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Executive Summary

An increasingly common trend has been emerging in the development and
rehabilitation of low-income, multifamily building projects. Federal and state housing
agencies have recognized the need to make these types of housing units more energy
efficient and, in turn, more cost effective for the occupants to operate. Developers and
building owners, required to incorporate energy efficiency measures into their
buildings, are looking for ways to standardize the processes and building practices that
their contractors will use to execute the measures. Modifying model specifications to
include guidance on energy efficiency measures is one approach that developers such
as Mercy Housing of Denver, Colorado, are using to support their project teams.

Model specifications are documents used throughout the construction industry as a
means of describing and communicating information about the building systems and
components being installed. Using the Construction Specification Institute (CSI)
MasterFormat number system (CSI2011), these documents contain standardized
formatting and language to communicate specific technical requirements and
recommendations of the building systems and components to the trade contractors and
builders executing the work.

Mercy Housing is a national nonprofit organization that works to improve
neighborhoods by providing services for the development, preservation, management,
and affordable financing for housing projects, with the intent of improving the
economic status of residents, revitalizing neighborhoods, and stabilizing lives. Mercy
Housing has ongoing projects in each of the major U.S. Department of Energy (DOE)
climate zones, with multiple building types present throughout all of those zones. Thus,
each division of Mercy Housing has operated under a decentralized organizational
structure. Each individual region develops its own approach to specifying building
practices, products, and systems for use in its projects.

Mercy Housing partnered with IBACOS to review the model specification documents
related to energy efficiency and building that Mercy Housing currently uses for its new
construction and retrofit projects in multiple climate zones. IBACOS added content to
the specification documents that discusses the system interactions, risks, energy
efficiency, durability, and health and safety implications of the individual specification
in relation to the building systems and project as a whole. Mercy Housing selected these
specifications for IBACOS to revise due to requests from the Mercy Housing design
teams for greater guidance and specificity to the mostly generic content of their existing
specifications related to energy efficiency, building durability, space conditioning
equipment, and renewable energy technology.

The development and revisions of these model specification documents provided more
clarity and guidance for the general contractor and trades. The goal was to create a
greater level of understanding of the risks and implications associated with the measures
and consistency in execution of energy efficiency retrofit measures across the multiple
regions where a developer may work. While these specifications assume that the design
team is familiar with and understands basic building science principles, notes and

X
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comments have been incorporated as sidebars in the specifications to provide additional
information that the designer should consider when determining whether the
specification is appropriate for a particular project. The model specifications are
intended to be revised and modified as needed for use, depending on the particular needs
and conditions of a project. The sidebar notes and comments added to these model
specifications are solely intended for the use of the building design team and should be
removed from the specification documents prior to providing those specifications, as
part of the construction documentation, to the general contractor and trades.

Contractors use plan sets to complete takeoffs and to construct a building. The purpose
of the specifications is to complement the construction drawings in a bid package for
the general contractor. The specifications also outline the best practice
recommendations for selecting the appropriate components and materials needed to
execute the building assembly details specified on the construction drawings and
documentation.

Based on input from Mercy Housing, IBACOS developed these sample model
specifications using a common building construction type that Mercy Housing
encounters on many of its projects in the cold climate zone. Mercy Housing typically
works with building characteristics such as buildings that are three stories or fewer;
2x4 or 2x6 wood-framed insulated walls fully covered with exterior sheathing;
housewrap; siding; and wood-framed (stick or truss) roof systems with asphalt
composition shingles. The specifications selected to be revised as models were based
on the building energy efficiency measures most commonly addressed by Mercy
Housing divisions: building insulation, building durability, space conditioning systems,
and on-site renewable energy generation.

As the demand for and cost of energy continues to rise in the United States, cost-
effective approaches must be found to ensure that affordable housing is truly affordable
for low-income families. Model specifications that emphasize cost-effective approaches
for the implementation of energy efficiency, durability, and health and safety measures
can enable developers to provide clarity and guidance to their trade partners on the
implementation of such measures. Ultimately, the goal of the model specifications is to
create a greater level of consistency in executing energy efficiency retrofit measures
across the multiple regions where a developer may work.
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1 Introduction

Historically, multifamily affordable housing projects have been subsidized by federal and state
programs to provide low-cost housing options for low-income families. An increasingly common
trend toward improving energy efficiency and performance has been emerging in the development
and rehabilitation of low-income, multifamily building projects. Agencies responsible for
disseminating federal and state funds for low-income, multifamily rehabilitation work have
recognized as a priority the need to make these types of housing units more energy efficient and, in
turn, more cost effective for occupants to operate. Typically these federal and state agencies will
establish minimum energy efficiency or green building requirements for the developers to
incorporate into their designs when applying for project funding. Rather than developing efficiency
standards of their own, the agencies commonly will require the developers to comply with
established standards and certification programs to qualify for funding or will set voluntary
performance measures that, if included, will result in preferential review of the developer’s
application. For example, New York State’s Division of Housing and Community Renewal through
the Housing Trust Fund Corporation (HTF) and HOME Program offers points on developer
applications, depending on the level to which the developer incorporates and agrees to participate
in the Energy Star for Homes v. 3.0 program or the New York State Energy Research and
Development Authority (NYSERDA) Multifamily Building Performance Program (MPP) (HTF
2010).

Although many of these programs and concepts of green building and energy efficiency in
residential construction have existed since the 1970s, these practices were adopted by relatively
few builders and trade contractors. This lack of familiarity by the trade contractors and builders
presents a challenge for the developer of these projects when soliciting bids and gathering costing
information for the work. To accurately prepare budgets for inclusion in grant applications,
developers must rely on their trades to provide estimates for the work. However, if the trades do
not know what the best or most cost-effective practice is for the specific measure, a high degree of
variability among the bids received can result. With a range of estimates, it becomes difficult for
the developer to determine an accurate estimate for the project, resulting in an increased likelihood
that the project will encounter costly changes that could result in exceeding the planned budget.

As a means of managing the variability among bids from different contractors, developers aim to
identify consistent, cost-effective ways for their trade partners to execute the required measures
and to communicate these recommended approaches
through the use of standardized language in construction Important Definition —
documentation via model specifications. Model Model specifications: Documents used
specifications are documents that describe the systems and | ™ the construction industry to describe

.. . o . . and communicate details and technical
components being installed in the building with details on requirements about the building systems
specific requirements for the products, execution of and components being installed.
installation, and standards to reference.
Many manufacturers provide their own model specifications for the products they produce as a
tool for architects, building designers, and developers to use in specifying how materials should
be selected and used for a particular project.
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As building types and construction practices can vary among projects, especially projects located in
different climate zones, the building specifications selected for use may also vary. Rather than
developing new specifications for each new project, these model specifications can serve as
templates that can be modified and adapted for reuse with project-specific information.

A common problem in the building industry is the lack of general understanding of building
science best practices relating to energy efficiency, building durability, and building performance.
Project design professionals do not understand the potential negative interactions and
complications that can occur from specifying combinations of certain building practices and
systems, especially when those specifications relate to improving the energy efficiency and
performance of buildings. For example, the developer or architect may have a requirement to
make the building more airtight through improving the air sealing and insulation practices.
However, they may not understand the implications of those changes on the venting capabilities of
combustion appliances within the building. The project teams risk unintentionally creating issues
from specifying individual system and component improvements to meet their energy efficiency
and building durability requirements without an understanding of how the building operates and
performs from a holistic point of view.

Model specifications typically do not provide information to the user on the intended performance
of the product or component as it relates to the building as a whole; instead, they simply provide
details specific to the component. Creating model specifications that include more guidance on
building science, durability, and system interaction considerations could be beneficial to users on
both the design and implementation ends of the work spectrum. These modified specifications
could help the design team to understand the possible implications of specifying certain products
and building practices for the trades to execute. They also could provide additional guidance to the
trades on cost-effective products and building practices and on the potential effects of not properly
selecting and installing the components on other systems and the building as a whole.

The modification of model specifications to include guidance on energy efficiency measures is one
approach that developers such as Mercy Housing of Denver, Colorado are using to assist their
project teams. Mercy Housing is a national nonprofit organization that works to improve
neighborhoods by providing services for development, preservation, management, and affordable
financing for housing projects, with a goal of improving the economic status of residents,
revitalizing neighborhoods, and stabilizing lives. Mercy Housing owns and operates more than
35,000 units of affordable rental housing throughout the United States.
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2 Need for Energy Efficiency in Low-Income Households

Industry data indicate that low-income housing stock has a relative inefficiency when compared
to other types of households. As can be seen in Table 1, non-low-income households actually
averaged higher energy consumption than low-income households. However, when considering
the amount of energy consumed per square foot of conditioned floor area (i.e., the energy
intensity), the numbers indicate that low-income households have nearly 25% greater energy
intensity. This disparity can be attributed somewhat to older and less efficient appliances and
space conditioning equipment, less efficient buildings, and possibly a higher occupancy rate in
low-income households.

Table 1. Impact of Energy Cost on Low-Income Multifamily Housing—Energy Intensity.

Average Annual Weather—  Energy Intensity (Average

Adjusted Energy Annual Energy
Consumption Consumption per Square
Household Foot of Heated Floor Area)
Type (Mbtu) (Btu/ft?)
Non-low-income 102 69
Low-income 84 90.2

Source: Eisenberg (2010).

Similarly, the energy burden is another indication of the difficulties faced by low-income
households. The energy burden as seen in Table 2 is the burden placed on households due to the
cost of the energy they use and is calculated by dividing the cost of the energy consumed by the
total household income. Table 2 shows that the energy burden for low-income households is
nearly three times that of non-low-income households.

Table 2. Impact of Energy Cost on Low-Income Multifamily Housing—Energy Burden.

Energy Burden

(Average Residential
Household Average Annual Income Energy Expense Divided by
Type (Adjusted for Inflation) Average Income)
Non-low-income $71,144 33
Low-income $18,624 10

Source: U.S. Energy Information Administration (April 2008).

Compared to other types of low-income housing, small multifamily housing has by far the highest
energy intensity with an average of 139 Btu/ft>. This translates to nearly 40% higher than the
energy intensity of other low-income housing types, as shown in Table 3.
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Table 3. Energy Intensity of Small Multifamily Buildings.

Energy Intensity
(Average Annual Energy Consumption per

Low-I
ow-income Square Foot of Heated Floor Area) (Btu/ft?)

Household Type

Single-family buildings 81
Apartments in large buildings 83
Small multifamily buildings 139

Source: Eisenberg (2010).

The data presented in Table 1 through Table 3 inclusive demonstrate a large gap in the
availability of energy efficient housing options for low-income families in need of affordable,
low-rise small multifamily buildings. Both federal and state agencies have recognized this need
and are driving developers and building owners toward offering such options through the use of
incentives and programs such as the Low Income Housing Tax Credit (LIHTC) Program.

LIHTC gives state and local LIHTC-allocating agencies the equivalent of nearly $8 billion in
annual budget authority to issue tax credits for the acquisition, rehabilitation, or new construction
of rental housing targeted to low-income households.

Many states are beginning to require or recommend that LIHTC projects incorporate green
building practices or energy efficiency measures as part of their development plans. Rather than
develop their own list of measures, a common practice for many state agencies allocating the
funds is to require or recommend that the project complies with an existing or established green
building or energy efficiency certification program. For example, in Colorado, the Enterprise
Green Communities Criteria (EGCC) program has been adopted as the minimum requirements
that LIHTC projects must meet in relation to green building and energy efficiency bills
(Enterprise Community Partners 2011). The measures in the EGCC were developed as part of the
Enterprise Green Communities (EGC) program to align affordable housing investment strategies
with environmentally responsive building practices. The EGCC program was based on
technically sound building science principles that closely align with other national green building
programs, such as the U.S. Green Building Council (USGBC) Leadership in Energy and
Environmental Design (LEED) program. Being the nation’s most widely adopted comprehensive
green affordable housing framework, the EGCC program integrates materials and methods that
promote environmental quality, economic vitality, and social benefits through the design,
construction, and operation of the built environment. The goals of the EGCC are to deliver
significant health, economic, environmental, and building performance benefits to low-income
residents so that the homes may be operated and conditioned at a level that does not forego the
occupants’ health or safety while still maintaining affordable energy. The EGCC program guides
the project design team through a series of mandatory and elective measures in eight categories
that will ensure that a whole-house integrated design approach is used in the development of the
project. The EGCC program information can be found in the reference Enterprise Community
Partners (2011).
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The eight categories of the EGCC program are as follows:

. Integrative Design

. Location and Neighborhood Fabric

. Site Improvements

. Water Conservation

. Energy Efficiency

. Materials Beneficial to the Environment
. Healthy Living Environments

. Operations and Maintenance

The U.S. Department of Housing and Urban Development (HUD) has been encouraging the
incorporation of energy efficiency measures in affordable multifamily rehabilitation projects by
making additional funds available to applicants if their projects meet certain green building and
energy efficiency requirements outlined in the various state funding programs. For example, in
2009, the HUD Office of Affordable Housing Preservation (OAHP) developed the Green Retrofit
Program (GRP) for Multifamily Housing. The GRP created green-collar jobs while improving
property operations of existing multifamily assisted housing stock. The program offered grants
and loans up to $15,000 per residential unit to reduce energy costs and water use, to improve
indoor environmental quality, and to provide other environmental benefits through green and
energy retrofit investments in existing properties.

At the state level, many funding sources also are encouraging or requiring energy efficiency and
green features in affordable housing rehabilitation and new construction projects. For example,
the Housing Trust Fund (HTF) in New York State (which uses HUD HOME Investment
Partnership Program funds) limits the amount of funding an individual project can receive up to
$2 million. However, if the project demonstrates design intent and provides proof of compliance
with specific green building or energy efficiency initiatives outlined by the HTF, the project
could be eligible for up to $2.4 million of funding.

Affordable housing preservation is a critical strategy to addressing the gap in available affordable
housing properties. According to Mercy Housing, “thousands of multifamily rental properties are
at risk of being lost from the pool of available affordable housing because of expiring public
funding. By buying, refinancing, and upgrading those facilities, Mercy Housing can supply more
affordable housing opportunities for the long term without engaging in a great deal of new
construction.” (L1SEA 2009)
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3 Partnership With Mercy Housing

Mercy Housing partnered with IBACOS to begin addressing the lack of centralized design
knowledge within its organization. Together, Mercy Housing and IBACOS have undertaken the
task of developing and revising sample model specifications that can be used by Mercy Housing’s
designers, architects, and project teams to understand the risks, interactions, and opportunities
associated with various energy related measures and strategies for comprehensive retrofits and
new developments.

Mercy Housing experienced an increasing number of requests from its design teams to provide
greater guidance and specificity to the mostly generic content in their existing specifications
related to energy efficiency, building durability, space conditioning equipment, and renewable
energy technology. Mercy Housing partnered with IBACOS to review the energy efficiency and
building durability related model specification documents that Mercy Housing currently uses for
its new construction and retrofit projects in multiple climate zones. IBACOS added content to the
specifications regarding the system interactions, risks, energy efficiency, durability, and health and
safety implications of the individual specification in relation to the building systems and project as
a whole.

As Measure Guidelines are developed that address

improvements to energy efficiency in the various building Important Definition —
system end uses, these specification documents can be used to Measure Guidelines: Documents

. . . - developed by the U.S. Department of
supplement the information contained within the Measure Ei\; g(;?guilzmge Ameri czp;;orgng;no

Guidelines. The specification documents also can be used as a teams to provide guidance on the
resource that offers specific guidance on products, building implementation of measures of energy
practices, and standards that meet the intended performance of efficiency, building durability, and
the components and systems contained within the Measure whole-house performance.

Guidelines.
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4 Model Specifications

Model specifications are documents used throughout the construction industry as a means of
describing and communicating information about the building systems and components being
installed. They include specific details and technical requirements for installing and constructing
the components. Model specifications following the Construction Specification Institute (CSI)
MasterFormat system of numbering (CSI 2011) are broken into groups, subgroups, and divisions,
based on the major systems of the building that the component will address. Table 4 shows
examples of the major subgroups and divisions.
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Table 4. Example of CSI MasterFormat Subgroup and Division Breakdown.

Facility Construction Subgroup

Division 2

Division 3

Division 4

Division 5

Division 6

Division 7

Division 8

Division 9

Division 10

Division 11

Division 12

Division 13

Division 14

Existing Conditions

Concrete

Masonry

Metals

Wood, Plastics, and Composites
Thermal and Moisture Protection
Openings

Finishes

Specialties

Equipment

Furnishings

Special Construction

Conveying Equipment

(Source: CSI 2011)

Within each division, the building systems are further divided based on individual components,
as shown in Table 5.
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Table 5. Example of Division Breakdown Using CSI MasterFormat Numbering System.

07 00 00 THERMAL AND MOISTURE PROTECTION

07 01 00 Operation and Maintenance of Thermal and Moisture Protection
07 01 10 Maintenance of Dampproofing and Waterproofing
07 01 10.81 Waterproofing Replacement
07 01 20 Maintenance of Thermal Protection
07 01 30 Maintenance of Steep Slope Roofing
07 01 40 Maintenance of Roofing and Siding Panels
07 01 50 Maintenance of Membrane Roofing
07 01 50.13 Roof Moisture Survey
07 01 50.16 Roof Maintenance Program
07 01 50.19 Preparation for Re-Roofing
07 01 50.23 Roof Removal
07 01 50.61 Roof Re-Coating
07 01 50.81 Roof Replacement
07 01 50.91 Roofing Restoration
07 01 60 Maintenance of Flashing and Sheet Metal
07 01 60.71 Flashing and Sheet Metal Rehabilitation
07 01 60.91 Flashing and Sheet Metal Restoration
07 01 60.92 Flashing and Sheet Metal Preservation
07 01 70 Operation and Maintenance of Roof Specialties and Accessories
07 01 80 Maintenance of Fire and Smoke Protection
07 01 90 Maintenance of Joint Protection

(Source: CSI 2011)

Individual model specifications are broken down into three sections that address the following:
(1) general comments, (2) specific technical requirements for products and components, and (3)
measures for the execution of installation.

The General section lists other model specifications that are related to the installation of this
particular component; outlines what information and components are covered in this particular
specification; gives a description of the system or component by providing a list of reference
standards with which the component must comply; and overviews the requirements for material
storage and handling.

In the Products section, the building designers and architects give recommendations for specific
manufacturers and products that meet the requirements of the selected components. This section
also outlines the specific characteristics of the components. For example, the Products section of a
model specification for exterior doors may include information on acceptable manufacturers; door
type; frame type; door face thickness and material type; door edge construction; types of core,
gasketing, weatherstripping, hinges, and strikes; etc.

Finally, the section on Execution focuses on the process of installing the component. Model
specifications are not intended to be step-by-step installation guidelines for materials; instead,
their intent is to point out the site conditions that should be inspected and verified prior to
installation of the component, to establish general guidelines for the quality of installation, to
identify measures of quality assurance that should be checked, and if applicable, to outline
recommendations for ongoing maintenance of the product.

9
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5 Revisions to Specifications

By adding more clarity and guidance to these model specifications, the goal of the revisions is to
create a greater level of understanding of the risks and implications associated with the measures
as well as to improve the consistency in execution of energy efficiency retrofit measures across the
multiple regions where a developer may work.

Model specifications are intended to be revised and modified as necessary, depending on the
particular needs and conditions of a project. The sidebar notes and comments added to these
model specifications are solely for the use of the building design team and should be removed
from the specification documents prior to providing those documents to the general contractor
and trades as part of the construction documentation.

To indicate the intent and capacity of the model specifications, an introductory note was added to
each specification to explain that the information contained within the document has its limitations.
Although the information that has been added to the specification provides guidance to the design
team, general contractor, and trades, ultimately the building designer has the responsibility to
determine which materials and components will be selected for use in construction of the project.
This decision should be made after considering what other requirements exist, including local or
regional codes, climate zone conditions, and other site conditions. Figure 1 provides an example of
an introductory note that states that the building designer or project architect should fully
understand the building science principles relating to the specific components being discussed in
the specification—including what interaction those components may have on the performance of
other systems in the house—before selecting the particular specification as appropriate for the
project.

10
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SECTION 13 65 00 PHOTOVOLTAIC (PV)
POWER SYSTEMS

Note: The application of this component specification assumes that architect and building designer are familiar with
the building science concepts relating to building system component interactions (e.g., moisture, condensation, and
thermal profiles through building assemblies, etc) and the implications associated with specifying particular
materials for use. Not all components contained in these specifications are applicable for use in all building
systems. It is the responsibility of the building designer and/or architect to select a component that is suitable for
each particular building design. This specification is not intended to supersede local, state, or federal codes. This
specification assumes that the installer possess a good working knowledge of the applicable codes and regulations,
safety practices, and methods necessary for proper installation. It also assumes that the installer understands the
fundamentals of residential construction that affects the installation of a complete grid tied photovoltaic (PV) power
systems, including all support structures necessary to mount the systems to the standard shingle roof. System shall
be rated at a minimum KW AC PTC as required per site.

Figure 1. Example of an introductory note for a revised model specification,
which explains the building designers’ responsibilities

As shown in Figure 2, for each of the revised model specifications, IBACOS added a section to
explain the intended performance of the particular component. Information is included about the
expectations and limitations of performance, as well as why the component or system is being
installed. This provides the user of the document with a more macroscopic view of what the
component contributes to the overall performance of the building and how it may interact and
impact other components or systems within the building. By providing this information, it is
expected that the user will have a better understanding of the potential implications of improper
installation of the component and the possible impact on subsequent trades or systems in the
building.

1.10. INTENDED PERFORMANCE

A. Regardless of the level of energy efficiency a home can achieve through energy
conservation measures, the home will still require the use of energy to operate many
of the building’s mechanical systems, lighting, and appliances. Residential scale solar
PV systems are designed to use sunlight to generate electricity at the location where
the electricity is needed. In certain municipalities, residences that have a grid-tied
electrical system are permitted to sell their excess energy to the utility grid through a
policy known as “net metering,” whereby the owner of the PV system receives
compensation from the utility for its net outflow of power. /[Note to Building
Designer/Architect - Grid-interactive PV systems are covered by specific provisions in the
National Electric Code, which also mandates certain requirements for grid-interactive
inverters.] A grid-tied PV system is typically designed to generate electricity to
partially or completely offset the electricity required from the utility; however, it is
not intended to provide the electricity required by the home during all times of day or
all times of year. The system will not generate electricity when sunlight is not
present, and the home therefore will need to use electricity from the utility supplier.

Figure 2. Revised text explaining the intended performance of a component on a building system.
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Although these specifications assume that the design team is familiar with and understands basic
building science principles, IBACOS believed that a greater understanding of the concepts of
home performance would enable the design teams to make more informed decisions regarding the
materials, components, and standards those teams specify for use on their projects. With this in
mind, IBACOS decided to include notes and comments in these documents to further explain
principles of building science, durability, moisture management, and whole house performance
that the designer should consider when determining whether the specification is appropriate for a
particular project. The notes and comments were included as text in sidebars. These sidebar
comments were not intended to remain in the final version of the specification that would be used
in construction and bid documentation; rather, the comments are included as sidebars to allow the
individuals developing the specification to take note of the information and determine if it is
pertinent to their particular project. After the information within the sidebar is appropriately
addressed and considered, then the author of the specification can remove the sidebar comments
and prepare the document for use with the other construction documentation.

As shown in Figure 2 and Figure 3, throughout the body of the specification, IBACOS included
recommendations for performance levels, industry standards, and specific products that would
enable the user of the document to achieve the performance levels that had been required and
outlined for the project. Red italics indicate general commentary about the component properties
and related building systems to consider when determining which component to specify.
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1. PART 1 GENERAL
1.1 RELATED DOCUMENTS
A. Provisions established within the General and Supplementary General Conditions of the
Contract, Division | — General Requirements, and the Drawings are collectively applicable to
this Section.
B. 07 30 00 Steep Slope Rooting
C. 26 00 00 Electrical
1.2 SECTION INCLUDES
A. PV array
1. Modules
2. Inverter
3. Power monitoring and data acquisition
4. All wiring and conduits
5. All module racking components and attachments to
6. Safety features to meet NEC Standards
1.3 COMPONENT DESCRIPTION
A. Standards: Performance of the component is designed to meet or exceed the Reference Standards
and Resources specified:
1. American Society for Testing and Materials (ASTM)
2. National Electric Code (NEC)

3. American Society of Civil Engineers Standard for Minimum Design Loads for Buildings and Other

Structures (ASCE 7)
B. PV Array

1. Unless otherwise specified or dictated by site condition, all PV arrays should be oriented to
achieve maximum kWh production. /Note to the Building Designer/Architect - The
performance and efficiency of the PV system is greatly affected by the orientation of the system.

Each system must be evaluated for proper orientation. PVWatts v.2 A Performance Calculator
for Grid-Connected PV Systems is available for analysis of system configuration.
http://rredc.nrel.gov/solar/calculators/PVWATTS/version2/. Researchers at the National
Renewable Energy Laboratory developed PVWatts to permit non-experts to quickly obtain
performance estimates for grid-connected PV systems. Version 2 can be run for locations within
the 48 contiguous states, Alaska, and Hawaii.]

2. PV arrays should be located to prevent shading from trees, poles, or other structures between the hours
of 9:00 a.m. and 3:00 p.m./Note to the Building Designer/Architect - Shading will have an exponential
effect on PV performance. Small amounts of shading can greatly reduce the energy production of the
system.]

3. PV arrays must be securely installed to the facility roof structure as dictated by site conditions to
accommodate for wind loads.

4. PV array and supporting structure must comply with wind uplift requirement wind loads per the
American Society of Civil Engineers Standard for Minimum Design Loads 5 and Buildings and Other
Structures (ASCE 7).

Figure 3.Example of general commentary (red italic type) and revisions to the body of a model specification.

Guidance for the execution of the work, which incorporates recommended inspection, installation, and
verification practices, is included in each revised specification. However, it is important to note that the
specifications are not intended to provide step-by-step installation instructions or details for contractors
to follow for the particular building components. These types of details should be included with the
construction drawings or are part of the manufacturer’s installation procedures.

Although including additional design and building science considerations in model specifications
will enhance the usefulness of these documents and further educate the end user, no model
specification can provide all of the possible or necessary information for a particular project. Each
project will have local or state code requirements with which it must comply. If local or state codes
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differ from the recommendations in the specification documents modified by IBACOS, the code
requirements supersede the requirements in the specifications. Modifications to the model
specifications should be reviewed by the building designer and adapted for use in the specific
climate in which they are being used, according to the building assembly type, targeted
performance levels, and local or state code requirements.

One note of caution must be considered when using specifications as part of any construction
documentation. Although model specifications provide the general contractor and trades with
very specific guidance on the materials and components to use for the project, those specifications
also can be used by the contractor, trades, or even occupants after completion of the project to
hold the building designer liable for construction defects that arise. If an improper material or
component is specified for a project, the specifications can be used to identify the designer as the
responsible party. Due to the potential liability associated with developing the requirements and
outlining specific materials and components, some developers, including Mercy Housing, have
begun to seek alternative approaches for communicating project requirements while still giving
their contractor and trades the final responsibility of selecting materials and practices to use in
meeting those requirements.
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6 Specifications as Part of Construction Documentation

At the early stages of a new project that is pursuing financial assistance through state or federal
grants and funds, the project team will work with a Home Energy Rating System (HERS) rater to
complete a Physical Needs Assessment (PNA). A PNA identifies physical improvements,
including assumed maintenance within the next five years, which must be completed to bring the
development (including dwelling and non-dwelling structures and equipment and the site) up to a
level at least equal to the modernization and energy conservation standards and to comply with
program requirements.

Additionally, during this early time in a new project, the team will review the requirements of the
Qualified Allocation Plan (QAP) to determine the components that will be required in its
application for funding and the relative weight given to each of the components included in the
Division of Housing and Community Renewal (2011). The QAP establishes a state’s selection
criteria for how its available tax credits will be awarded. Federal code mandates the criteria a state
must include in the QAP against which to evaluate applications (Division of Housing and
Community Renewal 2011). Until recently, a list of eight criteria focused on characteristics of the
housing, project, and tenant needs. However, following the passage of the 2008 Housing and
Economic Recovery Act, criteria for energy efficiency and the historic character of a project were
added to the requirements for states’ QAPs.

The project team will review the PNA as well as any specific requirements of the QAP. Then,
using an integrated design approach, the team will define the building practices, systems, and
components to be included in the rehabilitation of the property. HERS raters should be key
participants in this process because they can offer expert advice on building performance from a
whole-house approach, whereas builders and architects typically look at individual systems and
components. If a HERS rater is not intimately involved in the design process, the concepts of
building science, energy efficiency, and whole-house integrated design practices often are not
clearly understood by developers, architects, builders, and trade contractors. This lack of
understanding can affect the interactions among the various system components and ultimately
can compromise the performance of the building as a whole.

In many cases, the property management and redevelopment companies have operations in
multiple municipalities and even multiple states, further complicating the ability to standardize
building designs and system specifications that will meet the requirements of the various
regional jurisdictions and sources of funding.

The model specifications, which use the CSI MasterFormat numbering system, are being
developed for use as a tool by building designers and architects when creating construction
documentation. Appendix A shows an example of a portion of a typical package of construction
documentation (e.g., site work specifications; mechanical, electrical, and plumbing specifications;
architectural specifications; bid instructions; and wall section details) provided by developers or
builders to their trade contractors. These examples highlight the level of information that is
commonly passed along to contractors for the purpose of executing the details of a project. As
can be seen in the sample bid instructions document, which contains individual scopes of work
for the trades to use in development of their bids, the scopes provide generic line items outlining
what contractors should be accounting for in their bids. The instructions include references to
both “plans and specifications” for additional information.
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The contractors use plan sets to complete takeoffs and to construct the building. The purpose of
the specifications is to complement the construction drawings in a bid package for the general
contractor. The specifications also outline the best practice recommendations for selecting the
appropriate components and materials to execute the building assembly details specified on the
construction drawings and documentation. The general contractor uses the specifications to have a
better understanding of the individual components for which they will be responsible and, in turn,
to more accurately develop their bid proposals. The specifications are not intended to provide
guidance to the design team (i.e., architects, builders, building designers) on which retrofit
building systems or strategies should be used in a specific climate; instead, the specifications
indicate the parts and pieces the general contractor should use to achieve the stated level of
performance for the building systems included in the construction documentation.
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7 Common Affordable Multifamily Building Energy Efficiency
Measures

Mercy Housing has ongoing projects in each of the major U.S. DOE climate zones with multiple
building types present throughout each, and it needs to develop climate-specific specifications for
each of its regional offices. Due to the fact that energy efficient building systems and strategies as
well as durability and moisture management details can vary among the different climate zones
and building types, developing specifications that would be applicable to all types of projects
across all climate zones would be beyond the current scope of this project.

IBACOS and Mercy Housing selected the Building America cold climate region and three-story
or fewer wood-framed construction as the building type for which sample model specifications
would be developed. These specifications could be used as templates for the future development
of additional specifications. Mercy Housing identified typical energy efficiency measures that are
being specified as part of its compliance with the Enterprise Green Communities Criteria (EGCC)
program, which is further discussed in the Federal and State Energy Efficiency Financing
Programs section in this report. IBACOS completed revisions to the 14 specifications shown in
Table 6. The revised specifications can be found in Appendix B through Appendix O. These
specifications for energy efficiency measures were identified by both IBACOS and Mercy
Housing as areas where Mercy Housing lacked good recommendations and documentation to
provide to its project teams. Table 7 lists other specifications that could be developed.
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Table 6. List of Revised Specifications.

CSI Specification Division Specification

Division 08 — Openings 08 16 13 Exterior Fiberglass Doors

08 53 13 Vinyl Windows

Division 48 — Electrical Power 48 14 13 Solar Energy Collectors
Generation
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Table 7. Other Possible Specifications for Future Development.

CSI Specification Divisions Specification

Division 06 — Wood Plastics and 06 10 00 Rough Carpentry

Composites

Division 07 — Thermal and Moisture 07 10 00 Dampproofing and Waterproofing
Protection

07 27 00 Air Barriers

07 31 13 Asphalt Shingles

07 40 00 Roofing and Siding Panels
Division 11 — Equipment 11 30 00 Residential Equipment
Division 22 — Plumbing 22 30 00 Plumbing Equipment

22 41 00 Residential Plumbing Fixtures

Division 23 — Heating, Ventilating, and 23 01 00 Operation and Maintenance of HVAC
Air-Conditioning (HVAC) Systems

23 06 00 Schedules for HVAC

23 07 00 HVAC Insulation

23 08 00 Commissioning of HVAC
23 30 00 HVAC Air Distribution

Division 26 — Electrical 26 50 00 Lighting

The specifications were developed based on a common building construction type that Mercy
Housing encounters on many of its projects. Figure 4 shows a typical wall section for Mercy
Housing’s low-rise (fewer than three stories) multifamily buildings, which include a crawlspace or
basement; a wood-framed floor system; 2x4 or 2x6 wood-framed insulated walls fully covered
with exterior sheathing; housewrap; siding; and a wood-framed (stick or truss) roof system with
asphalt composition shingles. Each unit has an individual space conditioning system and water
heater. IBACOS used this representative building construction type in the development of these
model specifications. Many different types of buildings and building practices exist, resulting in
the need for model specifications specific to those particular applications.
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Figure 4.Exterior wall section from a representative multifamily building used in revising the
specification documents.
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8 Conclusion

With the demand for and cost of energy ever increasing in the United States, it has become even
more critical to find cost-effective approaches to ensuring that affordable housing remains
affordable for low-income families to live in and operate. Federal and state agencies have
recognized the need for the reduction in energy usage to begin playing a larger role in multifamily
affordable retrofit projects to ensure their affordability. Ever more are they incorporating
requirements in their low-income housing funding programs for improving the energy efficiency
of buildings.

As these requirements have come along for developers of affordable housing projects, so has the
need for guidance and understanding within developers’ project teams on how to meet and comply
with these program requirements. Mercy Housing, for example, received an increasing number of
requests by architects and building designers for standardized guidance on specifying the building
components that will meet the intended performance of a particular energy efficiency measure.
Specifications, modeled after CSI MasterFormat, provide the trade contractors and builders with
requirements and recommendations on specific building materials, components, and industry
practices that comply with the expectations and intent of the requirements within the various
funding programs associated with a project. These specification documents provide more clarity
and guidance for the general contractor and trades. The goal of the specifications is to create a
greater level of consistency in execution of energy efficiency retrofit measures across the multiple
regions where a developer may work.
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