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PURPOSE

Pu rp ose of t h e R ep o rt

In ten t

This report is a follow‐up to the “Roadmap for Housing Energy
Affordability” prepared by Andrew Shapiro of Energy Balance, Inc.
and the “Mechanical System Optimization Guide” prepared by Cx
Associates – both collectively referred to here as the “Roadmap”.
This report is intended for designers, developers, and operators of
affordable housing projects struggling to make good decisions on the
best use of funds to insure long‐term energy affordability. The focus
of the report is to address implementation issues regarding the
energy efficiency recommendations in the Roadmap and identify
challenges to implementation. The goal is to develop a prioritized list
of actionable, operational recommendations for delivering optimal
energy efficiency to affordable housing projects in an environment of
competing budget priorities.

Vermont has many outstanding and committed designers and
developers of affordable housing.

These knowledgeable designers and developers understand both the
implementation techniques and the effects of energy efficiency
measures in their buildings and seek to incorporate them in their
projects as budgets allow.

The intent of this report is to summarize implementation challenges
and suggest improvements to both the process and the techniques
to achieving long‐term energy affordability in future projects.

A c kno w l ed ge m en t
This study was made possible by the generous support of the High
Meadows Fund and was developed in collaboration with an oversight
committee consisting of Craig Peltier, Vermont Housing and
Conservation Board, Trevor Parsons, Housing Vermont, and Neil
Curtis, Efficiency Vermont.
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FOCUS

Both the Roadmap for Housing Energy Efficiency Affordability and
the Mechanical System Optimization Guide provide clear direction
on improving the process and the methods for achieving energy
affordability. The focus here is on implementation challenges to
those recommendations and critical details for achieving the goals.

The following issues will be a focus of the report.

1. Identifying challenges faced with implementation of the deeper
energy efficiency measures outlined in the Roadmap throughout
the building shell and HVAC design scope. What building science
challenges, technical challenges, and unknowns are there? What
cost challenges are there?

2. Prioritizing the design measures outlined in the Roadmap. Which
measures are most important? Which measures should be
included on all multifamily development projects? What
mitigating factors should be considered in establishing these
priorities? How would these recommended priorities differ
between new construction and rehabilitation projects?

3. Identifying changes that should be made to the current design
process to facilitate implementation of the “Roadmap”
recommended/prioritization list and goals.

4. Identifying changes that should be made to the current
construction phase processes in support of these goals.
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5. Creating a set of critical “milestones” in support of the Roadmap
goals. These milestones should start with the design charrette
process and extend through the final bid documents ….. into the
construction phase… and on to the development of “as‐built”
drawings and the operation and maintenance of the building.
What are the critical details or systems descriptions that should
be included in the drawings each step of the way along the
“milestone path”?

6. Finding the post‐construction building operational and financial
roadblocks that impact achieving the Roadmap goals. What
strategies are available and recommended to address these
roadblocks?

7. Identifying procedures that should be implemented in building
operations and maintenance “post construction” to ensure
buildings will function as expected to deliver anticipated energy

PROCESS FOR DEVELOPING THE REPORT:

A thorough review of the Roadmap documents was the first step in
developing this report.

The next step involved comparing the Roadmap recommendations
with recent personal experience as the architect of several
affordable housing rehabilitation projects which focused on energy
efficiency improvements. This research focused on identification of
challenges to actual implementation of the recommendations and
development of a list of improvements to the current process of
designing and constructing affordable housing projects.

Input was sought from several other architects, engineers,
contractors with extensive experience in affordable housing projects,
cost estimators, housing developers, energy efficiency consultants,
and representatives from VHCB and VHFA. These individuals were
asked how they thought the current design and construction process
could be improved to better achieve the Roadmap goals.

An important part of developing the recommendations in the report
was to look in detail at several recently completed affordable
housing projects, or projects that are currently under construction,
to identify specific issues and challenges with implementation of
these deeper energy efficiency measures. The projects listed below
were selected for this review:



Graystone Apartments, located in White River Junction, VT, is a
34 unit senior housing project that was constructed in 1978 and
is currently being renovated. The project consists of a cluster of
one story wood‐framed buildings with 7 to 9 apartments per
building. Architect: S2 Architecture



58 Barre Street, located in Montpelier, VT, is a 3 story brick‐
faced historic former school building which is currently being
renovated to include the Montpelier Senior Activity Center on
the first floor and 14 apartments on the upper floors.
Architect: Gossens Bachman Architects



Stanislaus Apartments, located in West Rutland, VT, is a recently
‐completed 17 unit project located in a long‐abandoned historic
former school and convent. The project consists of two separate
buildings. Architect: Arnold & Scangas Architects



Benmont Housing, located in Bennington, VT, is a12 Unit project
consisting of three historic buildings, originally constructed in
the 1870’s and renovated in the 1990’s. The project has recently
completed the design phase and will begin construction soon.
Architect: BMA Architects & Planners
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PROCESS FOR DEVELOPING THE REPORT:..



Depot II Housing, located in Bethel, VT, is a two‐building, 10 Unit
housing project that was constructed in 1979 and recently
renovated. Architect: NBF Architects



54 N. Champlain Street Apartments, located in Burlington, VT, is
a 3 story, 6 unit historic wood framed building that was built in
the 1800’s and is currently being renovated.
Architect: S2 Architecture



Wharf Lane Apartments, located in Burlington, VT, is a 4 story
historic former manufacturing building that was converted into
36 units of affordable housing in 1980 and is currently in the
design phase. Architect: S2 Architecture
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Example of Existing Conditions

REVIEW OF ROAD MAP GOALS

the future. It is at the time of design of new and rehab housing
projects that providers have a chance to address future energy
affordability.

The statements below are taken directly from the introductions to
the Roadmap document:


The exposure to price inflation from the energy sector is a very
real risk for managers of affordable rental housing operating on
very thin margins.



With recent fuel price spikes, and impending uncertainty over
future energy costs, affordable housing providers are finding
their organizations stressed to meet energy costs. With fixed
rents and energy costs most often paid by the housing providers,
project budgets are going into the red. The Roadmap project
was designed to answer the question relevant to this situation:
What do we have to do today, to insure that affordable housing
providers can afford to provide heat and hot water for the near
term and long term futures.



Over the past few years, it has become clear that modest
advancements in building performance have not prepared the
multi‐family rental housing stock for the potential inflationary
reality of 21st century world energy markets.



Future energy security is critical for housing providers. Carbon
emissions control globally and locally are important non‐
monetary issues now, but may become mandated or “taxed” in



The goal is to develop protocols that address the level of
investment required today and that evolve over time to reflect
new findings in order to maximize investment in support of long‐
term sustainability goals.

Existing Basement Insulation

9

REVIEW OF KEY ROADMAP FINDINGS AND RECOMMENDATIONS

 Existing per unit monthly costs today for heat and hot water will
likely more than double in the next 15 years if increased energy
efficiency measures are not incorporated.
 A specific set of energy performance metrics – both prescriptive
and performance based – have been provided in the Roadmap
document, and are critical to achieving energy cost security. The
key areas to be addressed on all affordable housing projects
include:


Air leakage reduction ‐Increased wall insulation ‐Increased attic
insulation



Increased foundation insulation, including slab‐edge, foundation
walls, and basement slabs.



Improved windows and doors



Improved boiler efficiency



Incorporation of solar hot water systems



Incorporation of heat recovery ventilation systems
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Use of wood pellet fired boilers where applicable



Use of air source heat pumps for a permanently affordable
solution

3.

Building enclosure elements ‐ which are considered very long‐
lived – are the most important improvements to incorporate
into every project.

4.

Estimated Costs for the Roadmap‐defined “permanently
affordable” energy efficiency improvements range from $15,000
to $46,000 per Apartment – depending on building type.

5.

Estimated Costs for the Roadmap‐defined “near‐term affordable
“energy efficiency improvements range from $8,000 to $35,000
per Apartment – depending on building type.

6.

Housing type has a strong effect on the cost to achieve energy
security – larger buildings cost less per unit to achieve low
energy use.

7.

An energy budget must be established during the design of all
projects. It should be based on energy auditing and energy
modeling conducted during the design phase. This process is
critical in identifying the optimum approach for any project.
Rehabilitation projects, in particular, vary so widely that a
prescriptive‐only approach does not make sense. And the many
competing demands on funds make a project‐specific cost‐
benefit analysis important to reach maximum possible energy
affordability within the budget context of the project.

8.

Funds must be found to support energy security for affordable
housing.

9.

Affordable housing providers, developers, and funders should
develop protocols that address the level of investment required
today and that evolve over time to reflect new findings in order
to maximize investment in support of long‐term sustainability
goals.

Typical 4 Unit Property – Pre Renovation
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A N A LY S I S A N D F I N D I N G S
The following analysis and findings are based on conversation with
project designers and developers and personal experience on recent
projects which stressed a high level of energy efficiency in the project
scope of work.
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IMPLEMENTATION CHALLENGES

re‐framing of window and door openings to accommodate the
support requirements for the extra insulation, and some roof
eave extensions are usually required due to the increased wall
thickness. Costs also often must include re‐working of exterior
transitions at door thresholds which often involves additional
site work costs. Some have suggested that cost estimators are
“over‐pricing” this work because they are unfamiliar with it, but
designers and developers must make decisions based on cost
estimates in order to complete their drawings – designing
multiple alternate wall insulation systems adds significant design
fees to the project.

What challenges do we face with implementation of the deeper
energy efficiency measures outlined in the Roadmap throughout the
building shell and HVAC design scope? What building science
challenges, technical challenges, and unknowns do we face? What
cost challenges do we face?

C o s t c h al len ges :
By far the largest challenge to implementation is cost. Most
designers and developers expressed a desire to implement the
measures as well as the knowledge to correctly implement them, but
said that the higher initial costs prohibited them from including them
in many projects. Costs for implementation for some of the measures
were generally thought to be much higher than those listed in the
Roadmap document, but actual cost information varied from project
to project due to the different conditions at each building, and
variations in construction pricing. Specific examples include:
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Cost of R5 windows vs. R3.3 windows of similar quality. The
premium price for the R5 windows was thought by some
developers to exceed the benefit to the project – especially
when faced with limited funds and choices to be made.
Cost of installing the recommended 4” of rigid insulation on the
exterior side of existing walls. The cost on retrofit projects is a
particular challenge because it sometimes must include required



Cost of individual HRV units installed in each unit due to the
required soffits and routing and insulating of ductwork through a
variety of framing conditions, as well as the long term
maintenance costs of these units.



Costs associated with management, oversight, and testing of
detailed air‐sealing procedures. This cost can be significant to
reach the air‐sealing goals in the Roadmap and this work is
difficult to quantify fairly for bidders when bidding projects
competitively.



Cost of future replacement of less durable materials installed
due to the high initial cost of the energy efficiency
improvements. It was frequently cited that project budgets
cannot accommodate both high quality/durable materials and
the high levels of insulation listed in the Roadmap.



Costs of the air source heat pumps recommended in the
Roadmap for many of the “long term affordable” mechanical
systems is currently outside the budgets of most projects
studied.



Diminishing Returns? – The cost of additional levels of insulation
beyond the levels seen by some other energy efficiency sources
as appropriate was cited. Installing insulation to levels
considered by some to have little additional benefit was an issue
when other features of the project were being eliminated to pay
for it.



See the Appendix for cost information prepared as part of this
report by Naylor & Breen Builders which compares various
thicknesses of envelope insulation.

D u r ab i l it y Ch all en ges
Many designers and developers cited the need to cut back on more
durable products in other parts of the project in order to afford the
cost of the increased energy efficiency improvements. The concern is
that the less durable products will then need to be replaced sooner
which will offset the cost savings from the energy efficiency
improvements. Examples of less durable materials often required to
be incorporated include lower quality flooring, cabinets, siding,
roofing, and exterior walkway materials.

A i r‐s e al ing c h a l len g es
The air‐sealing performance levels listed in the Roadmap are a
significant challenge. While it is generally agreed that “good” air‐
sealing of the envelope is critical to both energy efficiency and
occupant comfort, the levels listed in the Roadmap significantly
exceed the levels of other current codes and standards. The extent
required for a “good” energy efficient envelope and the specific
benefit of very high levels of air sealing is open to debate and
difficult to quantify.

Joseph W. Lstiburek, Ph.D., P.Eng., Fellow ASHRAE, recommended in
a recent article (September 2011) in the publication Building Science,
that “3ACH@50 Pa as measured with a blower door” is an
appropriate level of air‐sealing for most houses. The levels
recommended in the Roadmap are significantly tighter than this for
some housing types listed in the report. Specific challenges to
achieving the performance levels include:



Developing clear and fair instructions to contractors within a
competitive bidding process so that they clearly understand the
scope of work they are required to perform and so they can
include adequate costs and time in their schedules.
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IMPLEMENTATION CHALLENGES...



Contractor’s quality of air‐sealing procedures.





Periodic testing during construction and the impact on schedule.
This is a significant challenge if the roles and responsibilities are
not clearly defined for the contractor before the project begins.

Lack of adequate roof area for solar panels on some downtown
sites.



Required on‐site oversight of air‐sealing procedures. This can be
very time‐consuming and costly and this role is often non‐
existent on projects.

The challenge of installing thick layers (over 1”) of rigid
insulation on retro‐fit projects was cited as a challenge, but this
is primarily a cost challenge.



The use of awning or casement windows is recommended to
achieve a tighter air‐seal than double‐hung windows, but double
‐hung windows are required on many non‐sprinklered buildings
to meet the code‐required emergency egress opening size that
cannot be achieved with awning windows, and many developers
are hesitant to install casements due to long term maintenance
costs of these hinged windows. Double‐hung windows also allow
for the installation of window mounted air‐conditioning units
which are a reality for many projects.





Cost of additional “air barrier” systems, required “third party”
oversight and testing, and cost of delays in construction
schedule for testing.



See Air Sealing Data Charts in the Appendix which show
graphically how some recent projects have compared to code
requirements and Roadmap target air‐sealing levels.

T echn ic a l Ch all en ges
Technical challenges include:


The inability to operate heavy triple‐glazed windows is a concern
‐ particularly in senior housing projects.



The noise issue and maintenance costs for heat recovery
ventilation systems which some developers have experienced.
These issues have caused them to be hesitant about installing
them in future projects.

Typical Fiberglass Triple Glazed
Window Section
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PRIORITIZATION OF ENERGY EFFICIENCY MEASURES

How should we prioritize the design measures outlined in the
Roadmap? Which measures are most important? Which measures
should be included on all multifamily development projects? What
mitigating factors should be considered in establishing these
priorities? How would these recommended priorities differ between
new construction and rehabilitation projects?



Within the area of envelope improvements, air‐sealing the
envelope is seen as the top priority because air‐tight buildings
directly reduce heating loads and increase occupant comfort by
eliminating drafts. A continuous air barrier must be clearly
defined and detailed.



A top priority for all projects should be establishment of a
“milestone path” as described in this report that tracks energy
efficiency goals and decisions, and monitors compliance
throughout the process of design and construction.





There is general consensus that the top priorities should always
be envelope improvements over systems improvements,
because they are more long‐lasting and more difficult to install
at a later date. Envelope improvements should be prioritized
based on how difficult the improvements will be to install at a
later time. Examples of this prioritization are:

Insulation of above grade walls should take priority over below
grade walls where the budget does not permit both, because the
earth is a natural insulator. As noted above, however, insulation
under and around the slab is the most difficult to add at a later
time so it should always be installed on new construction
projects.

 Under‐slab insulation

N e w vs. Reh ab P roj ec ts
In general, the Priorities are the same, but new construction
eliminates many technical challenges to envelope improvements –
there are no “surprise” conditions.

 Foundation insulation
 Insulation and air sealing within wall cavities
 Insulation and air sealing at exterior walls that would require
removal of siding and trim.
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PRIORITIZATION OF ENERGY EFFICIENCY MEASURES...

New


Continuous and uniform envelope air sealing and insulation
without gaps or interruptions should be top priority and
achievable on all new buildings.



Highly durable and efficient windows should be a priority to
insure the entire envelope performance meets the goals and
lengthens the life of the shell of the building.

R eh ab


Careful inspection and analysis of the causes of any deteriorating
materials will help the design team understand and develop the
best replacement or remediation strategy. In addition to the
thermal envelope improvements, improvements that keep
water shedding away from older buildings and keep their walls
and basements dry can lengthen their lives and improve indoor
air quality.



Historic buildings require innovative means to find cost‐efficient
solutions that meet all historic preservation requirements
without sacrificing durability or efficiency. Wall cavity insulation
must be maximized and continuous where exterior materials
cannot be modified.
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CHANGES TO DESIGN PROCESS

affordable housing requires designs that are not “typical”, so
design teams must be willing to find unique solutions and
explore options to find the best long‐term solution for a low‐
maintenance energy‐efficient project.

What changes should be made to the current design process to
facilitate implementation of the “Roadmap” recommended/
prioritization list and goals?
The following recommendations were developed in conjunction with
the Oversight Committee members working on this report, and are
also based on interviews with architects and developers with
extensive experience in affordable housing projects.
1.

2.

The Owner’s Project Requirements (OPR) should be developed
at the start of each project and clearly outline the project’s
energy efficiency requirements. This process is an important
starting point for every successful project and it is clearly
described in the Mechanical System Optimization Guide as it
relates to mechanical systems design, but is applicable to all
aspects of a project. The US Green Building Council describes the
OPR as a document that details the owner’s program and use
requirements as well as the goals for “environmental,
sustainability, energy efficiency, indoor environmental quality,
and systems expectations and maintenance” for a project.
The selection of the right design team is key to a project’s
success and RFPs for design team services shall clearly outline
the project’s energy efficiency goals. In particular, the selection
of the mechanical engineering consultant is a key step in the
design process and should include an evaluation of their
demonstrated experience in designing high performance
buildings and meeting energy performance goals. This selection
process is also described in the Mechanical System Optimization
Guide. As stated in the MSO, achieving the goal of long term

3.

The Basis of Design document, which outlines all envelope
improvements and energy efficient systems should be
developed in the schematic phase of every project. This
document should include specific energy performance criteria
agreed to by the owners and design team to be used in the
development of design (including insulation and air leakage
goals, ventilation rates, interior temperature set points, exterior
design temperatures, etc.). It should be reviewed at the 100%
schematic design and 100% design development milestones, and
periodically throughout the project, to insure goals are being
met.

4.

Establishing clear milestones early in the design process should
be developed to check that the design is meeting the goals.

5.

Development of building model load calculations and associated
system sizing should occur in the design development phase and
should thoroughly integrate the envelope design with the
system so as to maximize potential cost savings of a “right‐sized”
system.

6.

Development of a clearly defined air‐sealing system and
implementation process for each project should include a
continuous barrier and identify clear roles for the contractor and
any partner weatherization group associated with the project.
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CHANGES TO CONSTRUCTION PROCESS

What changes should be made to the current construction phase
processes in support of these goals?

1.

“Third Party” responsibility for inspections and testing shall be
clearly established prior to bidding the project. By naming
specific parties and their responsibilities to contractors before
the project goes out to bid, contractors can plan for the
additional time required to schedule testing and incorporate this
work into their bids. Blower door assisted air‐sealing is critical to
achieving the Roadmap goals, but takes planning, coordination,
and time out of the construction schedule to do correctly. Many
projects currently rely on Efficiency Vermont or a participating
weatherization organization to provide this service and
contractors are asked to coordinate their work with them. This
can work well, but due to the sequence of work on the
construction site and the busy schedules of many weatherization
organizations, coordination and thorough testing can be a
challenge. Also, these programs test to measure compliance
with their standards at project completion, and may not be able
to provide comprehensive blower door assisted air sealing to
meet the aggressive goals suggested by the Roadmap. Delays in
construction to accommodate air‐sealing testing are real costs to
contractors so this work must be clearly identified in the bid
documents.

2.

At the pre‐construction meeting, all contractors shall be notified
of the process and procedures associated with the envelope air‐
sealing work and shall receive a written schedule for when air‐
sealing will be inspected and tested and who will be conducting
the testing and inspection.

3.

Project meetings shall include an agenda item specifically for
envelope air‐sealing and mechanical systems progress updates.

4.

On Rehab projects, unique conditions where the insulation
installation is modified shall be noted on the record documents
by the Contractor.

5.

Quality assurance procedures shall be incorporated throughout
the construction phase, and mechanical systems commissioning
shall be included in every project.
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CRITICAL MILESTONES

What should the critical “milestone path” look like in support of the
Roadmap Goals (from the project inception and design charrette
process to the final bid documents ….. through the construction
phase… and on to the development of “as‐built” drawings and the
operation and maintenance of the building)?

1.

2.

3.

4.
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Owner’s Project Requirements (OPR) – Concepts and criteria
established by the owner that are required for the project to be
successful. These should ideally be established before issuing the
RFP for design services, but always finalized with design team
during the early schematic phase.
Basis of Design (BOD) – Finalize during schematic design. These
documents should be prepared by the A & E team describing
design information necessary to accomplish the owner’s project
requirements. They should include programmatic requirements,
envelope requirements for durability and energy efficiency,
system descriptions, indoor environmental quality requirements,
and references to applicable codes, standards, and guidelines.
Establish Construction Budget based on “1” and “2”. The budget
should include funds for all systems and features required to
achieve the Basis of Design goals.
Create Building Energy Model with envelope improvements and
load calculations to determine mechanical equipment sizing.
Complete the model early in design development phase to check
assumptions, systems, and envelope construction.

5.

Establishment of Air‐Sealing Scope. Clearly delineate the air
barrier around the building with particular focus on transition
areas between wall and foundation, wall and roof, and all
penetrations. This should be developed during the design
development phase.

6.

100% DD Review – verify all scope complies with OPR and BOD.

7.

Develop Construction Documents – incorporate Owner’s review
comments and develop drawings and specifications to describe
the scope of work for Contractors

8.

75% CD Review – verify the scope and budget, and review the
contractor’s responsibilities and “third party” responsibilities for
air sealing, testing, and verification in the bid documents.

9.

Finalize Construction Documents – Produce the final documents
needed for competitive bidding and develop bid alternates to
the base scope of work

10. Pre‐Qualify Contractors ‐ Require documentation of Energy
Efficiency performance on past projects as part of the pre‐
qualification process.
11. Pre‐Construction Meeting – establish process and procedures
associated with energy efficiency measures, quality assurance
procedures, and systems commissioning with the entire
construction team.

12. Construction Inspections and Testing – Verification by A&E
team and Owner’s testing consultants that the envelope, air‐
sealing, and systems are in accordance with the drawings and
specifications
13. As‐Built Drawings and O & M Manuals – Contractor shall
prepare hard copies and electronic copies showing accurate
information regarding installed envelope details and systems,
and complete documentation of all operation, maintenance and
servicing requirements.
14. Owner’s Orientation and Training – shall be videotaped for
future reference by property management. Must include clear
direction on use and maintenance of all new equipment.
15. Project Energy Performance Documentation – shall include a
system for tracking energy use data on completed projects to
verify benefits and to provide direction for future projects in
terms of best practices for real energy savings.
16. Project Maintenance Schedule – A schedule that can be
graphically displayed on a calendar for easy to understand yearly
maintenance is critical to achieving maximum efficiency and
lifespan of newly installed systems.
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OWNER / DEVELOPER
MILESTONE PATH
A & E TEAM
24

1

3

O.P.R.

Concepts and criteria established
by the owner that are required
for the project to be successful.

SCHEMATIC DESIGN

2

B.O.D.

Design information necessary to
accomplish the owner’s project
requirements.

CONSTRUCTION
BUDGET

6

Include funds for all systems and
features required to achieve the
Basis of Design goals.

SCHEMATIC
DESIGN
PACKAGE

Verify all scope complies with
OPR and BOD.

DESIGN
DEVELOPMENT
PACKAGE

DESIGN DEVELOPMENT

4

BUILDING ENERGY
MODEL

Develop energy model to deter‐
mine mechanical equipment
sizing.

100% D.D.
REVIEW

5

AIR SEALING
SCOPE

Delineate the air barrier around
the building and identify key
details

8

75% C.D.
REVIEW

Verify the scope and budget,
and review all responsibilities.

CONSTRUCTION DOCUMENTS

7

DEVELOP C.D.’S

Develop construction drawings
and specifications to describe the
scope of work for Contractors

10

PRE‐QUALIFY
CONTRACTORS

14

Require documentation of Energy
Efficiency performance on past
projects .

BID
DOCUMENTS
PACKAGE

9

FINALIZE C.D.’S

Produce the final documents
needed for competitive bidding

OWNERS
TRAINING

Establish a clear direction on use
and maintenance of all new
equipment.

15

Incorporate a system for tracking
energy use data on completed
projects .

11 PRE‐CONSTRUCTION
MEETING
BIDDING

Establish quality assurance
process and procedures.

12

CONSTRUCTION
INSPECTIONS

Verification and quality control by
A&E team and Owner’s testing
consultants.

CONSTRUCTION

13

PROJECT ENERGY
PERFORMANCE

16

PROJECT
MAINTENANCE

Develop a schedule for yearly
maintenance.

BUILDING
COMPLETION
& OCCUPANCY

AS‐BUILTS AND
O&M’S

Consolidate accurate information
regarding installed envelope
details, products, and systems.
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CRITICAL DETAILS

What are the critical details or systems descriptions that
should be included in the drawings each step of the way
along the “milestone path”?

1.

Building section showing a continuous line of air‐
sealing around the building envelope.

4.

Details of flashing, air‐sealing, and integration with the thermal
envelope
5.

6.
Sections through walls, roof, and foundation showing
the continuous thermal envelope.
A continuous insulation layer with appropriate R values
identified
3.

Air‐sealing details
These details should be shown on the drawings and
coordinated with the specifications with clear direction
for the contractor about installation methods and
procedures

26

Foundation and/or slab edge insulation details.
Showing the continuity of the insulation and coordinated with
the structural requirements of the foundation

The air barrier must be continuous from foundation to
roof and integrate with all penetrations in the
envelope.
2.

Window and Door details

Air‐sealing specifications and testing protocol
The contractor’s responsibilities for testing and/or the Owner’s
“third party” responsibilities must be clearly identified and the
timing and scheduling of the testing must be clear to bidders

Typical Wall Section with 1” Insulation

Typical Wall Section with 2” Insulation
27

Typical Wall Section with 3” Insulation
28

Typical Wall Section with 4” Insulation

Typical Window Jamb, Head & Sill

Typical Door Jamb, Head & Sill
29

Key Air‐Sealing Locations to be
addressed on all projects
30

Example of Air‐Sealing Diagram
to be included in Bid Documents

POTENTIAL POST‐CONSTRUCTION OPERATIONAL ROADBLOCKS

What are the post‐construction building operational and financial
roadblocks that impact the Roadmap Goals?

Op e rat ion al Ro adb lo cks:
1.

Lack of experience with proposed mechanical systems by the
owner’s maintenance staff often limits new technologies from
being considered in the design phase.

2.

Issues with maintaining systems or equipment within tenant
apartments – specifically HRV systems – often limits
incorporation of these systems into the project.

3.

Cost of maintaining mechanical equipment – specifically heat
pumps and HRV systems

F in anc i al Ro adb lo cks :
1.

Initial cost of energy efficiency improvements competes with
other project requirements. There is never enough budget for
everything.

2.

Savings from energy efficiency improvements are offset by
material replacement costs due to lack of durability of other
specified building components.
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POTENTIAL STRATEGIES

What strategies are available and recommended to address
roadblocks?

F in anc i al S tr a t e gi es:
1.

Establish project budgets that can accommodate both energy
efficiency improvements as well as durable finishes and fixtures
that will reduce operational costs as well as maintenance costs.

2.

Catalog actual construction costs from competitively bid projects
for reference in establishing accurate project budgets.

3.

Catalog best practice / cost efficient / energy efficient building
details for reference on future projects based on actual energy
savings data collected from completed projects. Individual
project results should be shared by project owners with design
team members after one full year of substantial occupancy,
providing them feedback on their designs with actual energy use
data.

4.

The results of individual projects should be combined together
and reviewed annually to identify trends in energy use as
compared with mechanical and envelope designs. Affordable
housing funders or energy efficiency programs may be a source
of resources and expertise to organize and analyze this type of
data reporting.

Op e rat ion al St rate gi es :
1.

2.

Conduct orientation and training session for building operators
at the completion of every project, and ideally a follow up/
review training session at the end of the mechanical system
installation warranty (typically one year after project
completion) to ensure training is relevant to those responsible
for the system maintenance.
Establish a database of projects and their associated envelope
insulation, air‐sealing protocol, and mechanical systems, and
track performance data and maintenance data. This data should
be documented at the conclusion of each project, and should
include air‐sealing performance in “ach/50” or “cfm/50 / sf
shell” format.

3.

Establish a directory of service providers.

4.

Establish maintenance schedules for each project with service
providers linked to equipment start dates and manufacturer’s
recommendations
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CHANGES TO BUILDING OPERATIONS AND MAINTENANCE PROCEDURES

What procedures should be implemented in building operations and
maintenance “post construction” to ensure buildings will function as
expected to deliver anticipated energy efficiency cost savings?

1.

Conduct Orientation and Training for building operators at the
completion of each project. Every project specification should
include the requirement for the MEP Contractors and Equipment
Suppliers to conduct a videotaped walk‐through with the
building’s maintenance staff which outlines the schedule and
procedures for properly maintaining the project systems.

2.

Make records of the Maintenance Schedule, the names and
numbers of the Service Providers who will service the
mechanical and electrical systems, and complete O&M Manuals
easily accessible for building operators.

3.

Establish energy use data collection protocols for each project so
that actual energy use can be compared to pre‐construction use
data and projects can be compared to each other. This
information is the only way that designers and developers can
evaluate systems and procedures for use on future projects.
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PROJECT CASE STUDIES
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Existing Community Center Building

36

Existing Mechanical Room

GRAYSTONE APARTMENTS, WHITE RIVER JUNCTION, VT

This 34 unit senior housing project that was constructed in 1978 is
currently being renovated. The project consists of a cluster of one
story wood‐framed buildings with seven to nine apartments per
building. The buildings are slab‐on‐grade with 2x6 wood framed walls
and wood truss roof construction. Existing windows are drafty and
there are significant ice dam problems in the winter. Several
envelope options were carefully priced for retrofitting the exterior of
the buildings and better insulating the attics.

The team looked at various thicknesses of rigid insulation, 2”, slab
edge insulation, and alternatives to solve the ice‐damming. A system
of new 2”x24” foundation insulation, new 2” rigid wall insulation,
new sheathing on walls, new extended eave framing with closed cell
spray foam insulation at eaves, and new 18” cellulose in the attics
met the budget. After reviewing window options and pricing, it was
decided that R3.3 fiberglass windows would provide a better long‐
term benefit for the project than R5 tripe glazed vinyl windows. The
cost of windows was comparable, but the fiberglass construction and
the ease of operation of the R3.3 windows was superior to the R5
vinyl windows.

consultation with the air barrier manufacturer, who agreed that the
two materials may not be compatible, the air barrier was moved to
the new exterior plywood sheathing and new details were developed
to show how the continuity of the EAB from slab to wall to attic
plane would be maintained.

Blower door assisted air‐sealing was conducted at agreed intervals
during installation of the new wall and attic insulation and was an
important part of the process. On this project, a blower door was
maintained on site for use by the Contractor and the Contractor was
trained in its use. See air‐sealing charts in the Appendix for
information. All units received a new continuously operating bath
ventilation fan with a motion sensor boost. One unit was outfitted
with a small energy recovery ventilation system and air quality
monitoring was set up in this unit and an identical “bath fan only”
unit to compare air quality readings between the two. Results of the
air quality monitoring were not available as of yet.

The inclusion of a liquid applied air‐sealing membrane to all the
joints in the wood sheathing was a late addition to the project. The
air barrier was to be applied to all the joints in the original sheathing.
After demolition, the contractor discovered that the original
sheathing was some sort of gypsum (sheetrock) product. After
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GRAYSTONE APARTMENTS...

After existing siding was removed and eave framing extended
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Eave framing extended and with new rigid insulation in attic to
contain new spray foam at eaves.

New window installed; spray foam installed at eave area; foundation
insulation installed

Typical Wall Sections showing modifications
made during construction
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GRAYSTONE APARTMENTS...

Insulation Layer

With liquid air‐sealing membrane applied to joints in sheathing
40

With new sheathing installed

With weather barrier and siding

58 BARRE STREET, MONTPELIER, VT

2.

Insulation of the interior of the masonry walls with closed cell
spray foam was carefully detailed by setting the new studs away
from the brick exterior wall so as to allow for a continuous air
sealing membrane against the masonry with the spray foam.

3.

A continuous thermal break is provided around the windows.
The window frame has the pink rigid insulation box all around
the new window installation to minimize thermal bridging at the
head and jambs (the historic windows are too big and heavy to
support on insulation at the sill).

4.

9” of polyisocyanurate rigid insulation was installed on the roof
deck.

5.

A detailed air sealing specification was provided outlining the
process and target performance requirements for the
contractor.

6.

A new central heat recovery ventilation system is being installed
as part of the renovation.

Removing the old windows

This 3 story brick‐faced historic former school building is currently
being renovated to include the Montpelier Senior Activity Center on
the first floor and 14 apartments for seniors on the upper floors.
Since a fire had destroyed almost the entire interior of the building,
the project involves a complete retrofit of the brick shell including
new wall and roof insulation, new windows, and air‐sealing of the
entire envelope. A solar hot water system is also part of the project.
Specific challenges and features of the building included:
1.

The technical challenge of incorporating large double‐hung R5
windows at this senior housing project. Though the budget was
not the issue on this project, the weight of the triple glazed
windows made them too difficult to operate for seniors and so
were eliminated in favor of lighter double glazed windows.
41

58 BARRE STREET...

New studs set away from the masonry to allow continuous insu‐
lation and air‐sealing against the masonry
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New insulated exterior walls

Rigid insulation at windows provides thermal break
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Former School Building

44

Former Convent Building

STANISLAUS APARTMENTS, WEST RUTLAND, VT

This recently‐completed 17 unit project located in a long‐abandoned
historic former school and convent involved an extensive package of
energy efficiency improvements. The project consists of two
separate buildings – the masonry school building and the wood‐
framed convent house.

Improvements include:
1.

2.

Closed cell spray foam insulation was installed on the interior of
the masonry walls. Before proceeding with this work, the Owner
and Architect conducted extensive testing to determine that the
masonry walls would not be damaged by the new spray foam
insulation due to limiting their ability to dry toward the inside.
The historic metal ceilings were suspended approximately 5’
below the roof so the decision was made to install 2” of spray
foam insulation on the top of the metal ceiling and then install
24” of cellulose above the spray foam. The spray foam on the
walls was extended approximately 24” up above the ceiling.
Blower door assisted air‐sealing was conducted at three
separate times during the insulation process and the building
achieved a final test of .13CFM50/SF of shell which almost meets
the long term Roadmap target levels (see chart in Appendix).
The periodic testing was critical in achieving this level because it
allowed for the sealing of several areas such as between gaps in
the floor board sheathing.

3.

The wood siding at the Convent building was required to remain
in place to meet historic preservation requirements, and the
exterior walls in some locations consisted of wood plank
construction. In these locations, 3 1/2” of rigid insulation was
installed on the inside face of the studs before installing new
interior finishes.

4.

New windows in the School are triple glazed double‐hung
windows except on the front façade which were required to
remain double glazed to meet historic preservation
requirements.

5.

A new central wood pellet boiler with two storage bins was
located in the basement of the convent building and provides
heating for both buildings.

6.

A solar domestic hot water system has been incorporated into
the project.

7.

A central fresh air ventilation system was installed in the School
building which provides fresh air into the corridors and is
returned through the bath exhausts.

8.

In the Convent building, only continuously operating bath
ventilation fans are installed due to budget limitations.
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BENMONT HOUSING, BENNINGTON, VT

This12 Unit project consisting of three historic buildings, originally
constructed in the 1870’s and first renovated into apartments in the
1990’s. The project has completed the design phase and scheduled
to begin construction soon.

Benmont Building A

All work must comply with the Standards for Historic Preservation
tax credits and this eliminated to possibility of adding new rigid
insulation to the exterior of the sheathing. It was determined that all
existing siding that is not damaged or deteriorated must remain, so
this lead to an interior insulation solution. New closed cell spray
foam will be installed to fill the existing 5” stud cavities within all the
exterior walls, and spray foam will be applied on the interior of the
stone foundation and the first floor timber sills. The air sealing
specifications call for a tested requirement of 4 ACH at 50 Pascal.

New windows will be wood with insulating glass to comply with
historic preservation requirements, and a new central boiler room
will be installed that will serve all three buildings via insulated
underground piping. Ventilation will consist of continuously
operating exhaust only bath fan ventilation.

Benmont Building B
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54 N. CHAMPLAIN STREET APARTMENTS, BURLINGTON, VT

This 3 story, 6 unit historic wood framed building built in the 1800’s
is currently being renovated.
The project had the following limitations regarding envelope
improvements:
1.

Must meet all historic preservation tax credit requirements

2.

Not possible to insulate on the exterior of the walls

3.

Plank wall construction was found at some exterior walls

4.

Difficulty coordinating inspection and testing of air‐sealing due
to the schedule

Improvements and modifications during construction included:

Pre‐renovation

1.

Insulation of entire stone foundation and timber sills with spray
foam insulation.

2.

New 2” rigid insulation on the floor of the basement under a
new concrete slab.

3.

Infrared cameras were used to locate uninsulated voids in walls,
and new cellulose was blown into voids from the exterior.

4.

After it was determined that most of the deteriorated wood
siding could be replaced, new ¼” plywood sheathing was
installed over the existing board sheathing on exterior walls and
all seams were taped to air seal the building. New weather
barrier and siding was installed except for 2 areas where existing
historic siding had to remain.

5.

New clad/wood windows were installed throughout.

6.

New cellulose was installed in attic spaces.
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54 N. CHAMPLAIN STREET….

Existing condition of basement walls

With voids in insulation marked on new siding
48
Typical Wall Section showing insula‐
tion improvements

Under Construction – new siding and windows
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DEPOT II HOUSING, BETHEL, VT

This two‐building, 10 Unit housing project that was constructed in
1979 and was thoroughly retrofitted in 2010/2011 with a new
thermal envelope and finishes throughout. The buildings are slab‐on‐
grade with wood framing. The existing 2x6 walls contain fiberglass
insulation, and it was determined that these walls would remain and
additional insulation would be installed around the exterior.

After looking into a solution that incorporated 4” rigid insulation on
the exterior, the high cost estimates dictated a layer of 2” rigid
insulation over all exterior walls. The new insulation was installed
with new sheathing with seams taped, tar paper, and new siding. 2”
of rigid insulation was installed over the edges of the slabs and the
entire outside of all foundation walls and extended to the footings.
Building A before renovation

The attic was insulated with closed cell foam at the eaves and to air‐
seal penetrations and cellulose throughout the remainder of the attic
space. New windows are R5 Vinyl double‐hung, and a continuously
operating exhaust only bath fan ventilation system was installed.

A wood pellet boiler system was initially considered for this project,
but the Owner had concerns about the size of the project (10 Units)
justifying the initial expense, the look of the storage silos in the
Village setting, and also the steep access for delivery trucks.

Building A after renovation
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Insulation and weather barrier being installed on building B
Building B before renovation

Foaming of the truss heels

Building B after renovation
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DEPOT II HOUSING...

Foundation insulation being installed on building A
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Insulation being installed on building A with sheathing seams

WHARF LANE APARTMENTS, BURLINGTON, VT

This 4 story historic former manufacturing building that was con‐
verted into 36 units of affordable in 1980 is currently beginning con‐
struction.
Challenges include:

Showing water damage from window sill runoff

1.

Historic Preservation requirements limited changes to the exte‐
rior. There were significant “wetting” issues on the masonry due
to inadequate window sill overhangs. Changes to the sills were
limited by preservation standards. A new metal drip will be in‐
stalled under each sill with minimal visual impact. (see photo of
current deteriorated brick)

2.

Historic Preservation requirements determined the awning win‐
dow type. The required aluminum windows (reproductions of
the look of the historic steel windows) could not accommodate
triple‐glazing.

3.

Masonry walls will be insulated with 3” of closed cell spray foam.
The existing studs are set approximately 1” away from the brick,
so the framing can be left in place.

4.

Air source heat pumps were carefully investigated to provide
both heating and cooling for the building, but due to the very
high initial cost, these were eliminated and a new central boiler
was installed. Central air‐conditioning was eliminated from the
project.

5.

Several options were explored to solve the significant water
leaks in the east foundation wall. The exterior solution was pre‐
ferred, but due to budget limitations and concerns with creating
a very large excavation on a tight urban site, an interior drain
will be installed (see detail) and connected to the city storm
sewer behind the building.
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Demolition Wall Section

Proposed Wall Section

New waterproofing system at foundation
55

Proposed North Elevation with new windows

56

APPENDIX

Proposed new energy design standards and protocol documents to
be adopted by Vermont’s affordable housing funding programs
administered by VHCB, VHFA and the State’s Community Develop‐
ment Block Grant Program (CDBG). The recommendations in this
report have been developed in conjunction with the concurrent
process of developing these new standards and protocols.

Codes and Standards Comparison
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Air Sealing Charts
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Exterior Insulation Cost Estimate Study
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Vermont Multi Family
Energy Design Standards ‐ Proposed

65

Vermont Multi Family
Air Sealing Protocol ‐ Proposed

66

Vermont Multi Family
Mechanical Design Protocol ‐Proposed

68

Reference Materials
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Vermont Multifamily Energy Design Standards ‐ Proposed
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Vermont Multifamily Air Sealing Protocol ‐ Proposed
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Vermont Multifamily Mechanical Design Protocol ‐ Proposed
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Reference Materials
Department of Energy helping us all save money and protect the
environment through energy efficient products and practices.
ENERGY STAR delivers the technical information and tools that
organizations and consumers need to choose energy‐efficient
solutions and best management practices.



A Roadmap to Housing Energy Affordability: Preserving
Vermont's Affordable Rental Housing A report by Andy Shapiro,
Energy Balance, Inc, with assistance from Maclay Architects and
Stephen Pitkin (vhcb.org/publications)



Mechanical System Optimization Guide: A report on the design
and procurement of mechanical systems for multi‐family rental
housing by CX Associates, LLC (vhcb.org/publications)



2011 Vermont Residential Building Energy Code Handbook
(publicservice.vermont.gov/energy) A Guide to Complying with
Vermont’s Residential Building Energy Standards



Building Science Corporation (buildingscience.com) Building
Science Corporation specializes in building technology
consulting. Their focus is preventing and resolving problems
related to building design, construction and operation, and in
promoting energy efficiency and environmental responsibility
within the constraints of marketable and affordable building
technology.



Efficiency Vermont (efficiencyvermont.com) An organization
that provides technical assistance, rebates, and other financial
incentives to help Vermont households and businesses reduce
their energy costs with energy‐efficient equipment, lighting, and
approaches to construction and major renovation.



Green Building Advisor (greenbuildingadvisor.com)
GreenBuildingAdvisor.com is dedicated to providing the most
useful, accurate, and complete information about designing,
building, and remodeling energy‐efficient, sustainable, and
healthy homes.

About the Author



The JLC Guide to Energy Efficiency (A Journal of Light
Construction Book) A compilation of best practices in energy
efficient construction



LEED for Homes (usgbc.org) LEED for Homes is a consensus‐
developed, third party‐verified, voluntary rating system which
promotes the design and construction of high‐performance
green homes.



Energy Star (energystar.gov) ENERGY STAR is a joint program of
the U.S. Environmental Protection Agency and the U.S.

Steven Schenker, AIA, LEED AP has been a practicing architect in
Vermont since 1992. He is principal of S2 Architecture in Shelburne,
Vermont. He has designed a wide variety of institutional, commercial
and residential projects. His recent experience includes the
renovation of existing multi‐family affordable housing projects
around the state encompassing over 150 units of housing. Current
renovation projects include the Graystone apartments, the Wharf
Lane apartments, and the apartment building at 54 North Champlain
Street included in this report. Steve is a registered architect in
Vermont, Massachusetts, New York, and New Hampshire. He is a
LEED Accredited Professional with NCARB certification, and is a
member of the American Institute of Architects.
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1

3

O.P.R.

Concepts and criteria established
by the owner that are required
for the project to be successful.

SCHEMATIC DESIGN

2

B.O.D.

Design information necessary to
accomplish the owner’s project
requirements.

CONSTRUCTION
BUDGET

6

Include funds for all systems and
features required to achieve the
Basis of Design goals.

SCHEMATIC
DESIGN
PACKAGE

Verify all scope complies with
OPR and BOD.

DESIGN
DEVELOPMENT
PACKAGE

DESIGN DEVELOPMENT

4

BUILDING ENERGY
MODEL

Develop energy model to deter‐
mine mechanical equipment
sizing.

100% D.D.
REVIEW

5

AIR SEALING
SCOPE

Delineate the air barrier around
the building and identify key
details

8

75% C.D.
REVIEW

Verify the scope and budget,
and review all responsibilities.

10

PRE‐Q
CONT

Require docume
Efficiency perfor
projects .

CONSTRUCTION DOCUMENTS

7

DEVELOP C.D.’S

Develop construction drawings
and specifications to describe the
scope of work for Contractors

9

FINALI

Produce the final
needed for compe

