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Aut hori zation

The New Buildings Institute, Inc. (“Institute”) authorizes you to view the follow ng
Advanced Bui |l di ngs: Energy Benchrmark for Hi gh Performance Buil di ngs (Benchmark), Maine
Version 1.0, June 2005 (“ Mai ne Benchmark”) for your individual use only. Reproduction
or distribution of the whole or any part of the contents of the Miine Benchnmark without
the express witten perm ssion of the Institute is prohibited

Unaut hori zed use of the Maine Benchmark viol ates copyright, trademark and other |aws and
is prohibited. Al text, graphics, layout and other elenents of content contained in the
Mai ne Benchmark are owned by the Institute and are protected by copyright under both
United States and foreign | aws.

Di scl ai ner of Warranties

The following Parties have participated in funding, creating and/or preparing the
Benchmar k, upon which the Mine Benchmark is based: The Institute, The Energy
Foundation, California Energy Conm ssion (CEC), Efficiency Vernont, |owa Energy Center
National Gid, USA, New York State Energy Research and Devel opnent Authority (NYSERDA)
Nort hwest Energy Efficiency Alliance (NEEA), NSTAR, Sacranento Municipal Uility District
(SMUD), Southern California Edison (SCE) (collectively referred to below as “the
Parties”).

The Mai ne Benchnark and the views, recomrendations, techni ques, technical specifications
and any and all other content included therein are provided solely for informationa
purposes. The Parties make no warranty, express or inplied, and assune no liability or
responsibility, to you or any third Parties, for the accuracy, conpleteness, reliability
or useful ness of any data, information, nethod, policy, product or process disclosed in
the Mai ne Benchmark. The Parties do not warranty or represent that use of the Mine
Benchmark will not infringe any privately-owned rights, including but not limted to
patents, trademarks or copyrights. Further, the Parties nake no warranty, express or
inplied, nor assune any liability or responsibility, to you or any third Parties, for any
informati on contained in the Maine Benchmark or your reliance thereon, or for any
injuries, |osses or damages (including, without linmtation, equitable relief) arising out
of your use or reliance thereon

Not hing i n the Maine Benchmark is intended to be construed or relied upon as advice or
recommendations suitable to a specific application. The information is provided
generally to pronpte public awareness of energy conservation and energy efficiency in
bui | di ngs of which the Parties are aware and for the general benefit of the public. No
bui | di ng application shoul d be undertaken without first consulting a licensed contractor
or other building professional

The Parties make no warranty or representation whatsoever, express or inplied: (1) with
respect to the use of any information, apparatus, nethod, process, or simlar item

di scl osed in the Maine Benchmark, including nmerchantability and fitness for a particul ar
purpose or result; (2) that such use does not infringe on or interfere with privately
owned rights, including any party’'s intellectual property; or (3) that the Mine
Benchmark is suitable to any particular user’s circunstances

Conformty

In fornul ating and finalizing the Benchmark, upon which the Maine Benchnark is based, the
Parties followed requirenents and procedures |largely based on the American Nationa
Standards Institute ( “ANSI "), known as the “ ANSI Procedures for the Devel opnent and
Coordi nation of Anmerican National Standards Section 1.2 Due Process Requirenents®, Annex
D-Method D. 2 (of Consensus Devel opnent) Accredited Standards Conmittee Met hod© and Annex
A — Model Procedures for an Accredited Standards Comittee®,” except:

any actual or inplied use of the term American National Standard

any actual or inplied acceptance or approval by ANSI

substituting, as is practicable, the Institute approved admi nistrative procedures for
normative ANSI adninistrative procedures including, but not limted to, applying for
accreditation, submtting candi date standards, giving notice to any ANSI body, and
submitting the guideline to ANSI

4. sections A 10, A 11, A 12.7

The Parties devel oped the Maine Benchmark for the express purpose of providing and
encour agi ng voluntary and non-enforced measures for high-performance buil dings

The contents of the Maine Benchmark, including the reconmendations contained therein, do
not represent the views of the Parties individually or collectively. The Parties have
established a Criteria Review Conmittee, serving as the “consensus body” stipul ated
under the ANSI Procedures, to oversee the pronul gation of the Benchmark and its
derivative products such as Mine Benchmark. The Criteria Review Conmittee consists of
representatives of those groups and organi zations materially affected by the Benchnark,
includi ng users, practitioners, policy makers, manufacturers and associations

Wai ver and Rel ease fromLiability

The Parties do not assune responsibility for any damages or other liability whatsoever
(including any consequenti al damages, even if the Parties have been advi sed of the
possibility of such damages) resulting fromyour dissem nation of the Miine Benchmark in
any format or nedium or your view ng, downloading, application, or use of the Mine
Benchmark or any information, apparatus, nmethod, process, or similar itemdisclosed in
the Mai ne Benchmark.

As a condition of your use of the Miine Benchnark, you covenant not to sue, and agree to
release fromliability the Parties, and each of their officers, directors, enployees

aut hori zed agents or other authorized persons acting on their behal f, and you waive any
and all clainms, demands and causes of action against the Parties, for any injuries

| osses or damages of any kind (including, without limtation, equitable relief) that you
may now or hereafter have a right to assert against the Parties or any of their officers
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MAI NE VERSION 1.0

directors, enployees, authorized agents or other authorized persons acting on their
behal f, as a result of your use of, or reliance on, the Mine Benchmark.

As a further condition of your use of the Maine Benchmark, you agree and acknow edge
that: (1) the Parties nmake no representation, warranty or guaranty regardi ng the safety
or lack of hazards or risks associated with the use of or reliance on the Mine
Benchmark, and that (2) by using the Maine Benchmark you are assunming all risks that may
result from be associated with, or involved with your use of and/or your reliance on the
Mai ne Benchmar k.

New Bui |l dings Institute, Inc. i
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| NTRODUCT! ON

provi de suggestions on optimni zati on of building and nechani ca
system desi gn features.

e Val ue engi neering changes are avoided that |lower first cost at the
sacrifice of design intent or owner’s performance requiremnments.

e The building operating staff is trained to ensure that performance
is achieved over the life of the building.

The integrated design process pronoted by Advanced Buil dings is
routinely used by design teans to produce high performance buil dings for
zero to three percent cost increase over an average building. Figure 1
shows how early efforts to focus on building performance can have the

| argest i npacts.
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Figure 1 - Inpact of Integrated Design Process
Advanced Buil di ngs consists of the foll ow ng resources:

e Benchmark (what to acconplish)
e Reference Guide (how to acconplish it)
e Benefits Guide (why it should be acconplished)

e Profiting fromH gh Performance (why a buil di ng owner shoul d want
it)

e LEED Guide (how the Benchmark hel ps achi eve LEED points)

e Technical Educational Series (how to acconplish it on your next
pr oj ect)

e www. Power Your Desi gn. com (your comunity of practice)

Toget her, these el enents of Advanced Buil di ngs provi de specific energy
efficiency targets, design guidance on how to neet these targets and the
rationale to notivate building owners to strive for high perfornance

bui | di ngs.

© 2005 New Buildings Institute, Inc. Page 3
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1.6. Priorities

Hi gh performance is a broad topic. Mine Benchmark covers a range of
subj ects from narrow technical specifications to good project nanagement
practices. Wiile the technol ogies specified in Miine Benchmark are
conponents of a good building, the building nust be designed,
constructed and operated as an integrated systemto deliver a building
that is healthy, operates efficiently, increases workplace satisfaction
and reduces environnental inpacts.

Design, Construction and Post-Construction Process
Commissioning is the process
The design and construction process laid out in of ensuring that systems are
Mai ne Benchmark recognizes that it is essential designed, installed,

for specific steps to be taken at various stages functionally tested, and

of the process. These steps start very early in capable of being operated

t he desi gn process and involve siting, and maintained in conformity
orientation, nassing, building envel ope and with the design intent or
nmechani cal design. The processes in Mine owner’s performance
Benchnark are structured to naxinm ze the inpact requirements. The

of the design teamon building performance commissioning process
during a tine in the design process where should begin at the design
changes can be incorporated with little to no stage of a project and carry
cost, and often even with cost savings. through for at least one year

of occupancy.

Specific Building Systems

Bui | di ng Envel ope. Orientation, massing, materials, w ndows, effective
use of natural light, interior space configurations, and consideration
of the outdoor climate in design are the key elenents that set the stage
for the design of other building systems. Many of these key areas of
envel ope perfornance are properly addressed if a building is constructed
according to Mai ne BenchmarKk.

Mechani cal Systens. The “integrated design” approach | ooks beyond the
si mpl e questi on of nechani cal system sizing and specification and sees
the building' s mechanical systemas integral to the design process and
ulti mate occupant satisfaction. Maine Benchmark supports this approach

t hrough specific design approaches, equi pment selection and control
system desi gn.

Li ghting and Electrical Systems. O fice equipnment, electrical system
conponents and lighting systens directly contribute to the electrical

| oad and heat gain in a building. Miine Benchmark provi des aggressive
targets to reduce a building’s electrical load and its associ ated

cool ing requirenents.

Bui | di ng Control Systens. These systens often make the difference

bet ween an energy-efficient high performance building and a buil ding
wi t h hi gh-perfornance equi pnent that is not delivering confort, health
or energy savings to the owner and buil ding occupants. Controls al so
hel p reduce the denmand on the electrical or gas distribution system as
wel | as inprove occupant performance. M ne Benchmark provides a set of
specifications for designing, testing and operating building control
syst ens.

Renewabl e Energy Systens. On-site energy production allows a building
to go beyond energy efficiency and transformit froma consumer to a
producer of energy. Mine Benchnark supports this next step through
criteria for credit that pronote renewabl e energy systens from daylight
harvesting through electricity and hot water production.

Page 4 © 2005 New Buildings Institute, Inc.
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Maine Criteria

Al'l projects constructed using the Maine Benchmark must mneet certain
Basic Criteria and follow the Prescriptive Approach provided in the
book. In addition, there are Recommended Criteria that nmay be included
in the construction or renovation of a building.

Basic Criteria

Al projects on which Maine Benchmark is used as a guide nmust first neet
a set of Basic Criteria. Exanples include docunentation of project
processes, acceptance testing and operations certification. Table 1
includes the list of Basic Criteria.

Table 1 — Basic Criteria

Scope and Application Label Title
Document ati on 1.1 Design Certification
1.2 Construction Certification
1.3 Operations Certification
1.4 Ener gy Code Conpli ance
Envel ope 1.5 Air Barrier Performance
1.6 W ndow, Skylight and Door Certification
Controls 1.7 Moni toring and Trend-| oggi ng
El ectri cal 1.8 Energy-efficient Transforners
Lighting — Interior 1.9 Li ghting Controls
Lighting — Exterior 1.10 Qut door Lighting
I ndoor Environnental Quality 1.11 Indoor Air Quality
1.12 Refrigeration
1.13 Net wor ked Conputer Mnitor Controls

Prescriptive Approach

Mai ne Benchmark contains a sinple prescriptive or pattern approach to
energy performance. This approach can be used for various stages of a
bui | di ng i ncluding shell buildings, tenant build-outs or renovations and
renodel s. For nore detail on using Maine Benchmark for various phases of
a project, please refer to the Advanced Buil di ngs Reference Guide.
Prescriptive criteria are shown in Table 2.

Page 6 © 2005 New Buildings Institute, Inc.
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Table 2 - Prescriptive Criteria

Scope and Application Label Title

Docunent ati on 2.1 Opaque Envel ope Performance

Envel ope 2.2 Fenestration Perfornmance

Mechani cal 2.3 Mechani cal System Desi gn
2.4 Mechani cal Equi prent Efficiency Requirenents
2.5 Vari abl e Speed Drives

Li ghting 2.6 Li ghting Power Density

School's Only 2.7 Dayl i ghti ng Responsive Controls

Recommended Criteria

Recomended Criteria nay be used to exceed Mai ne Benchmark. These
criteria mght be used in green building prograns or other prograns that
pronot e energy-effective design, construction and operation. Table 4
identifies the criteria for credit.

Table 3 - Recommended Criteria

Scope and Application Label Title

Docunent ati on 3.1 Pre-design Certification

Addi tional Comm ssi oni ng

Cont i nuous Reconmi ssi oni ng

Performance Certification

\Whol e- bui I di ng 3.5 Demand- r esponsi ve Bui |l di ng

Ener gy Production 3.6 On-site Supply of Renewabl e Energy

© 2005 New Buildings Institute, Inc. Page 7
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ACRONYMS AND DEFI NI TI ONS

2. Acronyns and Definitions
The foll owi ng acronynms and definitions apply throughout the CGuidelines:

2. 1. Acronyns
ASD — Adj ustabl e Speed Drive

ASHRAE — Anerican Society of Heating, Refrigerating and Air-conditioning
Engi neers

HVAC — Heating, Ventilating and Air Conditioning
| ECC — International Energy Conservation Code
| ESNA — ||l um nati ng Engi neering Society of North Anerica
LEED — Leadership in Energy and Environnmental Design
USGBC — US Green Buil di ngs Counci l
VAV — Variable Air Vol unme
2.2 Definitions
above-grade wall: see wall.
automatic: self-acting, operating by its own mechani smwhen actuated by
sone non-nanual influence, such as a change in current strength,

pressure, tenperature, or nechanical configuration. (See nanual.)*

automatic control device: a device capable of automatically turning
| oads of f and on without manual intervention.*

bal | ast: a device used in conjunction with an electric-discharge lamp to
cause the lanp to start and operate under the proper circuit conditions
of voltage, current, wave form electrode heat, etc.*

boiler: a self-contained | ow pressure appliance for supplying steam or
hot water.*

buil di ng: any structure having a roof or a partial roof supported by
colums or walls that is used or intended to be used for shelter or
encl osure of persons or objects regardless of the materials of which it
i s constructed.

bui | di ng envel ope: The el enents of a building which encl ose conditioned
spaces through which thermal energy is capable of being transferred to
or fromthe exterior or to or fromunconditioned spaces.

buil ding material: any el enent of the building envel ope through which
heat flows and that is included in the conponent U factor cal cul ations
other than air filns and insulation.*

CFM Cubic feet per ninute. The neasurenment rate for air flow
coefficient of performance (COP) — cooling: the ratio of the rate of
heat renoval to the rate of energy input, in consistent units, for a

conplete refrigeration systemor sone specific portion of that system
under designated operating conditions.*

conduct ance: see thermal conductance.

construction: the fabrication and erection of a new building or any
addition to or alteration of an existing building.*

© 2005 New Buildings Institute, Inc. Page 9
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construction docunents: draw ngs and specifications used to construct a
bui | di ng, building systenms, or portions thereof.*

continuous insulation (cont. ins. or ci): insulation that is continuous
across all structural nenmbers wi thout thermal bridges other than
fasteners and service openings. It is installed on the interior
exterior, or is integral to any opaque surface of the building

envel ope. *

control: to regulate the operation of equipnent.*

control device: a specialized device used to regulate the operation of
equi pnent . *

critical demand period: the period of peak electricity or natural gas
demand, as defined by a utility tariff, that establishes annual system
peak | oad. The critical demand period is different fromtypical demand
periods as traditionally defined by utility tariffs.

daylit area: the space on the floor that is the larger of (a) plus (b);

(a) vertical glazing: the daylit area has a | ength of 15 feet,
or the distance on the floor, perpendicular to the glazing, to the
near est 60-inch or higher opaque partition, whichever is |ess; and
a width of the window plus either 2 feet on each side, the
di stance to a opaque partition, or one half the distance to the
cl osest skylight or vertical glazing, whichever is |east.

(b) hori zontal glazing: the daylit area is the footprint of the
skylight plus, in each of the lateral and |ongitudinal dinensions
of the skylight, the lesser of the floor-to-ceiling height, the
di stance to the nearest 60-inch or higher opaque partition, or one
hal f the horizontal distance to the edge of the closest skylight
or vertical glazing.

dayl ight glazing: exterior glazing over 6 feet above the finished floor

demand: the hi ghest anmount of power (average kWover an interval)
recorded for a building or facility in a selected tine frane.

design conditions: specified environnental conditions, such as
tenperature and light intensity, required to be produced and nai ntai ned
by a system and under which the system nust operate.*

di stribution system conveying neans, such as ducts, pipes, and wres,
to bring substances or energy froma source to the point of use. The

di stribution systemincludes such auxiliary equi pnrent as fans, punps,

and transfornmers. *

door: all operable opening areas (which are not fenestration) in the
bui | di ng envel ope, including swinging and roll-up doors, fire doors, and
access hatches. Doors that are nore than one-half glass are consi dered
fenestration. (See fenestration.) For the purposes of determni ning
bui | di ng envel ope requirenents, the classifications are defined as
fol | ows:

(a)non-swinging: roll-up, sliding, and all other doors that are not
swi ngi ng doors.

(b)swi nging: all operable opaque panels w th hinges on one side and
opaque revol ving doors. *

door area: total area of the door neasured using the rough openi ng and
i ncluding the door slab and the frame. (See fenestration area.)*

Page 10 © 2005 New Buildings Institute, Inc
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econom zer, air: a duct and danper arrangenent and automatic control
systemthat together allow a cooling systemto supply outside air to
reduce or elimnate the need for nechanical cooling during mld or cold
weat her . *

efficiency: performance at specified rating conditions.*

emttance: the ratio of the radiant heat flux enmitted by a specinen to
that emtted by a blackbody at the sane tenperature and under the sane
conditions.*

energy: the capacity for doing work. It takes a nunber of forms that may
be transfornmed fromone into another such as thernal (heat), mechanica
(work), electrical, and chemical. Custonmary neasurenment units are
British thermal units (Btu).*

energy efficiency ratio (EER): the ratio of net cooling capacity in
Btu/h to total rate of electric input in watts under designated
operating conditions. (See coefficient of perfornmance (COP)—cooling.)*

energy performance rating: the energy use of the proposed buil di ng under
actual operating conditions. Projected energy use targets can be used
for buildings in the design or construction process. Exanples include
kBtu/sf/yr, $/sflyr, $/gross sales, Energy Performance Rating Score (US
EPA), or like expressions of energy performance.

equi pnent : devices for confort conditioning, electric power, lighting,
transportation, or service water heating including, but not limted to,
furnaces, boilers, air conditioners, heat punps, chillers, water heaters,
| anps, lumnaires, ballasts, elevators, escalators, or other devices or
installations.*

fenestration: all areas (including the frames) in the building envel ope
that let in light, including wi ndows, plastic panels, clerestories,
skylights, glass doors that are nore than one-half glass, and gl ass

bl ock walls. (See building envel ope and door.) A skylight is a
fenestration surface having a slope of |less than 60 degrees fromthe
hori zontal plane. Other fenestration, even if nmounted on the roof of a
buil ding, is considered vertical fenestration.*

fenestration area: total area of the fenestration nmeasured using the
rough opening and includi ng the gl azing, sash, and franme. For doors
where the glazed vision area is | ess than 50% of the door area, the
fenestration area is the glazed vision area. For all other doors, the
fenestration area is the door area. (See door area.)*

fixture: the conponent of a luninaire that houses the | anp or |anps,
positions the lanmp, shields it fromview, and distributes the light. The
fixture also provides for connection to the power supply, which nay
require the use of a ballast.*

flue danper: a device in the flue outlet or in the inlet of or upstream
of the draft control device of an individual, automatically operated,
fossil fuel-fired appliance that is designed to automatically open the
flue outlet during appliance operation and to automatically close the
flue outlet when the appliance is in a standby condition.*

fuel: a material that nay be used to produce heat or generate power by
conbustion. *

grade: the finished ground |evel adjoining a building at all exterior
wal |l s. *

har nmoni cs: voltages and currents at frequencies other than 60 Hz (or 50
Hz where applicable) that cause heating and other detrinental effects in
t he power system *

© 2005 New Buildings Institute, Inc. Page 11
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heati ng seasonal perfornmance factor (HSPF): the total heating output of
a heat punp during its normal annual usage period for heating (in Btu)
divided by the total electric energy input during the sane period.*

HVAC system the equipnment, distribution systens, and term nals that
provide, either collectively or individually, the processes of heating,
ventilating, or air conditioning to a building or portion of a

bui | di ng. *

infiltration: the uncontrolled inward air |eakage through cracks and
crevices in any building el enent and around wi ndows and doors of a
bui | di ng caused by pressure differences across these el ements due to
factors such as wind, inside and outside tenperature differences (stack
effect), and inbal ance between supply and exhaust air systens.*

integrated part-load value (IPLV): a single-nunber figure of merit based
on part-load EER COP, or kWton expressing part-|load efficiency for
air-conditioning and heat punp equi pnent on the basis of weighted
operation at various |oad capacities for the equipnent.*

kilowatt (kW: the basic unit of electric power, equal to 1000 W*

| abel ed: equi prent or materials to which a synbol or other identifying
mar k has been attached by the manufacturer indicating conpliance wth
speci fied standards or performance in a specified manner.*

| anp: a generic termfor a man-nade |ight source often called a bulb or
t ube.

(a) conpact fluorescent |anp: a fluorescent |anp of a snal
conpact shape, with a single base that provides the entire
mechani cal support function.

(b) fluorescent lanp: a | ow pressure electric discharge lanp in
whi ch a phosphor coating transfornms some of the ultraviolet energy
generated by the discharge into |ight.

(c) general service lanmp: a class of incandescent |anps that
provide light in virtually all directions. General service |anps
are typically characterized by bul b shapes such as A, standard; S,
straight side; F, flame; G globe; and PS, pear straight.

(d) high-intensity discharge (H D) lanp: an el ectric discharge
lanp in that light is produced when an electric arc is discharged
t hrough a vaporized netal such as nmercury or sodium Sone H D

| anps nmay al so have a phosphor coating that contributes to the

[ ight produced or enhances the |ight color

(e) incandescent lanp: a lanp in which |ight is produced by a
filament heated to incandescence by an electric current.

(f) reflector lanmp: a class of incandescent |anps that have an
internal reflector to direct the light. Reflector |anps are
typically characterized by reflector shapes such as R, reflector
ER, ellipsoidal reflector; PAR parabolic aluninized reflector
MR, multi-faceted reflector; and others.*

lighting system a group of luminaires circuited or controlled to
performa specific function.*

lighting power density (LPD): the maxi mum|lighting power per unit area
of a building classification of space function.*

manuf acturer: the conpany engaged in the original production and
assenbly of products or equi pment or a conpany that purchases such
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products and equi pnent nanufactured in accordance w th conpany
speci fications.*

nmechani cal cooling: reducing the tenperature of a gas or |liquid by using
vapor conpression, absorption, desiccant dehum dification conbined with
evaporative cooling, or another energy-driven thernodynam c cycle.
Indirect or direct evaporative cooling alone is not considered
nmechani cal cooling.*

occupant sensor: a device that detects the presence or absence of people
within an area and causes |ighting, equiprment, or appliances to be
regul ated accordi ngly.*

opaque envel ope: all areas in the building envel ope, except fenestration
and bui I di ng service openings such as vents and grilles. (See building
envel ope and fenestration.)

operational performance requirenments: A witten docunment that details
the functional requirements of a project and the expectations of how it
wi Il be used and operated. This includes project and design goals,
nmeasur abl e performance criteria, budgets, schedul es, success criteria
and supporting information.

orientation: the direction an envel ope el enent faces, i.e., the
direction of a vector perpendicular to and pointing away fromthe
surface outside of the elenent.*

outdoor (outside) air: air that is outside the building envel ope or is
taken from outside the building that has not been previously circul ated
t hrough the buil ding.*

overhead gl azi ng area: the area whose horizontal dinension, in each
direction, is equal to the overhead gl azing di nension plus either the
floor to ceiling height or the dinmension to the nearest 66" or higher
opaque partition, or one-half the distance to the adjacent overhead or
vertical glazing.

projection factor (PF): the ratio of the horizontal depth of the

ext ernal shadi ng projection divided by the sumof the height of the
fenestration and the distance fromthe top of the fenestration to the
bottom of the farthest point of the external shading projection, in
consi stent units.*

proposed design: a conputer representation of the actual proposed
bui | di ng design or portion thereof used as the basis for calculating the
desi gn energy cost.*

rated R-value of insulation: the thermal resistance of the insulation

al one as specified by the manufacturer in units of h-ft®>°F/Btu at a
mean tenperature of 75°F. Rated R-value refers to the thermal resistance
of the added insulation in fram ng cavities or insulated sheathing only
and does not include the thermal resistance of other building materials
or air films. (See thermal resistance.)*

record draw ngs: drawi ngs that record the conditions of the project as
constructed. These include any refinements of the construction or bid
docurent s. *

refl ectance: the percentage of the light reflected by a surface relative
to the light incident upon it.*

roof: the upper portion of the building envel ope, including opaque areas
and fenestration, that is horizontal or tilted at an angle of less than
60° from horizontal . *
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seasonal energy efficiency ratio (SEER): the total cooling output of an
air conditioner during its normal annual usage period for cooling (in
Btu) divided by the total electric energy input during the sane period
(in W).*

service: the equiprment for delivering energy fromthe supply or
di stribution systemto the prem ses served.*

singl e-zone system an HVAC system serving a single HVAC zone.*
skylight: see fenestration

solar heat gain coefficient (SHGC): the ratio of the solar heat gain
entering the space through the fenestration area to the incident solar
radi ation. Solar heat gain includes directly transmtted solar heat and
absorbed sol ar radiation, which is then reradi ated, conducted, or
convected into the space. (See fenestration area.)*

space: an enclosed area within a building. The classifications of spaces
are as follows for the purpose of determ ning building envel ope
requirenents.

(a) conditioned space: a heated or cool ed space, or both, within a
bui |l di ng and, where required, provided with hum dification or
dehum dificati on neans so as to be capable of naintaining a space
condition falling within the confort envel ope set forth in ASHRAE
55.

(b) uncondi tioned space: a space other than a conditioned space.
steel-franmed wall: see wall
steel joist floor: see floor

substantial contact: a condition where adjacent building materials are
pl aced so that proximal surfaces are contiguous, being installed and
supported so they elimnate voids between materials w thout conpressing
or degrading the thernmal performance of either product.*

system a conbination of equi pnent and auxiliary devices (e.g.

controls, accessories, interconnecting neans, and term nal el enents) by
which energy is transforned so it perforns a specific function such as
HVAC, service water heating, or lighting.*

TAB: Testing and bal ancing. The practice of testing and bal ancing air
flow through the duct work within a heating, ventilation or air
conditioning systemfollowing installation or nodifications.

thermal resistance (Rvalue): the reciprocal of the tinme rate of heat
flow through a unit area induced by a unit tenperature difference

bet ween two defined surfaces of material or construction under steady-
state conditions. Units of Rare h-ft*>°F/ Btu.*

thernostat: an autonatic control device used to naintain tenperature at
a fixed or adjustable set point.*

thernostatic control: an automatic control device or systemused to
mai ntain tenperature at a fixed or adjustable set point.*

tinted: (as applied to fenestration) bronze, green, blue, or gray
coloring that is integral with the glazing material. Tinting does not
i nclude surface applied filnms such as reflective coatings, applied
either in the field or during the manufacturing process.*

transformer: a piece of electrical equipnent used to convert electric
power from one voltage to another voltage.
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(a) dry-type transforner: a transforner in which the core and
coils are in a gaseous or dry conmpound.

(b) liquid-imersed transforner: a transformer in which the core
and coils are imersed in an insulating liquid.*

U-factor (thermal transmttance): heat transmission in unit tinme through
unit area of a material or construction and the boundary air fil ms,

i nduced by unit tenperature difference between the environnments on each
side. Units of Uare Btu/h-ft® °F. *

unitary equi pnent: one or nore factory-nade assenblies that normally
i ncl ude an evaporator or cooling coil and a conpressor and condenser
conbination. Units that performa heating function are al so included.*

vent danper: a device intended for installation in the venting system of
an individual, automatically operated, fossil fuel-fired appliance in
the outl et or downstream of the appliance draft control device, which is
designed to automatically open the venting systemwhen the appliance is
in operation and to automatically close off the venting system when the
appliance is in a standby or shutdown condition.*

ventilation: the process of supplying or renoving air by natural or
nmechani cal nmeans to or fromany space. Such air is not required to have
been conditioned. *

VFD:. Variable Frequency Drive. Also called variable speed drives these
notors or controls vary the frequency of electricity in response to an
el ectrical signal. The change in frequency results in a change in notor
speed which reduced electricity use when ranped down. Mst commonly used
on supply and return fans and punps.

Visible Light Transmttance (VLT): a neasure of the percentage (0-100%
of visible light transmtted by the glazing.

wal | ;: that portion of the building envel ope, including opaque area and
fenestration, that is vertical or tilted at an angle of 60° from

hori zontal or greater. This includes above-and bel ow grade wall s,

bet ween fl oor spandrels, peripheral edges of floors, and foundation
wal I s. For the purposes of determ ning building envel ope requirenents,
the classifications are defined as foll ows:

(a) above-grade wall: a wall that is not a bel owgrade wall .

(b) bel owgrade wall: that portion of a wall in the building envel ope
that is entirely below the finish grade and in contact with the
gr ound.

(c) mass wall: a wall with a heat capacity exceeding 7 Btu/ft? °F.

(d) netal building wall: a wall whose structure consists of neta

spanni ng menbers supported by steel structural nenbers (i.e., does
not include spandrel glass or netal panels in curtain wall
systens).

(e) steel-franed wall: a wall with a cavity (insulated or otherw se)
whose exterior surfaces are separated by steel fram ng nenbers
(i.e., typical steel stud walls and curtain wall systens).

(f) wood-franed and other walls: all other wall types, including wood
stud walls.*

wal | area, gross: the area of the wall neasured on the exterior face
fromthe top of the floor to the bottom of the roof.*
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war mup: increase in space tenperature to occupied set point after a
peri od of shutdown or setback.*

wat er heater: vessel in which water is heated and is withdrawn for use
external to the system?*

wood-framed and other walls: see walls.

* © ASHRAE, www. ashrae.org. Reprinted by perm ssion from

ANSI / ASHRAE/ | ESNA St andard 90. 1-2001. This material may not be copied
nor distributed in either paper or digital formw thout ASHRAE s

per m ssi on.
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4. Basic Criteria
4.1. Design Certification

Pur pose: Ensure the design process was successful in inplenenting the
joint statement of energy and environmental goals and
principles in the constructi on docunentation

Criteria:

"Required 1.1 The design teamshall certify and the owner shal
complete a certification that the final design has net
the follow ng requirenents:

Operational Performance Requirenments. A narrative
statenent of operational performance shall incl ude:

1. A description of the operational perfornmance
providing a detail ed explanation of the ideas,
concepts, and criteria that are defined by the
owner to be inportant.

2. A description of the basis of design of the
systens Including all information necessary to
prepare a design to acconplish the operationa
per f or mance.

3. A description of the sequence of operation of the
systens and their interaction with other systens.

4. A description of the systens including the
capacities of the equi pnent or systens.

5. A description of the testing requirenents and the
criteria for passing to be used for final systens
accept ance.

6. A description of how the design team has
m nim zed energy consunption and demand t hrough
first reducing loads to a m ni nrumthen designing
an appropriate mechani cal systemto neet those
| oads through a range of operating conditions.

7. Define the energy perfornmance target for the
building as a 75 or higher using ENERGY STAR
Target Fi nder.

Construction Docunments: The construction documents
shall contain sufficient infornmation to conpletely
descri be the envelope, including air barrier; heating,
ventilation, and air conditioning (HVAC); service hot

water; lighting; electric power distribution systens;
and on-system energy systens including operationa
features and controls. Al HVAC, lighting, and electric

power distribution system plans shall contain
sufficient information to identify the system and
equi pnent arrangenents, system and equi pnent si zing,
systens specifications, and systens sequence(s) of
operati on.

The construction docunents shall denonstrate that the
tabul ati on of the building | oads used assunptions
consistent with the Maine Benchmark or docunent why
di fferent assunptions were used.

The construction docunents shall require the subnitta

© 2005 New Buildings Institute, Inc. Page 21



MAI NE VERSION 1.0

of operation manual s and nai ntenance manual s as a
condition of final acceptance, and a description of
their format and content. The operation nmanual shal
provide all relevant information needed for day-to-day
operation and nmanagenent of each system The

mai nt enance manual shall describe equi pnment inventory
and support the maintenance program The subnmittal of
record drawi ngs and control docunments are a condition
of final acceptance.

Bid Submittals: The bid submittals shall be revi ewed
to assure conformance with the Constructi on Docunents.
Changes shall be reviewed to assure they are consistent
with the operational performance requirenents and
statenent of goals and principles, if appropriate. O -
equal substitutions shall be shown to assure equal or
better energy and indoor environnmental performance when
conpared to the sane elenent in the origina
construction docunent. |f using the Wole-building
Energy Cost approach, the substitutions shall be re-
simul ated to denpnstrate equival ence

Commi ssi oni ng: A conmi ssioning plan shall be prepared
that, in addition to the required docunentation
specifies the process for neeting the owner’'s project
requi renents by providing:

e A wuniformand effective process for
delivery of construction projects, and

e Verify proper coordinati on anbng systens
and assenblies, and between al
contractors, subcontractors, vendors and
manuf acturers of furni shed equi prent and
assenbl i es.

Cener al :

The construction docurments represent the final product of the design
process. These docunents are essential to guiding the overal
construction process. This requirenent places additional enphasis on
el ements of the construction docunents that support inproved buil di ng
per f or mance.

By follow ng the Maine Benchmark, you may qualify to display the
"Designed to Earn the ENERGY STAR' graphic on qualified plans to show
your commitnent to creating buildings that performbetter and prevent
pol lution. The followi ng steps are necessary to qualify:

e Join ENERGY STAR - becone a Service and Product Provider
part ner.

e Use Target Finder to obtain the energy performance rating of
your design - scores of 75 and higher qualify (part of
Criteria 1.1)

e Print and conplete the Statenment of Energy Design Intent
(SEDI') - this nust include the project architect or
engi neer's stanp.

e Print application letter on conpany |letterhead and sign

e Submit both docunents to EPA

e Receive "Designed to Earn the ENERGY STAR' graphic - place
intitle block next to the name of project qualifying
desi gn.
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REf B BNC S o

ENERGY STAR New Bui | di ng Design, http://ww.enerqgystar.gov/

Pl ER Construction Specifications ww. newbui |l di ngs.org
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4. 2. Construction Certification

Pur pose: Ensure that the design is constructed and operates as
i ntended by the construction docunents.

Criteria:

Required 1.2 The construction process shall be conducted to deliver a
buil ding that neets or exceeds the Qperationa
Per f ormance Requirenents. This process shall include the
fol | owi ng:

1. Change-orders shall be reviewed to assure they are
consistent with the operational perfornance
requi renents and statenent of goals and
principles. O-equal substitutions shall be shown
to assure equal or better energy and indoor
envi ronnental performance when conpared to the
original certified design. If using the Whol e-
bui | di ng Energy Cost approach, the substitutions
shall be re-sinulated to denonstrate equival ence.

2. Acceptance testing shall be performed on the
foll owi ng equi pnent, if installed:

e (Qutdoor Air Systens

e Air Distribution Systens

e Hydronic Systens

e VAV Systens

e Package Rooftop Units

e Econoni zers

e Chilled Water Systemns

e Denmand Control Ventilation Systemns

e Automatic Daylighting Controls

e Autonmatic Tine-of-Day Controls

e Manual Daylighting Swtching

e Cccupancy Sensors
The installing contractor(s), engineer of record or
owner’s agent shall certify that the procedures
listed in Appendix A were perforned and the
equi prent perfornmed as specified. For equipnent not
|isted above, the design team shall provide
acceptable test results and the contractor shal
certify that the tests were perforned and the
equi prent perfornms as specified.
3. A conmi ssioning report shall be prepared

docunenting the results of the construction
process i ncl udi ng:

1. Deficiencies found during testing required
by this section that have not been corrected
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at the tine of report preparation and the
antici pated date of correction.

2. Deferred tests that cannot be perfornmed at
the tine of report preparation due to
climatic conditions.

3. dimtic conditions required for performance
of the deferred tests, and the anticipated
date of each deferred test.

4. Conplete the Construction Certification prior to
requesting a final occupancy permt (but not
necessarily before tenporary occupancy).

Cener al :

The Construction Certification docunents that the installing contractor
engi neer of record or owner’s agent:

e reviews the installation
e perforns acceptance tests and docunents results, and

e docunents the operating and mai ntenance information and test
results on the Construction Certification

The installing contractor, engineer of record or owner’'s agent shall be
responsi bl e for docunenting the results of the acceptance requirenent
procedures including paper and el ectronic copies of all measurenent and
nonitoring results. They shall be responsible for performng data

anal ysi s, calculation of performance indices and crosschecking results
with the requirenents of the Benchnark

The installing contractor, engineer of record, or owner’s agent, upon
conpl etion of undertaking all required acceptance requirenent
procedures, shall record their contractor’s |icense nunber or their

Pr of essi onal Registration License Nunber on each Certificate that they
i ssue.

REf B BNCES: o

Ener gy Design Resources, Quide to Building Conmi ssioning
WWW. ener gydesi gnr esour ces. com
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4. 3. Operations Certification

Pur pose: Ensure that the design is constructed and operates as
i ntended by the construction docunents.

Criteria:

Required 1.3 Conpl ete the Qperations Certification. This includes
certifying that the following steps were taken to
verify buil ding performance:

1. Operator training was perforned by the building
construction and design team

2. Systems manual s were delivered and accepted by
the buil di ng operations team

3. Seasonal trend-log review was perforned during
at |l east two seasons according to Appendi x A,
Section A 9.

4. One-year warranty review was conducted with the
bui | di ng design and construction team and the
warranty items were corrected and accepted by
t he buil di ng owner.

Cener al :

The Operations Certification docunents that the building is operating
according to the design intent and that testing was performed to assure
systens are functioning through the full range of conditions experienced
by the facility.

During building construction and acceptance only a limted range of
operating conditions nmay be experienced by the building system To
assure proper operation, all systens need to be operated and tested over
the conplete range of conditions that will be experienced due to
seasonal weather variations. As such, in nost climtic regions, the
bui | di ng must be operated and tested over the course of a full year to
undergo seasonal variations as well as dynam c use.

Trend-1og review includes using the Building Automati on System or Energy
Managenent Systemtrend | oggi ng capabilities designed into the system
(Mandatory Criteria 1.7) to track energy and i ndoor environnenta
conditions. The one-year warranty review all ows the design team
contractors, owners and operators to discuss the overall successes and
failures of the building and provi des val uabl e feedback for future
designs. The procedures for conducting this review are included in
Appendi x A.

The one-year warranty review provi des an opportunity for the project
teamto receive feedback and notivates the teamto get the building
operating according to design intent.

This conbi nation of factors provides a robust set of test conditions,
and the proper operation of the building systemneeds to be addressed
for each of the conditions.

Satisfaction of these criteria aligns with the Conti nuous
Recomi ssi oni ng Process. Continuous reconm ssioning is the process of
revi ewi ng operational data obtained by the building controls system and
utilizes the data to inprove energy and i ndoor environnental operation
and i s addressed in Recommended Criteria 4.3.
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REf Br BNCES: .

I nternational Perfornmance Measurenent and Verification
Protocol, www. i pnvp.org
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4.4, Ener gy Code Conpli ance

Pur pose: Define mninmum | evel of acceptable performance for neasures
not specified in Miine Benchnark.

Criteria

Required 1.4 Features of building elements not described in Mine
Benchmark nust aimto neet or exceed the target of 20
percent nore than ANSI/ASHRAE/ | ESNA St andard 90. 1- 2001.

Cener al :

Mai ne State rules require all state-funded buildings to exceed
ANSI / ASHRAE/ | ESNA St andard 90. 1- 2001 by a target of at |east 20 percent.

REf B BNC S .

Mai ne State Legislation,
http://janus. state. ne. us/| eqgi s/ st at utes

ASHRAE, www. ashr ae. org
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4.5 Air Barrier Performance

Pur pose: Reduce uncontrolled air novenent through the building
envel ope

Criteria:

Required 1.5 The building envel ope shall be designed and constructed
with a continuous air barrier systemto control air
| eakage into or out of the conditioned space. An air
barrier systemshall also be provided for interior
separati ons between conditioned space and space designed
to maintain tenperature or humidity |levels which differ
fromthose in the conditioned space by nore than 50% of
the difference between the conditioned space and design
anbi ent conditions. The air barrier systemshall have
the followi ng characteristics:

1. It nmust be continuous, with all joints nade air-
tight.

2. Materials used for the air barrier system shal
have an air perneability not to exceed 0.004
cfmft2 under a pressure differential of 0.3 in.
water (1.57psf) (0.02 L/s.n2 @75 Pa) when tested
in accordance with ASTM E 2178

3. It shall be capable of wthstanding positive and
negative conbi ned design wind, fan and stack
pressures on the envel ope w t hout danage or
di spl acement, and shall transfer the load to the
structure. 1t shall not displace adjacent
materi al s under full | oad.

4, |t shall be durable and nmai ntai nabl e.

5. The air barrier material of an envel ope assenbly
shall be joined in an air-tight and flexi bl e manner
to the air barrier naterial of adjacent assenblies,
allowing for the relative novenent of these
assenbl i es and conponents due to thermal and
nmoi sture variations, creep and structura
def |l ecti on.

6. Connection shall be made between:

a) Foundation and walls.

b) Walls and w ndows or doors.

c) Different wall systens.

d) Wall and roof.

e) Wall and roof over unconditioned space.

f) wWalls, floor and roof across construction
control and expansion joints.

g) Walls, floors and roof to utility, pipe and duct
penetrations.

Al

penetrations of the air barrier systemand paths of
i nf

I
ir infiltration/exfiltration shall be made air-tight.
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Cener al :

An air barrier systemis the conbination of interconnected naterials,
flexible joint systems, and conponents of the building envel ope that
provide the air-tightness of the building envel ope. Construction
practices in nany parts of the US pronote uncontrolled air novenent

i nto/out of buildings. This air novenent |eads to noisture probl ens
because nore water vapor is carried by escaping air than by diffusion
(200: 1). There are energy penalties to this uncontrolled air novenent as
wel | as building system degradation and failures. In addition, the HVAC
systems m ght not operate as designed, and uncontrolled air nmovenent
allows nigration of pollutants (by air pressures).

Criteria Reference Specifications:

Table 4 - Measured air | eakage for selected building materials (NRC
Material Average leakage at 75 Pa L/s-m? surface
0.15 mm (6 m 1) polyethylene No neasur abl e | eakage
25 mm expanded pol ystyrene 4.7
12 mm fi berboard sheat hi ng 1.6
Breat her type building 0.011 - 3.6
nmenbr anes
Cl osed cell foaminsulation 0. 001
Uncoated brick wall 1.6
Uncoat ed concrete bl ock 2.1
Solid pre-cast concrete wall No neasur abl e | eakage

Ref Br BNCES:.

Ener gy Design Resources, Quide to Buil ding Conm ssioning,
wWww. ener gydesi gnr esour ces. com

780 Code of Massachusetts Regul ations (CVMR) Chapter 13 (Energy
Code) www. st ate. ma. us/ bbrs/energy. ht m

Nat i onal Research Center Canada, www.nrc.cal/irc/bsi/86-3 E. htn
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4. 6. W ndow, Skylight and Door Certification

Pur pose: Pronpot e use of high perfornance fenestration with low air
| eakage through the use of a fair and accurate rating
system

Criteria:

Required 1.6 For fenestration (w ndows, skylights and doors):

U-factors shall be determ ned in accordance with NFRC
100- 2001.

1. Solar Heat Gain Coefficients and Visible
Transm ttances shall be determ ned in accordance
wi t h NFRC 200-2001.

2. Air |eakage shall be determined in accordance with
NFRC 400- 2001 and at the pressures specified bel ow.

Al ratings shall be determined by a | aboratory accredited
by a nationally recognized accreditation organization and
shal|l be | abeled and certified by the manufacturer

Air | eakage shall not exceed 1.0 cfmift? for gl azed
smﬁnging entrance doors and for revol ving doors, and 0.3
cfm ft® @6.24 psf for all other fenestration products.

Excepti ons:

a) Field fabricated fenestration products that are
weat her-stri pped are exenpt fromthe air |eakage
rating requirenents. However, fenestration
products that have been fabricated el sewhere, but
then are assenbled on site, are not exenpt.

b) For garage doors, air |eakage determ ned by test at
standard test conditions in accordance with NAGDM
105 shall be an acceptable alternative to NFRC 400
for conplying with air |eakage requirenents.

c) Fenestration products that do not have an NFRC
certification shall be assigned the default val ues
as per |ECC 102.5. 2.

Cener al :

Fenestration performance is a key el enment of both energy consunption and
occupant satisfaction. Recogni zing this, the 1992 Energy Policy Act
(EPAct) required the devel opnent of a national fenestration rating
system and specified the National Fenestration Rating Council (NFRC) as
the preferred devel oper. NFRC s mission statenment includes devel opi ng
and naintaining a fair, accurate, and credible rating systemfor
fenestration products. The U S. Departnent of Energy has certified that
NFRC has conplied with EPAct, and thus, NFRC is the nationally

recogni zed organi zation for rating standards for fenestration products.
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REf B BNC S o

Nati onal Fenestration Rating Council (NFRC)
8484 Georgia Avenue, Suite 320, Silver Spring, MD 20910
(voice: 301-589-1776; fax: 301-589-3884; website: www. nfrc.orq)

NFRC 100-2001 Procedure for Deternining Fenestration Product U
factors

NFRC 200- 2001 Procedure for Determ ning Fenestration Product Sol ar
Heat Gain Coefficients and Visible Transmittances at

Nor mal | nci dences

NFRC 400- 2001 Procedure for Deternining Fenestration Product Air
Leakage
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4.7. Moni toring and Trend Loggi ng

Pur pose: Ensure that the control systens specification covers all the
har dware, software, and programi ng requirements necessary
for facility operators and comri ssioning entities to easily
di agnose problens and verify that systens are operating
according to design intent.

Criteria:

Required 1.7 Control systens are required in buildings over 25,000
sq. ft. Control systems design shall include:

1. Sensors as foll ows:

a) Sensors to nmonitor and trend (create trend
| ogs) at the operator interface controlled
vari abl es. Control variables may include air
and/or water flow, tenperature, pressure, CQ,
and punmp or fan speed.

b) Sensors to trend outdoor air tenperature.

c) In marine and hunid clinates, sensors to trend
hum dity.

d) Sensors to nonitor and trend equi prent status
for all equipment with notors greater than 1/2
hp.

e) Indication and trendi ng of danper and val ve
conmanded position

f) Sensors to nonitor building electrical and
natural gas demand and consunption

g) Sensors to nmonitor indoor and outdoor CQO2.

Representative points nmatrices are avail abl e at
www. newbui | di ngs. org.

Rel evant nul ti pl exed data from mi croprocessors

| ocated in chillers, boilers, humdifiers, VAV box
controllers, variable speed drives, and ot her HVAC
equi prent with nultiplexing capabilities nay be
used in lieu of specifying separate sensors.

Wl ls and other ports shall be specified for the
installation of calibration devices to facilitate
cal i brati on of sensors.

Excepti ons:

a) Unit heaters, cabinet heaters, radiation and
convectors located in vestibules, storage
roons, janitor closets, and other unoccupied
ar eas.

b) Natural gas demand sensors not required on
bui | di ngs under 50, 000 ft?.

2. Points Matrix: A points matrix including al
hardwi red i nput and out put devices connected to
the automati on system all setpoints, upper and
lower control limts.
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Trend Capabilities: Trend Requirenents included a
trend point list and preprogramed sanpl e of

point (perfornmed by controls contractor), sanple
rate, storage interval, upload interval, custom
trend abilities, alarns, and automated trend data
review and notification (automated diagnostics).

System Architecture: A system architecture
capabl e of allow ng sanpling of these points to
facilitate buil ding comm ssioning and di aghostics
wi thout significantly affecting system
performance.

Data Storage: A data storage systemwi th adequate
capacity to record trend data for use by building
operators. Data export requirenments nust
facilitate user-friendly data access and
nmani pul ation.

Qperator Interface: An operator interface

desi gned for renpte/web access, nonitoring

requi rements, trend-1og reporting and di agnosi ng
bui |l di ng probl ens through a user-friendly
interface. This includes providing a visual (non-
text based) operations and reporting interface to
facilitate rapid system assessnent that utilizes
col or coding, diagrans of floor plans and
graphing capabilities

Cener al :

Trend data can directly verify confornmance to nost of the performance
criteria. This is achieved by establishing upper and lower limts for
nmeasured val ues and verifying that measured val ues are within these

limts. Some limts,

wi Il not change. O her

such as maxi mum pressure drop across air filters,
limts, such as those for nixed air tenperature,

are based on deviation from setpoints because these setpoints change

during normal operation

Gui dance for effective strategies in placenment and operation of CQO
sensors will be found in the Best Practices Manual

References: ............

DDC Onli ne, www. ddc-online. org
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4.8. Energy Efficient Transfornmers

Pur pose: | mprove the energy efficiency of |owvoltage distribution
transformers.

Criteria:

Required 1.8 Transformers shall meet NEMA TP 1-2002 or be ENERGY STAR
| abel ed. “K” rated transforners shall al so neet these
efficiency |evels.

Cener al :

Transformers are needed throughout utility, comrercial, and industria
facilities to step down voltages fromdistribution to |levels that are
appropriate for lighting, plug | oads, heavy nachinery, and all other end
uses. Transformer efficiency drops off narkedly when they are lightly

| oaded. The vast majority of transformers in buildings run very lightly
| oaded. Because they are common to all buil dings and because they are
continuously energi zed, inefficient transfornmers can be a constant drain
on buil di ng energy.

The National Electrical Mnufacturers Associati on (NEMA) has devel oped
i ndustry standards to define energy-efficient transforners.

REf B BNC S . e

CASE Initiative: Dry-type Transformers, P&E, 2000
www. newbui | di ngs. org/lighting. htm

Nati onal Electrical Manufacturers Associ ati on www. nensa. or g

US Environnental Protection Agency ww.. energystar.gov
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4.9. Li ghting Controls

Pur pose: Pronot e energy efficiency through manual and automatic
electric lighting controls.

Criteria:

Required 1.9 Lighting Controls. Each room (a space encl osed by floor
to ceiling height partition) is required to have a
control device that neets the requirenents of Sections 1
(Bi -Level Control) and 2 (Autonmatic Lighting Reduction).

Excepti ons:
a) Lighting intended for 24-hour operation
b) Emergency |ighting.

1. Bi-level Control. The control device shall allow
t he occupant to reduce the connected |ighting | oad
in a reasonably uniformillumnation pattern by at
| east 50 percent.

Excepti ons:
a) Task lighting
b) Roons that have only 1 |um naire.

c) H D Ilumnaires shall reduce the connected |ighting
load in a reasonably uniformillum nation pattern
by at | east 40 percent.

2. Automatic lighting reduction. The autonmatic contro
devi ce shall shut off lighting or reduce lighting
for interior roons.

A For all offices less than or equal to 300 square
feet enclosed by walls or ceiling-height partitions,
and all restroons, neeting and conference roons, and
all school classroonms: An autonmtic basis, using an
occupant sensor that shall turn lighting off within
30 m nutes of an occupant |eaving a space, or

B. For all other spaces, either conply with 2. A or use
an automatic tinme switch control device capabl e of
shutting off lighting using an i ndependent program
schedul e that controls the interior lighting in
areas that do not exceed 25,000 square feet and are
not nore than one fl oor

C. In areas with top-munt skylights, an automatic,
phot osensitive control device shall reduce the
connected lighting load in a reasonably uniform
illum nation pattern by at |east 50 percent while
mai nt ai ni ng design illunm nance. Each dayli ght
control zone shall not exceed 2,500 square feet.

If an automatic time switch control device is

installed to conply with section 2.B, it shal

i ncorporate an override swi tching device that:
a) |Is readily accessible; and

b) Is located so that a person using the device can
see the lights or the area controlled by that
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c)
d)

e)

switch, or so that the switch serving the area
being lit is annunciated; and

I's manual |y operated; and

Allows the lighting to remain on for no nore than
two hours when an override is initiated; and

Control s an area not exceedi ng 2,500 square feet
for spaces under 10,000 square feet, and not
exceedi ng 5,000 square feet for spaces over 10,000
square feet.

Excepti ons:

3.

a)

b)

c)
d)

e)

f)

In auditoriunms, single tenant retail spaces,
industrial facilities, and arenas, where captive-
key override is utilized, override time my exceed
two hours.

In auditoriunms, single tenant retail spaces,

i ndustrial facilities, and arenas, the area
controll ed may not exceed 20,000 square feet.
El ectri cal and nechani cal equi pnent roons.
Corridors enclosed with floor to ceiling height
partitions shall have no nore than 50% of the

[ um naires on automatic shutoff control device.
Publ i ¢ | obbi es.

Heal th care patient roons.

If an automatic tinme switch control device is
installed to conply with Section 2.B. it shal

i ncorporate an automatic holiday "shut-off" feature
that turns off all loads for at |east 24 hours, then
resumes the nornmally schedul ed operation
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Cener al :

Manual control strategies, such as bi-level switching or diming, can
hel p users fine tune their lighting and can be effective at both energy
and demand savi ngs.

Qccupancy sensors can sense notion through infrared technol ogy, through
ul trasoni ¢ technol ogy, or by a conbination of the two. There is also a
technol ogy that senses sound that the occupant makes. COccupancy sensors
typically have an adjustable tinme delay, so the lights go off after sone
time period during which they no | onger sense hunan presence. These
controls are appropriate in spaces with intermttent, irregular
occupancy, such as restroons, individual offices, conmputer roons,

cl assrooms, warehouses and conference roomns.

The automatic shut-off control strategy can be inplenmented with a
variety of control technologies, including twist or interval tiners,
sinmple tinme clocks, occupancy sensors, progranmable |ighting pane
controls, and energy managenent systenms (EMS) or buil ding automation
systems (BAS) with lighting control features. These controls nay be used
as schedulers to shut down interior and exterior |ighting equipnent,
dependi ng upon preset schedul es for workdays and holi days, so that
lighting is not |eft on during unoccupi ed periods. Conbining two or nore
of these strategies nmay provide additional benefits.

REf B BNC S o

Dayl i ghti ng Responsive Controls Criteria 4.11
Advanced Lighting CGuidelines: 2003 Edition ww. newbuil di ngs. org
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4.10. Cutdoor Lighting
Pur pose: To pronote energy efficiency and to minimze light pollution
t hrough quality outdoor |ighting design
Criteria:
Required 1.10 All permanently installed outdoor installations shal

meet the follow ng requirenments for System Efficacy,
Controls, Lunminaire Cutoff, and Lighting Power Density:

1. CQutdoor Lighting System Efficacy

Al'l permanently installed outdoor |umnaires that
operate at greater than 100 watts shall have either

A An initial systemefficacy of at |least 60 |unens
per watt, or

B. Be controlled by a notion sensor
Excepti ons:

a) Lighting required by a health or life safety
statute, federal or state law, |ocal ordinance or
regul ation, including but not linmted to
energency |ighting.

b) Lighting used in or around sw mrng pools, water
features, or other locations subject to Article
680 of the 2002 National Electrical Code.

c) Searchlights.

d) Light-enitting diode, neon, and cold cathode
Iighting.

e) Specialized signal, directional, and marker
lighting associated with transportation

f) Lighting for theatrical purposes including
perfornmances, stage, film production and vi deo
producti on.

g) Lighting used to highlight features of public
nmonunents and regi stered historic | andmark
structures and buil di ngs.

h) Low vol tage |ighting.
2. Qutdoor Lighting Controls:

Al'l permanently installed outdoor |ighting shall have
autonatic controls capable of turning off exterior
Iighting when either sufficient daylight is available
or the lighting is not required during nighttinme hours.

Li ghti ng not designated for dusk-to-dawn shall be
controlled by a tine switch.

Ei ther a photo sensor or astrononmical tinme switch shal
control dusk-to-dawn |ighting.

Excepti ons:

a) Lighting in parking garages, tunnels, and |arge
covered areas that require illum nation during
dayl i ght hours.

b) Lighting required by a health or Iife safety
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statute, ordinance or regulation, including but
not limted to emergency lighting.

c) Lighting for steps or stairs that require
illum nation during daylight hours.

d) Lighting that is controlled by a noti on sensor and
phot oel ectric swi tch.

e) Lighting for facilities that have equal |ighting
requi renents at all hours and are designed to
operate continuously. Such requirenents shall be
denonstrated to the satisfaction of the inspecting
aut hority.

f) Qutdoor theatrical equipnment for |ive perfornmances
provided that it is not for continuous use.

3. Lumnaire Cutoffs:

Al permanently installed outdoor |uminaires used to
illum nate parking lots, building grounds, building
entrances/exits, canopies, and outdoor sales shall have
the follow ng cutoff designation as defined by | ESNA
LM 64-01:

A. Luminaires using |lanps rated greater than 100
watts but |less than or equal to 250 watts shal
be sem -cutoff, cutoff or full-cutoff.

B. Lum naries using lanps rated greater than 250
watts shall be either cutoff or full cutoff.

Excepti ons:

a) Luminaires that are | ess than 15
b) Luminaires for facade, signage or flags.
4. Cutdoor Lighting Power:

Qutdoor lighting installation |ocated in either rura
or urban settings as defined by |local ordinances and
the U S. Census, shall be linmted to the foll ow ng
lighting power densities (all values are watts per
square foot except as noted):

Application Rural Urban

PARKING AREAS

Open parking areas 0.10 0.15

Covered parking areas 0.30 0.30

Application Rural Urban

BUILDING
GROUNDS

Walkways less 1.0 watts/linear foot 1.0 watts/linear foot
than 10’ wide

Walkways 0.15 0.18
greater than 10’
wide, plaza areas
and special
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feature areas
BUILDING
ENTRANCES AND
EXITS
Main entrances 25 watts per linear foot 30 watts per linear foot of
of doorway doorway
Other doors 15 watts per linear foot 20 watts per linear foot of
of doorway doorway
NON-SALES
CANOPIES
Area canopies 0.50 1.0
BUILDING
FACADES
Either 0.15 watts/sq. ft. Either 0.18 watts/sq. ft. or 5.0
or 5.0 watts per linear watts per linear foot for each
foot for each illuminated illuminated surface. Lighting
surface. Lighting densities may not be traded
densities may not be between surfaces
traded between surfaces

Excepti ons:

a) The open top level of a parking garage is to be
consi dered as covered parki ng.

b) Lighting required by a health or life safety
statute, federal or state law, |ocal ordinance or
regul ation, including but not limted to
energency |ighting.

c) Lighting used in or around sw ming pools, water
features, or other locations subject to Article
680 of the 2002 National Electrical Code.

d) Searchlights.

e) Light-emtting di ode, neon, and cold cathode
I'ighting.

f) Specialized signal, directional, and narker
lighting associated with transportation

g) Lighting for theatrical purposes including
performances, stage, film production and vi deo
producti on.

h) Lighting for industrial production, nmateria
handl i ng, transportation sites and associ ated
st orage areas.

i) Lighting used to highlight features of public
monunment s and regi stered historic | andmark
structures and buil di ngs.

Cener al :

Qut door lighting represents a significant portion of electrical energy
used in conmercial application. Inproved energy efficiency, controls

© 2005 New Buildings Institute, Inc. Page 41



MAI NE VERSION 1.0

and appropriate applications of luminaires, will save energy costs and
provide for a safer, nmore socially responsible design

By using nore efficient |anp sources, better |unminaires and design, and
automatic devices turning off |ighting when not needed, a building owner
can reduce energy costs while providing a better outdoor environnent.
(See Advanced Lighting CGuidelines and the | ESNA RP-20-98, RP-33-99, &
DG 5-94 for reconmmended design guidelines.)

Automatic controls for outdoor lighting are very effective in saving
energy. CQutdoor lights frequently are | eft on when not needed or during
dayl i ght hours. By using a photocell and/or an astrononical tine switch
out door lighting operating time can be matched to operating needs,

whet her that be open retail hours, standard office hours, or dusk to
dawn safety lighting. The criteria specifies a certain degree of
operator flexibility to be incorporated in the automatic control system

Light pollution is outdoor lighting that is directed or reflected to the
sky. It creates sky glow that reduces the visibility of astronom ca
bodi es and changes the character of the night sky. Properly designed
lum naire cutoffs help reduce light pollution

Ref Br BNCES: ..

Advanced Lighting Guidelines: 2003 Edition. ww. newbuil di ngs.org

Qut door Lighting Research, California Qutdoor Lighting Standards,
June 6, 2002 www. energy. ca. gov

II'lum nati ng Engi neering Society of North Anerica, RP-33-99
“Lighting for Exterior Environnents.” RP-20-98 “ Lighting for
Parking Facilities”, New York, NY: |IESNA. wwv.iesna.org

I nternational Energy Conservation Code: 2000 Edition
www. i ccsafe. org
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e Signal sensitivity is adequate to achieve desired control

Step 2: For a representative sanple of building spaces, sinulate an
occupi ed condition. Verify and docunment the follow ng:

e Status indicator or annunciator operates correctly.
e Lights controlled by occupancy sensors turn on i medi ately upon an
occupi ed condition, OR sensor indicates space is “ occupied” and

lights are turned on manually (automatic OFF and manual ON contro
strat egy).

A.4.3 Manual Daylighting Controls Acceptance

Construction I nspection

Prior to Performance Testing, verify and docunment the foll ow ng:
e |f dimming ballasts are specified for light fixtures within the
daylit area, make sure they neet all the Standards requirenents,

i ncluding “reduced flicker operation” for manual dinmng contro
syst ens.

Equi pnent Testi ng

Step 1: Perform manual switching control. Verify and docunent the
fol | owi ng:

e Manual switching or dimmng achieves a |ighting power reduction of
at least 50%

e The amount of light delivered to the space is uniformy reduced.

A.4.4 Automatic Time Switch Control Acceptance
Construction |Inspection
Prior to Performance Testing, verify and docunment the follow ng:

e Automatic tine switch control is programred with acceptable
weekday, weekend, and holiday (if applicable) schedul es.

e Docunent for the owner automatic time switch programming including
weekday, weekend, and holiday schedules as well as all set-up and
pref erence program settings.

e Verify the correct time and date is properly set in the tinme
swi tch.

e \Verify the battery is installed and energi zed.
e Override tinme limt is no nmore than 2 hours.
Equi pnent Testi ng

Step 1: Si mul ate occupi ed condition. Verify and docunent the
fol | owi ng:

e Al lights can be turned on and off by their respective area
control switch
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e Verify the switch only operates lighting in the ceiling-height
partitioned area in which the switch is [ocated.

Step 2: Si mul at e unoccupi ed condition. Verify and docunent the
fol | owi ng:

e Al non-exenpt lighting turn off.

e Manual override switch allows only the lights in the selected
ceiling height partitioned space where the override switch is
| ocated, to turn on or remain on until the next schedul ed shut off
occurs.

e Al non-exenmpt lighting turns off.

A5 Ar Econom zer Controls

Econoni zer testing is perforned on all built-up systenms and on packaged
unitary systenms. Air econom zers installed by the HVAC system

manuf acturer and certified as being factory-calibrated and tested do not
require field testing.

A.5.1 Economizer Acceptance

Construction I nspection

Prior to Performance Testing, verify and document the follow ng:
e Econom zer |ockout setpoint conplies with Criteria 1.4.

e Systemcontrols are wired correctly to ensure econom zer is fully
integrated (i.e. econom zer will operate when nechani cal cooling
i s enabl ed).

e Econom zer | ockout control sensor |ocation is adequate (open to
air but not exposed to direct sunlight nor in an enclosure; away
from sources of building exhaust; at |east 25 feet away from
cooling towers).

e Relief fan system (if applicable) operates only when the
econom zer is enabl ed.

e |If norelief fan systemis installed, baronetric relief danpers
are installed to relieve building pressure when the economizer is
oper ati ng.

Equi pnent Testi ng

Step 1: Sinmulate a cooling |load and enabl e the econom zer hy
adjusting the | ockout control (fixed or differential dry-bulb or

ent hal py sensor dependi ng on systemtype) setpoint. Verify and docunent
the foll ow ng:

e Econoni zer danper nodul ates open to nmaxi mum position to satisfy
cool i ng space tenperature setpoint.

e Return air danper nodul ates closed and is conpletely closed when
econoni zer danper is 100% open
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e Econom zer danper is 100% open before nechanical cooling is
enabl ed.

e Relief fan is operating or relief danpers freely sw ng open.

e Mechanical cooling is only enabled if cooling space tenperature
setpoint is not net with econom zer at 100% open.

e Doors are not pushed ajar fromover pressurization.
Step 2: Continue fromStep 1 and di sabl e the econom zer by adjusting

the | ockout control (fixed or differential dry-bulb or enthal py sensor
dependi ng on systemtype) setpoint. Verify and docunment the follow ng:

e Econom zer danper closes to ninimum position.
e Return air danper opens to normal operating position.
e Relief fan shuts off or relief danpers close.

e Mechanical cooling remains enabled until cooling space tenperature
setpoint is net.

A.6 Demand Control Ventilation (DCV) Systens

A.6.1 Packaged Systems DCV Acceptance

Construction | nspection

Prior to Performance Testing, verify and docunment the follow ng:

e Carbon dioxide control sensor is factory calibrated (proof
required) or field-calibrated with an accuracy of no |less than 75

ppm

. The sensor is located in the roombetween 1ft and 6 ft above the
fl oor.

e Systemcontrols are wired correctly to ensure proper control of
out door air danper system

Equi pnent Testing

Step 1: Simul ate a high CO2 | oad and enabl e the demand control
ventilation by adjusting the demand control ventilation controller
set poi nt bel ow anbient CO2 |evels. Verify and docunment the foll ow ng:

e (Qutdoor air danper nodul ates open per Standards to naximum
position to satisfy outdoor air requirenents specified in Criteria
1.11.

Step 2: Continue fromStep 1 and di sabl e demand control ventilation
by adjusting the demand control ventilation controller setpoint above
anbient CO2 levels. Verify and docunent the follow ng:

e CQutdoor air danper closes to mininum position.
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A.7 Variable Frequency Drive Systens

A.7.1 Supply Fan Variable Flow Controls
Construction | nspection
Prior to Performance Testing, verify and docunent the follow ng:

e Discharge static pressure sensor is factory calibrated (proof
required) or field-calibrated with secondary source.

e Disable discharge static pressure reset sequences to prevent
unwanted interaction while performng tests.

Equi pnent Testing

Step 1: Drive all VAV boxes to achieve design airflow Verify and
docunent the foll ow ng:

e Wtness proper response fromsupply fan (e.g. VFD ranps up to full
speed; inlet vanes fully open).

e Supply fan maintains discharge static pressure within +/-10% of
set poi nt .

e Measured maxi mum airfl ow corresponds to design and/or TAB report
within +/-10%

e Systemoperation stabilizes within a reasonable amount of tine
after test procedures are initiated (no hunting).

Step 2: Drive all VAV boxes to minimum flow or to achi eve 30%t ot al
design airflow, whichever is larger. Verify and docunment the follow ng:

e Wtness proper response fromsupply fan (VFD sl ows fan speed;
i nl et vanes cl ose).

e Supply fan maintains discharge static pressure within +/-10% of
set poi nt.

e Systemoperation stabilizes within a reasonable amount of tine
after test procedures are initiated (no hunting).

A.8 Hydronic System Controls Acceptance

Hydroni c controls Acceptance Testing will be perforned on:
e Variable Flow Controls
e Autonmatic Isolation Controls
e Supply Water Tenperature Reset Controls
e \Water-loop Heat Punp Controls

e \Variable Frequency Drive Control
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A.8.1 Variable Flow Controls

Construction I nspection
Prior to Acceptance Testing, verify and docunent the follow ng:

e Valve and pi ping arrangenents were installed per the design
drawi ngs to achieve flow reduction requirenents.

e Installed valve and hydroni c connection pressure ratings neet
speci fications.

e |Installed valve actuator torque characteristics neet
speci fications.

Equi pnent Testi ng
Step 1: Open all control valves. Verify and docurment the foll ow ng:

e System operation achi eves design conditions.

Step 2: Initiate closure of control valves. Verify and docunent the
fol | owi ng:

e The design punp flow control strategy achieves flow reduction
requi renents.

e Ensure all valves operate correctly against the mninumflow
system pressure condition.

A.8.2 Automatic Isolation Controls

Construction | nspection
Prior to Acceptance Testing, verify and docunent the follow ng:

e Valve and pi ping arrangenents were installed per the design
drawi ngs to achi eve equi pnent isolation requirenents.

e Installed valve and hydroni c connection pressure ratings neet
speci fications.

e Installed valve actuator torque characteristics neet
speci fications.

Equi prent Testing
Step 1: Open all control valves. Verify and docunent the follow ng:

e System operation achi eves design conditions.

Step 2: Initiate shut-down sequence on individual pieces of equipnent.
Verify and docurment the foll ow ng:

e The design control strategy neets isolation requirenents
aut omatical ly upon equi prent shut-down.

e Ensure all valves operate correctly at shut-off system pressure
condi ti ons.
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A.8.3 Supply Water Temperature Reset Controls

Construction I nspection
Prior to Acceptance Testing, verify and docunent the follow ng:
Al'l sensors have been cali brated
e Sensor |locations are adequate to achi eve accurate measurenents.

e |Installed sensors conply with specifications.

Equi prent Testing

Step 1: Manual ly change design control variable to maxi mum set poi nt.
Verify and docurent the foll ow ng:

e Chilled or hot water tenperature setpoint is reset to appropriate
val ue.

e Actual supply tenperature changes to neet setpoint.

Step 2: Manually change design control variable to m ninum set point.
Verify and docurment the foll ow ng:

e Chilled or hot water tenmperature setpoint is reset to appropriate
val ue.

e Actual supply tenperature changes to neet setpoint.

A.8.4 Water-loop Heat Pump Controls

Construction | nspection

Prior to Acceptance Testing, verify and docunent the follow ng:

e Valves were installed per the design drawi ngs to achi eve equi pnent
i sol ati on requirenents.

e Installed valve and hydroni c connection pressure ratings neet
speci fications.

e |Installed valve actuator torque characteristics neet
speci fications.

e Al sensor locations conply with design draw ngs.
e Al sensors are calibrated

e VFD nini mum speed set poi nt exceeds notor manufacturer’s
requi renents.

e VFD nini mum speed set poi nt shoul d not be set bel ow the punping
energy curve inflection point (i.e. conbination of punp-notor-VFD
efficiency at reduced | oad may cause power requirenents to
i ncrease upon further reduction in |oad).
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Equi pnent Testi ng
Step 1: Open all control valves. Verify and docurment the foll ow ng:
e System operation achi eves design conditions +/- 5%

e VFD operates at 100% speed at full flow conditions.

Step 2: Initiate shut-down sequence on each individual heat punps.
Verify and docunment the foll ow ng:

e |solation valves close autonmatically upon unit shut-down.

e Ensure all valves operate correctly at shut-off system pressure
condi tions.

e Wtness proper response fromVFD (speed decreases as val ves
cl ose).

e Systemoperation stabilizes within 5 mnutes after test procedures
are initiated (no hunting).

Step 3: Adjust systemoperation to achieve 50%flow. Verify and
docunment the foll ow ng:

e VFD input power |ess than 30% of design.

Step 4: Adjust systemoperation to achieve a flowrate that would
result in the VFD operating bel ow nm ni mum speed setpoint. Verify and
docunent the foll ow ng:

e Ensure VFD maintains mni num speed setpoint regardl ess of system
fl ow operating point.

A.8.5 Variable Frequency Drive Controls

Construction |Inspection
Prior to Acceptance Testing, verify and docunent the follow ng:

Al'l valves, sensors, and equi pnent were installed per the design
dr awi ngs.

e Al installed valves, sensors, and equi pnent neet specifications.
e All sensors are calibrated.

e VFD mi ni mum speed setpoi nt exceeds notor manufacturer’s
requi renents.

e VFD nini mum speed set poi nt shoul d not be set bel ow the punping
energy curve Inflection point (i.e. conbination of punp-notor-VFD
efficiency characteristics at reduced | oad nay cause input power
to increase upon further reduction in | oad).

Equi pnent Testing
Step 1: Open all control valves. Verify and docurment the foll ow ng:

e System operation achi eves design conditions +/- 5%

e VFD operates at 100% speed at full flow conditions.
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Step 2: Modul ate control valves closed. Verify and docunment the
fol | owi ng:

e Ensure all valves operate correctly at system operating pressure
condi tions.

e Wtness proper response from VFD (speed decreases as val ves
cl ose).

e Systemoperation stabilizes within 5 mnutes after test procedures
are initiated (no hunting).

Step 3: Adjust systemoperation to achieve 50%flow. Verify and
document the foll ow ng:

e VFD input power |ess than 30% of design

Step 4: Adjust systemoperation to achieve a flowrate that would
result in the VFD operating bel ow nmini mum speed setpoint. Verify and
docunent the foll ow ng:

e Ensure VFD maintains mni num speed setpoint regardl ess of system
fl ow operating point.

A.9 Trend-1oggi ng Specifications

Trend- | oggi ng Acceptance Testing will be perfornmed on the foll ow ng
critical pieces of equipnment:

e Air handling units
e Variable air volune boxes

e Chillers

Generic requirenents outlined in the Construction Inspections sections
bel ow pertain to each system Equi pnent-specific Acceptance Testing
procedures are outlined in the Equi pnent Testing section

A.9.1 Control System Testing

Construction | nspection

Prior to Acceptance Testing, verify and docunent the follow ng:
e Al sensors installed neet specifications
e Al sensors were installed per the design draw ngs.

e Al test ports and calibration wells were installed per the design
dr awi ngs.

e Al sensors have been calibrated (i.e. 3-point calibration
relative calibration, review calibration certificates and spot
check sensors at random etc.).

e Point-to-point check out perfornmed on all sensors to be trended.
Equi pnent Testi ng
Air Handling Units
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Step 1: Verify the followi ng points are being trended with the
specified tinme interval

e Tenperatures — outside air, return air, mxed air, discharge air
downstream of heating coil, downstream of cooling coil

e Setpoints — discharge air tenperature, discharge pressure, m xed
air tenperature (if applicable), mnimumventilation airflow rate

e Flow — mnimumventilation airflow

e Pressure — discharge pressure.

e Status — cooling coil valve conmand, heating coil val ve conmand.
Step 2: Analyze trend data. Verify and document the foll ow ng:

e Ensure mninmumoutside air ventilation requirenents are satisfied
under all operating conditions.

e Ensure discharge air tenperature satisfies setpoint wthout
hunti ng.

e Ensure discharge air tenmperature setpoint is reset per design
control sequences (if applicable).

e Ensure econom zer functions per design control sequences.

e Ensure heating coil valve is commanded cl osed before outside
airflow i ncreases above mni numventilation requirenents.

e Ensure heating coil valve, econom zer, and cooling coil valve al
nodul ate in sequence to satisfy design control sequences wi thout
hunt i ng.

e Ensure heating coil valve is not |eaking by conparing val ve
position with air tenperature downstream on heating coil

e Ensure cooling coil valve is not |eaking by conmparing val ve
position with air tenperature downstream on cooling coil

e Ensure discharge air pressure satisfies setpoint wthout hunting.
Vari abl e Air Vol une Boxes

Step 1: Verify the followi ng points are being trended with the
specified time interval:

e Tenperatures — zone air, discharge air

e Setpoints — occupied and unoccupi ed zone air, cooling nmaxi num and
m ni mum fl ow rate, heating nmaxi num and nmini num flow rate.

e Flow — cooling maxi mum and m ninum fl ow rate, heating nmaxi num and
nm ni mum fl ow rate.

e Status — primary air danmper conmand, heating coil valve comand
(if applicable), fan conmand (if applicable).

Step 2: Analyze trend data. Verify and docunment the foll ow ng:

e Ensure cooling nmaxi num and mi ni num fl ow rates neet design
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e Ensure heating maxi mum and m nimum fl ow rates neet design.

e Ensure zone air tenperature satisfies both occupied and unoccupi ed
set point w thout hunting.

e Ensure primary air flowis at cooling mnimmbefore reheat coil
val ve conmanded open.

e Ensure VAV box responds per design control sequences during
unoccupi ed hours (for example fan shut off, primary air danper
cl osed, etc.).

e Ensure VAV box fan (if applicable) responds per design control
sequences and manufacturer’s specifications.

Chillers

Step 1: Verify the followi ng points are being trended with the
specified time interval:

e Tenperatures — chilled water supply, chilled water return
condenser water supply, condenser water return

e Setpoints — chilled water supply, condenser water return
e Pressure — evaporator differential, condenser differential

e Power (or points that allow calculation of power) - input kW

Step 2: Analyze trend data. Verify and docurment the foll ow ng:

e Ensure chilled water supply tenperature satisfies setpoint wthout
hunt i ng.

e Ensure chilled water supply tenperature setpoint is reset per
desi gn control sequences.

e Ensure condenser water return tenperature satisfies setpoint
wi t hout hunti ng.

e Ensure condenser water return tenperature setpoint is reset per
design control sequences (if applicable).

Step 3: Performthe follow ng cal cul ati ons:

e Trend chilled water supply tenperature, chilled water return
tenmperature, evaporator differential pressure, and chiller input
kw

e Using manufacturer’s data, deternmine chilled water flow rate based
on evaporator pressure drop

e Calculate chilled water |oad based on tenperature differential and
flow rate.

e Use chilled water | oad and neasured i nput kWto nonitor system
efficiency (kWton).
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APPENDI X B — NON- STANDARD CHI LLER EFFI Cl ENCY TABLES
8. Appendi x B. Non-Standard Chiller Efficiency Tables

Appendi x B Tabl es 1-6 provides alternate non-standard testing conditions
for the requirements in Benchmark Table 2.5.5 — Chillers. The bold
nunbers in Tables 1-6 represent the ARl Standard 550/590 test conditions
and are the basis for the values in Table 2.5.5.
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Table B.1
kW/ton for Non-Standard Centrifugal Chillers * 600 Tons
kW/ton = 0.55
Condenser Flow Rate
[2 gpmiton [2.5 gpm/ton [3 gpmiton [4 gpmiton [5 gpmiton [6 gpmiton |
Leaving Chilled Entering
Water Condenser Water
Temperature(F) ~ Temperature(F) LIFT® Required kW/ton
46 75 29 0.49 0.47 0.46 0.44 0.42 0.41
45 75 30 0.50 0.48 0.47 0.45 0.43 0.42
44 75 31 0.51 0.49 0.47 0.46 0.44 0.43
43 75 32 0.52 0.50 0.48 0.46 0.45 0.44
42 75 33 0.52 0.50 0.49 0.47 0.46 0.45
41 75 34 0.53 0.51 0.50 0.48 0.47 0.46
46 80 34 0.53 0.51 0.50 0.48 0.47 0.46
40 75 35 0.54 0.52 0.50 0.49 0.48 0.47
45 80 35 0.54 0.52 0.50 0.49 0.48 0.47
44 80 36 0.55 0.53 0.51 0.49 0.48 0.48
43 80 37 0.56 0.53 0.52 0.50 0.49 0.48
42 80 38 0.57 0.54 0.53 0.51 0.50 0.49
41 80 39 0.58 0.55 0.53 0.52 0.51 0.50
46 85 39 0.58 0.55 0.53 0.52 0.51 0.50
40 80 40 0.60 0.56 0.54 0.52 0.51 0.51
45 85 40 0.60 0.56 0.54 0.52 0.51 0.51
44 85 41 0.62 0.57 0.55 0.53 0.52 0.51
43 85 42 0.64 0.59 0.56 0.54 0.53 0.52
42 85 43 0.66 0.60 0.57 0.55 0.54 0.53
41 85 44 0.69 0.62 0.59 0.56 0.55 0.54
40 85 45 0.72 0.64 0.60 0.57 0.55 0.55
[CondDT" | 1404 | 1123 [ 936 | 7.02 | 562 | 468 |
Table B.2
kW/ton for Non-Standard Centrifugal Chillers * 300 Tons < 600 Tons
kWi/ton= 0.57
Condenser Flow Rate
[2 gpmiton [2.5 gpm/ton [3 gpm/ton [4 gpmiton [5 gpm/ton [6 gpmiton |
Leaving Chilled Entering
Water Condenser Water
Temperature(F)  Temperature(F) LIFT? Required kW/ton
46 75 29 0.51 0.49 0.47 0.45 0.44 0.43
45 75 30 0.52 0.50 0.48 0.46 0.45 0.44
44 75 31 0.53 0.51 0.49 0.47 0.46 0.45
43 75 32 0.53 0.51 0.50 0.48 0.47 0.46
42 75 33 0.54 0.52 0.51 0.49 0.48 0.47
41 75 34 0.55 0.53 0.52 0.50 0.49 0.48
46 80 34 0.55 0.53 0.52 0.50 0.49 0.48
40 75 35 0.56 0.54 0.52 0.51 0.49 0.49
45 80 35 0.56 0.54 0.52 0.51 0.49 0.49
44 80 36 0.57 0.54 0.53 0.51 0.50 0.49
43 80 37 0.58 0.55 0.54 0.52 0.51 0.50
42 80 38 0.59 0.56 0.55 0.53 0.52 0.51
41 80 39 0.60 0.57 0.55 0.53 0.52 0.52
46 85 39 0.60 0.57 0.55 0.53 0.52 0.52
40 80 40 0.62 0.58 0.56 0.54 0.53 0.52
45 85 40 0.62 0.58 0.56 0.54 0.53 0.52
44 85 41 0.64 0.59 0.57 0.55 0.54 0.53
43 85 42 0.66 0.61 0.58 0.56 0.55 0.54
42 85 43 0.68 0.62 0.60 0.57 0.56 0.55
41 85 44 0.71 0.64 0.61 0.58 0.56 0.56
40 85 45 0.75 0.66 0.63 0.59 0.57 0.57

[CondDT" [ 1404 [ 1123 [ 936 | 702 | 562 [ 468 |
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Table B.3
kW/ton for Non-Standard Centrifugal Chillers * 150 Tons < 300 Tons
kW/ton= 0.59
Condenser Flow Rate
[2 gpmiton 2.5 gpmi/ton [3 gpmiton [4 gpmiton [5 gpmiton [6 gpmiton |
Leaving Chilled Entering
Water Condenser Water
Temperature(F) ~ Temperature(F) LIFT? Required kW/ton
46 75 29 0.53 0.51 0.49 0.47 0.45 0.44
45 75 30 0.54 0.52 0.50 0.48 0.46 0.45
44 75 31 0.55 0.52 0.51 0.49 0.47 0.46
43 75 32 0.55 0.53 0.52 0.50 0.48 0.48
42 75 33 0.56 0.54 0.53 0.51 0.49 0.49
41 75 34 0.57 0.55 0.53 0.51 0.50 0.49
46 80 34 0.57 0.55 0.53 0.51 0.50 0.49
40 75 35 0.58 0.56 0.54 0.52 0.51 0.50
45 80 35 0.58 0.56 0.54 0.52 0.51 0.50
44 80 36 0.59 0.56 0.55 0.53 0.52 0.51
43 80 37 0.60 0.57 0.56 0.54 0.53 0.52
42 80 38 0.61 0.58 0.56 0.55 0.54 0.53
41 80 39 0.63 0.59 0.57 0.55 0.54 0.54
46 85 39 0.63 0.59 0.57 0.55 0.54 0.54
40 80 40 0.64 0.60 0.58 0.56 0.55 0.54
45 85 40 0.64 0.60 0.58 0.56 0.55 0.54
44 85 41 0.66 0.61 0.59 0.57 0.56 0.55
43 85 42 0.68 0.63 0.60 0.58 0.57 0.56
42 85 43 0.71 0.65 0.62 0.59 0.58 0.57
41 85 44 0.74 0.66 0.63 0.60 0.58 0.58
40 85 45 0.77 0.69 0.65 0.61 0.60 0.59
[CondDT° | 1404 | 1123 [ 936 [ 702 [ 562 | 468 |
Table B.4
kW/ton for Non-Standard Centrifugal Chillers < 150 Tons
kW/ton= 0.61
Condenser Flow Rate
[2 gpm/ton [2.5 gpmiton [3 gpm/ton [4 gpm/ton [5 gpm/ton [6 gpmiton |
Leaving Chilled Entering
Water Condenser Water
Temperature(F) ~ Temperature(F) LIFT® Required kW/ton
46 75 29 0.68 0.71 0.73 0.77 0.79 0.81
45 75 30 0.67 0.70 0.72 0.75 0.78 0.79
44 75 31 0.66 0.69 0.71 0.74 0.76 0.77
43 75 32 0.65 0.68 0.70 0.72 0.74 0.76
42 75 33 0.64 0.67 0.68 0.71 0.73 0.74
41 75 34 0.63 0.66 0.68 0.70 0.72 0.73
46 80 34 0.63 0.66 0.68 0.70 0.72 0.73
40 75 35 0.62 0.65 0.67 0.69 0.70 0.72
45 80 35 0.62 0.65 0.67 0.69 0.70 0.72
44 80 36 0.61 0.64 0.66 0.68 0.69 0.70
43 80 37 0.60 0.63 0.65 0.67 0.68 0.69
42 80 38 0.59 0.62 0.64 0.66 0.67 0.68
41 80 39 0.58 0.61 0.63 0.65 0.66 0.67
46 85 39 0.58 0.61 0.63 0.65 0.66 0.67
40 80 40 0.56 0.60 0.62 0.64 0.65 0.66
45 85 40 0.56 0.60 0.62 0.64 0.65 0.66
44 85 41 0.55 0.59 0.61 0.63 0.64 0.65
43 85 42 0.53 0.57 0.60 0.62 0.64 0.64
42 85 43 0.51 0.56 0.58 0.61 0.63 0.63
41 85 44 0.49 0.54 0.57 0.60 0.62 0.62
40 85 45 0.47 0.52 0.56 0.59 0.60 0.61

[CondDT" | 1404 | 1123 | 936 [ 702 | 562 | 468 |
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Table B.5
IPLV/NPLYV for Centrifugal Chillers * 600 Tons
kW/ton= 0.51
Condenser Flow Rate
[2 gpmiton 2.5 gpm/ton [3 gpm/ton [4 gpmiton [5 gpm/ton [6 gpmiton |
Leaving Chilled Entering
Water Condenser Water
Temperature(F) ~ Temperature(F) LIFT? Required IPLV/NPLV
46 75 29 0.57 0.59 0.61 0.64 0.66 0.68
45 75 30 0.56 0.58 0.60 0.63 0.65 0.66
44 75 31 0.55 0.57 0.59 0.62 0.63 0.65
43 75 32 0.54 0.57 0.58 0.60 0.62 0.63
42 75 33 0.54 0.56 0.57 0.59 0.61 0.62
41 75 34 0.53 0.55 0.56 0.58 0.60 0.61
46 80 34 0.53 0.55 0.56 0.58 0.60 0.61
40 75 35 0.52 0.54 0.56 0.58 0.59 0.60
45 80 35 0.52 0.54 0.56 0.58 0.59 0.60
44 80 36 0.51 0.53 0.55 0.57 0.58 0.59
43 80 37 0.50 0.53 0.54 0.56 0.57 0.58
42 80 38 0.49 0.52 0.53 0.55 0.56 0.57
41 80 39 0.48 0.51 0.53 0.54 0.55 0.56
46 85 39 0.48 0.51 0.53 0.54 0.55 0.56
40 80 40 0.47 0.50 0.52 0.54 0.55 0.55
45 85 40 0.47 0.50 0.52 0.54 0.55 0.55
44 85 41 0.46 0.49 0.47° 0.53 0.54 0.55
43 85 42 0.44 0.48 0.50 0.52 0.53 0.54
42 85 43 0.43 0.47 0.49 0.51 0.52 0.53
41 85 44 0.41 0.45 0.48 0.50 0.51 0.52
40 85 45 0.39 0.44 0.46 0.49 0.51 0.51
[CondDT° [ 14.04 ] 11.23 [ 93 [ 702 [ 562 | 468 |
Table B.6
IPLV/NPLYV for Centrifugal Chillers® 300 Tons < 600 Tons
kW/ton= 0.51
Condenser Flow Rate
[2 gpmiton 2.5 gpm/ton [3 gpmiton [4 gpm/ton [5 gpm/ton [6 gpmi/ton |
Leaving Chilled Entering
Water Condenser Water
Temperature(F) ~ Temperature(F) LIFT® Required IPLV/NPLV
46 75 29 0.57 0.59 0.61 0.64 0.66 0.68
45 75 30 0.56 0.58 0.60 0.63 0.65 0.66
44 75 31 0.55 0.57 0.59 0.62 0.63 0.65
43 75 32 0.54 0.57 0.58 0.60 0.62 0.63
42 75 33 0.54 0.56 0.57 0.59 0.61 0.62
41 75 34 0.53 0.55 0.56 0.58 0.60 0.61
46 80 34 0.53 0.55 0.56 0.58 0.60 0.61
40 75 35 0.52 0.54 0.56 0.58 0.59 0.60
45 80 35 0.52 0.54 0.56 0.58 0.59 0.60
44 80 36 0.51 0.53 0.55 0.57 0.58 0.59
43 80 37 0.50 0.53 0.54 0.56 0.57 0.58
42 80 38 0.49 0.52 0.53 0.55 0.56 0.57
41 80 39 0.48 0.51 0.53 0.54 0.55 0.56
46 85 39 0.48 0.51 0.53 0.54 0.55 0.56
40 80 40 0.47 0.50 0.52 0.54 0.55 0.55
45 85 40 0.47 0.50 0.52 0.54 0.55 0.55
44 85 41 0.46 0.49 0.51° 0.53 0.54 0.55
43 85 42 0.44 0.48 0.50 0.52 0.53 0.54
42 85 43 0.43 0.47 0.49 0.51 0.52 0.53
41 85 44 0.41 0.45 0.48 0.50 0.51 0.52
40 85 45 0.39 0.44 0.46 0.49 0.51 0.51

[CondDT | 1404 | 1123 [ 936 | 702 | 562 | 468 |
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Table B.7
IPLV/NPLYV for Centrifugal Chillers * 150 Tons < 300 Tons
kW/ton= 0.56
Condenser Flow Rate
[2 gpm/ton [2.5 gpm/ton [3 gpmiton [4 gpm/ton |5 gpmiton [6 gpmiton |
Leaving Chilled Entering
Water Condenser Water
Temperature(F) ~ Temperature(F) LIFT® Required IPLV/NPLV
46 75 29 0.62 0.65 0.67 0.71 0.73 0.75
45 75 30 0.61 0.64 0.66 0.69 0.71 0.73
44 75 31 0.61 0.63 0.65 0.68 0.70 0.71
43 75 32 0.60 0.62 0.64 0.66 0.68 0.70
42 75 33 0.59 0.61 0.63 0.65 0.67 0.68
41 75 34 0.58 0.60 0.62 0.64 0.66 0.67
46 80 34 0.58 0.60 0.62 0.64 0.66 0.67
40 75 35 0.57 0.60 0.61 0.63 0.65 0.66
45 80 35 0.57 0.60 0.61 0.63 0.65 0.66
44 80 36 0.56 0.59 0.60 0.62 0.64 0.65
43 80 37 0.55 0.58 0.59 0.61 0.63 0.64
42 80 38 0.54 0.57 0.59 0.61 0.62 0.63
41 80 39 0.53 0.56 0.58 0.60 0.61 0.62
46 85 39 0.53 0.56 0.58 0.60 0.61 0.62
40 80 40 0.51 0.55 0.57 0.59 0.60 0.61
45 85 40 0.51 0.55 0.57 0.59 0.60 0.61
44 85 41 0.50 0.54 0.56 0.58 0.59 0.60
43 85 42 0.48 0.53 0.55 0.57 0.58 0.59
42 85 43 0.47 0.51 0.54 0.56 0.57 0.58
41 85 44 0.45 0.50 0.52 0.55 0.57 0.57
40 85 45 0.43 0.48 0.51 0.54 0.56 0.56
[CondDT | 1404 | 1123 | 936 | 7.02 | 562 | 468 |
Table B.8
IPLV/NPLYV for Centrifugal Chillers <150 Tons
kWi/ton= 0.62
Condenser Flow Rate
[2 gpm/ton 2.5 gpmiton [3 gpm/ton [4 gpmiton |5 gpm/ton [6 gpm/ton |
Leaving Chilled Entering
Water Condenser Water
Temperature(F)  Temperature(F) LIFT? Required IPLV/NPLV
46 75 29 0.69 0.72 0.74 0.78 0.81 0.83
45 75 30 0.68 0.71 0.73 0.76 0.79 0.81
44 75 31 0.67 0.70 0.72 0.75 0.77 0.79
43 75 32 0.66 0.69 0.71 0.74 0.76 0.77
42 75 33 0.65 0.68 0.70 0.72 0.74 0.75
41 75 34 0.64 0.67 0.69 0.71 0.73 0.74
46 80 34 0.64 0.67 0.69 0.71 0.73 0.74
40 75 35 0.63 0.66 0.68 0.70 0.72 0.73
45 80 35 0.63 0.66 0.68 0.70 0.72 0.73
44 80 36 0.62 0.65 0.67 0.69 0.70 0.71
43 80 37 0.61 0.64 0.66 0.68 0.69 0.70
42 80 38 0.60 0.63 0.65 0.67 0.68 0.69
41 80 39 0.58 0.62 0.64 0.66 0.67 0.68
46 85 39 0.58 0.62 0.64 0.66 0.67 0.68
40 80 40 0.57 0.61 0.63 0.65 0.66 0.67
45 85 40 0.57 0.61 0.63 0.65 0.66 0.67
44 85 41 0.55 0.60 0.56° 0.64 0.66 0.66
43 85 42 0.54 0.58 0.61 0.63 0.65 0.65
42 85 43 0.52 0.57 0.59 0.62 0.64 0.65
41 85 44 0.50 0.55 0.58 0.61 0.63 0.64
40 85 45 0.47 0.53 0.57 0.60 0.61 0.62

[CondDT° | 1404 | 1123 | 936 [ 702 [ 562 | 468 |
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9. Appendi x C Whol e-buil ding Energy Cost Sinulation

Pur pose: Prompote the eval uati on of integrated design strategies
t hrough the use of whol e buil ding sinulations.

Criteria:

Required 1.1 Perform a whol e-bui | di ng energy cost analysis using a
conmput er program applying the requirenents contai ned
i n ANSI / ASHRAE/ | ESNA St andard 90. 1- 2001 Secti on
11.2.1 to the reference building. In addition, the
anal yst nust:

1. Inplenent the ANSI/ASHRAE/ | ESNA St andard 90. 1- 2001
rul e set, including Appendix G and

2. Show a nodel ed reduction in energy use that
exceeds the above-nentioned energy efficiency
standards by at |east 20%

Excepti on:
Energy cost analysis is not required if the building

meets all required prescriptive energy criteria
contained in criteria 2.1 through 2. 8.

Cener al :

Bui | di ng energy sinulations are encouraged in many situations because it
is the best nmethod to optinize the efficiency of the design. The

si mul at ed performance of a proposed design is deterni ned using accepted
anal ytical methods, and the resulting simulated perfornmance is conpared
to a building that exactly neets ANSI/ASHRAE/ | ESNA St andard 90. 1-2001

I f the sinulated performance of the proposed design uses |ess energy
than the budget, the building is deemed to neet the criterion

The main inpetus behind the sinulation approach is that it pronotes an
i ntegrated design approach w thout specifying individual neasures.
Inherent in this process is the concept of being allowed to trade the
efficiency of one nmeasure with the efficiency of the others, as long as
the overall energy cost neets the prescribed budget.

VWil e designed to increase the flexibility for architects and engi neers
to produce innovative designs, one of the major applications of

si mul ati on- based standards has been to all ow designers to better
optim ze costs. Wth a sinulation approach, the designer can find the
conbi nation of efficiency neasures that neets the owner’s investnent
design target at the lowest first cost. This may be a different set of
nmeasures than presented in the prescriptive nethod.

For exanple, a project with architectural shading may not require the
sane | evel of fenestration performance as a flat facade. The sinulation
approach would “credit” this design and potentially avoid the
installation of a nore expensive gl ass.
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