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or distribution of the whole or any part of the contents of the Maine Benchmark without 
the express written permission of the Institute is prohibited.   
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Maine Benchmark are owned by the Institute and are protected by copyright under both 
United States and foreign laws. 

Disclaimer of Warranties 
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Foundation, California Energy Commission (CEC), Efficiency Vermont, Iowa Energy Center, 
National Grid, USA, New York State Energy Research and Development Authority (NYSERDA), 
Northwest Energy Efficiency Alliance (NEEA), NSTAR, Sacramento Municipal Utility District 
(SMUD), Southern California Edison (SCE) (collectively referred to below as “the 
Parties ”). 
The Maine Benchmark and the views, recommendations, techniques, technical specifications 
and any and all other content included therein are provided solely for informational 
purposes.  The Parties make no warranty, express or implied, and assume no liability or 
responsibility, to you or any third Parties, for the accuracy, completeness, reliability 
or usefulness of any data, information, method, policy, product or process disclosed in 
the Maine Benchmark.  The Parties do not warranty or represent that use of the Maine 
Benchmark will not infringe any privately-owned rights, including but not limited to 
patents, trademarks or copyrights.  Further, the Parties make no warranty, express or 
implied, nor assume any liability or responsibility, to you or any third Parties, for any 
information contained in the Maine Benchmark or your reliance thereon, or for any 
injuries, losses or damages (including, without limitation, equitable relief) arising out 
of your use or reliance thereon. 
Nothing in 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 promote public awareness of energy conservation and energy efficiency in 
buildings of which the Parties are aware and for the general benefit of the public.  No 
building application should be undertaken without first consulting a licensed contractor 
or other building professional. 
The Parties make no warranty or representation whatsoever, express or implied:  (1) with 
respect to the use of any information, apparatus, method, process, or similar item 
disclosed in the Maine Benchmark, including merchantability and fitness for a particular 
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 Maine 
Benchmark is suitable to any particular user’s circumstances. 

Conformity 
In formulating and finalizing the Benchmark, upon which the Maine Benchmark is based, the 
Parties followed requirements and procedures largely based on the American National 
Standards Institute ( “ANSI ”), known as the “ANSI Procedures for the Development and 
Coordination of American National Standards Section 1.2 Due Process Requirements©, Annex 
D-Method D.2 (of Consensus Development) Accredited Standards Committee Method© and Annex 
A – Model Procedures for an Accredited Standards Committee©,”  except: 
1. any actual or implied use of the term American National Standard, 
2. any actual or implied acceptance or approval by ANSI, 
3. substituting, as is practicable, the Institute approved administrative procedures for  

normative ANSI administrative procedures including, but not limited to, applying for 
accreditation, submitting candidate standards, giving notice to any ANSI body, and 
submitting the guideline to ANSI, 

4. sections A.10, A.11, A.12.7, 
The Parties developed the Maine Benchmark for the express purpose of providing and 
encouraging voluntary and non-enforced measures for high-performance buildings. 
The contents of the Maine Benchmark, including the recommendations contained therein, do 
not represent the views of the Parties individually or collectively.  The Parties have 
established a Criteria Review Committee, serving as the “consensus body ”  stipulated 
under the ANSI Procedures, to oversee the promulgation of the Benchmark and its 
derivative products such as Maine Benchmark. The Criteria Review Committee consists of 
representatives of those groups and organizations materially affected by the Benchmark, 
including users, practitioners, policy makers, manufacturers and associations. 

Waiver and Release from Liability 
The Parties do not assume responsibility for any damages or other liability whatsoever 
(including any consequential damages, even if the Parties have been advised of the 
possibility of such damages) resulting from your dissemination of the Maine Benchmark in 
any format or medium or your viewing, downloading, application, or use of the Maine 
Benchmark or any information, apparatus, method, process, or similar item disclosed in 
the Maine Benchmark.  
As a condition of your use of the Maine Benchmark, you covenant not to sue, and agree to 
release from liability the Parties, and each of their officers, directors, employees, 
authorized agents or other authorized persons acting on their behalf, and you waive any 
and all claims, demands and causes of action against the Parties, for any injuries, 
losses or damages of any kind (including, without limitation, 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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directors, employees, authorized agents or other authorized persons acting on their 
behalf, as a result of your use of, or reliance on, the Maine Benchmark.  
As a further condition of your use of the Maine Benchmark, you agree and acknowledge 
that:  (1) the Parties make no representation, warranty or guaranty regarding the safety 
or lack of hazards or risks associated with the use of or reliance on the Maine 
Benchmark, and that (2) by using the Maine Benchmark you are assuming all risks that may 
result from, be associated with, or involved with your use of and/or your reliance on the 
Maine Benchmark. 
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provide suggestions on optimization of building and mechanical 
system design features. 

• Value engineering changes are avoided that lower first cost at the 
sacrifice of design intent or owner’s performance requirements. 

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

The integrated design process promoted by Advanced Buildings is 
routinely used by design teams to produce high performance buildings 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 
largest impacts. 

 

Figure 1 - Impact of Integrated Design Process 

Advanced Buildings consists of the following resources: 

• Benchmark (what to accomplish) 

• Reference Guide (how to accomplish it)  

• Benefits Guide (why it should be accomplished) 

• Profiting from High Performance (why a building owner should want 
it) 

• LEED Guide (how the Benchmark helps achieve LEED points) 

• Technical Educational Series (how to accomplish it on your next 
project) 

• www.PowerYourDesign.com (your community of practice) 

Together, these elements of Advanced Buildings provide specific energy 
efficiency targets, design guidance on how to meet these targets and the 
rationale to motivate building owners to strive for high performance 
buildings.  
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1.6. Priorities 

High performance is a broad topic. Maine Benchmark covers a range of 
subjects from narrow technical specifications to good project management 
practices. While the technologies specified in Maine Benchmark are 
components of a good building, the building must be designed, 
constructed and operated as an integrated system to deliver a building 
that is healthy, operates efficiently, increases workplace satisfaction 
and reduces environmental impacts.  

Design, Construction and Post-Construction Process 

The design and construction process laid out in 
Maine Benchmark recognizes that it is essential 
for specific steps to be taken at various stages 
of the process.  These steps start very early in 
the design process and involve siting, 
orientation, massing, building envelope and 
mechanical design. The processes in Maine 
Benchmark are structured to maximize the impact 
of the design team on building performance 
during a time in the design process where 
changes can be incorporated with little to no 
cost, and often even with cost savings.  

Specific Building Systems 

Building Envelope.  Orientation, massing, materials, windows, effective 
use of natural light, interior space configurations, and consideration 
of the outdoor climate in design are the key elements that set the stage 
for the design of other building systems. Many of these key areas of 
envelope performance are properly addressed if a building is constructed 
according to Maine Benchmark. 

Mechanical Systems.  The “integrated design ” approach looks beyond the 
simple question of mechanical system sizing and specification and sees 
the building's mechanical system as integral to the design process and 
ultimate occupant satisfaction. Maine Benchmark supports this approach 
through specific design approaches, equipment selection and control 
system design.  

Lighting and Electrical Systems.  Office equipment, electrical system 
components and lighting systems directly contribute to the electrical 
load and heat gain in a building. Maine Benchmark provides aggressive 
targets to reduce a building’s electrical load and its associated 
cooling requirements.  

Building Control Systems. These systems often make the difference 
between an energy-efficient high performance building and a building 
with high-performance equipment that is not delivering comfort, health 
or energy savings to the owner and building occupants. Controls also 
help reduce the demand on the electrical or gas distribution system as 
well as improve occupant performance. Maine Benchmark provides a set of 
specifications for designing, testing and operating building control 
systems. 

Renewable Energy Systems.  On-site energy production allows a building 
to go beyond energy efficiency and transform it from a consumer to a 
producer of energy. Maine Benchmark supports this next step through 
criteria for credit that promote renewable energy systems from daylight 
harvesting through electricity and hot water production. 

Commissioning is the process 
of ensuring that systems are 
designed, installed, 
functionally tested, and 
capable of being operated 
and maintained in conformity 
with the design intent or 
owner’s performance 
requirements. The 
commissioning process 
should begin at the design 
stage of a project and carry 
through for at least one year 
of occupancy.   
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 Maine Criteria 

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

Basic Criteria 

All projects on which Maine Benchmark is used as a guide must first meet 
a set of Basic Criteria. Examples include documentation 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 

Documentation 1.1 Design Certification 

 1.2 Construction Certification 

 1.3 Operations Certification 

 1.4 Energy Code Compliance 

Envelope 1.5 Air Barrier Performance 

 1.6 Window, Skylight and Door Certification 

Controls 1.7 Monitoring and Trend-logging 

Electrical 1.8 Energy-efficient Transformers 

Lighting – Interior 1.9 Lighting Controls 

Lighting – Exterior 1.10 Outdoor Lighting 

Indoor Environmental Quality 1.11 Indoor Air Quality 

 1.12 Refrigeration 

 1.13 Networked Computer Monitor Controls 

 

Prescriptive Approach 

Maine Benchmark contains a simple prescriptive or pattern approach to 
energy performance.  This approach can be used for various stages of a 
building including shell buildings, tenant build-outs or renovations and 
remodels. For more detail on using Maine Benchmark for various phases of 
a project, please refer to the Advanced Buildings Reference Guide. 
Prescriptive criteria are shown in Table 2. 
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Table 2 - Prescriptive Criteria 

Scope and Application Label  Title 

Documentation 2.1 Opaque Envelope Performance 

Envelope 2.2 Fenestration Performance 

Mechanical 2.3 Mechanical System Design 

 2.4 Mechanical Equipment Efficiency Requirements 

 2.5 Variable Speed Drives 

Lighting 2.6 Lighting Power Density 

Schools Only 2.7 Daylighting Responsive Controls  

 

Recommended Criteria 

Recommended Criteria may be used to exceed Maine Benchmark. These 
criteria might be used in green building programs or other programs that 
promote energy-effective design, construction and operation.  Table 4 
identifies the criteria for credit.  

Table 3 - Recommended Criteria 

Scope and Application Label  Title 

Documentation 3.1 Pre-design Certification 

 3.2 Additional Commissioning 

 3.3 Continuous Recommissioning 

 3.4 Performance Certification 

Whole-building 3.5 Demand-responsive Building 

Energy Production 3.6 On-site Supply of Renewable Energy 
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2. Acronyms and Definitions 
The following acronyms and definitions apply throughout the Guidelines: 

2.1. Acronyms 

ASD – Adjustable Speed Drive 

ASHRAE – American Society of Heating, Refrigerating and Air-conditioning 
Engineers 

HVAC – Heating, Ventilating and Air Conditioning  

IECC – International Energy Conservation Code 

IESNA – Illuminating Engineering Society of North America 

LEED – Leadership in Energy and Environmental Design 

USGBC – US Green Buildings Council 

VAV – Variable Air Volume 

2.2. Definitions 

above-grade wall: see wall.  

automatic: self-acting, operating by its own mechanism when actuated by 
some non-manual influence, such as a change in current strength, 
pressure, temperature, or mechanical configuration. (See manual.)* 

automatic control device: a device capable of automatically turning 
loads off and on without manual intervention.* 

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

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

building: any structure having a roof or a partial roof supported by 
columns or walls that is used or intended to be used for shelter or 
enclosure of persons or objects regardless of the materials of which it 
is constructed. 

building envelope: The elements of a building which enclose conditioned 
spaces through which thermal energy is capable of being transferred to 
or from the exterior or to or from unconditioned spaces. 

building material: any element of the building envelope through which 
heat flows and that is included in the component U-factor calculations 
other than air films and insulation.* 

CFM: Cubic feet per minute. The measurement rate for air flow.  

coefficient of performance (COP) – cooling: the ratio of the rate of 
heat removal to the rate of energy input, in consistent units, for a  
complete refrigeration system or some specific portion of that system 
under designated operating conditions.* 

conductance: see thermal conductance. 

construction: the fabrication and erection of a new building or any 
addition to or alteration of an existing building.* 
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construction documents: drawings and specifications used to construct a 
building, building systems, or portions thereof.* 

continuous insulation (cont. ins. or ci): insulation that is continuous 
across all structural members without 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 
envelope.* 

control: to regulate the operation of equipment.* 

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

critical demand period: the period of peak electricity or natural gas 
demand, as defined by a utility tariff, that establishes annual system 
peak load. The critical demand period is different from typical 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 length of 15 feet, 
or the distance on the floor, perpendicular to the glazing, to the 
nearest 60-inch or higher opaque partition, whichever is less; and 
a width of the window plus either 2 feet on each side, the 
distance to a opaque partition, or one half the distance to the 
closest skylight or vertical glazing, whichever is least. 

(b) horizontal glazing: the daylit area is the footprint of the 
skylight plus, in each of the lateral and longitudinal dimensions 
of the skylight, the lesser of the floor-to-ceiling height, the 
distance to the nearest 60-inch or higher opaque partition, or one 
half the horizontal distance to the edge of the closest skylight 
or vertical glazing. 

daylight glazing: exterior glazing over 6 feet above the finished floor. 

demand: the highest amount of power (average kW over an interval) 
recorded for a building or facility in a selected time frame. 

design conditions: specified environmental conditions, such as 
temperature and light intensity, required to be produced and maintained 
by a system and under which the system must operate.* 

distribution system: conveying means, such as ducts, pipes, and wires, 
to bring substances or energy from a source to the point of use. The 
distribution system includes such auxiliary equipment as fans, pumps, 
and transformers.* 

door: all operable opening areas (which are not fenestration) in the 
building envelope, including swinging and roll-up doors, fire doors, and 
access hatches. Doors that are more than one-half glass are considered 
fenestration. (See fenestration.) For the purposes of determining 
building envelope requirements, the classifications are defined as 
follows: 

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

(b) swinging: all operable opaque panels with hinges on one side and 
opaque revolving doors.* 

door area: total area of the door measured using the rough opening and 
including the door slab and the frame. (See fenestration area.)* 
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economizer, air: a duct and damper arrangement and automatic control 
system that together allow a cooling system to supply outside air to 
reduce or eliminate the need for mechanical cooling during mild or cold 
weather.* 

efficiency: performance at specified rating conditions.* 

emittance: the ratio of the radiant heat flux emitted by a specimen to 
that emitted by a blackbody at the same temperature and under the same 
conditions.* 

energy: the capacity for doing work. It takes a number of forms that may 
be transformed from one into another such as thermal (heat), mechanical 
(work), electrical, and chemical. Customary measurement 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 performance (COP)— cooling.)* 

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

equipment: devices for comfort conditioning, electric power, lighting, 
transportation, or service water heating including, but not limited to, 
furnaces, boilers, air conditioners, heat pumps, chillers, water heaters, 
lamps, luminaires, ballasts, elevators, escalators, or other devices or 
installations.* 

fenestration: all areas (including the frames) in the building envelope 
that let in light, including windows, plastic panels, clerestories, 
skylights, glass doors that are more than one-half glass, and glass 
block walls. (See building envelope and door.)  A skylight is a 
fenestration surface having a slope of less than 60 degrees from the 
horizontal plane. Other fenestration, even if mounted on the roof of a 
building, is considered vertical fenestration.* 

fenestration area: total area of the fenestration measured using the 
rough opening and including the glazing, sash, and frame. For doors 
where the glazed vision area is less 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 component of a luminaire that houses the lamp or lamps, 
positions the lamp, shields it from view, and distributes the light. The 
fixture also provides for connection to the power supply, which may 
require the use of a ballast.* 

flue damper: 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 may be used to produce heat or generate power by 
combustion.* 

grade: the finished ground level adjoining a building at all exterior 
walls.* 

harmonics: voltages and currents at frequencies other than 60 Hz (or 50 
Hz where applicable) that cause heating and other detrimental effects in 
the power system.* 
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heating seasonal performance factor (HSPF): the total heating output of 
a heat pump during its normal annual usage period for heating (in Btu) 
divided by the total electric energy input during the same period.* 

HVAC system: the equipment, distribution systems, and terminals that 
provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or portion of a 
building.* 

infiltration: the uncontrolled inward air leakage through cracks and 
crevices in any building element and around windows and doors of a 
building caused by pressure differences across these elements due to 
factors such as wind, inside and outside temperature differences (stack 
effect), and imbalance between supply and exhaust air systems.* 

integrated part-load value (IPLV): a single-number figure of merit based 
on part-load EER, COP, or kW/ton expressing part-load efficiency for 
air-conditioning and heat pump equipment on the basis of weighted 
operation at various load capacities for the equipment.* 

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

labeled: equipment or materials to which a symbol or other identifying 
mark has been attached by the manufacturer indicating compliance with 
specified standards or performance in a specified manner.* 

lamp: a generic term for a man-made light source often called a bulb or 
tube.  

(a) compact fluorescent lamp: a fluorescent lamp of a small 
compact shape, with a single base that provides the entire 
mechanical support function.  

(b) fluorescent lamp: a low-pressure electric discharge lamp in 
which a phosphor coating transforms some of the ultraviolet energy 
generated by the discharge into light. 

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

(d) high-intensity discharge (HID) lamp: an electric discharge 
lamp in that light is produced when an electric arc is discharged 
through a vaporized metal such as mercury or sodium. Some HID 
lamps may also have a phosphor coating that contributes to the 
light produced or enhances the light color. 

(e) incandescent lamp: a lamp in which light is produced by a 
filament heated to incandescence by an electric current. 

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

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

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

manufacturer: the company engaged in the original production and 
assembly of products or equipment or a company that purchases such 
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products and equipment manufactured in accordance with company 
specifications.* 

mechanical cooling: reducing the temperature of a gas or liquid by using 
vapor compression, absorption, desiccant dehumidification combined with 
evaporative cooling, or another energy-driven thermodynamic cycle. 
Indirect or direct evaporative cooling alone is not considered 
mechanical cooling.* 

occupant sensor: a device that detects the presence or absence of people 
within an area and causes lighting, equipment, or appliances to be 
regulated accordingly.* 

opaque envelope: all areas in the building envelope, except fenestration 
and building service openings such as vents and grilles. (See building 
envelope and fenestration.) 

operational performance requirements: A written document that details 
the  functional requirements of a project and the expectations of how it 
will be used and operated.  This includes project and design goals, 
measurable performance criteria, budgets, schedules, success criteria 
and supporting information. 

orientation: the direction an envelope element faces, i.e., the 
direction of a vector perpendicular to and pointing away from the 
surface outside of the element.*  

outdoor (outside) air: air that is outside the building envelope or is 
taken from outside the building that has not been previously circulated 
through the building.* 

overhead glazing area: the area whose horizontal dimension, in each 
direction, is equal to the overhead glazing dimension plus either the 
floor to ceiling height or the dimension 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 
external shading projection divided by the sum of the height of the 
fenestration and the distance from the top of the fenestration to the 
bottom of the farthest point of the external shading projection, in 
consistent units.* 

proposed design: a computer representation of the actual proposed 
building design or portion thereof used as the basis for calculating the 
design energy cost.* 

rated R-value of insulation: the thermal resistance of the insulation 
alone as specified by the manufacturer in units of h·ft2·°F/Btu at a 
mean temperature of 75°F. Rated R-value refers to the thermal resistance 
of the added insulation in framing cavities or insulated sheathing only 
and does not include the thermal resistance of other building materials 
or air films. (See thermal resistance.)* 

record drawings: drawings that record the conditions of the project as 
constructed. These include any refinements of the construction or bid 
documents.* 

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

roof: the upper portion of the building envelope, 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 same period 
(in Wh).* 

service: the equipment for delivering energy from the supply or 
distribution system to the premises served.*  

single-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 
radiation. Solar heat gain includes directly transmitted solar heat and 
absorbed solar radiation, which is then reradiated, 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 determining building envelope 
requirements. 

(a) conditioned space: a heated or cooled space, or both, within a 
building and, where required, provided with humidification or 
dehumidification means so as to be capable of maintaining a space 
condition falling within the comfort envelope set forth in ASHRAE 
55. 

(b) unconditioned space: a space other than a conditioned space. 

steel-framed wall: see wall. 

steel joist floor: see floor. 

substantial contact: a condition where adjacent building materials are 
placed so that proximal surfaces are contiguous, being installed and 
supported so they eliminate voids between materials without compressing 
or degrading the thermal performance of either product.* 

system: a combination of equipment and auxiliary devices (e.g., 
controls, accessories, interconnecting means, and terminal elements) by 
which energy is transformed so it performs a specific function such as 
HVAC, service water heating, or lighting.* 

TAB: Testing and balancing. The practice of testing and balancing air 
flow through the duct work within a heating, ventilation or air 
conditioning system following installation or modifications.  

thermal resistance (R-value): the reciprocal of the time rate of heat 
flow through a unit area induced by a unit temperature difference 
between two defined surfaces of material or construction under steady-
state conditions. Units of R are h·ft2·°F/Btu.* 

thermostat: an automatic control device used to maintain temperature at 
a fixed or adjustable set point.* 

thermostatic control: an automatic control device or system used to 
maintain temperature 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 
include surface applied films such as reflective coatings, applied 
either in the field or during the manufacturing process.* 

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

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

U-factor (thermal transmittance): heat transmission in unit time through 
unit area of a material or construction and the boundary air films, 
induced by unit temperature difference between the environments on each 
side. Units of U are Btu/h·ft2·°F.* 

unitary equipment: one or more factory-made assemblies that normally 
include an evaporator or cooling coil and a compressor and condenser 
combination. Units that perform a heating function are also included.* 

vent damper: a device intended for installation in the venting system of 
an individual, automatically operated, fossil fuel-fired appliance in 
the outlet or downstream of the appliance draft control device, which is 
designed to automatically open the venting system when 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 removing air by natural or 
mechanical means to or from any space. Such air is not required to have 
been conditioned.* 

VFD:  Variable Frequency Drive. Also called variable speed drives these 
motors or controls vary the frequency of electricity in response to an 
electrical signal. The change in frequency results in a change in motor 
speed which reduced electricity use when ramped down. Most commonly used 
on supply and return fans and pumps.  

Visible Light Transmittance (VLT): a measure of the percentage (0-100%) 
of visible light transmitted by the glazing. 

wall: that portion of the building envelope, including opaque area and 
fenestration, that is vertical or tilted at an angle of 60° from 
horizontal or greater. This includes above-and below-grade walls, 
between floor spandrels, peripheral edges of floors, and foundation 
walls. For the purposes of determining building envelope requirements, 
the classifications are defined as follows:  

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

(b) below-grade wall: that portion of a wall in the building envelope 
that is entirely below the finish grade and in contact with the 
ground.  

(c) mass wall: a wall with a heat capacity exceeding 7 Btu/ft2·°F.  

(d) metal building wall: a wall whose structure consists of metal 
spanning members supported by steel structural members (i.e., does 
not include spandrel glass or metal panels in curtain wall 
systems).  

(e) steel-framed wall: a wall with a cavity (insulated or otherwise) 
whose exterior surfaces are separated by steel framing members 
(i.e., typical steel stud walls and curtain wall systems). 

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

wall area, gross: the area of the wall measured on the exterior face 
from the top of the floor to the bottom of the roof.*  
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warm-up: increase in space temperature to occupied set point after a 
period of shutdown or setback.* 

water 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 permission from 
ANSI/ASHRAE/IESNA Standard 90.1-2001.  This material may not be copied 
nor distributed in either paper or digital form without ASHRAE's 
permission. 
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3. Maine Benchmark Table 
Criteria Type Label  Title & page # 

Basic 1.1 Design Certification     page # 21 

 1.2 Construction Certification    page # 24 

 1.3 Operations Certification    page # 26 

 1.4 Energy Code Compliance     page # 28 

 1.5 Air Barrier Performance    page # 29 

 1.6 Window, Skylight, and Door Certification  page # 31 

 1.7 Monitoring and Trend-logging    page # 33 

 1.8 Energy-efficient Transformers    page # 35 

 1.9 Lighting Controls     page # 36 

 1.10 Outdoor Lighting     page # 39 

 1.11 Indoor Air Quality     page #43 

 1.12 Refrigeration Equipment Efficiency Requirements page # 44 

 1.13 Networked Computer Monitor Controls (owner occupied buildings 
only)        page # 46 

Prescriptive 2.1 Opaque Envelope Performance    page # 47 

 2.2 Fenestration Performance    page # 57 

 2.3 Mechanical System Design    page # 61 

 2.4 Mechanical Equipment Efficiency Requirements  page # 63 

 2.5 Variable Speed Drives     page # 67 

 2.6 Lighting Power Density     page # 68 

Schools Only 2.7 Daylighting Responsive Controls   page # 73 

Recommended 3.1 Pre-design Certification Credit   page # 77 

 3.2 Additional Commissioning Credit   page # 79 

 3.3 Continuous Recommissioning Credit   page # 80 

 3.4 Performance Certification Credit   page # 81 

 3.5 Demand-responsive Building Credit   page # 82 

 3.6 On-site Supply of Renewable Energy Credit  page # 84 
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4. Basic Criteria 
4.1. Design Certification 

Purpose:  Ensure the design process was successful in implementing the 
joint statement of energy and environmental goals and 
principles in the construction documentation. 

Criteria: 

Required 1.1 The design team shall certify and the owner shall 
complete a certification that the final design has met 
the following requirements:  

Operational Performance Requirements. A narrative 
statement of operational performance shall include: 

1. A description of the operational performance 
providing a detailed explanation of the ideas, 
concepts, and criteria that are defined by the 
owner to be important. 

2. A description of the basis of design of the 
systems including all information necessary to 
prepare a design to accomplish the operational 
performance. 

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

4. A description of the systems including the 
capacities of the equipment or systems. 

5. A description of the testing requirements and the 
criteria for passing to be used for final systems 
acceptance.  

6. A description of how the design team has 
minimized energy consumption and demand through 
first reducing loads to a minimum then designing 
an appropriate mechanical system to meet those 
loads through a range of operating conditions.  

7. Define the energy performance target for the 
building as a 75 or higher using ENERGY STAR 
Target Finder. 

Construction Documents: The construction documents 
shall contain sufficient information to completely 
describe the envelope, including air barrier; heating, 
ventilation, and air conditioning (HVAC); service hot 
water; lighting; electric power distribution systems; 
and on-system energy systems including operational 
features and controls. All HVAC, lighting, and electric 
power distribution system plans shall contain 
sufficient information to identify the system and 
equipment arrangements, system and equipment sizing, 
systems specifications, and systems sequence(s) of 
operation. 

The construction documents shall demonstrate that the 
tabulation of the building loads used assumptions 
consistent with the Maine Benchmark or document why 
different assumptions were used. 

The construction documents shall require the submittal 
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of operation manuals and maintenance manuals as a 
condition of final acceptance, and a description of 
their format and content.  The operation manual shall 
provide all relevant information needed for day-to-day 
operation and management of each system.  The 
maintenance manual shall describe equipment inventory 
and support the maintenance program. The submittal of 
record drawings and control documents are a condition 
of final acceptance.  

Bid Submittals:  The bid submittals shall be reviewed 
to assure conformance with the Construction Documents. 
Changes shall be reviewed to assure they are consistent 
with the operational performance requirements and 
statement of goals and principles, if appropriate. Or-
equal substitutions shall be shown to assure equal or 
better energy and indoor environmental performance when 
compared to the same element in the original 
construction document. If using the Whole-building 
Energy Cost approach, the substitutions shall be re-
simulated to demonstrate equivalence. 

Commissioning:  A commissioning plan shall be prepared 
that, in addition to the required documentation, 
specifies the process for meeting the owner’s project 
requirements by providing: 

• A uniform and effective process for 
delivery of construction projects, and 

• Verify proper coordination among systems 
and assemblies, and between all 
contractors, subcontractors, vendors and 
manufacturers of furnished equipment and 
assemblies. 

General: 

The construction documents represent the final product of the design 
process. These documents are essential to guiding the overall 
construction process. This requirement places additional emphasis on 
elements of the construction documents that support improved building 
performance. 

By following the Maine Benchmark, you may qualify to display the 
"Designed to Earn the ENERGY STAR" graphic on qualified plans to show 
your commitment to creating buildings that perform better and prevent 
pollution. The following steps are necessary to qualify: 

• Join ENERGY STAR - become a Service and Product Provider 
partner.  

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

• Print and complete the Statement of Energy Design Intent 
(SEDI) - this must include the project architect or 
engineer's stamp.  

• Print application letter on company letterhead and sign.  
• Submit both documents to EPA.  
• Receive "Designed to Earn the ENERGY STAR" graphic - place 

in title block next to the name of project qualifying 
design.  
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References: ............................................................ 

ENERGY STAR New Building Design, http://www.energystar.gov/  

PIER Construction Specifications www.newbuildings.org 
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4.2. Construction Certification 

Purpose:  Ensure that the design is constructed and operates as 
intended by the construction documents. 

Criteria: 

Required 1.2 The construction process shall be conducted to deliver a 
building that meets or exceeds the Operational 
Performance Requirements. This process shall include the 
following: 

1. Change-orders shall be reviewed to assure they are 
consistent with the operational performance 
requirements and statement of goals and 
principles. Or-equal substitutions shall be shown 
to assure equal or better energy and indoor 
environmental performance when compared to the 
original certified design. If using the Whole-
building Energy Cost approach, the substitutions 
shall be re-simulated to demonstrate equivalence. 

2. Acceptance testing shall be performed on the 
following equipment, if installed: 

• Outdoor Air Systems 

• Air Distribution Systems 

• Hydronic Systems 

• VAV Systems 

• Package Rooftop Units 

• Economizers 

• Chilled Water Systems 

• Demand Control Ventilation Systems 

• Automatic Daylighting Controls 

• Automatic Time-of-Day Controls 

• Manual Daylighting Switching 

• Occupancy Sensors 

The installing contractor(s), engineer of record or 
owner’s agent shall certify that the procedures 
listed in Appendix A were performed and the 
equipment performed as specified. For equipment not 
listed above, the design team shall provide 
acceptable test results and the contractor shall 
certify that the tests were performed and the 
equipment performs as specified. 

3. A commissioning report shall be prepared 
documenting the results of the construction 
process including: 

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

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

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

4. Complete the Construction Certification prior to 
requesting a final occupancy permit (but not 
necessarily before temporary occupancy). 

 

General: 

The Construction Certification documents that the installing contractor, 
engineer of record or owner’s agent: 

• reviews the installation,  

• performs acceptance tests and documents results, and  

• documents the operating and maintenance information and test 
results on the Construction Certification. 

The installing contractor, engineer of record or owner’s agent shall be 
responsible for documenting the results of the acceptance requirement 
procedures including paper and electronic copies of all measurement and 
monitoring results. They shall be responsible for performing data 
analysis, calculation of performance indices and crosschecking results 
with the requirements of the Benchmark.  

The installing contractor, engineer of record, or owner’s agent, upon 
completion of undertaking all required acceptance requirement 
procedures, shall record their contractor’s license number or their 
Professional Registration License Number on each Certificate that they 
issue. 

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

Energy Design Resources, Guide to Building Commissioning 
www.energydesignresources.com  
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4.3. Operations Certification 

Purpose:  Ensure that the design is constructed and operates as 
intended by the construction documents. 

Criteria: 

Required 1.3 Complete the Operations Certification. This includes 
certifying that the following steps were taken to 
verify building performance: 

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

 
2. Systems manuals were delivered and accepted by 

the building operations team. 

3. Seasonal trend-log review was performed during 
at least two seasons according to Appendix A, 
Section A.9. 

4. One-year warranty review was conducted with the 
building design and construction team and the 
warranty items were corrected and accepted by 
the building owner. 

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

During building construction and acceptance only a limited range of 
operating conditions may be experienced by the building system. To 
assure proper operation, all systems need to be operated and tested over 
the complete range of conditions that will be experienced due to 
seasonal weather variations.  As such, in most climatic regions, the 
building must be operated and tested over the course of a full year to 
undergo seasonal variations as well as dynamic use. 

Trend-log review includes using the Building Automation System or Energy 
Management System trend logging capabilities designed into the system 
(Mandatory Criteria 1.7) to track energy and indoor environmental 
conditions. The one-year warranty review allows the design team, 
contractors, owners and operators to discuss the overall successes and 
failures of the building and provides valuable feedback for future 
designs. The procedures for conducting this review are included in 
Appendix A. 

The one-year warranty review provides an opportunity for the project 
team to receive feedback and motivates the team to get the building 
operating according to design intent. 

This combination of factors provides a robust set of test conditions, 
and the proper operation of the building system needs to be addressed 
for each of the conditions. 

Satisfaction of these criteria aligns with the Continuous 
Recommissioning Process. Continuous recommissioning is the process of 
reviewing operational data obtained by the building controls system and 
utilizes the data to improve energy and indoor environmental operation 
and is addressed in Recommended Criteria 4.3. 
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References: ............................................................ 

International Performance Measurement and Verification 
Protocol, www.ipmvp.org  
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4.4. Energy Code Compliance 

Purpose: Define minimum level of acceptable performance for measures 
not specified in Maine Benchmark. 

Criteria 

Required 1.4 Features of building elements not described in Maine 
Benchmark must aim to meet or exceed the target of 20 
percent more than ANSI/ASHRAE/IESNA Standard 90.1-2001.  

General: 

Maine State rules require all state-funded buildings to exceed 
ANSI/ASHRAE/IESNA Standard 90.1-2001 by a target of at least 20 percent. 

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

Maine State Legislation, 
http://janus.state.me.us/legis/statutes  

ASHRAE, www.ashrae.org  
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4.5. Air Barrier Performance 

Purpose: Reduce uncontrolled air movement through the building 
envelope. 

Criteria: 

Required 1.5 The building envelope shall be designed and constructed 
with a continuous air barrier system to control air 
leakage into or out of the conditioned space.  An air 
barrier system shall also be provided for interior 
separations between conditioned space and space designed 
to maintain temperature or humidity levels which differ 
from those in the conditioned space by more than 50% of 
the difference between the conditioned space and design 
ambient conditions.  The air barrier system shall have 
the following characteristics: 

1. It must be continuous, with all joints made air-
tight. 

2. Materials used for the air barrier system shall 
have an air permeability not to exceed 0.004 
cfm/ft2 under a pressure differential of 0.3 in. 
water (1.57psf) (0.02 L/s.m2 @ 75 Pa) when tested 
in accordance with ASTM E 2178. 

3. It shall be capable of withstanding positive and 
negative combined design wind, fan and stack 
pressures on the envelope without damage or 
displacement, and shall transfer the load to the 
structure.  It shall not displace adjacent 
materials under full load. 

4. It shall be durable and maintainable. 

5. The air barrier material of an envelope assembly 
shall be joined in an air-tight and flexible manner 
to the air barrier material of adjacent assemblies, 
allowing for the relative movement of these 
assemblies and components due to thermal and 
moisture variations, creep and structural 
deflection. 

6. Connection shall be made between: 

a) Foundation and walls. 
b) Walls and windows or doors. 
c) Different wall systems. 
d) Wall and roof. 
e) Wall and roof over unconditioned space. 
f) Walls, floor and roof across construction, 

control and expansion joints. 
g) Walls, floors and roof to utility, pipe and duct 

penetrations. 

All penetrations of the air barrier system and paths of 
air infiltration/exfiltration shall be made air-tight. 
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General: 

An air barrier system is the combination of interconnected materials, 
flexible joint systems, and components of the building envelope that 
provide the air-tightness of the building envelope. Construction 
practices in many parts of the US promote uncontrolled air movement 
into/out of buildings. This air movement leads to moisture problems 
because more water vapor is carried by escaping air than by diffusion 
(200:1). There are energy penalties to this uncontrolled air movement as 
well as building system degradation and failures. In addition, the HVAC 
systems might not operate as designed, and uncontrolled air movement 
allows migration of pollutants (by air pressures). 

Criteria Reference Specifications: 

Table 4 -  Measured air leakage for selected building materials (NRC) 

Material Average leakage at 75 Pa L/s·m2 surface 

0.15 mm (6 mil) polyethylene No measurable leakage 

25 mm expanded polystyrene 4.7 

12 mm fiberboard sheathing 1.6 

Breather type building 
membranes 

0.011 - 3.6 

Closed cell foam insulation 0.001 

Uncoated brick wall 1.6 

Uncoated concrete block 2.1 

Solid pre-cast concrete wall No measurable leakage 

 

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

Energy Design Resources, Guide to Building Commissioning, 
www.energydesignresources.com  

780 Code of Massachusetts Regulations (CMR) Chapter 13 (Energy 
Code) www.state.ma.us/bbrs/energy.htm  

National Research Center Canada, www.nrc.ca/irc/bsi/86-3_E.html  
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4.6. Window, Skylight and Door Certification 

Purpose: Promote use of high performance fenestration with low air 
leakage through the use of a fair and accurate rating 
system. 

Criteria: 

Required 1.6 For fenestration (windows, skylights and doors): 

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

1. Solar Heat Gain Coefficients and Visible 
Transmittances shall be determined in accordance 
with NFRC 200-2001. 

2. Air leakage shall be determined in accordance with 
NFRC 400-2001 and at the pressures specified below.  

All ratings shall be determined by a laboratory accredited 
by a nationally recognized accreditation organization and 
shall be labeled and certified by the manufacturer.  

Air leakage shall not exceed 1.0 cfm/ft2 for glazed 
swinging entrance doors and for revolving doors, and 0.3 
cfm/ ft2 @ 6.24 psf for all other fenestration products.  

Exceptions: 

a) Field fabricated fenestration products that are 
weather-stripped are exempt from the air leakage 
rating requirements.  However, fenestration 
products that have been fabricated elsewhere, but 
then are assembled on site, are not exempt. 

b) For garage doors, air leakage determined by test at 
standard test conditions in accordance with NAGDM 
105 shall be an acceptable alternative to NFRC 400 
for complying with air leakage requirements. 

c) Fenestration products that do not have an NFRC 
certification shall be assigned the default values 
as per IECC 102.5.2. 

General: 

Fenestration performance is a key element of both energy consumption and 
occupant satisfaction.   Recognizing this, the 1992 Energy Policy Act 
(EPAct) required the development of a national fenestration rating 
system and specified the National Fenestration Rating Council (NFRC) as 
the preferred developer.  NFRC’s mission statement includes developing 
and maintaining a fair, accurate, and credible rating system for 
fenestration products.  The U.S. Department of Energy has certified that 
NFRC has complied with EPAct, and thus, NFRC is the nationally 
recognized organization for rating standards for fenestration products. 
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References: ............................................................ 

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

 NFRC 100-2001 Procedure for Determining Fenestration Product U-
factors 

 NFRC 200-2001 Procedure for Determining Fenestration Product Solar 
Heat Gain Coefficients and Visible Transmittances at 
Normal Incidences 

 NFRC 400-2001 Procedure for Determining Fenestration Product Air 
Leakage 
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4.7.  Monitoring and Trend Logging 

Purpose: Ensure that the control systems specification covers all the 
hardware, software, and programming requirements necessary 
for facility operators and commissioning entities to easily 
diagnose problems and verify that systems are operating 
according to design intent.  

Criteria: 

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

1. Sensors as follows: 

a) Sensors to monitor and trend (create trend 
logs) at the operator interface controlled 
variables. Control variables may include air 
and/or water flow, temperature, pressure, CO2, 
and pump or fan speed. 

b) Sensors to trend outdoor air temperature. 

c) In marine and humid climates, sensors to trend 
humidity. 

d) Sensors to monitor and trend equipment status 
for all equipment with motors greater than 1/2 
hp. 

e) Indication and trending of damper and valve 
commanded position. 

f) Sensors to monitor building electrical and 
natural gas demand and consumption. 

g) Sensors to monitor indoor and outdoor CO2. 

Representative points matrices are available at 
www.newbuildings.org. 

Relevant multiplexed data from microprocessors 
located in chillers, boilers, humidifiers, VAV box 
controllers, variable speed drives, and other HVAC 
equipment with multiplexing capabilities may be 
used in lieu of specifying separate sensors. 

Wells and other ports shall be specified for the 
installation of calibration devices to facilitate 
calibration of sensors. 

Exceptions: 

a) Unit heaters, cabinet heaters, radiation and 
convectors located in vestibules, storage 
rooms, janitor closets, and other unoccupied 
areas. 

b) Natural gas demand sensors not required on 
buildings under 50,000 ft2. 

2. Points Matrix: A points matrix including all 
hardwired input and output devices connected to 
the automation system, all setpoints, upper and 
lower control limits.  
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3.  Trend Capabilities: Trend Requirements included a  
trend point list and preprogrammed sample of 
point (performed by controls contractor), sample 
rate, storage interval, upload interval, custom 
trend abilities, alarms, and automated trend data 
review and notification (automated diagnostics). 

4.  System Architecture: A system architecture 
capable of allowing sampling of these points to 
facilitate building commissioning and diagnostics 
without significantly affecting system 
performance.  

5.  Data Storage: A data storage system with adequate 
capacity to record trend data for use by building 
operators. Data export requirements must 
facilitate user-friendly data access and 
manipulation. 

6.  Operator Interface:  An operator interface 
designed for remote/web access, monitoring 
requirements, trend-log reporting and diagnosing 
building problems through a user-friendly 
interface. This includes providing a visual (non-
text based) operations and reporting interface to 
facilitate rapid system assessment that utilizes 
color coding, diagrams of floor plans and 
graphing capabilities 

General: 

Trend data can directly verify conformance to most of the performance 
criteria.  This is achieved by establishing upper and lower limits for 
measured values and verifying that measured values are within these 
limits.  Some limits, such as maximum pressure drop across air filters, 
will not change.  Other limits, such as those for mixed air temperature, 
are based on deviation from setpoints because these setpoints change 
during normal operation.   

Guidance for effective strategies in placement and operation of CO2 
sensors will be found in the Best Practices Manual. 

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

DDC Online, www.ddc-online.org  

 



BASIC CRITERIA  

© 2005 New Buildings Institute, Inc. Page 35  

4.8. Energy Efficient Transformers 

Purpose: Improve the energy efficiency of low-voltage distribution 
transformers. 

Criteria: 

Required 1.8 Transformers shall meet NEMA TP 1-2002 or be ENERGY STAR 
labeled. “ K ” rated transformers shall also meet these 
efficiency levels.  

General: 

Transformers are needed throughout utility, commercial, and industrial 
facilities to step down voltages from distribution to levels that are 
appropriate for lighting, plug loads, heavy machinery, and all other end 
uses. Transformer efficiency drops off markedly when they are lightly 
loaded. The vast majority of transformers in buildings run very lightly 
loaded. Because they are common to all buildings and because they are 
continuously energized, inefficient transformers can be a constant drain 
on building energy.  

The National Electrical Manufacturers Association (NEMA) has developed 
industry standards to define energy-efficient transformers. 

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

CASE Initiative: Dry-type Transformers, PG&E, 2000 
www.newbuildings.org/lighting.htm 

National Electrical Manufacturers Association www.nema.org 

US Environmental Protection Agency www.energystar.gov 
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4.9. Lighting Controls 

Purpose: Promote energy efficiency through manual and automatic 
electric lighting controls. 

Criteria: 

Required 1.9 Lighting Controls. Each room (a space enclosed by floor 
to ceiling height partition) is required to have a 
control device that meets the requirements of Sections 1 
(Bi-Level Control) and 2 (Automatic Lighting Reduction).  

Exceptions: 

a) Lighting intended for 24-hour operation. 

b) Emergency lighting. 

1.  Bi-level Control.  The control device shall allow 
the occupant to reduce the connected lighting load 
in a reasonably uniform illumination pattern by at 
least 50 percent. 

Exceptions: 

a) Task lighting 

b) Rooms that have only 1 luminaire. 

c) HID luminaires shall reduce the connected lighting 
load in a reasonably uniform illumination pattern 
by at least 40 percent. 

2.  Automatic lighting reduction.  The automatic control 
device shall shut off lighting or reduce lighting 
for interior rooms.  

A. For all offices less than or equal to 300 square 
feet enclosed by walls or ceiling-height partitions, 
and all restrooms, meeting and conference rooms, and 
all school classrooms: An automatic basis, using an 
occupant sensor that shall turn lighting off within 
30 minutes of an occupant leaving a space, or 

B. For all other spaces, either comply with 2.A. or use 
an automatic time switch control device capable of 
shutting off lighting using an independent program 
schedule that controls the interior lighting in 
areas that do not exceed 25,000 square feet and are 
not more than one floor. 

C. In areas with top-mount skylights, an automatic, 
photosensitive control device shall reduce the 
connected lighting load in a reasonably uniform 
illumination pattern by at least 50 percent while 
maintaining design illuminance. Each daylight 
control zone shall not exceed 2,500 square feet. 

 If an automatic time switch control device is 
installed to comply with section 2.B, it shall 
incorporate an override switching 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 



BASIC CRITERIA  

© 2005 New Buildings Institute, Inc. Page 37  

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

c) Is manually operated; and 

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

e) Controls an area not exceeding 2,500 square feet 
for spaces under 10,000 square feet, and not 
exceeding 5,000 square feet for spaces over 10,000 
square feet. 

Exceptions:  

a) In auditoriums, single tenant retail spaces, 
industrial facilities, and arenas, where captive-
key override is utilized, override time may exceed 
two hours. 

b) In auditoriums, single tenant retail spaces, 
industrial facilities, and arenas, the area 
controlled may not exceed 20,000 square feet. 

c) Electrical and mechanical equipment rooms. 

d) Corridors enclosed with floor to ceiling height 
partitions shall have no more than 50% of the 
luminaires on automatic shutoff control device. 

e) Public lobbies. 

f) Health care patient rooms. 

3.  If an automatic time switch control device is 
installed to comply with Section 2.B. it shall 
incorporate an automatic holiday "shut-off" feature 
that turns off all loads for at least 24 hours, then 
resumes the normally scheduled operation. 
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General: 

Manual control strategies, such as bi-level switching or dimming, can 
help users fine tune their lighting and can be effective at both energy 
and demand savings. 

Occupancy sensors can sense motion through infrared technology, through 
ultrasonic technology, or by a combination of the two.  There is also a 
technology that senses sound that the occupant makes.  Occupancy sensors 
typically have an adjustable time delay, so the lights go off after some 
time period during which they no longer sense human presence. These 
controls are appropriate in spaces with intermittent, irregular 
occupancy, such as restrooms, individual offices, computer rooms, 
classrooms, warehouses and conference rooms.  

The automatic shut-off control strategy can be implemented with a 
variety of control technologies, including twist or interval timers, 
simple time clocks, occupancy sensors, programmable lighting panel 
controls, and energy management systems (EMS) or building automation 
systems (BAS) with lighting control features. These controls may be used 
as schedulers to shut down interior and exterior lighting equipment, 
depending upon preset schedules for workdays and holidays, so that 
lighting is not left on during unoccupied periods. Combining two or more 
of these strategies may provide additional benefits. 

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

Daylighting Responsive Controls Criteria 4.11 
Advanced Lighting Guidelines: 2003 Edition www.newbuildings.org  
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4.10. Outdoor Lighting 

Purpose: To promote energy efficiency and to minimize light pollution 
through quality outdoor lighting design. 

Criteria: 

Required 1.10 All permanently installed outdoor installations shall 
meet the following requirements for System Efficacy, 
Controls, Luminaire Cutoff, and Lighting Power Density: 

1.  Outdoor Lighting System Efficacy 

All permanently installed outdoor luminaires that 
operate at greater than 100 watts shall have either: 

A. An initial system efficacy of at least 60 lumens 
per watt, or 

B. Be controlled by a motion sensor. 
Exceptions: 

a) Lighting required by a health or life safety 
statute, federal or state law, local ordinance or 
regulation, including but not limited to 
emergency lighting. 

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

c) Searchlights. 
d) Light-emitting diode, neon, and cold cathode 

lighting. 

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

f) Lighting for theatrical purposes including 
performances, stage, film production and video 
production. 

g) Lighting used to highlight features of public 
monuments and registered historic landmark 
structures and buildings. 

h) Low-voltage lighting. 
2.  Outdoor Lighting Controls: 

All permanently installed outdoor lighting shall have 
automatic controls capable of turning off exterior 
lighting when either sufficient daylight is available 
or the lighting is not required during nighttime hours. 

Lighting not designated for dusk-to-dawn shall be 
controlled by a time switch.  

Either a photo sensor or astronomical time switch shall 
control dusk-to-dawn lighting.  

Exceptions: 

a) Lighting in parking garages, tunnels, and large 
covered areas that require illumination during 
daylight hours. 

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

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

d) Lighting that is controlled by a motion sensor and 
photoelectric switch. 

e) Lighting for facilities that have equal lighting 
requirements at all hours and are designed to 
operate continuously. Such requirements shall be 
demonstrated to the satisfaction of the inspecting 
authority. 

f) Outdoor theatrical equipment for live performances 
provided that it is not for continuous use.  

3.  Luminaire Cutoffs: 

All permanently installed outdoor luminaires used to 
illuminate parking lots, building grounds, building 
entrances/exits, canopies, and outdoor sales shall have 
the following cutoff designation as defined by IESNA, 
LM-64-01: 

A. Luminaires using lamps rated greater than 100 
watts but less than or equal to 250 watts shall 
be semi-cutoff, cutoff or full-cutoff. 

B. Luminaries using lamps rated greater than 250 
watts shall be either cutoff or full cutoff. 

Exceptions: 

a) Luminaires that are less than 15’.  
b) Luminaires for façade, signage or flags.  

4.  Outdoor Lighting Power: 

Outdoor lighting installation located in either rural 
or urban settings as defined by local ordinances and 
the U.S. Census, shall be limited to the following 
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 
than 10’ wide 

1.0 watts/linear foot 1.0 watts/linear foot 

Walkways 
greater than 10’ 
wide, plaza areas 
and special 

0.15 0.18 
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feature areas 

BUILDING 
ENTRANCES AND 
EXITS 

  

Main entrances 25 watts per linear foot 
of doorway 

30 watts per linear foot of 
doorway 

Other doors 15 watts per linear foot 
of doorway 

20 watts per linear foot of 
doorway 

NON-SALES 
CANOPIES 

  

Area canopies 0.50 1.0 

BUILDING 
FACADES 

  

 Either 0.15 watts/sq. ft. 
or 5.0 watts per linear 

foot for each illuminated 
surface. Lighting 

densities may not be 
traded between surfaces 

Either 0.18 watts/sq. ft. or 5.0 
watts per linear foot for each 
illuminated surface. Lighting 
densities may not be traded 

between surfaces 

 

Exceptions: 

a) The open top level of a parking garage is to be 
considered as covered parking. 

b) Lighting required by a health or life safety 
statute, federal or state law, local ordinance or 
regulation, including but not limited to 
emergency lighting. 

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

d) Searchlights. 
e) Light-emitting diode, neon, and cold cathode 

lighting. 

f) Specialized signal, directional, and marker 
lighting associated with transportation. 

g) Lighting for theatrical purposes including 
performances, stage, film production and video 
production. 

h) Lighting for industrial production, material 
handling, transportation sites and associated 
storage areas. 

i) Lighting used to highlight features of public 
monuments and registered historic landmark 
structures and buildings. 

 

General:   

Outdoor lighting represents a significant portion of electrical energy 
used in commercial application.  Improved energy efficiency, controls 
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and appropriate applications of luminaires, will save energy costs and 
provide for a safer, more socially responsible design. 

By using more efficient lamp sources, better luminaires and design, and 
automatic devices turning off lighting when not needed, a building owner 
can reduce energy costs while providing a better outdoor environment. 
(See Advanced Lighting Guidelines and the IESNA RP-20-98, RP-33-99, & 
DG-5-94 for recommended design guidelines.) 

Automatic controls for outdoor lighting are very effective in saving 
energy.  Outdoor lights frequently are left on when not needed or during 
daylight hours. By using a photocell and/or an astronomical time switch, 
outdoor lighting operating time can be matched to operating needs, 
whether 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 astronomical 
bodies and changes the character of the night sky. Properly designed 
luminaire cutoffs help reduce light pollution.  

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

Advanced Lighting Guidelines: 2003 Edition. www.newbuildings.org  

Outdoor Lighting Research, California Outdoor Lighting Standards, 
June 6, 2002 www.energy.ca.gov  

Illuminating Engineering Society of North America, RP-33-99 
“ Lighting for Exterior Environments. ” RP-20-98 “ Lighting for 
Parking Facilities ” , New York, NY: IESNA. www.iesna.org  

International Energy Conservation Code: 2000 Edition. 
www.iccsafe.org  
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• Signal sensitivity is adequate to achieve desired control. 

Step 2: For a representative sample of building spaces, simulate an 
occupied condition.  Verify and document the following: 

• Status indicator or annunciator operates correctly. 

• Lights controlled by occupancy sensors turn on immediately upon an 
occupied condition, OR sensor indicates space is “ occupied”  and 
lights are turned on manually (automatic OFF and manual ON control 
strategy). 

A.4.3 Manual Daylighting Controls Acceptance 

Construction Inspection 

Prior to Performance Testing, verify and document the following: 

• If dimming ballasts are specified for light fixtures within the 
daylit area, make sure they meet all the Standards requirements, 
including “ reduced flicker operation ” for manual dimming control 
systems. 

Equipment Testing 

Step 1: Perform manual switching control.  Verify and document the 
following: 

• Manual switching or dimming achieves a lighting power reduction of 
at least 50%. 

• The amount of light delivered to the space is uniformly reduced. 

A.4.4 Automatic Time Switch Control Acceptance 

Construction Inspection 

Prior to Performance Testing, verify and document the following: 

• Automatic time switch control is programmed with acceptable 
weekday, weekend, and holiday (if applicable) schedules. 

• Document for the owner automatic time switch programming including 
weekday, weekend, and holiday schedules as well as all set-up and 
preference program settings. 

• Verify the correct time and date is properly set in the time 
switch. 

• Verify the battery is installed and energized. 

• Override time limit is no more than 2 hours. 

Equipment Testing 

Step 1: Simulate occupied condition.  Verify and document the 
following: 

• All lights can be turned on and off by their respective area 
control switch. 



 MAINE VERSION 1.0  

© 2005 New Buildings Institute, Inc. Page A-10 

• Verify the switch only operates lighting in the ceiling-height 
partitioned area in which the switch is located. 

Step 2: Simulate unoccupied condition.  Verify and document the 
following: 

• All non-exempt lighting turn off. 

• Manual override switch allows only the lights in the selected 
ceiling height partitioned space where the override switch is 
located, to turn on or remain on until the next scheduled shut off 
occurs. 

• All non-exempt lighting turns off. 

A.5  Air Economizer Controls 

Economizer testing is performed on all built-up systems and on packaged 
unitary systems. Air economizers installed by the HVAC system 
manufacturer and certified as being factory-calibrated and tested do not 
require field testing. 

A.5.1 Economizer Acceptance 

Construction Inspection 

Prior to Performance Testing, verify and document the following: 

• Economizer lockout setpoint complies with Criteria 1.4. 

• System controls are wired correctly to ensure economizer is fully 
integrated (i.e. economizer will operate when mechanical cooling 
is enabled). 

• Economizer lockout control sensor location is adequate (open to 
air but not exposed to direct sunlight nor in an enclosure; away 
from sources of building exhaust; at least 25 feet away from 
cooling towers). 

• Relief fan system (if applicable) operates only when the 
economizer is enabled. 

• If no relief fan system is installed, barometric relief dampers 
are installed to relieve building pressure when the economizer is 
operating. 

Equipment Testing 

Step 1: Simulate a cooling load and enable the economizer by 
adjusting the lockout control (fixed or differential dry-bulb or 
enthalpy sensor depending on system type) setpoint.  Verify and document 
the following: 

• Economizer damper modulates open to maximum position to satisfy 
cooling space temperature setpoint. 

• Return air damper modulates closed and is completely closed when 
economizer damper is 100% open. 
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• Economizer damper is 100% open before mechanical cooling is 
enabled. 

• Relief fan is operating or relief dampers freely swing open. 

• Mechanical cooling is only enabled if cooling space temperature 
setpoint is not met with economizer at 100% open. 

• Doors are not pushed ajar from over pressurization. 

Step 2: Continue from Step 1 and disable the economizer by adjusting 
the lockout control (fixed or differential dry-bulb or enthalpy sensor 
depending on system type) setpoint.  Verify and document the following: 

• Economizer damper closes to minimum position. 

• Return air damper opens to normal operating position. 

• Relief fan shuts off or relief dampers close. 

• Mechanical cooling remains enabled until cooling space temperature 
setpoint is met. 

A.6  Demand Control Ventilation (DCV) Systems 

A.6.1 Packaged Systems DCV Acceptance 

Construction Inspection 

Prior to Performance Testing, verify and document the following: 

• 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 room between 1ft and 6 ft above the 
floor. 

• System controls are wired correctly to ensure proper control of 
outdoor air damper system. 

Equipment Testing 

Step 1: Simulate a high CO2 load and enable the demand control 
ventilation by adjusting the demand control ventilation controller 
setpoint below ambient CO2 levels.  Verify and document the following: 

• Outdoor air damper modulates open per Standards to maximum 
position to satisfy outdoor air requirements specified in Criteria 
1.11. 

Step 2: Continue from Step 1 and disable demand control ventilation 
by adjusting the demand control ventilation controller setpoint above 
ambient CO2 levels.  Verify and document the following: 

• Outdoor air damper closes to minimum position. 
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A.7  Variable Frequency Drive Systems 

A.7.1 Supply Fan Variable Flow Controls 

Construction Inspection 

Prior to Performance Testing, verify and document the following: 

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

• Disable discharge static pressure reset sequences to prevent 
unwanted interaction while performing tests. 

Equipment Testing 

Step 1: Drive all VAV boxes to achieve design airflow.  Verify and 
document the following: 

• Witness proper response from supply fan (e.g. VFD ramps up to full 
speed; inlet vanes fully open). 

• Supply fan maintains discharge static pressure within +/-10% of 
setpoint. 

• Measured maximum airflow corresponds to design and/or TAB report 
within +/-10%. 

• System operation stabilizes within a reasonable amount of time 
after test procedures are initiated (no hunting). 

Step 2: Drive all VAV boxes to minimum flow or to achieve 30% total 
design airflow, whichever is larger.  Verify and document the following: 

• Witness proper response from supply fan (VFD slows fan speed; 
inlet vanes close). 

• Supply fan maintains discharge static pressure within +/-10% of 
setpoint. 

• System operation stabilizes within a reasonable amount of time 
after test procedures are initiated (no hunting). 

A.8  Hydronic System Controls Acceptance 

Hydronic controls Acceptance Testing will be performed on: 

• Variable Flow Controls 

• Automatic Isolation Controls 

• Supply Water Temperature Reset Controls 

• Water-loop Heat Pump Controls 

• Variable Frequency Drive Control 
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A.8.1 Variable Flow Controls 

Construction Inspection 

Prior to Acceptance Testing, verify and document the following: 

• Valve and piping arrangements were installed per the design 
drawings to achieve flow reduction requirements. 

• Installed valve and hydronic connection pressure ratings meet 
specifications. 

• Installed valve actuator torque characteristics meet 
specifications. 

Equipment Testing 

Step 1:  Open all control valves.  Verify and document the following: 

• System operation achieves design conditions. 

Step 2:  Initiate closure of control valves.  Verify and document the 
following: 

• The design pump flow control strategy achieves flow reduction 
requirements. 

• Ensure all valves operate correctly against the minimum flow 
system pressure condition. 

A.8.2 Automatic Isolation Controls 

Construction Inspection 

Prior to Acceptance Testing, verify and document the following: 

• Valve and piping arrangements were installed per the design 
drawings to achieve equipment isolation requirements. 

• Installed valve and hydronic connection pressure ratings meet 
specifications. 

• Installed valve actuator torque characteristics meet 
specifications. 

Equipment Testing 

Step 1:  Open all control valves.  Verify and document the following: 

• System operation achieves design conditions. 

Step 2:  Initiate shut-down sequence on individual pieces of equipment.  
Verify and document the following: 

• The design control strategy meets isolation requirements 
automatically upon equipment shut-down. 

• Ensure all valves operate correctly at shut-off system pressure 
conditions. 
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A.8.3 Supply Water Temperature Reset Controls 

Construction Inspection 

Prior to Acceptance Testing, verify and document the following: 

All sensors have been calibrated. 

• Sensor locations are adequate to achieve accurate measurements. 

• Installed sensors comply with specifications. 

Equipment Testing 

Step 1:  Manually change design control variable to maximum setpoint.  
Verify and document the following: 

• Chilled or hot water temperature setpoint is reset to appropriate 
value. 

• Actual supply temperature changes to meet setpoint. 

Step 2:  Manually change design control variable to minimum setpoint.  
Verify and document the following: 

• Chilled or hot water temperature setpoint is reset to appropriate 
value. 

• Actual supply temperature changes to meet setpoint. 

A.8.4 Water-loop Heat Pump Controls 

Construction Inspection 

Prior to Acceptance Testing, verify and document the following: 

• Valves were installed per the design drawings to achieve equipment 
isolation requirements. 

• Installed valve and hydronic connection pressure ratings meet 
specifications. 

• Installed valve actuator torque characteristics meet 
specifications. 

• All sensor locations comply with design drawings. 

• All sensors are calibrated. 

• VFD minimum speed setpoint exceeds motor manufacturer’s 
requirements. 

• VFD minimum speed setpoint should not be set below the pumping 
energy curve inflection point (i.e. combination of pump-motor-VFD 
efficiency at reduced load may cause power requirements to 
increase upon further reduction in load). 



APPENDIX A – ACCEPTANCE REQUIREMENTS  

© 2005 New Buildings Institute, Inc. Page A-15 

Equipment Testing 

Step 1:  Open all control valves.  Verify and document the following: 

• System operation achieves design conditions +/- 5%. 

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

Step 2:  Initiate shut-down sequence on each individual heat pumps.  
Verify and document the following: 

• Isolation valves close automatically upon unit shut-down. 

• Ensure all valves operate correctly at shut-off system pressure 
conditions. 

• Witness proper response from VFD (speed decreases as valves 
close). 

• System operation stabilizes within 5 minutes after test procedures 
are initiated (no hunting). 

Step 3:  Adjust system operation to achieve 50% flow.  Verify and 
document the following: 

• VFD input power less than 30% of design. 

Step 4:  Adjust system operation to achieve a flow rate that would 
result in the VFD operating below minimum speed setpoint.  Verify and 
document the following: 

• Ensure VFD maintains minimum speed setpoint regardless of system 
flow operating point. 

A.8.5 Variable Frequency Drive Controls 

Construction Inspection 

Prior to Acceptance Testing, verify and document the following: 

All valves, sensors, and equipment were installed per the design 
drawings. 

• All installed valves, sensors, and equipment meet specifications. 

• All sensors are calibrated. 

• VFD minimum speed setpoint exceeds motor manufacturer’s 
requirements. 

• VFD minimum speed setpoint should not be set below the pumping 
energy curve inflection point (i.e. combination of pump-motor-VFD 
efficiency characteristics at reduced load may cause input power 
to increase upon further reduction in load). 

Equipment Testing 

Step 1:  Open all control valves.  Verify and document the following: 

• System operation achieves design conditions +/- 5%. 

• VFD operates at 100% speed at full flow conditions. 
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Step 2:  Modulate control valves closed.  Verify and document the 
following: 

• Ensure all valves operate correctly at system operating pressure 
conditions. 

• Witness proper response from VFD (speed decreases as valves 
close). 

• System operation stabilizes within 5 minutes after test procedures 
are initiated (no hunting). 

Step 3:  Adjust system operation to achieve 50% flow.  Verify and 
document the following: 

• VFD input power less than 30% of design. 

Step 4:  Adjust system operation to achieve a flow rate that would 
result in the VFD operating below minimum speed setpoint.  Verify and 
document the following: 

• Ensure VFD maintains minimum speed setpoint regardless of system 
flow operating point. 

A.9  Trend-logging Specifications 

Trend-logging Acceptance Testing will be performed on the following 
critical pieces of equipment: 

• Air handling units 

• Variable air volume boxes 

• Chillers 

Generic requirements outlined in the Construction Inspections sections 
below pertain to each system.  Equipment-specific Acceptance Testing 
procedures are outlined in the Equipment Testing section. 

A.9.1 Control System Testing 

Construction Inspection 

Prior to Acceptance Testing, verify and document the following: 

• All sensors installed meet specifications 

• All sensors were installed per the design drawings. 

• All test ports and calibration wells were installed per the design 
drawings. 

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

• Point-to-point check out performed on all sensors to be trended. 

Equipment Testing 

Air Handling Units 
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Step 1:  Verify the following points are being trended with the 
specified time interval 

• Temperatures – outside air, return air, mixed air, discharge air, 
downstream of heating coil, downstream of cooling coil. 

• Setpoints – discharge air temperature, discharge pressure, mixed 
air temperature (if applicable), minimum ventilation airflow rate. 

• Flow – minimum ventilation airflow. 

• Pressure – discharge pressure. 

• Status – cooling coil valve command, heating coil valve command. 

Step 2:  Analyze trend data.  Verify and document the following: 

• Ensure minimum outside air ventilation requirements are satisfied 
under all operating conditions. 

• Ensure discharge air temperature satisfies setpoint without 
hunting. 

• Ensure discharge air temperature setpoint is reset per design 
control sequences (if applicable). 

• Ensure economizer functions per design control sequences. 

• Ensure heating coil valve is commanded closed before outside 
airflow increases above minimum ventilation requirements. 

• Ensure heating coil valve, economizer, and cooling coil valve all 
modulate in sequence to satisfy design control sequences without 
hunting. 

• Ensure heating coil valve is not leaking by comparing valve 
position with air temperature downstream on heating coil. 

• Ensure cooling coil valve is not leaking by comparing valve 
position with air temperature downstream on cooling coil. 

• Ensure discharge air pressure satisfies setpoint without hunting. 

Variable Air Volume Boxes 

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

• Temperatures – zone air, discharge air. 

• Setpoints – occupied and unoccupied zone air, cooling maximum and 
minimum flow rate, heating maximum and minimum flow rate. 

• Flow – cooling maximum and minimum flow rate, heating maximum and 
minimum flow rate. 

• Status – primary air damper command, heating coil valve command 
(if applicable), fan command (if applicable). 

Step 2:  Analyze trend data.  Verify and document the following: 

• Ensure cooling maximum and minimum flow rates meet design. 
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• Ensure heating maximum and minimum flow rates meet design. 

• Ensure zone air temperature satisfies both occupied and unoccupied 
setpoint without hunting. 

• Ensure primary air flow is at cooling minimum before reheat coil 
valve commanded open. 

• Ensure VAV box responds per design control sequences during 
unoccupied hours (for example fan shut off, primary air damper 
closed, etc.). 

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

Chillers 

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

• Temperatures – chilled water supply, chilled water return, 
condenser water supply, condenser water return. 

• Setpoints – chilled water supply, condenser water return. 

• Pressure – evaporator differential, condenser differential. 

• Power (or points that allow calculation of power)  – input kW. 

Step 2:  Analyze trend data.  Verify and document the following: 

• Ensure chilled water supply temperature satisfies setpoint without 
hunting. 

• Ensure chilled water supply temperature setpoint is reset per 
design control sequences. 

• Ensure condenser water return temperature satisfies setpoint 
without hunting. 

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

Step 3:  Perform the following calculations: 

• Trend chilled water supply temperature, chilled water return 
temperature, evaporator differential pressure, and chiller input 
kW.   

• Using manufacturer’s data, determine chilled water flow rate based 
on evaporator pressure drop.   

• Calculate chilled water load based on temperature differential and 
flow rate.   

• Use chilled water load and measured input kW to monitor system 
efficiency (kW/ton). 
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8. Appendix B. Non-Standard Chiller Efficiency Tables 
 

Appendix B Tables 1-6 provides alternate non-standard testing conditions 
for the requirements in Benchmark Table 2.5.5 – Chillers.  The bold 
numbers in Tables 1-6 represent the ARI 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 ³ 600 Tons

kW/ton = 0.55
Condenser Flow Rate

2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton

Leaving Chilled 
Water 

Temperature(F)

Entering 
Condenser Water 
Temperature(F) LIFTa 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

Cond DTb 14.04 11.23 9.36 7.02 5.62 4.68

Table B.2
kW/ton for Non-Standard Centrifugal Chillers ³  300 Tons <  600 Tons

kW/ton= 0.57
Condenser Flow Rate

2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton

Leaving Chilled 
Water 

Temperature(F)

Entering 
Condenser Water 
Temperature(F) LIFTa 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

Cond DTb 14.04 11.23 9.36 7.02 5.62 4.68
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Table B.3
kW/ton for Non-Standard Centrifugal Chillers ³  150 Tons <  300 Tons

kW/ton= 0.59
Condenser Flow Rate

2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton

Leaving Chilled 
Water 

Temperature(F)

Entering 
Condenser Water 
Temperature(F) LIFTa 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

Cond DTb 14.04 11.23 9.36 7.02 5.62 4.68

Table B.4
kW/ton for Non-Standard Centrifugal Chillers < 150 Tons 

kW/ton= 0.61
 Condenser Flow Rate

2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton

Leaving Chilled 
Water 

Temperature(F)

Entering 
Condenser Water 
Temperature(F) LIFTa 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

Cond DTb 14.04 11.23 9.36 7.02 5.62 4.68
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Table B.5
  IPLV/NPLV for Centrifugal Chillers ³ 600 Tons

kW/ton= 0.51
   Condenser Flow Rate

2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton

Leaving Chilled 
Water 

Temperature(F)

Entering 
Condenser Water 
Temperature(F) LIFTa 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 0.47c 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

Cond DTb 14.04 11.23 9.36 7.02 5.62 4.68

Table B.6
IPLV/NPLV for Centrifugal Chillers ³  300 Tons < 600 Tons

kW/ton= 0.51
Condenser Flow Rate

2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton

Leaving Chilled 
Water 

Temperature(F)

Entering 
Condenser Water 
Temperature(F) LIFTa 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 0.51c 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

Cond DTb 14.04 11.23 9.36 7.02 5.62 4.68
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Table B.7
IPLV/NPLV for Centrifugal Chillers ³  150 Tons < 300 Tons

kW/ton= 0.56
Condenser Flow Rate

2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton

Leaving Chilled 
Water 

Temperature(F)

Entering 
Condenser Water 
Temperature(F) LIFTa 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

Cond DTb 14.04 11.23 9.36 7.02 5.62 4.68

Table B.8
IPLV/NPLV for Centrifugal Chillers < 150 Tons

kW/ton= 0.62
 Condenser Flow Rate

2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton

Leaving Chilled 
Water 

Temperature(F)

Entering 
Condenser Water 
Temperature(F) LIFTa 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 0.56c 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

Cond DTb 14.04 11.23 9.36 7.02 5.62 4.68
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9. Appendix C  Whole-building Energy Cost Simulation 
 
Purpose: Promote the evaluation of integrated design strategies 
through the use of whole building simulations. 

Criteria: 

Required 1.1 Perform a whole-building energy cost analysis using a 
computer program applying the requirements contained 
in ANSI/ASHRAE/IESNA Standard 90.1-2001 Section 
11.2.1 to the reference building. In addition, the 
analyst must: 

1. Implement the ANSI/ASHRAE/IESNA Standard 90.1-2001 
rule set, including Appendix G, and  

2. Show a modeled reduction in energy use that 
exceeds the above-mentioned energy efficiency 
standards by at least 20%. 

Exception: 

Energy cost analysis is not required if the building 
meets all required prescriptive energy criteria 
contained in criteria 2.1 through 2.8. 

General: 

Building energy simulations are encouraged in many situations because it 
is the best method to optimize the efficiency of the design. The 
simulated performance of a proposed design is determined using accepted 
analytical methods, and the resulting simulated performance is compared 
to a building that exactly meets ANSI/ASHRAE/IESNA Standard 90.1-2001. 
If the simulated performance of the proposed design uses less energy 
than the budget, the building is deemed to meet the criterion. 

The main impetus behind the simulation approach is that it promotes an 
integrated design approach without specifying individual measures. 
Inherent in this process is the concept of being allowed to trade the 
efficiency of one measure with the efficiency of the others, as long as 
the overall energy cost meets the prescribed budget. 

While designed to increase the flexibility for architects and engineers 
to produce innovative designs, one of the major applications of 
simulation-based standards has been to allow designers to better 
optimize costs. With a simulation approach, the designer can find the 
combination of efficiency measures that meets the owner’s investment 
design target at the lowest first cost. This may be a different set of 
measures than presented in the prescriptive method. 

For example, a project with architectural shading may not require the 
same level of fenestration performance as a flat façade.  The simulation 
approach would “credit ” this design and potentially avoid the 
installation of a more expensive glass. 

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

ANSI/ASHRAE/IESNA Standard 90.1-2001, Energy Standard for 
Buildings Except Low-Rise Residential Buildings, Section 11; 
ASHRAE, Atlanta, Georgia, www.ashrae.org  
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Informative Appendix G to ANSI/ASHRAE/IESNA Standard 90.1-2001 for 
Above-Standard Ratings; ASHRAE, Atlanta, Georgia, www.ashrae.org  

Nonresidential Alternative Calculations Methods Manual, 2001, 
California Energy Commission, Sacramento, California, 
www.energy.ca.gov  
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