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Introduction and Overview1
Buildings are important to climate change not only because of how much energy they
use, but also because of how long they last. About half of the buildings in the US were
constructed before 1970,2 making it likely that about half of today’s buildings will still be
in use by mid-century. The designs and technologies used in each new structure
constitute a resource commitment that for better or worse will last as long as the building
stands – unless the building is later retrofitted with more efficient features. That enduring
commitment affects the power grid, energy supplies, air quality, public health, the
occupants’ cash flow and the climate.
The good news is that individual buildings and the equipment inside them are becoming
more efficient and less polluting. Commercial lighting power demand has been cut in
half in recent years;3 a home built in 2001 uses 12 percent less energy per square foot
than one built in the 1980s;4 and new refrigerators consume about one-fourth the energy
of those sold 30 years ago.5 The bad news is despite these gains, overall energy
consumption and carbon emissions from the buildings sector still are rising because the
number of buildings, their size and their “plug loads” all are growing. Residential energy
use has increased by one-third since 1980 and commercial building use by more than
two-thirds.6 Square footage per home has increased by more than 50 percent since the
1980s;7 air conditioning has become common; washers and dishwashers are standard
appliances in most households; and the use of personal electronics has increased sharply.
In commercial buildings, energy use per square foot increased 10 percent between 1992
and 2003.8
The US building sector is currently responsible for 2.3 gigatons (Gt) of CO2 emissions
annually, roughly 40 percent of total. By 2050, based on current trends, US buildings
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will emit about 4.3 Gt of carbon in 2050, an 86 percent increase from today’s levels.9 By
implementing aggressive but cost-effective energy-efficiency practices, US building
emissions could be reduced by nearly half from projected levels in 2050, even without
assuming major carbon pricing policies.10
If, due to carbon policies or market factors, energy prices were to increase more
dramatically than projected, more energy-efficient measures and policies would become
cost-effective. Because of the importance of energy costs in determining which measures
are cost-effective, accurately capturing the real cost of emitting greenhouse gas (GHG)
emissions through carbon pricing is one of the most important actions that can be taken to
stimulate significant reductions in building-related (and economy-wide) emissions.11
Carbon pricing would encourage building efficiency improvements and, importantly,
help slow the rapid growth in demand for energy services currently occurring as a result
of increased house size and electric plug loads.
Even with extensive carbon pricing, significant policy efforts will be required to achieve
the full cost-effective energy-efficiency potential in buildings. Major impediments to
efficiency improvements include lack of information, low cost of energy as a share of
income (although the effect of this barrier could be mitigated through aggressive carbon
pricing), and split incentives between, for example, tenants and landlords. (For more
detail on barriers to energy-efficiency improvements, see Appendix 1)
Achieving 80 percent reductions in CO2 emissions below 1990 levels by 2050 (92
percent below our baseline projections) will require the full panoply of energy-efficiency
policy tools, along with a major shift in the electric power sector fuel mix. The major
energy-efficiency policy options are energy performance standards for appliances and
equipment, building energy codes, utility demand-side management programs, markettransformation measures, tax incentives, and research and development of building
technologies.12
In this report, we identify a set of energy-efficiency policies that would have a reasonable
chance of cutting emissions growth from the buildings sector to zero. Again, while all of
these policy options are, to a large extent, cost-effective on their own merits, their
effectiveness and likely impact would increase exponentially with economy-wide carbon
pricing. Consequently, the higher the price on carbon, the more energy can be saved
through energy-efficiency policies.
At current price levels, additional policies beyond those discussed in this chapter will be
required to achieve emissions reductions of 80 percent below 1990 levels in the buildings
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sector, such as policies to reduce the carbon intensity of electric generation, promote
investments in onsite renewable energy and slow growth in demand for energy services.

Buildings Carbon Reduction Policy Scenarios
To achieve building sector CO2 emissions levels of 80 percent below 1990 levels in 2050
will require a 92 percent reduction from baseline projections. Economy-wide, projected
2050 emissions are about 10 Gt, compared to five Gt in 1990 and six Gt today.13 In other
words, achieving emissions levels of 80 percent below 1990 levels in 2050 would require
a reduction of nine Gt below baseline (five Gt below today’s emissions).
The buildings sector’s share of emissions reductions would be roughly four Gt in 2050,
80 percent of its projected emissions in 2050.14 The energy-efficiency policies in this
chapter are designed to capture 45 percent of the CO2 reductions needed by 2050 – 1.8
Gt. Changes in the fuel mix, on-site renewable energy investments and reduced demand
for energy services would need to account for the remaining emissions cuts necessary to
achieve the goal.
In the summer of 2007, the US House of Representatives and Senate each passed energy
bills containing substantial energy-efficiency provisions. While these bills are currently
awaiting conferencing and final passage by both houses of Congress, they already have
been thoroughly vetted by numerous stakeholders in the process of getting where they
are. No doubt there will be significant changes before a final bill is enacted (if ever), but
they serve as a good starting point for an aggressive effort to achieve CO2 reductions with
energy-efficiency policies.
As a first step in meeting the carbon reduction targets, we propose full implementation of
the provisions in the House-passed H.R. 3221, including most notably appliance and
equipment standards, enhanced buildings codes, utility energy programs and tax
incentives. Background discussion and details of the major provisions are discussed
below.15 If fully implemented, these provisions could reduce projected 2030 building
energy use by about one-fifth (11 quads) and would reduce CO2 emissions in buildings
by about 18 percent (0.6 Gt).16
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By 2050, these policies would realize even larger reductions in energy and CO2
emissions. Both primary energy use and CO2 emissions would be reduced by roughly 25
percent below projected baseline, or 17 quads and 1.1 Gt, respectively.17 This assumes
that building codes increase by business-as-usual rates of efficiency improvement
through 2050 and that the stringency relative to baseline of the other policies is
constant.18 We call this the “H.R. 3221 Enhanced” scenario to reflect that some of the
policies in H.R. 3221 would need to be extended and updated through 2050.

Climate Action Plan for Residential and Commercial Buildings
Energy
Savings
in 2050
(Quads)

CO2
Reduction
in 2050
(MMT)

• Residential clothes washers, dishwashers,
dehumidifiers, boilers
• Updates for refrigerators, freezers and other appliances
• Certain electric motors, external power supplies
• Walk-in coolers and freezers
• Furnace fan standard process, standby power
• Regional variations in heating and cooling standards
• Metal halide fixture standard

1.6

112.5

• Incandescent reflector lamps.
• General service light bulbs (would ban most traditional
incandescent bulbs by 2012 to 2014), stronger standard
effective 2020.

1.9

144.0

Residential
Building
Efficiency

• 30% savings by 2010 and 50% savings by 2020
• Manufactured housing code at least as stringent as the
IECC national model code.

12.2

707

Commercial
Building
Efficiency

• Commercial Buildings Initiative (budget constrained)

1.8

122.0

0

0

Policies

Enhanced H.R.
3221

Appliance
Efficiency
Standards

Lighting
Efficiency

Efficiency
Component
of RPS
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• Retail electric providers to increase renewable sources
or energy-efficiency programs, rising from 2.75% of
previous year’s sales in 2010 to 15% in 2020-2039
• Energy efficiency limited to 27% of the standard, or 4%
of electricity in 2020.

Energy projections based on EIA, Annual Energy Outlook 2007, Table 2, pp. 138-139.
We assume that all of the standards, policies and codes will be ramped up in the future at the same rate at
which the economy grows. So the savings in 2030 will be proportionally equivalent to the savings in 2050.
This does not hold true for building codes, which will increase its annual savings as new buildings (and
building renovations) subject to code become a higher fraction of the stock. For instance, if, in 2030, 40
percent of the buildings were constructed after 2010, then the remaining 60 percent of the buildings will not
adhere to the new, more stringent building codes. By 2050, if 80 percent of buildings are covered, then the
savings will be twice as high. For more detailed assumptions and method for calculating building code
impacts, see Appendix 2.
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Tax Credits

Enhanced H.R. 3221 Total

EERS Deluxe
(Beyond Enhanced H.R.
3221)

No Mortgage Interest
Deduction for Large Homes

• Extend the commercial buildings deduction for five
years, through 2013.
• Extend the appliances tax credit with modified criteria.

0.3

19.7

17.7

1105.0

9.6

620

0.8

48

• Total of savings by Enhanced H.R. 3221
• Starting in 2010, electric utilities reduce baseline electric
sales by 0.6 percent annually through efficiency
• Natural gas utilities are required to reduce baseline gas
sales annually by 0.3 percent.
• Starting in 2010, homes 3,000 square feet (sf) and
larger would be required to obtain LEED certification.
• Homes that do not comply would receive only partial
mortgage interest deduction, according to the following
phase-out schedule:
•
3000-3199 sf – 85%
•
3200-3399 sf – 70%
•
3400-3599 sf – 55%
•
3600-3799 sf – 40%
•
3800-3999 sf – 25%
•
4000-4199 sf – 10%
•
4200 plus sf – 0%.

H.R. 3221 requires electric utilities to reduce their carbon emissions through a renewable
portfolio standard (RPS) requiring them to meet 17 percent of demand through renewable
energy, of which four percent can be from end-use energy-efficiency programs. While
the establishment of a national RPS with an energy-efficiency component is certainly a
step in the right direction, utility energy-efficiency programs could achieve more.19
Our EERS Deluxe policy scenario assumes that, starting in 2010, electric utilities are
required to reduce projected baseline electric sales by 0.6 percent annually through
efficiency, and natural gas utilities are required to reduce baseline gas sales annually by
0.3 percent. If fully implemented, building energy use in 2050 would be reduced by an
additional 9.6 quads (beyond the Enhanced HR 3221 scenario) and CO2 emissions would
be reduced by an additional 0.6Gt.20
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Finally, we include a policy designed to address the trend toward bigger and bigger
homes. Policies targeting growing home sizes, increased plug loads, and other lifestyle
issues may ultimately need to be part of the climate policy arsenal. While most observers
recognize this problem, policies to address it, other than carbon pricing, have been few
and far between. Recently, however, the Chairman of the House Energy and Commerce
Committee, Representative John Dingell (D-MI), proposed legislation to encourage
owners of homes bigger than 3,000 square feet to achieve the US Green Building
Council’s Leadership in Energy and Environmental Design (LEED) certification.21
Under Rep. Dingell’s plan, if these homeowners did not achieve LEED certification, the
federal home mortgage interest deduction would be phased out, based on the exact size of
their home. For instance, a 3,100 square foot home would still be eligible for 85 percent
of the deduction, while a home of 3,900 square feet would only be eligible for 25 percent
of the deduction, and homes larger than 4,200 square feet would no longer be able to
claim any deduction at all. This policy, if fully implemented, could reduce energy use by
as much as 1.4 quads and reduce CO2 emissions by 0.08 Gt annually in 2050.22
By 2050, combined savings from the Enhanced H.R. 3221 policy package, the EERS
Deluxe, and the Mortgage Interest Deduction would approach 1.8 Gt. Building energy
consumption would be reduced by 28 quads and America’s energy bill would be roughly
$9 billion lower than currently projected under business-as-usual.
The figure below shows building sector CO2 emissions under four different scenarios –
business as usual; full implementation of H.R. 3221 provisions (including the extended
building code improvements); H.R. 3221 combined with an aggressive energy efficiency
resource standard; and all of the policies discussed, including the mortgage interest
deduction, and compares them to the 80 percent below 1990 target. As shown, an
additional 2.2 Gt reduction in CO2 emissions will need to be obtained through increased
use of on-site renewable energy or other changes in the building and power generation
fuel mix.
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Policies to Reduce Carbon Dioxide in Buildings23
Appliance and Lighting Standards
Energy-efficiency standards for residential and commercial appliances target energy use
in products that, individually, may not consume much energy but collectively represent a
large portion of the nation’s energy use. The equipment covered by current energyefficiency standards comprises well over 50 percent of building energy consumption.24
Appliance and equipment standards complement building codes and other policies by
targeting many products that currently are beyond the reach of building codes and by
ensuring that new appliances are more efficient than the appliances they replace. Energy
use in systems typically covered by building codes is expected to grow relatively slowly
compared to equipment and appliances that are not covered by codes. For example,
energy consumption from commercial building lighting, water heating, space heating and
air conditioning is projected to increase 22 percent through 2030. Energy used by
equipment typically not included in building codes – e.g., office equipment, kitchen
equipment, medical and lab equipment and other special-purpose equipment – is
projected to increase 55 percent over the same period.25
Individual appliances often don’t represent a large share of total building energy use, so
residential consumers are unlikely to take the time to consider the energy implications of
their purchase decisions. In commercial buildings, energy bills are frequently allocated
by square footage rather than by actual energy use, so tenants have little incentive to
consider energy performance when purchasing office supplies or appliances.
Collectively, these purchases have a significant impact on building energy use.
As of 2000, appliance standards were saving an estimated 1.2 quads of energy annually in
residential and commercial buildings.26 Future energy savings from existing standards
will save the equivalent of the energy used by about 27 million American households in
2020.27 But these savings could be much larger if the Department of Energy (DOE) met
its congressionally prescribed schedules for developing and issuing new appliance
standards. Determinations or standards for 16 products are currently pending or overdue.
Some standards authorized in 1992 are still awaiting final rulemakings.
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DOE’s failure to issue standards is especially problematic since states are generally
precluded from issuing their own standards once the federal government is granted
authority to develop standards on a particular product category.28 Federal preemption of
state standards encourages manufacturers to support federal standards. Manufacturers
would rather design their products to meet one national standard than have to tailor their
products to different state codes. Consequently, a major driver for national standards has
been the threat of states adopting their own standards. Many of the standards authorized
in the Energy Policy Act of 2005 (EPAct 2005) were in the process of being developed
by states, for instance.29
Despite manufacturers’ preference for a single national standard for each product, in the
case of heating and cooling equipment, regional climate differences warrant different
levels of efficiency, and in some cases different heating and cooling technologies. Until
now, DOE has not been allowed to set regional standards. As a result, the proposed
federal standard for residential furnaces is very weak. In order to capture the most energy
savings nationwide, DOE must have the authority to consider differing regional standards
for heating systems and air conditioners, as proposed in the pending federal legislation.
New and updated energy-efficiency standards have been agreed upon by manufacturers
and efficiency advocates for several appliances used in residential and commercial
buildings, including residential clothes washers, dishwashers and incandescent reflector
lamps, among many others.30 These consensus standards were included in both the
Senate-passed energy bill (H.R. 6, passed in June 2007) and the House-passed energy bill
(H.R. 3221, passed in August 2007). Additional products included in H.R. 3221 include
external power supplies, walk-in freezers and metal halide lamps, among others. H.R
3221 also directs DOE to develop a standard for electricity use by furnaces (for furnace
fans) and for battery chargers.
Federal appliance standards currently do not include standby power use in their
calculations. Standby power is power that appliances and electronics consume when not
in use. For instance, the clock on a microwave oven continues to consume electricity
even when the microwave is otherwise “off.” As of 2002, Lawrence Berkeley National
Laboratory estimates that standby power represented five percent of residential electricity
use in the United States.31
The American Council for an Energy Efficient Economy (ACEEE) estimates that the
appliance standard provisions in H.R. 3221 would lead to annual savings in 2030 of 95.6
Terawatt-hours (TWh) of electricity, 518 billion cubic feet (bcf) of natural gas and
overall energy use by nearly one quadrillion Btus (quad). These savings would result in
28
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the avoidance of 70 MMT of CO2 emissions.32 These energy savings represent almost
one percent of overall US projected demand and nearly two percent of projected
residential and commercial building demand.33
Recommendation: New and updated appliance efficiency standards should be developed
for all of the products found in H.R. 3221. DOE should set standards for furnace fans
and battery chargers. Standby power should be included in federal appliance standards.
DOE should be directed to differentiate its standards by region to allow more sensible
and effective standards for heating and cooling products.
Lighting standards have enormous energy saving potential in residential and commercial
buildings. Commercial and residential lighting energy consumption accounted for six
percent of total US energy consumption in 2006, and 15 percent of residential and
commercial energy consumption.34
In recent years, advanced lighting technologies, including compact fluorescent lights
(CFLs), light-emitting diodes (LEDs) and halogen bulbs have improved dramatically. It
now seems very likely that incandescent bulbs, the predominant lighting technology since
the days of Thomas Edison, could be phased out over the next decade or so. At least
certain governments appear to be moving in that direction. In February 2007, Australia
announced plans to ban the incandescent light bulb by 2012.35 Canada soon followed
suit.36 In June 2007, Nevada passed Assembly Bill 178, effectively banning traditional
incandescent light bulbs in 2012.37 A similar proposal was considered in California, but
was never voted on.38
H.R. 3221 contains a provision setting performance standards for general service light
bulbs that would ban most traditional incandescent bulbs by 2012 to 2014, and set an
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even stronger standard effective 2020.39 In an effort to encourage states to lead the way,
it would also allow some states to adopt the standards before they took effect at the
national level.
These lighting standards, if passed, would save more than all previous appliance
standards combined. ACEEE estimates that, by 2030, the standards would result in
annual savings of 143 TWh of electricity, 700 BCF of natural gas, and 1.44 quads of
energy, while avoiding the emission of more than 100 million metric tons of CO2.40
Recommendation: A light bulb efficiency standard that would phase out traditional
incandescent light bulbs by 2012-2014 and require efficiency comparable to compact
fluorescent lights by 2020 should be developed.
Appliance and product standards save energy only as long as they are kept up to date.
Eventually, thanks to technological breakthroughs, rising costs of energy, and market
transformation, existing standards stop pushing the market towards greater intensity and
begin to do nothing more than underline the status quo. So updating standards regularly
is imperative in order to capture all of the available savings for a given product.
Currently, however, there is no system in place that ensures that DOE will reevaluate all
of their standards periodically.41
Recommendation: DOE should be required to review each existing appliance and
equipment standard within six years of the last final rule or three years of the last review,
and, if warranted to set an updated standard within two more years. DOE should review
test procedures for all covered products at least every seven years. A timetable should be
developed for adopting standards for certain products set in the American Society of
Heating, Refrigeration, and Air-Conditioning Engineers (ASHRAE) model commercial
building energy code. Standards should become effective three years after the final rule,
down from five years for several products. Finally, DOE should review test procedures
for all covered products at least every seven years.
DOE officials give several reasons for missing the deadlines, including a more timeconsuming process for approving standards that was created during the Clinton
administration and a one-year moratorium imposed by Congress when the new approval
procedure was created. It seems clear that at least in some cases the rulemaking process
is unnecessarily onerous. For example, with the standards passed in EPAct 2005,
Congress passed legislation directing DOE to issue a rulemaking after consensus had
already been reached between manufacturers and advocacy groups. In these cases,
39
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following a lengthy rulemaking process may unnecessarily delay the issuance of a noncontroversial standard.
Recommendation: Allow DOE to issue direct final rules on standards recommended
jointly by manufacturers, states, and efficiency advocates. If there are adverse public
comments, the direct final rule should be withdrawn, and DOE should enter into the
standard rulemaking process. Further, eliminate the requirement for an advanced notice
of proposed rulemaking (ANOPR) when setting a standard.
DOE rarely sets federal appliance and equipment standards that achieve the maximum
cost-effective energy-efficiency. There is often a range of efficiency levels that represent
lowest life cycle cost, sometimes referred to as the “valley of economic indifference” (see
figure). DOE tends to choose the lowest-cost and lowest-efficiency level that satisfies the
lowest life cycle cost criteria. Additional cost-effective energy savings could be realized
by establishing standards at the high end of the “valley,” rather than the low end.

Recommendation: The maximum cost-effective efficiency level should be set by DOE
for appliance and equipment standards to ensure standards with highest energy efficiency
outcomes are picked across a range of products with similar life-cycle costs.

Building Codes
Many energy-efficiency measures are most cost-effective if implemented during building
construction or major renovations (including equipment replacement). It usually does not

make economic sense to tear out walls just to install or upgrade insulation, for example.
And while in most cases, it would be cost-effective for consumers to pay extra for highefficiency windows at the time of construction or when they are already planning on
replacing their existing windows, energy-efficiency savings alone seldom warrant
replacing otherwise perfectly good windows with more efficient ones.
Insulation and windows and other built-in components of a home or commercial building,
frequently can remain in place for the lifetime of the building, and heating and air
conditioning systems often last for well over a decade. It is important, therefore, that
energy efficiency be built into the roughly six billion square feet of homes and nonresidential buildings constructed annually. And since only about two percent of the
building stock is replaced annually, efficiency upgrades made today could still be saving
energy – even without any further policies in the future – 50 years from now.42
Building energy codes establish minimum energy performance requirements for, or
specify energy efficiency measures that must be incorporated into, new buildings and
major retrofits. Building codes are adopted and administered by the state and/or local
governments.
To help states (or local governments) that wish to adopt their own building energy codes,
national model energy codes are developed and updated every few years by the American
Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE) and the
International Code Council (ICC). Under federal law, states are required to adopt
ASHRAE’s latest model code for commercial buildings after DOE determines whether
the code will save energy. For residential buildings, states are required to consider
adopting the latest model energy code of the ICC once DOE issues its determination.
In principle, states are required to submit a letter to DOE if they opt not to adopt the new
energy code, but that law has widely been ignored.43 Currently, at least 42 states and
Washington D.C. have adopted some form of energy building code, but their adoption is
uneven. For example, 14 states have adopted a residential energy code that meets or
exceeds the 2006 International Energy Conservation Code (IECC) (the most recent
version), while 12 states have energy codes that precede the 1998 IECC or follow no
energy codes at all. Similarly, 19 states have adopted the latest commercial building code
or equivalent – the 2006 IECC or ASHRAE 90.1-2004 – while 13 states and Washington
D.C. have commercial energy codes predating the ASHRAE 90.1-1999 code or have no
code at all.
The absence of a statewide code does not necessarily indicate that there are no building
codes in the state, as several major cities in states without energy-efficiency codes may
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have adopted their own local building codes. For example, Phoenix, Chicago and Denver
each have adopted a version of the IECC for their residential buildings.44
Status of Residential State Energy Codes45

The disparity among states exists because of the autonomy granted to states and
localities. Building codes are administered by 50 states and thousands of local
authorities. Furthermore, building energy codes keep improving. In addition to requiring
buildings to be more energy-efficient, the most recent building energy codes are more
user-friendly than previous versions, while still providing flexibility in how buildings are
designed to meet performance requirements. But it still can be difficult for states to keep
up with the latest codes. The IECC guidance is updated every eighteen months, for
instance, and a new edition is issued every three years.
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Status of Commercial State Energy Codes46

Even in those states where the latest building codes have been adopted, the potential for
much larger energy savings exists through greater enforcement of and compliance with
the codes. Although there are tens of thousands of code officials in the United States,
their responsibility extends well beyond the energy efficiency requirement in building
codes, and code agencies still tend to be understaffed. As a result of too much work for
too few employees, agencies need to prioritize which aspects of building codes to focus
on. Code officials (understandably) tend to choose building code health and safety issues
over energy performance. Lack of proper training or supervision of code officials and
limited knowledge of energy code requirements by designers and builders compound the
challenges of energy code enforcement and compliance.
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With roughly 100,000 home builders in the United States, the building industry is
extremely diverse in size and capability.47 While commercial building construction
companies tend to be large, with extensive design and technical support for workers,
most residential building firms operate with just a few people.48 This diversity presents a
major barrier to the diffusion of new technologies and practices. Perhaps not
surprisingly, therefore, home builders tend to be the most vocal opponents to new, more
stringent building codes.49 It takes many trained and skilled people working on separate
but interdependent components of a typical house to improve energy performance. If
local builders are given the necessary resources and training to understand the techniques
and requirements of a new code, they are less likely to oppose its adoption and more
likely to comply once it is adopted.
Insufficient data exist to estimate national energy code compliance rates,50 but in some
states, as many as one-third or more of new buildings do not comply with critical energy
code requirements for windows and air conditioning equipment, which are among the
easiest energy-saving features to verify.51 According to 10 studies conducted in various
states, the percentages of residential energy code compliance ranges from approximately
40 percent in Massachusetts to nearly 100 percent in Oregon. These studies were carried
out with differing methodologies, so the results are not perfectly comparable and many
have sampling problems stemming from bias towards self-selection and convenience,
usually leading to unrealistically high results.52 Actual compliance could be much lower.
With roughly 100,000 home builders in the United States, the building industry is
extremely diverse in size and capability.53 While commercial building construction
companies tend to be large, with extensive design and technical support for workers,
most residential building firms operate with just a few people.54 This diversity presents a
major barrier to the diffusion of new technologies and practices. Perhaps not
47
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surprisingly, therefore, home builders tend to be the most vocal opponents to new, more
stringent building codes.55 It takes many trained and skilled people working on separate
but interdependent components of a typical house to improve energy performance. If
local builders are given the necessary resources and training to understand the techniques
and requirements of a new code, they are less likely to oppose its adoption and more
likely to comply once it is adopted.
Finally, neither the IECC nor ASHRAE codes account for certain critical design
decisions, such as building orientation; commercial equipment in commercial kitchens,
laundries, labs and medical facilities (etc.); or residential lighting and builder-installed
appliances. As a result, the codes ignore major building energy loads and systems, which
become increasingly significant as the rest of the code improves efficiency of the covered
energy uses and systems. While it would be challenging, efficiency requirements for the
buildings total energy use could have a major impact on whole-building energy
performance.
ACEEE estimates that the United States saved 0.5 quads in 2000, thanks to commercial
and residential building energy codes alone.56 Cumulatively, building codes have saved
consumers over $8 billion on their energy bills.57
The energy savings potential from building codes was highlighted in a recent study by the
General Accountability Office (GAO) on Gulf Coast reconstruction following Hurricanes
Katrina, Rita and Wilma in 2005. According to its report, if Louisiana and Mississippi
adopted the latest model energy codes in their new residential buildings, their residents
would save at least $20 to $28 million annually, equal to 24 to 28 percent of heating and
cooling costs.58 Gulf state commercial buildings could see even more impressive
savings, of seven to 34 percent of overall energy costs, depending on building type. And
GAO determined that even larger savings could be realized for both types of buildings
through voluntary achievement of energy-efficiency measures beyond those found in the
minimum building code and standard requirements.59
The Alliance to Save Energy estimates that aggressive building energy code
development, adoption and enforcement, based on the building codes provisions in H.R.
3221, could reduce CO2 emissions in 2050 by 0.7Gt and reduce energy use by 12 quads
annually by that date (see Appendix 1).
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Recommendation: A national model building code should be developed that, compared to
the current national model code, achieves savings of 30 percent by 2010 and 50 percent
by 2020. If ASHRAE and IECC fail to develop codes that meet these goals by these
dates, DOE should develop its own model codes that achieve the maximum economically
justifiable energy savings. These updates should ensure that any building component that
appears on building drawings are included in the energy code requirements, including
residential lighting and HVAC equipment, elevators, pumps, etc. States should be
required to adopt the most recent ASHRAE or IECC energy codes for both residential
and commercial buildings (or the DOE alternative model code), and to demonstrate high
rates of compliance. Funding increases should be authorized for DOE assistance in
training code officials to increase compliance and improve supervision.
Manufactured houses represent roughly eight percent of new single-family housing starts,
but are not subject to building energy codes.60 Manufacturers argue that since the homes
are assembled at a central location and then shipped across the country, it is difficult for
them to know the destination of every house. They therefore should not be controlled by
state and local building codes, since they would constantly need to be adapted so as to
comply with local standards. As a result, manufactured houses are regulated by the
Department of Housing and Urban Development (HUD), and state and local governments
are prohibited from issuing regulations on manufactured homes.
HUD has developed some energy-efficiency requirements for manufactured houses based
on recommendations made by the National Fire Protection Association (NFPA) through
its NFPA 501 code. Despite recent improvements, the NFPA 501 code remains less
stringent than the IECC. Research from Pacific Northwest Labs shows that building
manufactured housing to current IECC model energy code specifications would require
greater up-front costs, but that the resultant energy cost savings would allow owners to
recoup their initial investment within about 5 to 8 years in most cases, well within the
lifetime of the average manufactured house (30-50 years).61
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Recommendation: DOE should, in consultation with HUD, develop and implement an
energy efficiency standard for manufactured housing at least as stringent as the latest
IECC code for residential buildings.

Utility Programs
Electric and gas utilities have long been important partners in helping to improve
building energy efficiency. Their cooperation is vital, since electricity and natural gas
comprise more than 90 percent of the total energy used in buildings.62 Utilities can
implement several different types of utility efficiency programs that help reduce
consumers’ demand for energy, including providing rebates for consumer purchases of
efficient products, design assistance for new buildings, energy audits for residential,
commercial, and industrial customers, and conducting consumer awareness campaigns.
From 1989 to 2005, electric utilities spent over $30 billion on efficiency and demand
response programs.63 There is no reliable data on utility efficiency spending by gas
utilities but the figures are generally thought to be far lower.64 At their peak in 1993 and
1994, electric utilities were spending $2.7 billion annually on utility efficiency programs,
of which about $1.6 billion (60%) was for energy efficiency.65 By 1994, annual energy
savings from utility efficiency programs had reached 52.5 million MWh, just less than
the current electricity consumption of Oklahoma.66 According to EIA, utility efficiency
programs in the early 1990s were costing most utilities under three cents per kilowatthour (kWh), which EIA concluded was “competitive or below the cost of new generating
capacity.”67
Utility efficiency spending declined considerably in the mid-1990s, due in large part to a
shift towards greater competition among power generators. Utilities and regulators were
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concerned that the costs of efficiency programs would raise the price per kWh of utilitygenerated power and give an unfair advantage to non-utility generators, who were not
required to invest in energy efficiency.
Since utility restructuring began in the mid 1990s, few utilities have developed and
maintained energy-efficiency services as part of their core business strategy, and DSM
expenditures have declined precipitously. In 2002, reported electric utility efficiency
spending had fallen to $1.3 billion, a 50 percent decline in nominal dollars compared to
peak utility efficiency spending. In real terms, electric utilities were spending just 37
cents for every dollar they spent on DSM in 1994.68
Faced with lower spending on utility efficiency programs, 19 states (plus the District of
Columbia) have created Public Benefit Funds (PBFs) for electric energy efficiency.
PBFs are paid for by a kWh charge on electric bills, which varies from 0.1 to 0.3 cents
per kWh.69 Recent data from the Consortium for Energy Efficiency suggests that utility
spending has rebounded in recent years. From 2005 to 2006 alone, energy-efficiency
budgets rose 13 percent, to $1.86 billion, not including load management or low income
programs. When these programs are included, total 2006 spending by utilities equaled
$2.6 billion.70
Along with the emergence of PBFs has come a greater willingness to fund energy
efficiency projects that transform markets for energy efficiency equipment and services,
as opposed to traditional utility efficiency programs which were designed to attain
immediate and measurable savings for individual rate payers. Both are now a mainstay
of utility energy efficiency programs.
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A resurgence in utility efficiency programs could result in significant energy savings in
both residential and commercial buildings. A 2004 study examined energy savings from
utility efficiency programs in the commercial buildings sector from 1989-2001. The
study found that traditional electric utility efficiency programs were responsible for
reducing electricity intensity (amount of electricity used per square foot) in commercial
buildings in 2001 by 1.9 percent compared to 1989. According to the study, market
transformation programs were responsible for reducing electricity intensity in this sector
by 5.8 percent compared to 1989. The findings suggest that the combined effects of these
public programs reduced commercial sector retail electricity sales by 77.1 million MWh
in 2001 alone, about 2.3 percent of total U.S. retail electricity sales.71
In order to recoup the costs of implementing utility efficiency programs and the lost
revenue from reduced sales when utility efficiency programs are effective, utilities raise
the price of their remaining electricity sales slightly, either directly or through a tariff or
surcharge on electricity bills. Some regulators allow utilities not only to recover their
direct program costs, but also to recoup their lost revenue as a mechanism to counter
utilities’ inherent disincentive to implement (let alone pay for) energy efficiency
programs that reduce their sales. These “decoupling” strategies may be necessary
(although not necessarily sufficient) in order to convince utilities to work in good faith to
reduce their customers’ demand.
Despite efforts to decouple utility profits from their sales, growth of each of these types
of utility efficiency programs is hampered by utilities’ concerns that reducing demand
will hurt their profits, or that they will not be allowed to recover the full costs of their
energy-efficiency programs. Further resistance stems from industrial customers who
object that rate-based utility efficiency programs may target electricity or natural gas
consumption only in residential and commercial buildings. But industry’s energy bills
are raised along with residential and commercial rates in order to allow utilities to recoup
their utility efficiency costs, requiring industrial customers to pay for efficiency
improvements from which they receive no direct benefit – except to the degree that
successful utility efficiency programs help to dampen demand-driven energy price
increases and price volatility.
Finally, decoupling and utility efficiency mechanisms may add extra layers of accounting
complexity to an already complex industry. And perhaps the biggest administrative
challenge of utility efficiency programs: verifying energy-efficiency savings and ensuring
they are sustained. Most state legislatures require public benefits fund (PBF) program
administrators – whether utilities or government agencies – to regularly demonstrate the
effectiveness of their programs, generally every few years. Of course, evaluation is not
free, so states must weigh the risk of funding ineffective projects against the costs of
verifying project savings.
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While these programs have been effective in lowering energy use, enormous potential for
further savings remains. State studies of energy-efficiency potential for electricity
suggest that most utilities could achieve additional annual savings of 0.1 percent to 1
percent of their sales.72 Utilities that have not yet developed and implemented DSM
programs could have a greater range of low-cost efficiency improvements at their
disposal, but they will have less experience and infrastructure to draw on to capture those
savings.
An energy efficiency resource standard (EERS) requires electricity and natural gas
utilities to meet a portion of their customers’ needs through energy efficiency and load
reduction programs, instead of by constructing new generation, transmission and
transportation facilities. An EERS can be instituted in conjunction with or independent
of a PBF.
EERSs are modeled on (and are frequently part of) renewable portfolio standards (RPSs),
similar systems created to promote the use of renewable energy. Utilities can meet the
requirements of their EERS through the same utility efficiency programs that many
utilities are already implementing. Generally, some independent body is responsible for
verifying the energy savings claimed by utilities.
While an EERS component is not always included in RPS mandates, doing so has
become more commonplace over the last few years.73 Currently, eight states have
EERSs, either as a component of an RPS or as a separate requirement.74 These programs
have been implemented despite opposition by RPS advocates concerned that energyefficiency projects may displace other beneficial (renewable energy) projects, since DSM
programs are typically cheaper than developing new renewable energy sources. As a
result, states that incorporate an EERS in their RPS generally limit the percentage of the
RPS that can be met through energy efficiency.
A national EERS could reap enormous energy and financial savings. The RPS provision
in H.R. 3221 would allow utilities to meet up to 27 percent of their RPS requirement
(which works out to four percent of projected electricity consumption in 2020, the last
level specified in the legislation) through utility efficiency programs. If this RPS was
enacted and utilities took advantage of the maximum amount of energy efficiency
permitted, it would reduce US electricity consumption by 1.6 quads and would avoid the
emission of more than 100 MMT of CO2 in 2050.75
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Any national EERS would have to take into account the diversity of experience and
potential energy savings between states. To address this variability, a national EERS
could be modeled after other “cap and trade” schemes, allowing utilities that exceed
required energy savings to sell “efficiency credits” to utilities that have failed to meet
their goals. Trading of efficiency credits would allow the savings to be achieved at the
least cost. Utilities with the lowest-cost efficiency improvements available could achieve
greater savings than required and profit from trading with utilities that lack those
opportunities. Utilities that have higher-cost improvements would be able to purchase
the extra low-cost improvements and count them as their own. Italy and the United
Kingdom have already implemented energy-efficiency trading schemes, which could be
used as models.76
Recommendation: Develop a national EERS for electric and natural gas utilities. Starting
in 2010, electric utilities should be required to reduce baseline electric sales by 0.6
percent annually through efficiency, and natural gas utilities required to reduce baseline
gas sales annually by 0.3 percent.
If a national EERS of this level was fully implemented, building energy use in 2050
would be reduced by roughly 11 quads and CO2 emissions would be reduced by roughly
0.7Gt. Combined with H.R. 3221, the 2050 reductions would approach 1.7Gt.77
Recommendation: State regulators should be required to consider integrating energy
efficiency into electric and natural gas utility plans. Regulators should also be required to
consider modifying existing rate structures to incentivize utility efficiency investments
and to decouple utility profits from energy sales. Regulators should be required to submit
a written report to DOE on their findings and decisions on these considerations, with
explanations for any exclusion of any of the above efficiency strategies.

Tax Incentives
Tax incentives are commonly used at both the federal and state levels to influence
consumer and business purchasing decisions. Recently, many different levels of
government have offered tax incentives to consumers who purchase energy-efficient
equipment or products. These incentives come in a variety of forms, including sales tax
exemptions and income tax credits or deductions for purchases of energy-efficient
products and accelerated depreciation for energy-efficiency investments.
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Tax incentives can help introduce new technologies into the marketplace and increase the
market share of energy-efficient products by lowering their cost for consumers. Tax
incentives also lower manufacturers’ production risks and effective investment costs. As
production volume and sales increase, the technologies become more readily available
and affordable, allowing the tax incentives to be phased out. And by attracting the
attention of manufacturers, distributors, retailers, and consumers through a multi-year and
nationally consistent program, tax incentives can help markets embrace new energysaving technologies.
A less obvious function of tax incentives for energy-efficient products is to counter the
relatively low cost of energy consumption relative to their actual externality costs. For
example, since to a large extent the energy-related costs of GHG emissions are not
included in energy prices, consumers will not take these costs into account when making
purchasing decisions. Instead, they will under-invest in energy efficiency compared to
the investments they would make if these externalities were incorporated into the cost of
a pound of coal, for instance.
Further, considering the enormous subsidies that have been given (and continue to be
given) to the energy industry, tax incentives for energy efficiency may simply level the
playing field. According to a study by the GAO, the various energy supply industries –
including oil, gas, coal, nuclear, renewable energy, and electricity – received $4.38
billion from various income and excise tax preferences in 2003, more than 20 times the
preferences provided for energy efficiency and conservation at the time.78
The Energy Policy Act of 2005 (EPAct 2005) enacted many new tax incentives for the
purchase of and investment in energy-efficiency products and technologies. Several are
intended to encourage efficiency in buildings, including incentives for the construction
and retrofits of new and existing commercial buildings, the purchase of energy-efficient
heating and cooling equipment for new and existing homes and commercial buildings,
and building improvements to existing homes and certain energy-efficient appliances
(namely clothes washers, refrigerators and dishwashers).
Unfortunately, all of the credits passed in EPAct are set to expire either at the end of 2007
or 2008, which, in most cases, is not nearly a long enough window for consumers to take
advantage of them. EPAct 2005 wasn’t signed into law until August 2005, and the IRS
did not issue several of the tax credit guidelines until well into 2006 or later.79
Unless the credits are extended, they are unlikely to have much of an impact. For
instance, EPAct 2005 contained a credit for new energy-efficient commercial buildings.
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But businesses are eligible for the credit only if it is put into operation in the time frame
of the credit. This means that the owner, architects and builders need to design, site,
build, and open a commercial building to the rather stringent specifications of the tax
credit within two years.80 Reports indicate that few consumers have taken advantage of
this incentive.
There are other potential barriers to achieving the energy savings promised by these
incentives. If implemented poorly, tax incentives can be costly boondoggles or simply a
waste of taxpayer time and energy.81 Free-riders – consumers who receive a tax
incentive for actions they would have taken irrespective of the incentive – should be a
major concern when developing any tax incentive. Free-riders minimize the energysavings of tax incentives and render market transformation programs little more than
government handouts. Free riders may be offset by “free-drivers,” for example when one
person takes advantage of a tax incentive and then brags about their purchase to another
buyer. But tax credits are not inducing energy savings if they simply pay people to do
what they were already going to do.
Likewise, tax incentives must require sufficient documentation demonstrating that the
prescribed efficiency measures are actually installed, installed properly, and performing
as specified. Otherwise, the incentives will have little energy impact while putting
pressure on already-tight government budgets and/or inflating the price of the eligible
measures. Performance must therefore be verified; merely showing that you have paid
for a covered product is not sufficient. Of course, if taxpayers decide that the burden to
document the effective installation of efficiency measures is more trouble than it’s worth,
the effectiveness of the tax incentive will be limited as well, with taxpayers ignoring the
overly cumbersome incentive.
These principles are often in conflict. Performance-based eligibility requirements, for
example, place more burden and cost on the taxpayer than do cost-based requirements.
Similarly, being overly concerned about free-riders could lead to freezing out some
taxpayers who would otherwise have been motivated by the tax break. The reality is that
almost any tax incentive will benefit some free-riders. But it is still worthwhile to try to
limit this effect.
Recommendation: The tax incentives for buildings should be extended. The residential
tax credit for energy-efficient equipment should be extended through 2009, and should
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add a $300 credit for efficient natural gas fired heat pumps. The credit for oil furnaces
should be raised to $300, and the level of efficiency necessary to claim the incentive for
heat pumps, water heaters, and oil furnaces and boilers should be increased. The tax
credit for energy-efficient new homes should be extended through 2011, and should
builders constructing homes for their own personal should qualify for the credit as well.
The commercial buildings tax deduction should be extended through 2013, and the
amount of the deduction should be increased 25 percent. The energy-efficient appliances
tax credit should also be extended, and the amount of the credits increased by varying
amounts for dishwashers, clothes washers and refrigerators, and a new tax credit should
be included for efficient dehumidifiers. Also, manufacturers currently cannot claim more
than $75 million in tax incentives for these appliances; this cap should be removed for the
most efficient refrigerators and clothes washers.
According to ACEEE, these extensions and modifications to the tax incentives would
result in annual savings in 2030 of 34 TWh of electricity, 360 BCF of natural gas, 0.5
quads of energy and avoidance of nearly 36 MMT of CO2 emissions.

Research, Development, and Deployment (RD&D) Programs
The Department of Energy and the Environmental Protection Agency currently spend
about $700 million annually on energy efficiency-related research, development,
demonstration and deployment programs (RDD&D).82 Most of these funds go to DOE
programs. The overall energy efficiency RDD&D budget has been flat or declining
slightly over the last several years. The President’s overall FY 2008 budget request for
energy-efficiency programs within DOE’s Office of Energy Efficiency and Renewable
Energy is $515 million, down nearly $117 million (18 percent) from the FY 2006
appropriated level. This large cut follows a gradual slide from the $695 million that was
appropriated for these programs in FY 2002. Funding for these programs in the annual
Presidential budget request has decreased by one-third (37 percent) since 2002, after
adjusting for inflation.83
Past federal RDD&D has successfully helped integrate several cutting-edge energysaving technologies into the marketplace. A 2001 National Research Council report
found that on average, a dollar invested in 17 DOE energy-efficiency research and
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development (R&D) programs returned nearly $20 to the U.S. economy in the form of
new products, new jobs, and lower energy bills to American homes and businesses.
Environmental benefits were estimated to be of a similar magnitude.84
More than half of federal energy-efficiency funding in 2007 went towards programs
focusing on building energy consumption.85 Past buildings RDD&D has proven
enormously successful. For instance, savings from just three of the technologies
developed as part of DOE’s buildings R&D – electronic ballasts for fluorescent lamps,
low-e glass, and advanced compressors for refrigerators and freezers – equaled an
estimated 4.7 quads of energy and $30 billion in net energy costs. The total cost of these
three programs was about $12 million, which works out to a cost-benefit ratio of at least
1:2500, before considering the additional billions in reduced damage from air pollution
and global warming.86
There are barriers to implementation to federal RDD&D, however, just as there is for
virtually any government program. For one thing, some stakeholders argue that the
government should not pick winners and losers. By investing in a broad portfolio of
RDD&D programs, though, the government can perhaps sidestep this criticism. Another
complaint is that it is difficult – if not impossible – to accurately measure the impact of
most government programs. But just because the benefits are difficult to measure or
predict does not mean they do not exist.
Other observers claim that government intervention distorts the marketplace. But the
marketplace is already distorted by environmental and other externalities that are not
currently included in standard cost-benefit analyses, and by the enormous subsidies given
to various players in the energy industry. Further, certain key players in determining US
energy consumption, such as the home construction industry, are highly segmented,
comprised of tens of thousands of small businesses. Individually, these businesses do not
have the resources to research the integration of buildings technologies into new or
existing structures. Consequently, buildings energy efficiency RDD&D is underinvested
in the marketplace.
Finally, in an era of soaring budget deficits, a costly war, and a destabilized (and
potentially destabilizing) housing market, government budgets are tight. This leads some
to conclude that the government should not spend increasingly precious government
money on RDD&D programs that may not result in any tangible savings. But energy
efficiency RDD&D programs are investments in the nation’s future and will help to
stimulate the economy, reduce imports, and ultimately strengthen government budgets.
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And given the cost-benefit return seen in certain programs, one could argue that the
fiscally imprudent behavior would be a failure to invest in further RDD&D.
Government RDD&D programs have the potential to transform entire sectors of our
economy. One proposal included in H.R. 3221 is for a Commercial Buildings Initiative
(CBI) that would result in a net-zero commercial buildings sector by 2050. This does not
mean the sector would not consume energy in 2050; rather, it means the sector would
achieve dramatic cuts in its energy consumption through building codes, advanced
technologies and best practices, and the energy it did consume would be offset by on-site
renewable energy generation and renewable energy and energy-efficiency credits.
ACEEE estimates that the proposed CBI, even if its effectiveness was not fully funded,
could save 107 TWh of electricity, 800 BCF of natural gas, 1.4 quads of energy and
avoid the emission of more than 90 MMT of carbon dioxide annually in 2030 while
reducing peak demand by nearly 29,000 MW. Given the escalating nature of this
program, these savings could be much greater in 2050.
Recommendation: The federal government should appropriate $200 million annually to
an Energy Efficient Commercial Buildings Initiative, to be run by DOE in partnership
with industry, with the goal of developing technologies, practices and policies that will
lead to achieving a net-zero-energy commercial building sector by 2050. All new
commercial buildings should be net-zero-energy by 2030 and half of all commercial
building stock by 2040.
Other RDD&D programs would also accrue significant savings.
Recommendation: DOE and EPA should partner with industry to establish specifications
and benchmarks that would allow for energy-efficiency ratings of equipment used in data
centers, and of data centers as a whole.
Recommendation: The Weatherization Assistance Program (WAP), designed to assist
low-income residents in weather-proofing their homes to save on energy bills and
increase their comfort, should be reauthorized and allocated $1.4 billion annually from
2008-2012. A pilot project focusing on energy-saving components and grants for
materials, benefits, and technologies not currently covered under the program should also
be authorized. Funds equal to up to two percent of the WAP budget should be allocated
to this project.
Historically, much of the energy savings realized in the United States has been driven by
the states. The federal government can assist state energy programs by sharing resources
and technologies through the State Energy Program.
Recommendation: The State Energy Program should be reauthorized at $125 million
annually from 2008-2012.

Policies to Address Growing Demand for Energy Services
Increased energy efficiency is the preferred method for achieving reductions in energy
demand. And energy efficiency, combined with changes in fuel mix can go a long way to
achieving CO2 reductions 80 percent below 1990 levels. One challenge, however, will be
ensuring that the gains from increased efficiency and use of low carbon fuels are not
swamped by increased demand for energy services.
Over the last couple of decades, the energy efficiency of homes has increased
dramatically. But so has home size. The average home’s floor area more than doubled
between 1950 and 2000, as did floor area per capita; both square footage per home and
per capita have increased by more than half just since the 1980s. (See Figure)87

US House Size (floor area) Mean and Median 1950-200088

Similarly, according to EIA’s Residential Energy Consumption Survey (RECS),
refrigerator energy use per household was roughly the same in 1993 and 2005, even
though energy use per unit virtually halved during that time period.89 While it is possible
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that two-refrigerator households would be commonplace regardless of unit efficiencies, it
can at least be said that the demand for new energy services has increased as fast as
efficiencies.
Some reductions in demand from energy-efficiency improvements are “taken back” in
the form of increased demand for less costly energy services – i.e., efficiency
improvements result in lower energy costs for refrigeration which leads to increased
demand for refrigeration. This snapback or rebound effect is estimated to be about 1020% of the initial energy savings for most efficiency measures.90
But the biggest drivers of demand for new energy services are growing incomes,
population, low energy prices and new technology. Currently, reducing incomes or
population to address energy services demand is not seriously discussed – it may need to
be in the future.
For now, we rely on more focused measures, including, for example, appliance buybacks, which have long been used by utilities and governments to encourage consumers
from putting their old and inefficient refrigerators in the basement. Several of the other
policies already discussed in this chapter, have similar effects. Outside of buildings, this
type of policy can be illustrated through high occupancy vehicle lanes on highways, for
example.
A recent proposal by Representative John Dingell (D-MI) is intended to address the trend
of increasing house size. The Dingell proposal would phase out the mortgage interest
deduction for new and existing homes that are 3,000 square feet or more, unless they
obtain Leadership in Energy and Environmental Design (LEED) certification or were
constructed before 1900.91 Currently, all home owners who pay mortgage interest are
allowed to deduct those interest payments when calculating their income tax liability.
The tax savings can easily amount to thousands of dollars, even for relatively modest
homes.92
The proposal would penalize the biggest houses more harshly than those just exceeding
the 3,000 square foot threshold. Houses over 4,200 square feet would not be eligible for
any deduction at all, while those at 3,001 square feet would still be able to claim 85
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percent of the full deduction. If homeowners chose to keep their deduction by achieving
LEED certification, then the policy would result in energy and carbon emission
reductions. If they chose to forfeit their deduction, the saved revenue would, under Rep.
Dingell’s plan, be used to expand the Earned Income Tax Credit.
We estimate that this policy, if enacted in concert with our H.R. 3221 and EERS Deluxe
scenarios, would save .85 quads and avoid the emission of 50 million metric tons of CO2
annually in 2050, assuming it spurred homeowners to achieve LEED certification rather
than give up their deduction.93
Recommendation: Representative Dingell’s mortgage deduction elimination plan for
owners of large single family homes should be implemented.

93
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Appendix 1
Energy and carbon savings relative to business as usual by
implementing Sec. 304 “Updating state building energy efficiency
codes”
Annual savings by year
2020
2030
2050
Total Energy
Savings

1,661

5,021

12,092

3,428
12,568

trillion BTU (216 quads)
MMT of carbon
equivalent
MMT of CO2 equivalent

26
97

80
292

192
703

1,647,800

1.6 trillion - 2003 dollars

12,617

38,269

92,275

35,293
5,786
16,779

239
39
114

808
132
384

2,032
333
966

NG Comm
Fuel oil Comm
Elec. Comm

35,767
3,482
119,013

287
28
954

835
81
2,780

1,980
193
6,588

NG Total
Fuel oil Total
Elec. Total

71,060
9,268
135,792

526
67
1,067

1,644
214
3,164

4,012
526
7,554

Carbon avoidance
CO2 avoidance
Cost saved (mio
2003 dollars at
2003 prices)
NG Res
Fuel oil Res
Elec. Res

216,120

Baseline
The business-as-usual assumptions, based on EIA projections are:
•

Per year, new homes use 0.53% less heating and cooling energy. This is mainly due
to increased equipment efficiency (0.29% annual improvement for heating equipment
and 0.79% improvement for cooling equipment).94 At the same time, the annual
increase in new construction is 1.1% per year.95 As a result, in the business-as-usual
scenario, the total heating and cooling energy use of all newly constructed homes
increases by 0.57% each year.

•

Annually, heating, cooling and lighting energy use from newly constructed buildings
increases by 0.6% over the energy use from the previous year’s construction. The
growth in commercial floor space is 1.5% but commercial energy for heating,
cooling, and lighting increases by only 0.82% (55% of the floor space growth).96
With annual construction growing 1.1% each year, the expected growth in energy
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consumption from heating, cooling and lighting in new buildings is 1.1% * 55% =
0.6%.
Timeline
a. President puts the policy in place in 2009. The International Code Council
already released the 2009 IECC, so it’s too late to increase code stringency by
30%.
b. ASHRAE 90.1-2010 achieves 30% heating, cooling, and lighting energy savings
over 90.1-2004. In 2011, DOE makes the relevant determination.
c. Two years after the enactment of the law, in 2011, all states have to adopt the
2009 IECC, referencing ASHRAE 90.1-2007, or have an equivalent code. The
2009 IECC and ASHRAE 90.1-2007 are 5% more stringent than the 2006 IECC
and ASHRAE 90.1-2004. This improvement is within the target range of code
improvements envisaged by the EERE Building Technologies Program.
d. By 2012, all states enforce the 2006 IECC or an equivalent code at 90%
compliance - as required by (b)(1) and (c)(2) of Sec. 304.
e. Also in 2012, the International Code Council finalizes the 2012 IECC, which now
saves 30% heating and cooling energy beyond the 2006 IECC. DOE makes the
relevant determination.
f. 3 years after DOE’s determination, in 2014, all states enforce ASHRAE 90.12010, achieving 90% compliance.
g. 3 years after DOE’s determination, in 2015, all states enforce the 2012 IECC,
achieving 90% compliance.
h. In 2018, DOE determines that the 2018 IECC achieves 50% energy savings above
the 2006 IECC
i. In 2019, DOE determines that ASHRAE 90.1-2019 achieves 50% energy savings
above ASHRAE 90.1-2004.
j. In 2021, 3 years after DOE’s determination, all states enforce the 2018 IECC,
achieving 90% compliance.
k. In 2021, 3 years after DOE’s determination, all states enforce ASHRAE 90.12019, achieving 90% compliance.
l. Energy code improvements beyond business as usual after 2021 are outside the
focus of these estimates.
Other assumptions
Energy uses affected by code
The “overall energy savings” of 30% and 50% required in (a) of Sec. 304 of H.R. 3221
cover heating and cooling for residential buildings and heating, cooling, and lighting for
commercial buildings.

Code compliance improvement
Prior to 2012, average code compliance across the U.S. is 50%.
Renovations
• The annual amount of renovated floor space in residential and commercial buildings
is equal to the amount of new construction per year.
•

Residential renovations and additions achieve 35% of the savings potential from
codes. Most of this is due to window replacements, which achieve about 25%
savings. The other 10% come from additions, duct insulation, and building shell
insulation.

•

Commercial renovations achieve 42% of the savings potential from codes. Table B9
of the 2003 CBECS shows typical types of renovation, including lighting upgrades
(58% of renovations), insulation upgrades (23% of renovations), wall or roof
replacements (43% of renovations), window replacements (36%) and annexes and
additions (37%).97
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Appendix 2
Assumptions and Process to Calculate the Elimination of the
Mortgage Interest Rate Deduction
According to the Residential Energy Consumption Survey (RECS), in 2001 there were
18.4 million single-family houses in the US of 3,000 square feet or more.98 This
represented 25 percent of single-family homes in the US that year.99 We assumed that
this ratio would continue through 2050 (that is, that 25 percent of new homes would
continue to be of 3,000 square feet or more).100
Overall, the housing stock is projected to increase by an average of 1.1 percent annually
through 2030, according to the Annual Energy Outlook (AEO).101 We assume that this
holds true for homes of more than 3,000 square feet as well. But annual construction is
greater than 1.1 percent annually, since the above number does not take into account
destruction of existing stock. According to the US Census Bureau, average annual new
construction of single-family homes from 2002-2006 was nearly 1.5 million homes,102
about 1.9 percent of the single-family housing stock in 2004, according to the AEO.103
So we assumed that trend continued and that new construction equaled 1.9 percent of the
housing stock per year, which means that about 0.8 percent of the stock was destroyed
per year.
Since there is no existing projection for the US housing stock through 2050, we took the
AEO projections through 2030, and, using their average annual increase of 1.1%,
projected through 2050.104 We found new buildings of greater than 3,000 square feet by
dividing the overall single-family stock number by four. This means that in 2050 alone,
we expect there to be 621 thousand new single-family homes of greater than 3,000 square
feet constructed. From 2010-2050, we expect new construction of a cumulative 20.8
million single-family homes of 3,000 square feet or more. Taking destruction into
account, we project 12.1 million single-family homes of 3,000 square feet or more that
predate 2010 to remain in 2050. We assume that the distribution of homes of different
sizes remains the same as it was in 2001, as shown below.
square
footage
3000-3499
98

Number of
homes in 2001
6,600,000

Number of NEW
homes by 2050
7,449,195

Number of Existing
homes by 2050
4,242,249
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3500-3999
4000 +
Total

3,800,000
8,000,000
18,400,000

4,288,930
9,029,327

2,442,507
5,142,120

20,767,453

11,826,876.35

The average site energy consumption per square foot in buildings greater than 3,000
square feet in 2001 is given below (A).105 The ratio of source to site energy consumption
in residential buildings as found in the AEO for 2006 is 1.9 to 1.106 Therefore, the
average source energy consumption per square foot (B) is A * 1.9. The ratio is altered
given the trend towards greater efficiency that is found even in the Business as Usual
(BAU) baseline model. From 2004-2030, the average source energy consumption per
square foot is reduced by an average of 0.7 percent per year. Continuing this trend
through 2050 results in a decrease in energy intensity of 26 percent per square foot
compared to 2006.107 Assuming these results hold true for larger buildings, the BAU
energy intensity in 2050 will be as shown (C). Finally, this intensity number will be even
further reduced through the H.R. 3221 Extended and EERS Deluxe policies laid out in
this chapter. Since these policies would save an estimated 40 percent below baseline, the
new energy intensities would be as follows (D).

square
footage
3000-3499
3500-3999
4000 +

(A)

(B)

(C)

Thousand Site
btu/square foot,
Current

Thousand Source
btu/square foot,
Current
75.2
74.2
56.2

Thousand Source
Btu/square foot,
BAU, 2050
55.7
55.0
41.6

39.3
38.8
29.4

(D)
Thousand Source
Btu/square foot, HR
3221 and EERS
Deluxe, 2050
33.4
33.0
25.0

Representative Dingell’s proposal applies to all existing homes, except those built before
1900. RECS does not have a category for homes built prior to 1900 – instead, it lists
those built before 1949. But given the relatively small number of homes this
encompasses, considering the average number of homes existing from each subsequent
decade, we’ve assumed that all single-family homes larger than 3,000 square feet, new or
existing, would be subject to this requirement.108 We also assume that, if this legislation
were passed, given the enormity of the mortgage interest deductions (a total of $64
billion is spent on the deductions each year109), the relatively low cost of the LEED
certification process (currently estimated at $500-$3000 per house, but, according to
LEED, this number would drop considerably with greater demand for certification110),
105
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and the cost-effective nature of the energy-efficiency improvements needed to be LEEDcertified, every owner of a large home would go through the LEED-certification
process.111
For new buildings, LEED-certified homes are required to be ENERGY STAR-qualified,
equal to 15-20 percent more energy-efficient than code requires.112 LEED homes need
45 points to be certified, but larger homes need to achieve more points than a standard
home would. A 3,900 square foot home (what we estimate to be the average size of a
large home, based on the distribution of homes by square footage) with four bedrooms
needs to achieve 54 points. Thirty-eight of the 130 possible LEED points are achieved
through energy-efficiency improvements. Assuming an equivalent ratio of energyefficiency points is used for achieving 54 points, the average large home would need to
earn 16 efficiency points, equivalent to a 35 percent improvement in energy performance
over a home built to code. Note that this 35 percent improvement does not apply to all of
a home’s energy consumption – it only applies to heating, cooling, ventilation, water
heating and lighting (not most appliances or electronics). We estimate that the covered
products account for 80 percent of a typical home’s energy consumption.113 So the
average new large home in 2050 will have to be (.8 * .35 = 28 percent) more efficient
than baseline to be able to continue claiming the deduction.
Currently, however, there is no LEED certification or rating for existing residential
buildings. We assume that this legislation would spur USGBC to develop such a
protocol, but it’s unlikely that existing homes would be able to achieve savings of 35
percent greater than code.114 It is probably unreasonable to expect existing buildings to
achieve similar savings as new buildings without a complete renovation. We assume that
existing large single-family homes would, under an eventual LEED certification, need to
improve their energy-efficiency by half of the requirement for new buildings – an
estimated (.8 * .175 = 14 percent) beyond baseline.
New single-family homes of 3,000 square feet or more would, in 2050, consume 2.4
quads under the H.R. 3221/EERS Deluxe scenario. Achieving LEED certification would
save 28 percent (0.66) of those quads. Assuming that one-third of the savings were from
electricity, and two-thirds from natural gas (based on our building codes calculations),
this works out to 0.04 Gt of CO2 savings.115
Existing large single-family homes under the H.R. 3221/EERS Deluxe scenario would
consume 1.3 quads. LEED certification would therefore save 14 percent (0.19) of those
111
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quads. This equates to 0.01 Gt of CO2 savings. All told, savings would equal 0.85 quads
and .05 Gt of CO2 savings.116
It is possible further CO2 reductions would be achieved through the other LEED points
besides those for energy efficiency that would be achieved. These categories include
water savings, resource efficiency, sustainable sites, vicinity to public transportation, and
reduced heat island effect, among others. The savings that would result from these points
are beyond the scope of this analysis.

116

Our estimated savings may be slightly lower than they actually would be, since we’re assuming that all
new and existing buildings would achieve the same energy consumption per square foot. It is likely that
existing homes earning LEED certification before 2050 would be certified at 17.5 percent below baseline
consumption for that year, and that these homes’ energy intensity would not necessarily decrease along
with baseline intensity. On the other hand, we assume that USGBC will have perfect information and will
update LEED annually to reflect the new baseline energy intensity – this could exaggerate savings.

