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Executive Summary
Options for changes and upgrades to the heating systems in the GHI Pilot program homes were
investigated and promising alternatives were analyzed. The investigation combined a review of common
and uncommon technologies used in residential housing, meetings and field evaluations at both
Greenbelt Homes, Inc. (GHI) and at Home Innovation Research Labs (formerly NAHB Research Center),
simulations to estimate the energy use of various technologies, and cost analysis to provide one
perspective on costs and savings.
Two important influential but non-technical themes underlie this investigation and must be recognized
throughout the analysis and conclusions presented and when considering changes to the heating
systems. The first is ongoing comfort and livability in the homes and the second is the value provided to
the members in terms of control, convenience, and resale. These themes are not addressed directly in
this investigation as they are in the purview of GHI members; however, the information provided here is
meant to offer technical perspective and as such is only one part of the decision process.
Technical aspects of the heating and in some cases cooling, equipment and systems were evaluated
based primarily on:
•

Installation – how complex and/or disruptive to the member and permanent modifications to
the interior space;

•

Performance – how effective is the system design in conditioning the entire home, expected use
of back-up heating, and noise;

•

Energy Savings – what is the estimated energy savings based on system ratings;

•

Cost – what is the estimated cost for installation, operation, and maintenance; and

•

Timing – how do energy savings and costs relate to the envelope upgrades in each of the types
of houses in the pilot program?

Other factors such as the equipment size, the availability of components, and the house construction and
layout also inform the analysis. In the case of the block homes for instance, without wall insulation
improvements, it would be very difficult to size a heat pump system to provide both adequate heating and
cooling. In the case of the ground source heat pump technology, the selection of components is critical to
long-term performance and satisfaction. Factors such as these are interwoven throughout the
investigation.
The GHI pilot program is organized to evaluate envelope upgrades, recognizing that these upgrades
continue to perform over the lifetime of the home, and much longer than any mechanical system such as a
heat pump. The original report on envelope upgrades was evaluated for installation cost and energy
savings and for all building types; one or more upgrade options were found to be cost effective based
simply on energy savings. This same result is not achievable with the upgrades to the heating systems.
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In most cases, when evaluating the upgrade to a much more efficient heating system, the cost analysis
does not demonstrate sufficient heating energy savings to provide a cost-effective solution based on
estimated installation costs and current energy prices. The only building type that shows a marginal
energy-savings based cost-effectiveness is with the block buildings when the exterior insulation system
is the least expensive option available. However, this result does not lead to the decision to “do
nothing.”
The “do nothing” heating system option is simply to continue on the current maintenance/replacement
track for the electric baseboard heaters. This option is always available and energy savings attributed to
the envelope improvements will continue to accrue. This option however does not take into account the
non-economic benefits of reduced energy use, enhanced comfort, and cooling/dehumidification, among
others.
Given the range of both cost and other benefits with upgrades to the heating systems, this report
concludes with a set of proposed strategies for each building type. The purpose of these strategies is to
garner both installation and performance experience, and including member feedback, regardless of the
estimated energy savings. These strategies cover a range of heating technologies and focus on specific
learning outcomes, and are provided as options as information for the decision process.

Definitions
COP

EBB
EER

GSHP
HSPF

SEER

Coefficient of Performance. A measure of heating efficiency at a specified set of indoor
and outdoor conditions, measured as a ratio of heat energy output to energy input
using consistent units.
Electric Baseboard Heat
Energy Efficiency Ratio. A measure of cooling efficiency (may also be used for heating)
at a specified set of indoor and outdoor conditions, measured as a ratio of cooling
output per electrical input (Btuh/Watt).
Ground Source Heat Pump
Heating Seasonal Performance Factor. The total seasonal heating output (Btu’s) divided
by the total electrical input during the same period (Watt-hours), at a specified set of
indoor conditions. The HSPF
Seasonal Energy Efficiency Ratio. The total seasonal cooling output (Btu’s) divided by
the total electrical input during the same period (Watt-hours), at a specified set of
indoor and outdoor conditions. SEER is the cooling performance equivalent
measurement of HSPF. The SEER rating is typically about 3 to 4 points higher than the
corresponding EER rating.

Background
Greenbelt Homes, Inc. (GHI) is investigating opportunities to cost-effectively enhance the energy
performance of its portfolio of homes. The goals of GHI Buildings Committee’s work on the pilot
program and subsequent community upgrade program are the following:
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Reduce overall energy consumption and costs in the homes;
Improve member comfort and “livability”;
Emphasize use of sustainable, environmentally friendly energy sources, technologies, and
products where economically feasible;
Reduce overall life cycle costs, including preventive and corrective maintenance, for heating,
cooling and domestic hot water systems;
Minimize disruption to households as improvements are being made; and
Implement the program while maintaining the unique and historic character of the GHI homes.

The pilot project is a three-phase, two-year effort. The first phase, Phase 1, of the pilot involves a yearlong effort to establish baseline data on the 28 pilot homes and to identify specific retrofit building
envelope (not equipment) solutions for each of the building types in the pilot home study. Baseline
measurements included a walk-through evaluation of each pilot home, short-term testing (e.g., blower
door test), and longer term monitoring (e.g., temperature, humidity, energy use, etc.) of the current
conditions of the home. The building characteristics identified in the walk-through evaluation were used
to develop simulation models to estimate whole-house energy use.
Phase 2 of the pilot home program consists of retrofitting the building envelopes and continued
monitoring of the indoor environment and energy use. This will enable GHI to determine the difference
that building envelope upgrades can make by themselves in terms of temperature, humidity, energy
use, and member comfort. During the year that the envelope improvements are installed and
measurements are taken, GHI will develop specifications for the third phase of the pilot―investigating
opportunities to improve the heating (and potentially, cooling) systems in each of the pilot homes. GHI
continues to implement Phase 2 upgrades.
Phase 3 of the pilot study will enable GHI to compare the energy efficiency and payback periods for the
alternative HVAC (heating, ventilation, and air conditioning) systems tested, as well as for the entire
pilot project of envelope and mechanical system upgrades. Detailed measurements will enable GHI to
determine which features and systems provide the most benefit for the least cost over a long-term
period that includes estimated maintenance and replacement costs. Based on the results of the pilot,
GHI’s Buildings Committee will draft recommendations for the GHI-wide upgrades to the membership
and the GHI Board of directors in late 2013.
Since October 2010, GHI has partnered with the Home Innovation Research Labs (Home Innovation),
through the U.S. Department of Energy’s Building America Program. Home Innovation, with support
from the National Renewable Energy Laboratory (NREL), provides design guidance and logistical support
to GHI for the investigation, testing, monitoring, and analysis of energy improvements for 28 homes that
have been selected for the three-phase pilot project. The role of Home Innovation researchers is to
evaluate the current features of the pilot homes and using various research tools including inspections,
software models, and field measurements to develop upgrade packages for improving the energy
performance of the homes. Home Innovation will continue to support GHI throughout all phases of the
pilot project.
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To date, the crawlspaces of the pilot homes have been retrofitted to improve the insulation and reduce
air leakage losses from the home. Unrelated to direct energy savings, the crawlspace floors have been
sealed with a vapor barrier to reduce moisture loads into the crawlspaces and ultimately, the homes.
The attics of the brick and vinyl frame homes have been improved to air seal leakage from the home to
the attic space and to add insulation while maintaining the necessary storage space for the
homeowners.
The purpose of this report is to detail the investigation into the options and requirements for changing
the heating system from the current electric baseboard heaters common to GHI housing. This
investigation summarizes the options for equipment to heat the homes, the installation requirements
for the equipment, and the estimated energy savings and the commensurate economic analysis of the
improvement costs and energy savings.

Introduction
Multiple heating (and cooling) equipment and installation methods to heat and cool the GHI pilot homes
were considered for the investigation into improving the space conditioning equipment for the pilot
homes. Some approaches were rejected as impractical based on the technology and others were
rejected after an evaluation of the hardware and installation requirements. This report highlights the
approaches that are feasible based on the technology, installation, and performance. Some of these
approaches have a track record in GHI homes and can provide an experience base from which to garner
anecdotal evidence. Evaluation factors for any heating system option may include installation,
performance ranges, maintenance expectations, and cost investment and savings estimates. Other
factors which were considered but are less quantifiable include the practical implementation of the
system and occupant disruption during installation. Though less important in this stage of the pilot
program, any heating system solution should be based on the calculated heating (and cooling) load
requirements, including mechanical fresh air ventilation loads, after the energy efficiency improvements
have been made to the building enclosures.

Homeowner Comfort and Energy Savings
While an important goal of the GHI pilot program is to reduce energy use, there is a complementary goal
of homeowner comfort, especially during the winter heating season. Previously reported data has
shown that in the pilot homes, the average indoor temperature during the winter period was between
65°F and 67°F. This indoor temperature is somewhat below the 70°F to 72°F range typically used in
energy programs and for HVAC system sizing. Based on homeowner feedback in GHI, energy costs play a
significant role in maintaining lower indoor temperatures.
There is a general assumption that when homes are made more efficient there is often a “take-back”
effect where higher efficiency devices can lead to a change in behavior in operating equipment. This
behavior change can lead to for example, not bothering to turn off lights as often, taking longer
showers, or in setting the thermostat at a more comfortable temperature.
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A brief analysis of this take back effect for the heating and cooling system shows that heating energy
savings could be reduced by between 15% and 20% when the indoor temperature estimate is changed
from 68°F to 72°F. However, this aspect of energy use and savings is under the control of the
homeowner at all times and as such is simply acknowledged, but not used, in this analysis.

Heating Systems Not Analyzed
Natural gas service is not available to most of the GHI homes; therefore, natural gas options for heating
were not evaluated. If natural gas was available, a method for heating could be one central boiler (high
efficiency, direct vent with modulating capacity) per building that would require radiators (baseboard
convectors or low-profile, compact wall mounted radiators) or hydronic fan-coils (ducted or nonducted), requisite piping, zone controls, and metering for the individual units. A central boiler type
system would require some type of metering that likely would need to be coordinated through GHI staff
or its designee. Natural gas could also be used in each home using a single-point, direct-vent appliance
that could be wall mounted and service the entire unit. This approach may require openings to be cut
through the floor above or some type of fan system to distribute heat. Multiple appliances per unit
could also be considered but although very effective heaters, such appliances are generally not as
efficient (70 to 75% AFUE ratings) as other options.
Similarly, propane, oil, and wood-fired heating systems were rejected for analysis due to the cost of the
fuel and the requirement for the installation of a large infrastructure to store and deliver the fuel to the
appliances. This infrastructure cost would be added to the cost of installing high efficiency heating
appliances in each of the homes. Furthermore, since the GHI homes are all electric, the installation of
combustion appliances would require special attention to venting and the supply of combustion air and
protection of storage tanks from damage.
Packaged terminal heat pumps were also not evaluated. These ductless, through-the-wall packaged
units, commonly used in motels, require a large opening through the exterior wall for each unit and are
generally not available in high efficiency models. Similarly, ducted packaged heat pumps are available;
these units are installed in a closet adjacent to an exterior wall and require a duct system. These also
require a large opening through the exterior wall (for the condenser coil) and are relatively inefficient.
The systems that are considered practical solutions for
heating and cooling are ducted air source heat pumps,
ground source heat pumps, ductless split heat pumps,
and electric resistance heating.

Air Source Heat Pump (ASHP) –
Ducted Systems
Conventional split system heat pumps are comprised of
an outdoor heat pump, indoor air handling unit (or fancoil), refrigerant piping between, and a duct distribution
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Figure 1. Major Heat Pump Equipment Components,
Outdoor Unit, Indoor Air Handler, and Coil
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system. Capacities range from 1.5-ton through 5-ton (1 ton of refrigeration equals 12,000 BTUH). A
2-ton system is the smallest capacity for higher efficiency two-stage compressors and variable speed
compressors (variable refrigerant flow using inverter technology, not yet common for conventional
systems). The availability of even lower capacity equipment is extremely important for the smaller
footprint GHI homes, and in particular following envelope upgrades that result in reduced demand on
the heating (and cooling) system. Heat pump system efficiencies range from the federal minimum
13 SEER, 7.7 HSPF through 20 SEER, 12 HSPF and even higher.1 A common price point for conventional
split systems is 16 SEER, 9 HSPF. Efficiencies exceeding this level generally require two-stage or variable
capacity equipment, and come at a higher cost. Conventional heat pumps are generally sized in this
climate to meet the cooling loads; an electric resistance heating element is installed in the air handler to
provide supplemental heat as the outdoor temperature drops below the balance point (where building
heat loss equals equipment capacity), and during heat pump defrost operation. More advanced inverter
technology systems, and to a limited extent, two-stage equipment, may be sized for the heating load
because these can turn-down (the output capacity) to provide sufficient cooling and dehumidification.
Standard split systems shown in Figure 1 require a conventional ducted air distribution design to supply
conditioned air to the rooms from the air handler. As some GHI members are familiar, the duct system
layout presents several challenges in the typical GHI floor plan. Among the most prominent are that the
indoor air handling unit must be installed in a closet, corner of a room, attic, or crawl space. Use of the
crawlspace was ruled out for the frame homes since they are often inaccessible for larger equipment
and are vented to the exterior increasing the losses from any system installed. For the block and brick
homes, the crawlspace is sufficiently tempered but penetrating the concrete floor with large ducted
openings does not appear practical. Installing air handlers and ducts in the attic of brick and frame units
is a credible option, but doing so increases the calculated heating and cooling loads and operating costs,
and reduces attic storage area. For this pilot program, the most practical and efficient option for the
split system would be to utilize closet space or the corner of a room for the indoor air handler unit to
which the duct system must be connected.
Duct installation in any of the homes would require some duct runs below the ceiling plane which will
require bulkheads to conceal them. Installing duct above first floor ceilings (frame and brick units)
requires some demolition and finish work. The actual supply duct layout will vary by floor plan and
numerous iterations would be required. The supply duct design must effectively mix the air without
creating drafts, stagnant zones, and excessive noise. Central return ducts must be designed to minimize
equipment noise and noise due to air velocity and turbulence and may call for bedroom transfer grilles
to allow for an adequate return air path to the central return. Figure 2 and Figure 3 provide an example
layout of a duct system in two of the pilot homes.

1

SEER and HSPF ratings for equipment are based on standardized industry testing methodologies. Higher SEER and
HSPF rating values indicate higher efficiency and thus reduced operating costs.
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Figure 2. Example of an Air Handler and Duct Layout in a Brick Unit
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Figure 3. Example of an Air Handler and Duct Layout in a Frame Unit
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The example duct layouts demonstrate the complexity of planning the duct system and the obvious
disruption to the interior of the home. Duct runs perpendicular to the floor framing must be boxed in
(typically called a bulkhead) and result in an aesthetic challenge for many rooms. Some duct runs;
however, may be cut into the floor joist space (except for the block homes) to minimize bulkheads.
Generally, the conventional ducted heat pump system requires significant indoor space for the airhandler, an effective duct layout is an installation and aesthetic challenge (block units are particularly
difficult due to concrete beams and necessary cutting through concrete floors), and installation of the
split system and ducts is likely very disruptive to occupants unless the home is unoccupied. Additionally,
the smallest capacity systems are oversized for many of the GHI units, especially after thermal enclosure
upgrades are complete. A rough budget estimate range for these systems is $16 to 18,000 installed per
unit, including finish work to conceal the duct. Attic installation of equipment results in higher losses and
therefore reduces the cost benefit of installing the system.
One option for reducing the impact of the duct system is to consider a high velocity split system heat
pump. These systems are very similar to the conventional ducted split system heat pump, except that
the air distribution system is comprised of smaller ducts, typically 4" diameter including the insulated
flexible branch ducts. This is a large reduction from the standard 6" to 12" diameter trunk ducts. The
high velocity duct systems require less space but otherwise have similar challenges as conventional duct
systems. A high velocity system is comprised of a conventional outdoor heat pump connected to a
proprietary air handler and duct system. SpacePak and Unico are two common manufacturers of the
high velocity air handler and duct systems. The smallest available capacity is 2-ton, and efficiencies are
similar to conventional heat pumps, but limited at the higher efficiency levels due to higher energy use
in developing the high velocity air flow. A budgetary installed cost will be similar to a conventional
ducted heat pump; the air handler and duct material costs tend to cost more, but the labor and finish
work to conceal the ducts may offset these.
One other option briefly reviewed for application to the GHI homes is a packaged heat pump. The
packaged heat pump system combines the outdoor heat pump and indoor air handler into one package
that is installed outdoors on the ground or roof and ducted into the house through the wall or roof.
These systems are most common for commercial applications. No indoor space is required for the air
handler, but a duct system is still required. The smallest capacity commonly available is a 2-ton system,
and efficiencies range from 13 SEER, 7.7 HSPF through approximately 15 SEER, 8.2 HSPF, somewhat
lower than split system heat pumps. An economizer that allows for “free” air conditioning is a common
option on commercial systems but adds cost that is often not recouped in residential applications. Since
these systems are installed outdoors, avoiding the use of indoor floor space is attractive, but these
systems are oversized for most GHI homes and still require duct systems. The installation of the main
portion of the system on the exterior of the home will reduce the overall efficiency of the system, but
does provide for easy serviceability. Due to the lower efficiencies and small cost differences from other
ducted systems, this option was not considered further.
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A summary of the Pros and Cons of the Ducted Air Source Heat Pump Systems –
Pros
 Provides all heating, cooling, and dehumidification
 Energy efficiency ranges from good to very good (best for the most efficient systems)
 Conventional equipment allows greater flexibility to arrange for service
 Integral electric supplementary and back-up heat
 Conventional duct layout provides best distribution
 Future replacement costs relatively low (duct system already in place)
Cons
 Smallest available units may be oversized, particularly for high efficiency systems
 Indoor air handler takes valuable space
 Outdoor unit takes space and may be objectionable (high efficiency units are quieter)
 Duct system design and layout is a challenge and varies by unit
 Duct system may not be possible in block units
 Some demolition is required in most units to install the ducts
 Bulkheads are required to conceal the ducts
 Installation is most disruptive to occupants
 Expensive initial cost

Ground Source Heat Pump (GSHP)
A GSHP system consists of the GSHP equipment,
a ground loop that transfers heat with the earth,
and a distribution system to heat and cool the
house. The equipment is most commonly a
water-to-air unit, an indoor packaged unit that
contains both the heat pump and air handler
that relies on a duct system to distribute
conditioned air, and a pump installed near the
GSHP that circulates the water mixture through
the ground loop piping. The duct system is the
same as a conventional air source heat pump
Figure 4. Description of a GSHP System
(courtesy of geoexchange.org)
system, and has the same installation challenges.
An alternative water-to-air system is the ductless
console GSHP. The console GSHP provides conditioned air without ducts, so a number of these are
required at different locations in the house to provide adequate distribution. Alternatively, a water-towater GSHP can provide hot water and chilled water to any number of ducted or ductless fan coils, or
hot water to radiators or convectors. The smallest available capacities are 1-ton (for single-stage
compressors) or 2-ton (for 2-stage compressors) for ducted systems, and 0.75-ton and 1-ton for ductless
console systems. Generally, efficiency ranges are 16 to 27 EER and 4 to 5 COP.
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The ground loop consists of piping installed in the ground that circulates a water-glycol mix to transfer
heat from the ground to the equipment for heating, and the reverse for cooling (see Figure 4). The
ground loop piping is most commonly installed in vertical wells. Each GSHP typically has a dedicated
ground loop, but a community loop or whole-building loop (consolidated bore field) is an option. The
ground loop is installed by a well drilling company that is familiar with the local geology. The well drilling
truck requires access to the well site, and this access may be difficult for some GHI buildings. Multiple
loops for a set of homes (a common well field) could be installed in one area reducing the access
requirements to a site. The well drilling costs can vary by location.
The ground loop piping is installed into the building and connected to the ground loop pump (each GSHP
requires a dedicated pump). For a consolidated bore field, the ground loop water may be distributed
using a manifold or a storage tank. For a manifold layout, each individual pump can circulate water
through the ground loop. If an additional common ground loop pump is part of the design, a method to
meter that shared energy use is required. Each housing unit generally requires its own GSHP equipment
because one unit may require cooling at the same time another unit may require heating, and one GSHP
cannot provide both at the same time.
Staff from the Home Innovation met with a GSHP manufacturer and two GSHP installation contractors in
order to investigate practical applications and prepare budget estimates for GHI. A budget estimate for a
typical high efficiency GSHP (water-to-air equipment, ground loop, conventional duct system, and
bulkheads to conceal ducts) is approximately $25,000 installed, per unit. For a ductless console GSHP
system with three consoles, a budget estimate is approximately $25, 000 to $40,000 per unit. These
costs do not include either state or federal incentives that may be available.
After numerous calls and two site visits with an installation contractor, a GSHP system was developed
specifically for GHI. That system includes a high efficiency, nominal 2-ton, 2-stage, water-to-water GSHP
(one per unit) to provide heated or chilled water to high-wall ductless fan coils (quantity of three to six
depends on unit size and layout), the ground loop, ground loop pump, installing the GSHPs in the boiler
room area of the crawl spaces, and insulated piping from the GSHP to a manifold; each fan coil would
require two pipes from the manifold, a condensate drain, and electrical wiring (these would need to be
covered using a wood frame with drywall or other method). This system would provide individual
thermostats and zone control and does not require ducts. Estimated installed price: $23,000 to $29,000
per unit, including the electrical work but not including the costs to conceal the piping.
For comparison purposes, a conventional air source heat pump system with the air handler in the attic was
investigated. For example, a 2-ton, 16 SEER, 2-stage outdoor unit, air handler with EC motor and 8 or 10
kW supplemental heat, refrigerant and condensate piping, programmable thermostat, and duct system:
(1) return filter grille in the second floor ceiling, (4) ceiling registers for the first floor, and (4) ceiling
registers for the first floor (installed from the attic and through the second floor). Estimated installed price:
$17,000 per unit, including bulkheads to conceal the duct drops through the second floor.
Also for comparison, new simulation models were developed for two brick homes (one end and one
middle unit) to estimate the energy savings of the GSHP system relative to an air source heat pump
Home Innovation Research Labs
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system. Both systems were estimated to have the ducts installed in the house to simplify the models.
Comparing a high efficiency GSHP with a high efficiency ASHP resulted in about a 3% heating energy
savings for the GSHP (1% whole house energy savings). As an added point of reference, the installation
contractor is planning to make energy savings estimates.
A summary of the Pros and Cons of the Ground Source Heat Pump Systems –
Pros
 Provides heating, cooling, and dehumidification
 Most energy efficient system
 No outdoor unit
 Moderately disruptive to occupants (depending on distribution method)
Cons
 Requires either a conventional ducted distribution system (and corresponding design challenges,
demolition, and bulkheads), or multiple ductless console or ductless fan coil equipment (and
corresponding piping)
 The ductless fan coil option that uses heated or chilled water from a water-to-water GSHP is a
custom design using equipment from two different manufacturers. This can be problematic in the
event of a service or performance issue.
 May require some operation of existing electric heaters during cold weather, depending on the
distribution system selected
 Efficiency ratings provided by manufacturers do not take into account ground loop pump energy (or
circulator pump or fan power for the ductless fan coil option)
 Ground loop installation is critical to realize the energy efficiency advantages of GSHP systems.
 Most expensive initial cost

Ductless Split Heat Pumps (DSHP)
(aka – Ductless Mini-Splits)
The ductless split heat pump (DSHP), also known as a ductless
mini-split, consists of one outdoor heat pump, one indoor fan
coil or multiple indoor fan coils (zones), refrigerant and
condensate piping, electrical wiring, and a thermostat (Figure 5
shows the primary components of the mini split with the indoor
fan coil shown at the top). Total system capacities are
commonly 0.75-ton (9,000 BTUH), 1-ton, 1.5-ton, 2-ton, and
larger. The indoor fan coil capacities start at 6,000 BTUH.
Efficiency ranges are 13 to 26 SEER and 7.7 to 10.5 HSPF. DSHPs
are available with standard compressors or inverter-driven
compressors; the inverter technology with variable refrigerant
flow provides much higher efficiencies, higher discharge air
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Figure 5. Components of a
Mini-Split Heat Pump
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temperatures, and consistent heating capacities at lower outdoor temperatures. The inverter heat pump
capacities are commonly selected to meet heating requirements; these systems can ramp-down to about
25% capacity so that latent cooling performance is not sacrificed during the humid summer months.
The ductless indoor fan coils distribute the conditioned air through oscillating fan blades and are most
commonly installed high on a wall. Floor and ceiling consoles are available but are not as common for
residential applications. Ducted indoor fan coils are also available and these could be a solution for the
second floor bedrooms and bath, or for the entire unit, if space could be made for the air handler and
duct system as described above.
For the typical unit with a central stairway, one fan coil installed in the living room may or may not
provide adequate comfort to the dining room and kitchen. In some cases, a second fan coil may be
required for the first floor or in larger additions. Similarly, one fan coil in each of the two bedrooms may
not provide the same temperature in the bath room or in a third bedroom or hallway (for smaller two
bedroom units, one fan coil in one bedroom may not provide the same comfort in the other bedroom).
As the outdoor temperature drops during the heating season, the existing electric baseboard or ceiling
heaters would likely be required for supplemental heat in rooms without a fan coil.
Generally, the DSHP systems are quiet, efficient, and provide zone control. The single-point heating and
cooling strategy on the first floor and single-point or two-point strategy on the second floor is most
effective and comfortable in well insulated houses. Occupant disruption is minimal during the installation
of DSHP systems.
A budget estimate for a 2-ton inverter heat pump with three fan coils (zones) is $10 to 13,000 installed,
including the electric circuit to the outdoor unit. A 3-ton inverter heat pump with four zones is
estimated at $18,000. A 1.5-ton or 2-ton inverter heat pump with two zones is estimated at $8 to
10,000.
An unconventional approach using a DSHP would be to install one fan coil in the living room, sized to heat
and cool the entire unit, with an independent fan to distribute air upstairs. This fan, for example, could be
ducted from a return grille in the first floor ceiling to supply registers in the bedrooms. Transfer grilles
through the bedroom walls above the doors would be recommended to provide a low-resistance return air
path when doors are closed. This would be the least expensive DSHP approach (budgetary installed cost of
$7,000-$8,000), but it is important to identify such a system as experimental until the design details are
developed and the performance tested.
A summary of the Pros and Cons of the Ductless Heat Pump Systems –
Pros
 Provides heating, cooling, and dehumidification
 Very energy efficient
 Very quiet operation
 Least disruptive to occupants during installation
 Zone control (but not each individual room, for rooms without a fan coil)
Home Innovation Research Labs
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Inverter DSHP systems modulate for optimum energy efficiency and
occupant comfort
Compact outdoor unit may be installed on a frame attached to the
wall
Initial cost – compared to other solutions

Cons
 Indoor fan coil may be aesthetically objectionable
 Fan coils are commonly not installed with electric supplemental
heat, so existing electric baseboard and ceiling heaters may operate
during colder weather, particularly in rooms without a fan coil.
 Initial cost

Figure 6. Wall Mounted
Resistance Heater with Fan

Electric Heat
Most GHI homes are heated with electric resistance heat using electric
baseboard heaters in all rooms except some kitchens and baths that use
electric ceiling heaters. This method is inexpensive to install and provides
heat to each room and zone control since each heater may be
controlled separately. Unfortunately, this heating system is more
expensive to operate than a heat pump system. Since the baseboard
heaters rely on natural convection for air mixing, the heating operation
may result in less comfort than with forced air systems. Electric heating
options include leaving the existing electric baseboard heaters which is
the low cost option. While keeping the same technology, the electric
baseboard heaters can be replaced with fan-powered heaters (Figure 6)
installed on a wall away from curtains and furniture to enhance comfort.
These units can be more easily controlled using wall mounted or wireless
thermostats (some are even programmable).
A less conventional electric heating option is to use radiant panel (Figure 7)
technology in place of the electric baseboard heaters. The radiant panel
technology is designed to heat the individual directly through radiant heat
transfer. Similar to feeling the warmth of direct sun on a cold clear day, the
panels use the similar physical principal. As with the electric baseboard
heaters, each panel would be controlled independently. A simple layout
(Figure 8) was provided by the manufacturer. Since the effectiveness of the
panels increases significantly with ceiling installation, wiring would need to
be run from a wall location to the ceiling. In most cases, the existing electric
circuits used for the electric baseboard heaters could be repurposed for use
with the radiant panels.
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Figure 7. Radiant Heat Panel
Typically Ceiling Mounted

Figure 8. Example Ceiling Layout
for Radiant Panels
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While electric resistance heating has been the more expensive option for heating costs, the improved
thermal enclosures resulting from the pilot program may reduce heat losses to the point where the cost
of operating straight electric heat is affordable compared to the installation and operating costs of the
alternatives.
A budget estimate for fan-powered heaters is $200 to $400 per heater (a typical unit would require six
to eight heaters), plus installation and electrical wiring. Alternatively, substitute plug-in 5,200 Btuh
(1,500 Watt) infrared quartz heaters with blowers, three or four required per unit, at $200 to $300 per
heater, plus electrical wiring as required. The radiant panel option is estimated at similar costs to the
wall mounted fan-powered heaters.
A summary of the Pros and Cons of Electric Heat –
Pros
 Quiet operation
 Least disruptive to occupants during installation
 Provides zone control
 Lowest installation cost
 Lowest maintenance cost
 Fan-powered and plug-in heaters may be more effective and flexible than electric baseboard
heaters
 More precise room-by-room control
Cons
 Most expensive heat to operate
 Does not address cooling and dehumidification
 Fan-powered and radiant electric heaters would require re-wiring

Calculated Heat Loss and Heat Gain
Home Innovation engineers calculated the heat loss (winter) and heat gain (summer) for a few units that
were selected as representative of the range of current home performance for the GHI community. The
space conditioning loads were calculated for both the before and after the building enclosure energy
efficiency improvements are implemented. The results of the estimated loads are summarized in Table 1.
For the brick homes which were previously modeled as having lower loads than the other building types
shows a much smaller improvement in reduced loads following the envelope upgrades (18%, both end
and interior units) than the block unit (66% end unit, 56% interior unit). The effectiveness of the
envelope upgrades is much larger for the block buildings and would result in a significantly different size
for any heating system upgrades. The importance of proper design sizing of the heating (and cooling)
system is essential to a successful application of the technology. Also, the sizing exercise demonstrates
the similarity in required heating and cooling capacities for the brick homes and the large discrepancy
between the heating and cooling capacities for the uninsulated block buildings.
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Table 1. GHI Heating and Cooling Load Calculations (ACCA Manual J8)

Unit

Construction

Orient

FB-5

Brick

SW

FB-6

Brick

SW

B-3

Block

S

B-4

Block

S

A

A

Before
B
After
C
Before
D
After
E
Before
F
After
G
Before
H
After

Heat loss
(winter)
BTUH
16,626
13,592
15,426
12,613
20,614
9,067
41,672
14,056

Sensible
heat gain
BTUH
16,802
10,318
15,038
9,555
11,130
4,928
22,355
8,932

Latent
heat gain
BTUH
1,356
1,845
1,400
1,868
1,289
1,758
1,674
2,307

Total gain
(summer)
BTUH
18,158
12,163
16,438
11,423
12,419
6,686
24,029
11,239

R-19 attic, R-11 walls, U55/SHGC70 windows, R-5 closed crawl, semi-tight (0.39 ACH winter, 0.21 ACH summer), no
mechanical ventilation
B
R-38 attic, R-11 walls, U30/SHGC30 windows, R-10 closed crawl, tight (0.20 ACH winter, 0.11 ACH summer), 34 CFM
exhaust mechanical ventilation (ventilation loads (BTUH): 1918 heat, 592 sensible, 849 latent)
C
Same as FB-5, note A
D
Same as FB-5, note B
E
R-26 roof, uninsulated walls approximately R-3, U55/SHGC70 windows, R-5 closed crawl, semi-tight (0.47 ACH winter, 0.25
ACH summer), no mechanical ventilation
F
R-26 roof, R-12 walls, U30/SHGC30 windows, R-10 closed crawl, tight (0.24 ACH winter, 0.13 ACH summer, 32 CFM exhaust
ventilation (ventilation loads (BTUH): 1805 heat, 557 sensible, 800 latent)
G
Same as B-3, note E, except semi-tight (0.39 ACH winter, 0.21 ACH summer)
H
Same as B-3, note F, except tight (0.20 ACH winter, 0.11 ACH summer) and 42 CFM mechanical ventilation (ventilation
loads (BTUH): 2369 heat, 732 sensible, 1049 latent)

Anecdotal information from a GHI homeowner has indicated that in a block home, the ductless heat pump
system provides sufficient heating until the outdoor temperature drops below around 30°F. During very
cold outdoor periods, use of the existing baseboard heat is necessary to supplement the heat pump
system. While only an anecdotal result, this homeowner experience highlights two important points:
1. Sizing the heat pump system to meet loads is necessary; however, as shown Table 1 above,
matching the heating load and cooling load to properly size the system can be difficult,
especially in less insulated homes (i.e., block homes).
2. Air distribution is an important aspect of the heating and cooling system. Currently, GHI homes
have heating in each room. Use of a ductless or even ducted heat pump system may not serve
every room of the home and therefore still require use of electric heat.

Ductless Heat Pump System Energy Estimates
Based on the range of equipment types, installation methods, and efficiency options, the Ductless Heat
Pump technology was selected for the energy and cost analysis. This system was selected because of its:




overall performance to distribute conditioned air with little loss;
high efficiency equipment options available; and
generally lower installed costs compared with the next best options.
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Based on the original building data that was compiled for the envelope upgrade energy efficiency
simulations, new simulations were performed to include the use of heat pump technology for space
heating. Simulations were configured to substitute a ductless heat pump for the resistance heat used in
the original simulations. The simulations were run under the assumption that the ductless heat pump
will condition the entire living space without distribution losses, similar to the assumption for the
baseboard electric heat. This approach provides the most optimistic outcome for energy and cost
savings when using electric heating options.
As an example of possible distribution losses, heat pump units installed in the attic space of the brick or
vinyl homes and with ducting through the attic to the rooms will have both air leakage and conduction
losses. In some HVAC systems, these losses can be large, exceeding 20% of the system output. For this
reason, heat pumps installed in the attic space were not analyzed for this analysis but are a viable
alternative should the homeowner prefer a ducted system.
Other potential energy penalties not included in the simulation are those for example in the block
homes employing an efficient heat pump strategy without completion of building envelope thermal
improvements. Without the added thermal resistance on the outside (or inside) of the block walls, the
heat loss toward the exterior may be sufficiently high that on very cold days some supplemental heat
(from remaining baseboard units) may be required. Any supplemental heat that may be required has
not been estimated in these simulations.
Simulations were run for representative pilot homes in each of the given building configurations. For
example the simulation model developed for unit B-2 also applies to unit B-3. Where multiple homes
were unique in a building, more simulation models were utilized.
These new simulations were run to evaluate the addition of an efficient ductless heat pump system to
the homes with the envelope upgrades and without the envelope upgrades. This approach allows for
energy and cost savings to be assessed for both the pre- and post- (building envelope) retrofit condition
of the homes.
Energy use simulation estimates for selected modeled homes is shown in Figure 9. The energy use
estimates are for heating energy only and does not include air conditioning the homes in the summer.
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18,000

Envelope only

18,000

17,000

Envelope + Heat Pump

17,000

Total Annual Electrci Energy Use, kWh

15,000

Heat Pump only
Existing

16,000

15,000

14,000

14,000

13,000

13,000

12,000

12,000

11,000

11,000

10,000

10,000

9,000

9,000

8,000

8,000

7,000

7,000

6,000

6,000

5,000

5,000

4,000

4,000

3,000

3,000

2,000

2,000

1,000

1,000

0

Total Annual Electric Energy Use, kWh

16,000

0

Figure 9. Annual Estimate of Electricity Use Comparison

The light blue (background) column indicates the energy use of the exiting home. The red column shows
the projected energy use when only the building envelope upgrades are employed whereas the purple
column shows the simulated energy use when the heat pump, only is upgraded. The green column
between these two shows expected energy use after the pilot program upgrades (building envelope and
HVAC) have been fully deployed.
Figure 10 shows another representation of the building envelope, HVAC, and full pilot program upgrade
simulation estimates using the percent energy savings relative to the existing condition without any
upgrades.
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50%

Envelope only

Envelope + Heat Pump

Heat Pump only

45%

Percent Energy Savings Over Existing

40%

35%

30%

25%

20%

15%

10%

5%

0%

Figure 10. Percent Savings over Existing Conditions

Summary comparisons include:


The largest percentage of energy savings is achieved by employing both a building envelope and
an HVAC upgrade strategy in all houses, with a minimum 20% whole house energy savings to
over 40% for the block homes.




Block homes with envelope upgrades show the largest energy savings for all of the upgrade
scenarios.
The simulations indicate that the use of the efficient heat pump system alone results in nearly as
much or more energy savings than the envelope upgrades alone for each of the building styles.
Cooling energy was not analyzed.



The heat pump technology provides the added feature of central cooling.
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Cost Analysis for the Ductless Heat Pump System
The energy savings estimates based on the simulations does provide a perspective of the potential for
energy savings for the various building construction types. These energy savings are then analyzed in
comparison with the cost investment using the same methodology developed for the envelope upgrades.
The cost for the heat pump systems was investigated through pricing estimates (some provided by GHI
members) and through discussions with HVAC companies, and other resources. For most GHI homes, a
configuration of ductless heat pump technology was used that includes one outdoor unit serving three
indoor distribution fan coils (one in the living room, one in each bedroom, but none in the bathroom or
storage room/bedroom 3 where applicable; existing electric baseboard and ceiling heaters would provide
supplemental heat as needed in areas without a fan coil). This system was selected due to the highest
performance for the least installed cost. This would provide the most favorable economic analysis. The
estimated cost for a building of 4 homes is estimated at $48,000, or $12,000 average per home. While this
estimated cost can range approximately $2,000 in either direction, the average is in line with cost
estimates from various sources.
The following tables provide a payback analysis based on energy savings attendant to each of the
upgrade phases; envelope, HVAC (heat pump), and both. The original cost analysis was presented using
both a net present value analysis and a simple payback analysis. The table format was retained for
consistency. The analysis is performed for the heating system operation only so any cooling savings,
which are highly member dependent, would accrue in addition to the savings identified here.
Table 2 shows the original cost analysis performed for the envelope upgrades alone. The table indicates
that there is a positive cash flow for all but one of the upgrade configurations. For the positive cash flow
configurations (all but column 8), simple paybacks range from 9 to 22 years and are much lower than
the anticipated useful life of the upgrades.
When the heat pump technology is included in the analysis, the results shown in Table 3 demonstrate
the significant change in the economics of the combination of the envelope and heat pump upgrades.
These results show that there are few opportunities for positive cash flow and the payback range
lengthens to 18 to 34 years.
The third analysis is performed to evaluate the use of the heat pump technology aside from and
independent of the envelope upgrades (Table 4). The analysis is performed over a 15 year time frame in
similar manner as the envelope upgrades that were performed over a 30 year time frame. Here the
results demonstrate no positive cash flows on a net present value basis due to the shorter loan period.
Payback analysis however, does indicate a reasonably good payback for the block homes but not so for
the other house types. To reiterate however, the only benefit in this analysis is utility cost savings and
ignores other benefits from upgraded heating systems.
Absent from the analysis is the inclusion of maintenance costs for the heat pump technology (the
estimated cost for an annual service contract is $160-200, not including potential repairs in later years).
The reason for this exclusion is that it is not clear how the maintenance of the mechanical systems,
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should they fall under GHI maintenance procedures, would be included in the membership structure. A
wide range of cost estimates for this maintenance service would be expected depending on the
direction chosen, and this cost should be considered in the evaluation of the pilot program.
This economic analysis would lead to the conclusion that the upgrade to the heating system is not a
viable option based on energy savings alone. Other details that are not taken into account in this type of
economic analysis but influence the long-term costs/benefits are:


The heat pump system does provide cooling which is often provided by wall or window units.



The heat pump system may provide better distribution of conditioned air than baseboard
electric heat that relies on natural convection which impacts physical comfort



The heat pump system will require replacement in 15 to 20 years and some annual maintenance



As with the existing electric baseboard heat, the heat pump will not operate when electrical
power fails



Implementation of the heat pump without envelope upgrades may result in a more costly
system and continued use of some electric resistance heat

There are practical considerations for DSHP systems:


Conventional air source heat pumps in this climate require electric resistance heaters installed in
the fan coil to provide supplemental heat (as the outdoor temperature drops), heat during the
defrost cycle, and backup heat if the heat pump stops working. DSHP systems with inverter
technology can be sized to handle the entire heating load, and the fan in the fan coil normally
does not operate during defrost cycles, so the DSHP systems generally do not have electric
supplemental heat installed in the air handler.



The existing electric baseboard and ceiling heaters should be left in place as supplemental heat,
particularly in any room without an indoor fan coil (e.g., bath rooms), because the heat may not
be adequately distributed to areas of the house away from the fan coils. These will also provide
backup heat. The electric baseboard heater in the living room near the DSHP air handler could
be disconnected as required to provide power for the DSHP system.



The DSHP system may extend the life of the existing electric heaters (these will not operate as
much or at all).



The DSHP system may satisfy the thermostat and slow down (variable speed inverter
compressors) or turn off before other areas of the house are comfortable. For example, an air
handler installed in the living room near the back of the house may satisfy the thermostat
before the kitchen is comfortable. Installing the thermostat in a different location or adjusting
the thermostat set point may be necessary to improve comfort and minimize existing electric
heater operation.



Occupants may not be used to the air flow from heat pump systems. The DSHP fan coils should
be located, or furniture may need to be relocated, to minimize uncomfortable drafts.
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$16,400
$5,200

$16,400
$5,200

$42,549
($3,397)

Net Cost after Reserves are Applied to
Subtotal

Annual Mortage (Net of Reserves), 7%

17.4

$54,498

$5,200

$16,400

$3,076

$29,822

BV

R-12

$32,069

$6,037

$7,392

$29,095

($5,200)

($16,400)

$32,898

($5,200)

($16,400)

$10,469

($5,200)

($16,400)

$24,906

($4,280)

($16,400)

($13,860)

$59,446

$7,729

$4,280

$16,400

$25,000

FV

$5,200

$16,400

$3,076

FB

R13ex F+R-7

R13ex F

Less Reserves Per GHI 2008 Report

$50,695

$5,200

$16,400

$3,076

$26,019

B

R-12

Frame VinylSided
Buildings

Masonry Brick
Frame
Buildings

$36,482

($4,280)

($16,400)

($13,860)

$71,022

$7,729

$6,037

$4,280

$16,400

$36,576

FV

R13ex F+R-7

Buildings C

Frame Fiber
Cement

21.9

$5,135

$6,516

$2,680

($228)

$700

($4,290)

17.2

$21,318

$22,768

$2,680

$595

$734

($4,503)

8.9

$48,632

$49,380

$2,680

$595

$379

($2,323)

16.0

$16,319

$17,165

$2,058

$428

($2,626)

14.9

$6,319

$6,588

$702

$136

($836)

18.7

$6,926

$7,567

$1,331

$324

($1,988)

48.0

($17,731)

($16,793)

$1,331

($571)

$475

($2,913)

17.6

$10,231

$10,965

$1,621

$372

($2,279)

$28,544

($4,280)

($16,400)

($13,860)

$63,084

$7,729

$6,037

$4,280

$16,400

$28,638

FV

R13ex F+R-12

Frame VinylSided
Buildings

EIFS and fiber cement show n w ith B1-B4 savings. Masonry block w ith vinyl siding added is show n w ith B1-4 savings. Masonry block vinyl-sided building show n w ith BV3-BV6 savings (a building currently clad w ith
vinyl siding.) Frame brick modeled after FB-1 & 2. Frame vinyl-sided and frame fiber cement modeled after FV1-4. BV-5 and BV-6 (w alkout basements) w ere modeled w ith R-13 adjacent the craw lspace and end w alls.
No cost to include this has been included in the tables. The B building w ith added vinyl is a model of a block building w ith vinyl siding added. The difference in installation cost betw een B and BV buildings is the cost to
remove and dispose of the existing vinyl cladding. Note that there is also a modeled difference in energy savings betw een a masonry block building w ithout vinyl siding (B) vs the BV building w ith existing vinyl siding
installed.
C
The fiber cement product estimated for the B buildings carries a 50-year w arranty on the material in the stone/brick-look finish. The fiber cement product estimated for the FV buildings is James Harde horizontal lap
siding and its maintenance cost covers painting every 10 years.
D
Floor insulation in the FV buildings is show n net of allocated costs to remove and install R-19 FG batts ($6-$1.44 = $4.56 per sf), the cost of installing the foam insulation is estimated at $10,170.
E
The Net Cost after Reserves are Applied to the Subtotal divided by the Estimated Annual Energy Savings minus the increased annual maintenance.
F
R13ex refers to an existing frame w all w ith R-13 already retrofitted in the w all cavities (1980's upgrade program)
G
Annual maintenance includes new maintenance costs for the installed cladding materials minus the current maintenance costs for the building.
H
The Present Value of the Cash flow based on a home mortgage to finance the upgrades. The Present Value includes a calculation of the mortgage interest tax deduction.
I
The Present Value is calculated based on the cash flow of a one-time investment in the upgrades and annual savings and net maintenance costs.

B

Sim ple Payback in Years

$16,321

Present Value of Cash Paym ent (30 year
period) I

E

$17,415

Present Value of Mortgage Paym ent (30
year period) H

$2,680

($228)

Cladding, (Annual Maintenance Maintenance Saved) G

Estim ated Annual Energy Savings B

$554

Average Annual Mortage Interest
Deduction (30 years @ 28% rate)

$56,409

($5,200)

($16,400)

$78,009

$5,200

$16,400

$3,076

$53,333

B

R-12

Vinyl SidingB

Masonry Block

Estimated Annual Cost of Energy Efficiency Features and Building Cladding not Reserved

$53,735

($5,200)

($5,200)

Doors

Window s

($16,400)

$75,335

$3,076

$64,149

$50,659

$3,076

B

B
$39,473

R-12

Masonry Block
Masonry Block
Masonry Block
(EIFS With
with added
B,C
Fiber
Cement
Stencil)B
Vinyl SidingB

R-12

(EIFS)B

Masonry Block

($16,400)

Vinyl Siding

Subtotal

Floor Insulation D

Attic Insulation

Exterior Doors

Window s

Craw lspace/Slab Insulation

Cladding & Insulation

Installed Features

Unit Code

Approximate Wall R-value

Building Construction

Table 2. Envelope Upgrade Economic Analysis
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($7,261)
$1,184

Annual Mortage (Net of Reserves), 7%

Average Annual Mortage Interest
Deduction (30 years @ 28% rate)

$48,400

$54,498

$5,200

$16,400

$3,076

$29,822

BV

$48,400

$32,069

$6,037

$7,392

$77,495

($5,200)

($16,400)

$81,298

($5,200)

($16,400)

$58,869

($5,200)

($16,400)

$73,306

($4,280)

($16,400)

($13,860)

$48,400

$59,446

$7,729

$4,280

$16,400

$25,000

FV

R13ex +R-7

F

Frame VinylSided
Buildings

$5,200

$16,400

$3,076

FB

R13ex

Less Reserves Per GHI 2008 Report

$48,400

$50,695

$5,200

$16,400

$3,076

$26,019

B

R-12

F

Masonry Brick
Frame
Buildings

$84,882

($4,280)

($16,400)

($13,860)

$48,400

$71,022

$7,729

$6,037

$4,280

$16,400

$36,576

FV

F

R13ex +R-7

Buildings

28.5

($16,109)

($13,483)

$3,816

($228)

$1,330

($8,154)

23.8

$74

$2,769

$3,816

$595

$1,365

($8,368)

17.6

$27,388

$29,381

$3,816

$595

$1,009

($6,187)

24.5

($2,036)

$55

$3,314

$1,059

($6,491)

31.9

($14,706)

($13,192)

$1,847

$767

($4,700)

34.3

($22,171)

($20,286)

$2,138

$955

($5,852)

C

Frame Fiber
Cement

54.2

($46,828)

($44,645)

$2,138

($571)

$1,105

($6,777)

Estimated Annual Cost of Energy Efficiency Features and Building Cladding not Reserved

$104,809

($5,200)

($16,400)

$48,400

$78,009

$5,200

$16,400

$3,076

$53,333

B

R-12

B

Vinyl Siding

Masonry Block

31.7

($18,874)

($16,895)

$2,428

$1,002

($6,143)

$76,944

($4,280)

($16,400)

($13,860)

$48,400

$63,084

$7,729

$6,037

$4,280

$16,400

$28,638

FV

F

R13ex +R-12

Frame VinylSided
Buildings

EIFS and fiber cement show n w ith B1-B4 savings. Masonry block w ith vinyl siding added is show n w ith B1-4 savings. Masonry block vinyl-sided building show n w ith BV3-BV6 savings (a building currently clad w ith
vinyl siding.) Frame brick modeled after FB-1 & 2. Frame vinyl-sided and frame fiber cement modeled after FV1-4. BV-5 and BV-6 (w alkout basements) w ere modeled w ith R-13 adjacent the craw lspace and end w alls.
No cost to include this has been included in the tables. The B building w ith added vinyl is a model of a block building w ith vinyl siding added. The difference in installation cost betw een B and BV buildings is the cost to
remove and dispose of the existing vinyl cladding. Note that there is also a modeled difference in energy savings betw een a masonry block building w ithout vinyl siding (B) vs the BV building w ith existing vinyl siding
installed.
C
The fiber cement product estimated for the B buildings carries a 50-year w arranty on the material in the stone/brick-look finish. The fiber cement product estimated for the FV buildings is James Harde horizontal lap
siding and its maintenance cost covers painting every 10 years.
D
Floor insulation in the FV buildings is show n net of allocated costs to remove and install R-19 FG batts ($6-$1.44 = $4.56 per sf), the cost of installing the foam insulation is estimated at $10,170.
E
The Net Cost after Reserves are Applied to the Subtotal divided by the Estimated Annual Energy Savings minus the increased annual maintenance.
F
R13ex refers to an existing frame w all w ith R-13 already retrofitted in the w all cavities (1980's upgrade program)
G
Annual maintenance includes new maintenance costs for the installed cladding materials minus the current maintenance costs for the building.
H
The Present Value of the Cash flow based on a home mortgage to finance the upgrades. The Present Value includes a calculation of the mortgage interest tax deduction.
I
The Present Value is calculated based on the cash flow of a one-time investment in the upgrades and annual savings and net maintenance costs.
J
Savings based on heating energy only, cooling energy use exluded

B

25.3

($4,923)

Present Value of Cash Paym ent (30 year
period) I

Sim ple Payback in Years

($2,584)

Present Value of Mortgage Paym ent (30
year period) H

E

$3,816

Estim ated Annual Energy Savings B,J

Cladding, (Annual Maintenance Maintenance Saved) G

($228)

$90,949

Net Cost after Reserves are Applied to
Subtotal

$102,135

($5,200)

($5,200)

Doors

Window s

($16,400)

$48,400

$5,200

$5,200

$48,400

$16,400

$16,400

$75,335

$3,076

$3,076

$64,149

$50,659

$39,473

B

B

R-12

Masonry Block
Masonry Block
Masonry Block
(EIFS With
with added
B,C
Fiber Cement
B
Stencil)
Vinyl SidingB
R-12

B

R-12

(EIFS)

Masonry Block

($16,400)

Vinyl Siding

Subtotal Envelope
Ductless Heat Pum p, 18SEER/9.2HSPF, 2
Speed

Floor Insulation D

Attic Insulation

Exterior Doors

Window s

Craw lspace/Slab Insulation

Cladding & Insulation

Installed Features

Unit Code

Approximate Wall R-value

Building Construction

Table 3. Envelope Plus Heat Pump Upgrade Economic Analysis
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$48,400

$0

$0
$48,400

BV

$48,400

$48,400

$0
$48,400

FB

R13ex

$48,400

Less Reserves Per GHI 2008 Report

$48,400

B

R-12

F

Masonry Brick
Frame
Buildings

$0

$48,400

$48,400

FV

R13ex +R-7

F

Frame VinylSided
Buildings

18.7

($13,619)

($5,678)

$2,593

$558

($5,220)

18.7

($13,619)

($5,678)

$2,593

$558

($5,220)

18.7

($13,619)

($5,678)

$2,593

$558

($5,220)

25.8

($23,244)

($15,303)

$1,875

$558

($5,220)

23.0

($20,199)

($12,258)

$2,102

$558

($5,220)

24.7

($22,113)

($14,171)

$1,960

$558

($5,220)

$0

$48,400

$48,400

FV

F

R13ex +R-7

Buildings

C

Frame Fiber
Cement

24.7

($22,113)

($14,171)

$1,960

$558

($5,220)

$0

24.7

($22,113)

($14,171)

$1,960

$558

($5,220)

$48,400

$48,400

FV

F

R13ex +R-12

Frame VinylSided
Buildings

EIFS and fiber cement show n w ith B1-B4 savings. Masonry block w ith vinyl siding added is show n w ith B1-4 savings. Masonry block vinyl-sided building show n w ith BV3-BV6 savings (a building currently clad w ith
vinyl siding.) Frame brick modeled after FB-1 & 2. Frame vinyl-sided and frame fiber cement modeled after FV1-4. BV-5 and BV-6 (w alkout basements) w ere modeled w ith R-13 adjacent the craw lspace and end w alls.
No cost to include this has been included in the tables. The B building w ith added vinyl is a model of a block building w ith vinyl siding added. The difference in installation cost betw een B and BV buildings is the cost to
remove and dispose of the existing vinyl cladding. Note that there is also a modeled difference in energy savings betw een a masonry block building w ithout vinyl siding (B) vs the BV building w ith existing vinyl siding
installed.
C
The fiber cement product estimated for the B buildings carries a 50-year w arranty on the material in the stone/brick-look finish. The fiber cement product estimated for the FV buildings is James Harde horizontal lap
siding and its maintenance cost covers painting every 10 years.
D
Floor insulation in the FV buildings is show n net of allocated costs to remove and install R-19 FG batts ($6-$1.44 = $4.56 per sf), the cost of installing the foam insulation is estimated at $10,170.
E
The Net Cost after Reserves are Applied to the Subtotal divided by the Estimated Annual Energy Savings minus the increased annual maintenance.
F
R13ex refers to an existing frame w all w ith R-13 already retrofitted in the w all cavities (1980's upgrade program)
G
Annual maintenance includes new maintenance costs for the installed cladding materials minus the current maintenance costs for the building.
H
The Present Value of the Cash flow based on a home mortgage to finance the upgrades. The Present Value includes a calculation of the mortgage interest tax deduction.
I
The Present Value is calculated based on the cash flow of a one-time investment in the upgrades and annual savings and net maintenance costs.
J
Savings based on heating energy only, cooling energy use exluded

B

18.7

($13,619)

Present Value of Cash Paym ent (15 year
period) I

Sim ple Payback in Years

($5,678)

Present Value of Mortgage Paym ent (15
year period) H

E

$2,593

Estim ated Annual Energy Savings B,J

Cladding, (Annual Maintenance Maintenance Saved) G

$558

($5,220)

Average Annual Mortage Interest
Deduction (15 years @ 28% rate)

Annual Mortage (Net of Reserves), 7%

$0
$48,400

B

R-12

B

Vinyl Siding

Masonry Block

Estimated Annual Cost of Energy Efficiency Features and Building Cladding not Reserved

$48,400

$48,400

$48,400

$48,400

$0

$0

B

B

R-12

Masonry Block
Masonry Block
Masonry Block
(EIFS With
with added
B,C
Fiber Cement
B
B
Stencil)
Vinyl Siding
R-12

B

R-12

(EIFS)

Masonry Block

Net Cost after Reserves are Applied to
Subtotal

Doors

Window s

Vinyl Siding

Subtotal Envelope
Ductless Heat Pum p, 18SEER/9.2HSPF, 2
Speed

Floor Insulation D

Attic Insulation

Exterior Doors

Window s

Craw lspace/Slab Insulation

Cladding & Insulation

Installed Features

Unit Code

Approximate Wall R-value

Building Construction

Table 4. Heat Pump Only Upgrade Economic Analysis
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Cost Comparison for Other Heating System Options
Heating system options other than the ductless systems do not lend themselves to good estimates for
costs, either for installation or operation. This is due to the increased complexity of the installation for
all other technologies and a higher degree of uncertainty in the energy performance. However, based on
experience with conventional systems, and incorporating known costs for hardware, a comparison of
other heating systems can be compared to the ductless heat pump system used in the analysis above.
Table 5 summarizes the relative costs associated each option.
Table 5. Summary of Heating System Options Compared with the Ductless HP Option

Ducted Heat Pump
GSHP (hydronic fan coils)
Electric Fan Unit
Electric radiant panels

Installation Cost
Slightly Higher
Much Higher
Much lower
Somewhat lower

Efficiency
Slightly lower or Equal
Slightly Better
Much lower
Much lower

Supplemental Heat
Same as ductless
Less than ductless
none
none

The summary relative cost and efficiency estimates would lead to the following general conclusions:


The overall lifecycle cost (including installation and energy savings) for the ducted heat pump
system would be slightly lower than the ductless system but the comfort for the system is
slightly higher since there are diffusers in each room. The cost of installation could be much
higher if the construction of bulkheads is required.



The GSHP system will require a further analysis when tax and other incentives are included.
There are technical and installation issues that will also require resolution prior to any field test.
Current residential incentives are 30% federal tax credit through 2016, $3,000 state rebate, and
up to $5,000 county property tax incentive. The availability of state and county incentives
beyond 2013 is unknown. It is not clear how these incentives would apply at GHI.



Electric wall fan units are expected to provide a higher level of comfort and be more easily
controlled. Whether this translates into energy savings is unknown. Costs for the fan units are
higher than the electric baseboard heaters and will require wiring modifications.



Electric radiant panels are more expensive than the fan units and will require even more wiring
modifications. The comfort and control aspects of the system operation will require further
investigation.
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Heating System Option Summary Matrix
This report provides an overview of heating system options that could be used in GHI housing. Based on
installed cost and energy savings estimates, a ductless heat pump system was selected as the least cost
option to install and operate a higher efficiency heating system than the current electric baseboard
heaters.
However, there are various attributes associated with different heating systems and in some cases
different attributes associated with the various building types in GHI. As a summary of these attributes
and to highlight the comparison among the different systems and housing units, Table 6 through Table 8
are provided for each housing type (a scale of 1 to 5, 5 indicates most positive for the attribute). The
evaluation is performed based on heating season performance and does not include cooling season
attributes. The community attribute was based on non-energy, non-cost considerations such as the
visual or outdoor noise impact of numerous outdoor units and green/environmental considerations of
equipment.
Table 6. Attribute Comparison – Block Units

Ducted
Ductless
Block Units
Heat
Heat
Pump
Pump
Energy Savings
4
3
3
Interior Comfort
5
4
3
Interior Noise
5
3
4
1
Maintenance
5
3
2
Disruption During Install
4
1
3
Life Cycle Cost2
5
4
4
Community
2
2
3
1
Based on siding over furring, EIFS would score approximately 3
2
Does not include any tax or financing incentives
Envelope
EBB Heat

GSHP
4
3
3
2
2
3
5

Electric
Heat
Upgrades
2
4
5
4
3
5
5

Envelope
& Heat
Pump
5
5
4
3
3
2
2

Electric
Heat
Upgrades
2
4
5
4
3
4
5

Envelope
& Heat
Pump
4
5
4
3
3
2
4

Table 7. Attribute Comparison – Brick Units

Ducted
Brick Units
Heat
Pump
Energy Savings
2
3
Interior Comfort
4
4
Interior Noise
5
3
Maintenance
5
3
Disruption During Install
4
1
Life Cycle Cost1
5
2
Community
5
2
1
Does not include any tax or financing incentives
Envelope
EBB Heat
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Ductless
Heat
Pump
3
3
4
2
3
2
3

GSHP
4
3
3
2
2
2
5
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Table 8. Attribute Comparison – Vinyl Units

Ducted
Heat
Pump
Energy Savings
4
3
Interior Comfort
4
4
Interior Noise
5
3
Maintenance
5
3
Disruption During Install
4
1
Life Cycle Cost1
5
3
Community
5
2
1
Does not include any tax or financing incentives
Vinyl Units

Envelope
EBB Heat

Ductless
Heat
Pump
3
3
4
2
3
3
3

GSHP
4
3
3
2
2
2
5

Electric
Heat
Upgrades
2
4
5
4
3
4
5

Envelope
& Heat
Pump
5
5
4
3
3
2
4

Cooling
The heat pump alternatives inherently provide central cooling if the occupant chooses to use this
feature. Central cooling energy can be estimated using industry standards that include defined indoor
and outdoor conditions, but this is difficult to compare to current energy use for cooling provided by
window or through-the-wall air conditioners. Window and wall air conditioners are commonly operated
as needed, and therefore may use a modest amount of energy even if they are relatively inefficient
models. For example, a small capacity bedroom air conditioner may be operated only at night, or a
larger capacity air conditioner (such as a through-the-wall unit frequently installed at the top of the
stairs throughout the GHI community) may be turned off completely during the day when no one is
home.
Current actual cooling energy use, estimated based on evaluating energy bills, appears to vary widely
compared to the constant cooling approach used for the simulated central cooling energy, even after
building envelope upgrades. This is likely due to occupant operation of the air conditioners, as described
above, despite the much more efficient heat pumps selected for the energy simulations. For analysis
purposes, the cooling energy use of the high efficiency heat pumps could be compared to two or three
window or wall air conditioners controlled with integral thermostats, but the energy savings would be
hypothetical based simply on the different efficiency ratings. Occupants may decide to run the central
systems conventionally (set the thermostat and allow the system to run) to enjoy the comfort benefits
of cooling and dehumidification, and this would not result in actual cooling energy cost savings for most.

Summary Conclusions
The information and analysis provided in this report are intended as an overview of the heating and
cooling system options for the GHI homes. Based on the review of commercial technologies, installation
requirements for existing homes without ducted systems, and performance estimates the following
comments are offered:
•

Fuel fired (natural gas or propane) systems are not recommended at this time due to the lack of
infrastructure and cost of implementing the technology in homes without venting provisions.
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•

Commercial type heating and cooling equipment (PTAC) do not provide the sufficient range of
efficiencies and installation options needed for GHI homes.

•

Traditional air source heat pump technology is a viable option but does require indoor space for the
air handler and extensive construction to accommodate the duct system.

•

Location of heating and cooling equipment in the attic or outdoors will lower the efficiency of the
system and/or increase costs to insulate and air seal for higher performance. The energy penalty for
locating the equipment in the attic is roughly 15%.

•

Based on extensive discussions with a Ground Source Heat Pump (GSHP) company, this technology
would require both an indoor air handler and ducting (similar to the air source heat pump) or may
be used in a water-based heating (and cooling) system. The water-based system would require
retrofit of piping to each home from the GSHP equipment and installation of three to six fan coils in
the home. GSHP systems also require access to an open field/yard in which to drill wells for the
ground piping. GSHP systems often have higher air delivery temperatures than traditional air source
heat pumps and can provide higher levels of comfort on cold days.

•

Electric resistance heat options, in addition to the current passive convection system now used, are
available in either fan convector wall units or ceiling radiant panels. Ceiling panels require less
power than traditional electric heating units. Extensive electrical modifications would be necessary
when relocating electric heating devices.

•

Ductless split heat pump (DSHP) systems (ductless mini-splits)s can be designed with multiple indoor
fan coils but refrigerant lines must be installed to each. Fan coils are most commonly installed high
on the wall (ideally an exterior wall).

•

Efficiency ratings are highest for the GSHP technology; however, field experience with GSHP systems
has shown that the efficiency ratings may be decreased due to pump energy and variable ground
loop temperatures.

•

The cost of higher efficiency ratings appears to favor the ductless mini-split units. This higher
efficiency rating also translates into better performance in terms of higher delivery air temperature
as with the GSHP technology

•

All of the heat pump technologies provide cooling (unless the GSHP technology selected is hydronic
radiant only), an upgrade not typically included in GHI homes.

•

Heat pump technologies require maintenance which must be considered when employing the
technology (as with the existing electric baseboard heat for example). The maintenance will require
refrigeration mechanic expertise.

•

The most optimal simulations that use a high efficiency heat pump system with no duct losses does
not show favorable paybacks when coupled with the envelope upgrades except for block homes
using the least cost option for exterior insulation.
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•

Initial simulations and cost analysis indicate that for the block buildings, installation of a heat pump
system has favorable investment returns independent of the envelope upgrades; however, issues of
comfort in all spaces may lead to unsatisfactory performance for some members if the envelope
upgrades are not installed.

•

Use of heat pump systems may for some homeowners, lead to an increase in cooling energy use,
therefore offsetting energy savings. This offset may or may not be problematic for an individual
homeowner when overall comfort and livability are considered.

•

All of the heat pump technology options will require maintenance, and likely annual maintenance
for the best long term performance of the units. The costs estimated here do not include this
additional expense which may be incorporated within GHI’s regular maintenance activities or may
be contracted with an independent maintenance company.

The results offered in this report are provided as an interim analysis and to initiate further discussions
on the feasibility of heating and cooling system upgrades in GHI homes.

Heating (and Cooling) System Recommended Strategies
for the Pilot Program
Based on the analysis in this report, a mix of heating (and cooling) systems can be installed for the pilot
project in order to evaluate and better understand actual design requirements, installation
requirements, operation, maintenance, and performance. The selected systems can be focused on
specific building types:
Block Homes – Due to the energy and cost benefit in insulating the block units, the envelope upgrades
are recommended for B-1 through B-4 and BV-1, B-5, B-6, and BV-2. Regardless of the outcome of the
decision to insulate the interior or exterior of the block units and the decision on the type of insulating
system used, the envelope upgrades have been shown to provide a realistic payback period. In
conjunction with the envelope upgrades:
1. Install a ductless split heat pump system (DSHP) in one end unit and one adjacent middle unit.
(See equipment selection discussion at the end of this section). Recommended candidates: end
unit B-1 (1 heat pump serving 3 indoor fan coils) and middle unit B-2 (1 heat pump serving 2 fan
coils). Additionally, install a DSHP system in unit B-3 to evaluate a floor console fan coil on the
first floor. Unit B-4 already has a DSHP system installed. Alternatively (or additionally), install
DSHP systems in end unit BV-3 and adjacent unit BV-4 (same floor areas, different exterior wall
areas)
2. Install new electric resistance heaters with integral fans in one end unit and one adjacent middle
unit. These could be located on interior walls since the fans will distribute the air more reliably
than the current passive baseboard heaters. Each heater could have a wall mounted thermostat.
This option would not include cooling equipment. Candidates: end unit with addition BV-1 and
adjacent unit B-5
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Install radiant ceiling panels in one unit. This option would require installation of thermostat controls
and additional wiring to the ceiling where the panels are located. This option would not include cooling
equipment. A candidate for this option has not been identified.
Brick Homes – The envelope upgrades for the brick homes involve only the windows, attics, slab edges,
and crawlspaces. Simulation results and cost estimates demonstrate that these homes have the least
amount of energy savings of all homes in the pilot program, though still show a positive net present
value for the investment. However, the simulations indicate that the energy savings from the addition of
a heat pump system in the brick units result in more energy savings. Unfortunately, the high cost of the
heat pump system does not demonstrate a positive net present value based on energy savings alone.
The brick homes present a unique case for the pilot program: the opportunity to test the performance
of a heating system less encumbered by extensive envelope upgrades. This allows for more direct
homeowner response to the performance of the system, as well as energy and environmental
measurements that correlate to the previous year’s measurements. Strategies that may be considered
include:
1. Contingent upon an acceptable ground source heat pump (GSHP) system design, component
selection, ground loop layout, and cost estimates (including appropriate incentives), install GSHP
systems in all units of one of the brick buildings. Multiple installations in one building would
provide a more complete picture of the true cost of the installation including the feasibility of a
common loop. Furthermore, the operation of the system should be analyzed using multiple
homes to gain confidence in the data. The brick homes have a useable boiler room for
equipment, if needed. Candidates: units FB-1 through FB-4 would provide good multiple tests in
homes that are of the same size but with different exterior wall areas.
2. Also, due to the envelope upgrade set in the brick buildings, these homes provide an
opportunity for a slightly more expanded test of the fan powered electric resistance heat. Since
the wall systems are not being modified, use of the new electric resistance heaters located on
interior or exterior walls can provide good information on comfort and heat distribution. This
strategy would of course not include cooling. Candidates: end unit FB-5 and adjacent unit FB-6.
3. Similarly, a ductless heat pump system could be tested to evaluate the performance in one end
and one middle unit. Candidates: end unit FB-8 and adjacent unit FB-7. Alternative candidates, if
the GSHP systems are not practical: FB-1 through FB-4.
Frame Vinyl Homes – Envelope upgrades in the frame vinyl sided homes are more extensive than the
brick homes. These upgrades were estimated to have a positive net present value for the investment.
However, as for the brick buildings, the installation cost and energy savings for a heat pump system did
not demonstrate a positive present value, either with or without the envelope upgrades. As with the
brick buildings, the heat pump system would be installed for more than just the purpose of energy cost
reduction. The frame vinyl buildings could be of interest for testing some other strategies for heating
(and cooling) such as:
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1. Given the wood frame construction, it may be somewhat simpler to install a ducted forced air
system in these homes. One option would be to develop a compact duct layout and air handler
system that could be located in the house or since there is interest among GHI members, in the
attic space. If placed in the attic, an analysis could be performed on the performance of the
system and an installation methodology and procedures could be developed to reduce losses
from an attic installation. Though less than ideal, this test would provide some relevant cost and
performance data for comparison with other systems. The calculated heat loss and heat gain is
anticipated to be somewhat less than the brick units due to the more extensive energy upgrades
and smaller floor areas (see below for additional discussion on ducted equipment capacity and
selection). Install ducted systems in one end unit and one inside unit. Candidates: end unit FV-1,
and inside unit FV-7.
2. Again, given the wood frame construction, a test of a radiant ceiling panel heating system might
be installed more easily than in the masonry homes using concealed wiring for the panels and
thermostats. One or two homes would provide sufficient data, both empirical and anecdotal
based on homeowner experience of comfort.
3. As with other building types, the use of the fan powered electric resistance heaters could be
used to determine the performance and homeowner comfort in the frame homes with envelope
upgrades. This test could be arranged to generally compare homes that have the existing
resistance heaters left in place with those with the fan powered units. This system would not
include cooling.
Discussion (all homes) – Each of the building types lends itself to test installations of various heating
systems, some of which include cooling. These test installations should be useful to evaluate the design,
installation, and performance of the heating systems prior to recommendation for a specific building
type.
It is important to reiterate that given the cost estimates at this time, the addition of a heat pump system
of any technology, is not likely to demonstrate a positive present value except for block homes that are
insulated with foam board and siding. Furthermore, even the installation of a heat pump system as the
only upgrade measure is not demonstrating a positive cash flow in the brick and frame vinyl buildings. In
the block buildings there is an estimated positive cash flow if the heat pump were the only upgrade;
however, based on load calculations, it is fully expected that the system will underperform in the colder
winter periods and would require continued use of the resistance heaters for supplemental heat.
For DSHP systems, equipment selection should be based on load calculations after envelope upgrades.
High efficiency DSHP systems rely on inverter technology (variable speed) compressors for best low
outdoor temperature heating performance, dehumidification control during cooling, and design and
equipment selection flexibility. The primary types of indoor fan coils are high wall, floor console, and
ducted. One outdoor heat pump may serve multiple and different types of indoor fan coils, but the
number of fan coils is limited by the capacity of the heat pump (varies by manufacturer). For example,
4 fan coils may require a 3-ton or larger heat pump, 3 fan coils may be available for 2 and 2.5-ton heat
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pumps, and a 1.5 ton heat pump may be limited to a maximum of 2 fan coils. A very low heating and
cooling load unit may call for two 0.5-ton systems (two heat pumps, each serving one fan coil).
The heating and cooling capacity of conventional ducted heat pump systems may be too large for the
majority of units after thermal enclosure updates. The smallest capacity available is 1.5-tons (nominal
18,000 Btuh), and the smallest capacity for high efficiency models is generally 2-tons (nominal
24,000 Btuh). Installing systems that are too large can result in excessive air flow noise and inadequate
dehumidification (the system cools the house so quickly and satisfies the thermostat that it does not run
long enough to dehumidify). Where a ducted system is being considered, a solution could be a DSHP
with a ducted fan coil. These ducted fan coils are available in smaller capacities (commonly 9,000,
12,000, and 18,000 Btuh); one DSHP can serve one or more of these, or a combination of ducted and
ductless fan coils could be installed.
After installation, monitor the energy use of the installed system and continue to monitor the existing
electric heaters and the total energy use of the unit. This data will be compared with previous energy
use. Also continue to monitor temperatures and relative humidity to compare heating distribution and
operation and normalize the data as needed for different conditions. Homeowners could be solicited to
provide anecdotal performance and comfort information. The pilot program heating systems will be
evaluated before final recommendations for a specific building type for the rest of the community.
For each building type and strategy, a specific design for each unit and a detailed installation scope of
work will need to be developed. This will help to ensure a fair bidding process and a successful
installation. The selected strategies will be a good test of the enclosure and space conditioning
alternatives. Evaluating the design, implementation, operation, and energy results in the pilot homes
will lead to an optimum plan for the balance of GHI homes.
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