficient
air for combustion and if the appliance is vented that the vent goes directly
outdoors. The fuel-burning appliances are the boilers in the basement and the
generator on the roof. The mechanical room with boilers has exhaust that directly
goes outside. The generator on the roof is open to the environment so no ventilation
or exhaust required.

5.8- Particulate Matter Removal

Section 5.8 states that filters or air cleaners must have a rating of MERV of at
least 8 and should be located upstream of coils or other devices that may have wet
surfaces. Each RTU has a 2” thick pre-filter and a 4” thick MERV 13 filter. Having
these filters in series exceeds the requirement for this section.

5.9- Dehumidification Systems

Section 5.9.1 requires occupied spaces to be 65% RH or less. The design
supply air for the mechanical systems range from 48% to 53% RH and this meets
the requirement.

Section 5.9.2 requires the outdoor air shall be equal to or greater than the
exhaust airflow. From the air flow calculations given, the outside air equals the
exhaust airflow. The fan speeds may have been changed by maintenance when
installed to pressurize the building.

5.10- Drain Pans

Section 5.10 requires all drain pans for condensate producing equipment to
have a slope at least 0.125 in/ft and the drain outlet at the lowest point. The
specification 15738 states that drain pan installation must follow these
requirements for the RTUs. Some of the units on the roof have drain pans with in the
unit with an outlet at the lowest point which also complies. Condensate drain pans
are installed by factory for the VRF units that connect into the storm water system.

5.11- Finned-Tube Coils and Heat Exchangers

Section 5.11.1 states that drain pans for cooling coils and heat exchangers
that produce condensate must follow the drain pan requirements from section 5.10.
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There is a heat exchanger in the mechanical room for the boilers and the heat
exchanger has a drain pain that complies with section 5.10.

Section 5.11.2 requires certain spacing of finned-tube coils for cleaning. This
section doesn’t apply to this building.

5.12- Humidifiers and Water Spray Systems

Section 5.12 states that water in connect with ventilation air must be at least
potable and obstructions must be downstream at the required distance. Elementary
School One does not have humidifiers or water spray systems so this section does
not apply.

5.13- Access for Inspection, Cleaning and Maintenance

Section 5.13 requires that all equipment must have enough space to access
panels for maintenance and cleaning. Most of the dampers, controls, VAVs and VRFs
are in spaces with drop down ceilings for easy access. The RTUs and other
equipment are spaced appropriate to comply with this section. In specification
15183, install all VRF piping above accessible ceilings to allow sufficient space.

5.14- Building Envelope and Interior Surfaces

Section 5.14.1 requires the building envelope to have some water barrier or
vapor retarder. The existing building is has load bearing brick which acts as a water
barrier due to its thickness and ability to dry. The addition is a combination of glass
curtain wall and face brick with vapor barrier and water proof sealants. Both of
these types of envelope meet the requirements of this section.

Section 5.14.2 states that any duct or pipe on interior surface that may
produce condensation needs to have insulation. All cold surfaces in the building
have insulations so it complies.

5.15- Building with Attached parking Garages

Section 5.15 requires the attached parking garage to have a lower pressure
that adjacent occupied space or an airlock vestibule between spaces. The school
meets both requirements. There is a vestibule that separates the underground
parking garage from the entrance into the building. The parking garage as direct
exhaust and is open to the outside on the ramp going down to the garage.
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5.16- Air Classification and Recirculation

Section 5.16 requires certain air classification can’t be used again or
recirculated to other spaces depending on that spaces air classification. Elementary
School One ventilation system brings air into a space and exhausts it directly out.
There is no mixing of air classification or reuse besides Class 4 air spaces like
bathrooms are negatively pressured so hallway air will be pulled in which complies
with this section.

5.17- Requirements for Building Containing ETS Areas and ETS-free Areas

There are no ETS areas in Elementary School One so the section does not
apply.

Section 6 - Procedures
6.1- General

Section 6.1 requires the ventilation system must designed using Ventilation
Rate Procedure, IAQ Procedure or Natural Ventilation Procedure. Elementary School
One used the ventilation rate procedure to reach acceptable ventilation airflow.

6.2- Ventilation Rate Procedure

Section 6.2.11 and 6.2.12 require filtration system to be at least MERV of 6
and all AHUs exceed this requirement. The calculations for ventilation rate are
described in this section. The calculation for ASHRAE 2013 compared to the
designed values can be seen in Appendix A.

The design calculation were based on IMC 2006 and they were compared to
ASHRAE 2013. Most of the design outside airflow complies with the newer standard
except two spaces. The music room and science classroom both are not supplied
with enough outside air. This may be due to the change in requirements of the years
or classification of the space.

ASHRAE 62.1 Summary

Elementary School One complies with the majority of these standards and
exceeds many of them. The only area that this building does not comply with the
new code is the ventilation rate for two of the spaces. This may be due to the change
of the standards through the years. Not many modifications with be needed to reach
the modern standards, but the building can be improved.
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ASHRAE 90.1 Evaluation

Section 5 - Building Envelope
5.1- General

Section 5.1.4 states how to determine the climate of the site. Elementary
School One falls in climate zone 4A which can be seen in the image below. Zone 4A is
an area what is middle temperature and moist. These factors affected the original
design.

Dry (B) Moist (A)

Marine (C)|
. f

All of Alaska in Zone 7
except for the following
Boreughs in Zone 8;

Bethel Northwest Arctic
Dellingham Southeast Fairbanks
Fairbanks N. Star  Wade Hampton Zone 1 includes
Noh S bhiccin: Puata fko, "
pe and the Virgin lslands 1

Figure B1-1 U.S. climate zone map (ASHRAE Transactions, Briggs et al., 2003).
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Figure 2: The Climate Zone map from ASHRAE 90.1
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5.2 Compliance Paths

The building construction complies
with Section 5.5 by the method of Prescriptive
Building Envelope Option. To comply, vertical
fenestration area cannot exceed 40% of the
gross wall area and the skylight fenestration
does not exceed 5% of the gross roof area.
Elementary School one meets both of these
requires therefore can use this option.

5.4 Mandatory Provisions

Section 5.4.3 requires the building to
have a continuous air barrier to prevent air
leakage. The building meets this requirement.

5.5 Prescriptive Building Envelope Option

Elementary School one is
nonresidential conditioned space and must
comply with climate zone 4A requirements.
They can be seen in the table to the right and
the building meets the requirements.

Table 5.5-4 Building Envelope Re

Nonresidential
Opague Elements \:T::I::u .\I]:':I:::::J:
fmafs
1:;*:‘5‘;?“'5‘ U-0.032 R-30 i,
Metal Building® U037 R;Z; :“';__]3][:“
Attic and Other Us0.021 Rsdd
Halls, above CGrode
Masx U104 Rsf.5 o,
Metal Building U060 Ra) + Ra15.8 ci.
Steel Framed [AEKI Ral3 +RaT.5 il
. 3 R +R38ci.
;::f Framed amd L0064 R.-J3nr ]]:..;DR i
Fall, below Crrade
Below Grade Wall Call11%9 Rs7.5 i,
Flagrs
Masz V0057 Rald.6 ci
Steel Joist L0038 R.30
oo Framed and U-0.033 B30
SlabeonsCirade Floors
Unheated Fall. 3200 Rl 3 for 24 in.
Heated Fa0.E43 R-20 for 24 in.
Opague Dovors
Swinging L0500
Nanswinging L0500
Assembly  Assembly  Assemibly
Fenestration Max. Maz. Min
(1] SHGC  VTSSHGC
:;;f:f:xﬁ;;:;m {for all frame types)
Nonmetal framing, all U={.35
Mctal framing, ficed Usfl 42
ﬁl:hr?mm& V-p5n  SHGC040 LD
Skylight, M%=3% of Roal
All types: Us0.50  SHGC-040 NR

Table 1: Building Envelope Requirements for
climate zone 4 (A,B,C) from ASHRAE 90.1
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Section 6- Heating, Ventilating, and Air Conditioning
6.1- General

The existing building modernization must comply with all parts in section
6.1.13 and the addition must comply with section 6.2. Elementary School One
classifies as an addition and reinvasion. Some of the standards overlap, but must be
treated separately.

6.2- Compliance Paths

Elementary School One uses the compliance path defined in section 6.4
(Mandatory provisions) and section 6.5 (Prescriptive Path).

6.4- Mandatory Provisions

The buildings equipment must met the minimum performance specified in
the tables in Appendix B. Elementary School One complies with the requirements.
Specification section 15088 complies with the pipe insulation and section 15086
meets the duct insulation requirement.

6.5- Prescriptive path

All cooling systems over 54,000 BTU/h must have an economizer. All RTUs
have an economizer that serve Elementary School One. The dedicated outside air
units utilize a heat wheel.

Section 7- Service Water Heating

The service water for heating is supplied from the five boilers in the
mechanical room in the basement. There is a recirculation and heat exchanger to
conserve energy. Complying with section 7.4.3, all equipment and piping are
properly insulated. The water temperature is controlled by the building BAS
interface.

Section 8- Power

Section 8.4.1 states the voltage drop for feeders must at a maximum of 2%
and a maximum drop of 3% for branch circuits. Elementary School One power
distribution complies with this section. There is an oil generator on the roof that can
run the emergency lightning if needed.
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Section 9- Lighting

Most lighting fixtures are recessed fluorescent in the school and compact
fluorescent lamps are used in the multipurpose room. The lighting throughout the
building is controlled by time switches, photoelectric switches, standalone daylight-
harvesting switching controls and indoor occupancy sensors. These controls help
save energy while meeting the lighting power density for the spaces. Elementary
School One complies with the lighting power densities in table 9.5.1 which is 0.87
W/sf for schools.

ASHRAE 90.1 Summary

ASHRAE Standard 90.1 establishes minimum requirements for energy
efficiency. The standard involves the building envelope and the systems. Elementary
School One meet the new standards of ASHRAE 90.1. The existing building envelope
will have imperfections because of its age. Elementary School One when it was
modernized earned LEED Gold so the systems are energy efficacy. There is room for
improvement because the design would not get LEED Gold on today standards and
there is new technology that can be applied.
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Appendix A

ASHRAE 62.1 Section 6 Ventilation Calculations

Existing Building
ASHRAE 62.1 2013 Section 6- Ventialtion Rate
Existing Rooms Designed Calculations Ventilation Rate Factor
Area | #of | MinOA Occupant Required| Meets .
Floor Room Space Type | Rp , Pz Ra Az Difference
(sf) |People| ([cfm) Density 0A ASHRAE

1st Cafeteria 3550 249 4980| |Multiuse 7.5 100 355| 0.06| 3550 2876|YES
1st RM 123 210 2 40| |Office 5 5 1| 0.06 210 18| YES
1st RM 124 201 2 40| |Office 5 5 1| 0.06 201 17| YES
1st RM 101 780 30 450| |Class 10 35| 27| 012 780 367|YES
1st RM 102 623 30 450| |Class 10 35| 22| 0.12 623 293|YES
1st RM 125 254 3 60| |Office 5 5 1| 0.06 254 25|YES
1st CORR 1861 0 136| |Corridor 0| 0.06)] 1861 112|YES
1st RM 132 647 30 450| |Class 10 35| 23| 012 647 304|YES
1st RM 133 638 30 450| |Class 10 35| 24| 0.12 638 323|YES
2nd CONF 200 10 200| |Conference 5 500 10| 0.06 200 B62|YES
2nd RM 201 706 30 450| |Class 10 35| 25| 0.12 706 332|YES
2nd RM 202 706 30 450| |Class 10 35| 25| 0.12 706 332|YES
2nd RM 203 454 4 80| |Office 5 5 2| 0.06)] 454 A2|YES
2nd RM204 704 30 450| |Class 10 33 25 0.12 704 331|YES
2nd RM 205 704 30 450| |Class 10 33 25 0.12 704 331|YES
2nd CORR 1384 0 188| |Corridor 0 0 0| 0.06] 1834 113|YES
2nd RM 208 704 30 450| |Class 10 33 25 0.12 704 331|YES
2nd RM 209 704 30 450| |Class 10 33 25 0.12 704 331|YES
2nd RM 211 707 30 450| |Class 10 33 25 0.12 707 332|YES
2nd RM 212 706 30 450| |Class 10 33 25 0.12 706 332|YES
3rd EM 301 706 30 450| |Class 10 33 25 0.12 706 332|YES
3rd RM 302 708 30 450| |Class 10 33 25 0.12 708 333|YES
3rd RM 303 940 30 450| |Class 10 33 33 0.12 940 A42|YES
3rd RN 304 703 30 450| |Class 10 33 25 0.12 703 330|YES
3rd RM 305 704 30 450| |Class 10 33 25 0.12 704 331|YES
3rd RM 307 700 30 450| |Class 10 33 25 0.12 700 329|YES
3rd RM 308 705 30 450| |Class 10 33 25 0.12 705 331|YES
3rd RM 309 707 30 450| |Class 10 33 25 0.12 707 332|YES
3rd RM 310 706 30 450| |Class 10 33 25 0.12 706 332|YES
3rd CORR 2004 0 200| |Corridor 0 0 0| 0.06] 2004 120|YES
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Building Addition

ASHRAE 62.1 2013 Section 6- Ventialtion Rate

Addition Rooms Designed Calculations Ventilation Rate Factor

Floor Room Area (sf) P:nﬂe p':;r:]A Space Type| Rp O[EE:EiEt:t Pz | Ra Az Raq{;:rad AEI::::IE Difference
1st AFT 136 203 2 40| |Office 5 5| 1f 0.06] 203 17|YES
Ist ART LAB 135 1016 30 450| |Art Class 10 20| 20| 0.1B| 1016 38B|YES
Ist CORR 144 2810 0 281| |Corridor 0 0| 0O 0.06] 2810 168|YES
1st PE OFFICE149 280 2 40| |Office 5 5| 1| 0.068| 2BO 24|YES
|151: PK CLASS 137 1007 30 450| |Class PK 10 25| 25| 0.12 1007 373|YES
1st PK CLASS 138 1007 30 450| |Class PE 10 25( 25| 0.12| 1007 373|YES
Ist PK CLASS 139 1007 30 450| |Class PK 10 25| 25| 0.12| 1007 373|YES
Ist STORAGE 147 128 0 18| |Storage 5 2| 0| 0.06] 128 B|YES
1st TEACHER 152 548 4 BO| |Office 5 5| 35| 0.06| 548 47| YES
Ist SECURITY 141 97 1 20| |Office 5 5| 0| 0.0&8] &7 B|YES
1st MULTIFURPOSE 4015 269 4035] [Multiuse 7.5 100]402| 0.06| 4015 3452| YES
2nd SPEECH 230 132 1 20| |Office 5 5| 1| 0.08] 132 11|YES
2nd ASSIST 233 151 2 40| |Office 5 5| 1| 0.06] 181 16| YES
2nd CORR 216 040 0 84| |Corridor 0 0| 0| 0.06| 940 56| YES
2nd ESL 234 132 1 20| |Office 5 5| 1| 0.08] 132 11|YES
2nd PSYCH 156 2 40| |Office 5 5| 1| 0.06] 156 13[YES
2nd RES 213 263 2 40| |Office 5 5] 1| 0.08] 263 22|YES
2nd RES 214 251 2 40| |Office 5 5] 1| 0.06] 251 21|YES
2nd SOCIAL 229 135 1 20| |Office 5 5] 1| 0.08] 135 11|YES
2nd STAFF LOUGE 217 746 22 440| |Breakroom 5 50| 37| 012 748 27B|YES
2nd STUDENT SERV 23 350 3 g0| |Office 5 5| 2| 0.06] 350 30| YES
2nd TEACHER 228 380 3 80| |Office 5 5| 2| 0.06| 380 32|YES
3rd BOOK STOR 314 501 0 75| |Storage 5 2| 1| 0.06] 501 35|YES
3rd CONF 326 150 B 160| |Conferency 5 50 B| 0.06| 150 47| YES
3rd CORR 327 935 0 24| |Corridor 0 0| 0O 0.08] 935 56| YES
3rd MUSIC 325 1240 30 450 |Music 10 35| 43| 0.06| 1240 508 584
3rd RES 312 251 2 40| |Office 5 5] 1| 0.06] 251 21|YES
3rd STORAGE 324 235 0 35| |Storage 5 2| 0O 0.0&8] 235 16| YES
Basemen] AV CLOSET L17 198 2 40| |Starage 5 2| 0| 0.06] 198 14[YES
Basemen|BOOK STOR L13 500 0 75| |Storage 5 2| 1| 0.06] 500 35|YES
Basemen|CONF L20 180 ] 120| |Conferency 5 50 9| 0.06( 180 56| YES
Basemen|COMF L33 300 10 200 Canferency 5 500 15| 0.06| 300 93| YES
Basemen|CORR LO7 1100 0 110| |Corridor 0 0| 0| 0.06] 1100 BE|YES
Basemen]CUST L31 337 3 45| |Storage 5 2| 1| 0.06] 337 24[YES
Basemen|HEAD END L19 110 1 20| |Storage 5 2| 0| 0.0&] 110 B|YES
Basemen|MEDIA L1BA 514 4 BO| |Office 5 5| 3| 0.08] 514 441YES
Basemen|OFFICE L23 320 3 45| | Office 5 5| 2| 0.0&8| 320 27| YES
Basemen|READING RM L21 3110 B3 545| |Libkraries 5 10 31| 012 3110 528|YES
Basemen|3TORAGE L32 303 0 45| |Storage 5 2| 1| 0.06] 303 21[YES
Basemen|SCIENCE LD1 1205 30 450| |Class 10 35| 42| 012 1205 555- 116.35
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Appendix B

& ASHRAE [www.ashrae. org)- For personal use only. AddRicnal reproduscticn, distrioution,
of transmisskn in either print or digital form s not permitted wikhout ASHRAE'S prior writhen permission.

TABLE 6.8.1-1 Electrically Operated Unitary Air Conditioners and Condensing Units—
Minimurm Efficiency Requirements

Equipment N X Heating Subcategery or Alinimuwm Test
Type Sime Catcgory Section Type Rating Condition Efficiency Frocedure®
Split system 13.0 SEER
Air conditioners, b 13.0 SEER
air cooled TS} Bty Al Sanghe fhefore 120415)
package 14 SEER
{as of 1/12015) -
Thra Split system 12.0 SEER 21240
ughthewall, o) oo0 Bum? Al plit =y
wir ol ed Simgle package 12.0 SEER
Semall dusct
high vebocity, w13, (00 Bht All Split System 1.0 SEER
air cooled
11.2 EER
114 [EER
Electric resistanoe Sphit system and
iy single package {before 1LIZ0LE)
12.9 [EER
265,000 Bruwh and {as of 1/12016)
=] 35,000 Btwh 110 EER
) 11.2 [EER
All other Split ”"’"“::‘d (heEore 17122016)
single package 12.7 [EER
{as of 1712016}
110 EER
S Split sysicm and 11.2 [EER
G ) ) — {before WLI2016)
o pne single package 12.4 [EER
135,000 Brwh and {as of I/12016)
240,000 Bhwh T0RELR
) 11,0 [EER
All other El:hnsiﬁl’!lﬂ:a“ {before IFLI2006)
package 122 [EER
Air conditiomers, {as of IFI2006) AHEL
air cooled 100 EER TSNI60
Flestric resistance Skt grsiren.md rbes::LL I[:-I-Lr‘E;]Iﬁ]
jor mone) single package 116 [EER
=240.000 Bruwh and {as of 1712016}
<T60,000 EBtuh oEEER
) 9.9 [EER
5 and
Al cther plit ”"’"“:ﬂ hefore 17LE2016)
single package 11.4 [EER
(a5 of I1L2016)
9.7 EER
9.8 IEER
Elpctric resistanoe Split system and
{oe nane) ingle package (before 1/LI2006)
11.2 [EER
{as of I/12016)
=T60,000 Biu'h
9.5 EER
) .6 IEER
All other Split ”""”‘::“1 (before 1FLI2016)
single package 11.0 IEER
{as of 1712016}
» Sertion |3 castains & complelr specifcation of th | b procrekare, inchdi | year versan of the fexd procoue.

h iqh-ﬁ:u—cmHu:—ﬂﬂnIﬂmﬁhﬁnqﬂthﬁfA.ml_mhﬁ by MAECA.

SUASHRAENES Sismadarnd 90, o
AnELA . 201-Ta i EYRRL e v wlliam Babeifleth (whshrifistivBrsu edu). Dewrlad Dste: 2/18/2014
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TABLE 6.8.1-6 Gas- and Oi-Fired Boilers—Minimurm EMiciency Reguirements

jusip gory o Raring Siee Calegery Efficicncy as of Tesi
Type® Conditlan (lnput) Minimum EfMicieney ENT Precedure
300,000 Euh'E 4T% AFLIE 2% AFUE 10 CFR Part 430
. 2300000 Bawfh and -
i fired B L, B E,
£2. 500,000 Bt ’ 10 CFR Part 231
Boilers =2 800,000 Bl ik, ENE
bt e ] A% AFLE 4% AFUE 10 CFR Part 230
23000000 Bafh and -
0l fired® b ek,
L0, 000 Bl 10 CFR Part 231
=2 800,000 Bawh® ek, BNE
i fired 300,000 B! 8% AFLIE 0% AFUE 10 CFR Part 430
. 230010060 Bl aned 2 E PE
';:i‘:‘: 7 5000060 Hyafs® & '
ntoeal ok >2_300,000 Bnwh* R E TIRE,
- — 10 CFR Part 431
OOU0A Ectls TThE, TN E,
Hoilers, Gines flred— 2,500,000 Haak® B !
shedit natural draft -
=2 500,000 Bnwh* TRE TR E,
<030, 000 Buh H7% AFLIE % AFUE 10 CFR Part 430
2300000 Basfh and -
Ol vt BI%E, BI%E,
250,000 Bz 10 CFR Part 431
=2 500,000 Bnwh* HI% & BI%E,
Thens rexpairermenis apply 4o boilers with rated pepre ol 000,040 Brath o ko ik package bod e and 1o all packsges bed e Mini ; Sor burders
1m=|m:.=ar.=m.,dum = -
b E, = comhusion cfficnsy | 188 ko fus e, Soz i for detied ins
& E=thenmal sfficicncy. Sex i e detaited mbcenation.
. Manimmen cemasii—minimas and moimem resngs s prided forasd allessd by te usit's coie.
e Inchudes oib-fired fresidaal).
£ e shall not b csuepped with 2 cosstart besieg el lght.
§ Absiler ot copiped srith 3 lask e & waterheating il shall be cxpaipped wita s o adjeating the ey i the waler such thal an msremental shangs
[RRIET L p— pondig i | shangs m the Emperaties of fie water sepplisd
TABLE 6.8.1-8 Electrically Operated Variable-Refrigerant-Flow Air Conditioners—
Minimum Efficiency Requirements
. . Heating Subcategory or - . Test
t T Size Cat Mi Effic
Equipment Type ey Section Tvpe Rating Comditinmn i reney Procedure
5,000 Bhush Al VRF multisplit 13,0 SEER
system
=63,000 Brwh and Electric resistance WERF multisplit 11.2 EER
VRF air conditioners, ] 35 000 Bruh {ar nome ) system 125 IEER AJET 1230
air cooled 135,000 Biwhand  Electric resistance. WRF multisplit 11.0 EER
w2400, 000 Brw'h {or nome ) system 123 IEER
240,000 Bruf Electric resistance WERF multisplit 100 EER
{ar nome ) system LL.1 IEER
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TABLE 6.8.1-10 Elecirically Operated Variable-Refrigerant-Flow Air-to-Alr and Applied Heat Pumps—
Minimum Efticiency Fegquirements

. _ Heating Section Subcategory or Mimimum
Eguipment Type Size Category Type Rating Condition Efficiency Test Procedure
«fi3, 000 Brwh All VEF multisplit system 13.0 SEER
=65.000 Biwh and Electmic resistance . . IO EER
135,000 Bush for none) VR ciliespli gy 123 [EER
65,000 Brwh and Electric resistance VRF maltisplat system 10,8 EER 12.1 [EER
] 35,0060 Biwh {or nome) with heat recovery
. =135,000 Biwh and  Elecinic resistance . . 10.6 EER
VI wr comike] 240,000 Bush for nome) VR ciliespli gy 118 [EER AHRI 1230
{coolmg mode)
=135,000 Btwh and Eleciric resistance VERF multisplat system 10.4 EER
w200 ) Bhw'h [ or nome) with heat recovery 106 IEER
Elecinc resistance . - 0.5 EER
240,000 Brwh {or 3 VEF multisplit system 106 IEER
Eleciric resistance  VEF multisplit system 9.3 EER
240,060 Bimlts {or none) with heat recovery 10.4 [EER
VRF mubtisplit sysiems -
=<3, 000 Brw'h All BEF ing water 120 EER
WRF mubtisplit systcms
«fi3, 000 Brwh All with heat recovery 11.B EER
B&7F entering water
265,000 Brwh and WEF multisplit system
= 135,000 Bnw'h A BE°F entering water 12,) EER
WEF water source
{coaling mode) VRF multisplit system AR L2340
65,000 Brwh and . i
15000 Bk All with heat recovery 1.8 EER
' B6°F entering water
VEF multisplit system -
Z135,000 Bhs'h All BE9F ing waer 10.0 EER
VEF multispls system
Z135,000 Bhs'h All with heat recovery S8 EER
B6°F entering water
WVEF multisplit system
= 135,000 Bnw'h All P ing water 16.2 EER
VEF multisplit system
=] 35,000 Bow'h All with heat recovery 16.0 EER
VRF grounsdwater 59°F entering water
sourCE AHRT 1230
{coaling mode) 2135000 B Adl VR multispli system 138 EER
5%°F entering water
VEF multisplit system
=135,000 Brwh All with heat recovery 13.6 EER

5%°F entering water
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TABLE £.8.2-2 Minimum Duct Insulation R-Value,®
Combined Heating and Cooling Supply Ducts and Return Ducts

Dt Location

Climate Unvented Attic " )
Tome  Euerior g e e ot E“;;i:"f"" Conditond  Buricd
Ceiling Insulation® Space”
Supply Ducts
| Rsfi Rty B8 Ra3.5 Rsd.5 MNane Rs3.5
| Rsfi Rty Rsfi Ra3.5 Rsd.5 MNone Rs3.5
3 Rt Rsty Refi Ra3.5 Es3.5 Nane R=3.5
4 Bt Bt Rty R=3.5 Re1.5 Nane R=3.5
5 Rt Rt R Rl Ra1.5 MNane Ra3.5
& R-8 Rai R R«1.9 B35 Nane Ra3.5
7 R.8 st R R«1.9 B35 MNang Ra3.5
8 R:8 Rs& B8 Rsl® Rsfi MNane Resfi
Retwrn Dnects
lioE R=3.5 R=1.5 Re3.5 Nane MNome Nane Nane
;Hmmnm-arnzﬂsmmhhm-uﬂddtunhkﬁh The ceguencd mini [ do eot commder water vapar
g e o el Pl et ASTM £511 o e et T T e e

b ircludes cras by, btk vertilated md sonventilated.
< Ircludes rotem o plormarms with o witho xposod rood abe.

TABLE 6.8.3-1 Minimum Piping Insulation Thickness
Heating and Hot Water Systems®&c-de
(Steam, Steam Condensate, Hot Water Heating and Domestic Water Systems)

Fluid Operating Inzulstion Condwctivity =Nominal Pipe sr Tube Size, in
Tempernture Range("F) Conduciivity, Mean Raii T
¥, ing o
and Usage Brwin. A El"'ﬂ T re., °F =] clall? 1eli2tm=d  dto=<E =R
Inzulation Thickness, in.
>350°F 0.32-0.534 250 4.5 30 30 50 30
I51°F=350"F 0.28-0.32 200 30 4.0 45 435 4.5
201°F=250°F 0.27-0.30 150 15 15 15 30 Lx]
14 IFF=200°F 0.25-0.79 125 1.5 15 20 20 Pl ]
105°F=140°F 0.22-0.28 10 LD Lo 1.5 L5 L5
3. For imsslation outside th statcd = g, the bick i T wkall be i -H}-:T-r{ll*n'ﬂ‘“—l}wbm.r-mmlhhh:-(nl.
r = acteal vt rackins of ipe (. £ = il thickrcas Lt this table for applicable fhiel terpemsture aeal e sz, & = corbectivity of siermate sl o mese ralng
bzl far 1z app licabls fhaid ey {Btrin e 21 e e g vl of the scrciiily e inied i th bl e the applicbl Suidtemperanse.
hhm“umqmmdyhﬁu L u guereel relative o saliy i 5 ¥
For paping emaller than 1.5 m. and located i itk k 4 spaces, reduction of thess thack by | m. akall bep d (befor tick dj el
= mEM[:]rH-tlalh.'Lh:-nh:ln'uin. - L i
& For deockbaricd beating and bok-waier sysicm pipmg, eeducime of thee fhickneomes by 1.5 o shall be pormaticd (hefore thack dp coguered in fnoteoke [a]) bet wof in

thackn ey below | m.

. The bible o based on ﬂppﬂmﬂrmt&ﬂrﬂﬁrﬁmwlﬂ“ﬂﬂ:h}tulnﬁwdh:mﬂrmhmqwmgmh et off
wiecd e, redeced atice if iom o provided showsy ikat e pipe with #he propmcd imubstion has po soes bt ronsfer per mcire tha s
Ildwcnl'hm:ulwlhll:lmﬁlmﬂ:d:.:nlhﬂmnlh:hﬂ;

TABLE 6.8.3-2 Minimum Piping Insulation Thickness
Cooling Systems (Chilled Water, Brine, and Refrigarant)®.b.c.d

Insulation Conductivity Nominal Pipe or Tobe Size, in.
Fluid Operating
1o 1172 to
THI.;]JIH'I‘I‘II‘!. Conductivity, Meam Rating <1 =12 g 4t <% =8
Range (°F) and Usage  pyin Nh-i=F) Temperature, °F
Insulation Thickness, in
AIPF=60°F 0.21=0.27 75 0.5 0.5 Lo Lo L0
<4PF 0.20-0.26 S 0.5 Lo Lo Lo L5
a. For insslab: ke fhe d conduciivity rangs, e min hick i shall be dricrmencd a fol lows: ]'-r'||—ﬂhf“-l},-hm?-mmnuldmihdn:-(n.l.
r-.u:t-l-n.ln&-nh.ofﬁ:ccnur-nmhm&:kmhd:d-&lh&hwldkmdhpﬁmndmmk-aduwivdmmumq
1 fas this applicable fhiid omy i Biurin b 2 ard & = the ugpper value o the comdeciivity ramge listed  then bl e the spplicable foiébempersare.
b Thoae thickaexacs ave baed o cacry cficicncy consxkerstioss mlby. [macs nch s waler vapor prrmesbilify o sarac: cond [ —
imubiion.
. For denci-tered cocling sysiem pipmg, mssbison is ol nogeined.
< The tablc i bancd on sieclpipe. B Jirpip:. hedele 8 thicknem ar lom shall sz the tabic valees. For sther normetalbe pipes having theeeal resatasce greater than that of
[ itied o 4 provadedi b g fuat the pips wih the proposcd isselation b nomons beal tmader per foot than  siezl

wﬂﬁrnummhﬂuhﬁm..hu&
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