Chapter 4  

Buildings sector

4.1 Introduction and background

This chapter describes our detailed assessment of the achievable potential for reducing building sector carbon dioxide emissions in 2010 and 2020.  We calculate dollar, energy, and carbon savings associated with adoption of more energy-efficient technologies, and explicitly define a set of policies and programs that would lead to this outcome.  This chapter also assesses the potential role of research and development (R&D) in providing a stream of advanced building technologies and practices after 2010 that will enable continued reduction in energy use and greenhouse gas emissions.

4.1.1 Overview of Sector

Energy is used in buildings to provide a variety of services such as space heating, space cooling, water heating, lighting, refrigeration, and electricity for electronics and other equipment.  In the U.S., building energy consumption accounts for a little more than one-third of total primary energy consumption and related greenhouse gas emissions. The cost of delivering all energy services in buildings (such as cold food, lighted offices, and warm houses) was about $230 billion in 1997. 

About two-thirds of building sector primary energy use is electricity, and this sector uses about two-thirds of all electricity generated nationally.  Natural gas accounts for about one quarter of total primary energy in this sector, and together electricity and natural gas account for about 90% of building sector primary energy use.

4.1.2 Buildings Sector Primary Energy Use in 1997

Figures 1a and 1b show the percentage breakdown of primary energy use by end-use in residential and commercial buildings.  The breakdown of carbon emissions by end-use tracks the primary energy breakdown closely.  Space heating is by far the largest identified end-use in the residential sector, accounting for just over one-third of the primary energy.  Water heating is next, followed by refrigerator/freezers, space cooling, lighting.  The “all other uses” category contains a variety of smaller end-uses, including cooking, clothes washers, clothes dryers, dishwashers, home electronics, fans in fuel fired furnaces, and all the other so-called “miscellaneous” energy end-uses.

In the commercial sector, lighting accounts for about one quarter of total primary energy use, and is far and away the largest identified end-use in this sector.  Space heating is next, followed by office equipment, cooling, and water heating.  The “all other” category contains refrigeration, ventilation, cooking, district services, automated teller machines, telecommunications equipment, and medical equipment.   It also includes an adjustment term to ensure that the total commercial sector energy use adds up to the totals reported in EIA’s State Energy Data Report.

4.1.3 Technology Opportunity Examples

The fundamental insight driving the analysis in this report is that people don’t demand energy, per se.  Instead, they demand warm rooms, cool beer, clean dishes, and hot food.  It has been known for years that technology exists to vastly decrease energy use, while still delivering these same services (or even better services) and saving consumers money.   More recently, it has become clear that that systematic implementation of programs and policies (like ENERGY STAR voluntary programs, Green Lights, Building America, Rebuild America, government procurement, and minimum efficiency standards) can help cost effective efficiency technologies to be purchased when they would not have been implemented otherwise.

Fig.  1a and 1b: End-Use Breakdown of Residential and 

Commercial Sector Primary Energy in 1997
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4.2 Business-as-usual case

The building sector uses the AEO99 reference case as our business-as-usual (BAU) case, which is summarized in Tables 4.5 and 4.6 below.  By 2020 in the BAU case, primary energy use in buildings grows by 37% and carbon emissions grow by 48% over 1990 levels.  Compared to 1997 levels, primary energy use grows by 20%, and carbon emissions grow by 31%.  The greater growth in carbon emissions is caused by a shift towards more carbon intensive electricity end-uses by the end of the forecast.

The AEO99 reference case contains assumptions about the effect of current policies.  Minimum efficiency standards now on the books are included in the reference case, but no additional standards beyond those already enacted are assumed.  The standards in the AEO99 case include the refrigerator, freezer, and room air conditioner standards for which DOE has enacted final rules, but their date of implementation is in 2000 (for RAC) or 2001 (for refrigerators and freezers).  

The residential sector forecast includes significant increases in the thermal integrity of new homes, based on an assumption that the combination of Building America, ENERGY STAR homes, the Partnership for Advanced Technology in Housing (PATH), R&D, and building codes all have major effects.  This assumption is one that EIA is revisiting for the AEO2000 forecast.

The AEO99 case also includes EIA’s estimates of the effects of the administration’s Climate Change Action Plan and the 1994 Energy Policy Act (EPACT).  These two policies are projected to promote building code adoption, consumer labeling of efficient products, efficiency standards for equipment, energy-efficient mortgages, restructuring of the electric utility industry (which affects electricity prices for buildings), and voluntary programs that promote energy efficiency.

4.3 Policy implementation pathways

Students of end-use markets have long been puzzled by the lack of adoption of ostensibly cost-effective energy efficiency technologies.  A rich literature has developed around this question, and analyses of various barriers to adoption of efficiency technologies are widespread.  Various policies have been implemented over the past twenty years to ameliorate or sidestep these barriers, and we develop our policy pathways based on that program experience.  We develop both moderate and advanced pathways, as discussed below.

4.3.1 Barriers to Adoption of Cost-Effective Efficiency Technologies 

The barriers that inhibit adoption of cost-effective technologies can be broken down into those faced by users, and those faced by manufacturers, builders, designers and suppliers of efficient products.

4.3.1.1 Barriers faced by users

Organizations and individuals face a variety of complex barriers to choosing the most cost-effective efficiency option, which vary by user, technology, and end-use.
  The list below is not comprehensive but illustrative of the kinds of constraints that users face.  Each particular transaction is affected by different barriers, and this complexity has made it difficult for researchers to assess the effect of these barriers in a comprehensive way.

Not knowing. It is impossible for a utility customer, even one who carefully reads her bills, to determine the contribution of various appliances to the total bill (the bills do not separate the cost for lighting from that for refrigeration or cooking).  Attaching individual electricity meters to particular appliances is extremely rare, so that the consumer finds herself in a "supermarket without prices": the user collects all the purchases in their shopping cart and gets one lump-sum bill to pay at the end of the month, with no separate accounting.  No consumer can optimize when she doesn’t know the price of purchasing a service!  Universal metering by appliance is unlikely to come about any time soon, but the Energy Star label and wide distribution of energy information can help ameliorate this problem.  Efficiency standards also mitigate this problem to some degree.

Not caring. In most cases, energy is a small part of the cost of owning and operating a device or building, so the potential energy savings will not "make or break" the firm or make a family rich.
   For example, before the advent of the Energy Star television (TV) program, typical TVs with remote controls used 6 to 10 watts when turned off because a small amount of standby power is necessary to turn the TV on.  TVs that qualify for Energy Star must achieve standby power of three watts or less, a savings of more than 50%.  About ten major manufacturers now offer such TVs.  When Sony examined their TV models, the company was able to reduce their standby power from 7-8 watts to about 0.6 watt.  While a large savings in percentage terms, even this 90+% reduction will only save about $5 per year per TV.  If implemented for all TVs across the U.S., the total savings would be hundreds of millions of dollars per year, but the cost per TV is so low that it would be hard to imagine consumers lobbying TV manufacturers to reduce the standby power of their units. 

Since energy costs are typically small on an individual basis, it is easy (and rational) for consumers to ignore them in the face of information gathering and transaction costs.  However, the potential energy, dollar, and emissions savings can be important when summed across all consumers, which is why government agencies like EPA and DOE work directly with manufacturers to improve the efficiency of their products.  A little work to influence the source of mass-produced products can pay off in significant efficiency improvements and emissions reduction that rapidly propagate through the economy due to mass production and distribution.  These programs eliminate the information and transaction costs that impede adoption of efficiency technologies without the program. 

Unable to find out. Wise purchases are based on reliable and easily accessible information.  Determining which energy efficient products are cost-effective and reliable is not a trivial task.  Consumers and managers have limited time and attention, and they are not generally energy experts, so it's difficult for them to separate the winners from the losers.  While these costs are a normal part of markets, they can be reduced or eliminated by centralized information collection and dissemination by a credible source (such as EPA, DOE, Consumer Reports, or an electric utility).

Can't raise the money. Many consumers and industries face capital constraints in pursuing those energy efficiency improvements that require additional incremental investment.  These constraints surface as short payback time requirements for investments (2-3 years), or an inability to even consider investing due to lack of money.  Creating attractive financing options that improve the consumer's monthly cash flow is one strategy that has proven successful in promoting the EPA's Energy Star new homes program to builders and consumers.

Split incentives. Whenever the purchaser or operator of an appliance is not the same person who pays for the electricity, the incentive for considering efficiency can be diluted or eliminated.  Landlords who pay the utility bills have no control over their tenants’ energy use.  Alternatively, if tenants pay the bills, then landlords will likely invest in improving energy efficiency only if it will improve tenant retention, justify higher rents, or increase the value of the property upon resale.  For these latter conditions to hold there needs to be an objective way to measure the energy efficiency of a building, a situation that only exists in the few jurisdictions where home energy ratings are commonplace, and is rarer still in commercial buildings.  Split incentives are particularly difficult to ameliorate, but minimum efficiency standards have been effective in counteracting them.

In residential buildings, about one-third of all households rent.  About 90% of all multifamily households rent, which makes this barrier particularly important in this segment of the market.  

4.3.1.2 Barriers faced by manufacturers, builders, designers, and suppliers

Energy-aware consumers may never even be offered energy-efficient products if manufacturers choose not to produce them, so it's important to understand the barriers manufacturers face in producing such goods.  By the same token, a lack of consumer demand can also inhibit manufacturers from incorporating more efficiency into their products (if the customers don't ask for it, why deliver it).

Reluctance to change.  An important barrier is inertia.  If a TV's power supply has worked well for ten or twenty years, why "rock the boat" with a new design, especially when the public is not clamoring for change.  The introduction of Energy Star, however, created a different dynamic.  The marketing advantage of having a "green" product is brought to the attention of the marketing branch of the corporation, and these marketers become the advocates within that company for design changes that will make their jobs easier.  As long as the new technology is at least as reliable and capable as that it replaces (and there's no reason why it shouldn't be) then the Energy Star method for removing barriers can work well.  In fact, reexamining time-honored choices about product design usually leads to increased product functionality and cost savings as well.

Inability to capture all benefits of research and development. If a company spends money on research and development (R&D) to create new products, they can reap some, but not all of the benefits from such innovation.   As soon as the company creates a new product, competitors can copy those designs, without having to spend their own money on R&D.  This situation leads to under-investment in R&D from society's perspective, which is the main justification for government sponsored R&D.  This problem afflicts all sectors of the economy, and it is widely recognized by economists and public policy analysts around the world.

The problem is especially pronounced when an industry is as fragmented as the design and construction industries (Brambley et al. 1988).  Oster and Quigley (Oster and Quigley 1977), discussing R&D in the residential construction industry, state that

“Small scale may be particularly problematic if many of the potential innovations in the industry are in organization, systems design, and in the integration of housing components.  Here the minimum efficient scale for R&D activity is presumably rather large, and, more importantly, the returns to R&D are not easily captured by a single firm.”

Fragmentation of the industry is also a problem in the commercial buildings sector, with the design and engineering of buildings split between many small design firms.

Design and production cycles. Product design cycles can also slow the pace of innovation.  Until a product has "run its course" and repaid the initial investment, most manufacturers are justifiably reluctant to modify production lines.  These cycles have become shorter and shorter in recent years due to the growing impact of information technology, but they can be important in particular instances.  By working with manufacturers to accommodate their design cycles, EPA has successfully encouraged dozens of them to incorporate efficiency into their next product cycle, while minimizing any transition costs for altering products. 

Perverse fee structures. Lovins (Lovins 1992) describes how typical fee structures for engineers and architects penalize efficiency. Lovins interviewed more than fifty design professionals and analysts of the design process, and documented a market rife with inefficiency and "perverse" incentives.  These inefficiencies are driven mainly by the difficulty of creating optimized, custom-built buildings systems in the face of persistent institutional failures.

Lovins analyzes the prevailing fee structures of building design engineers, which are explicitly or implicitly based on a percentage of the capital cost of the project.  The reason why fee structures like this one are pernicious is because good design for heating, ventilation, and air-conditioning (HVAC) systems will allow substantial reductions in capital costs and operating costs.  Such design requires additional expenditures beyond the typical "rule-of-thumb" equipment sizing that most engineers do, which results in a net penalty for designers of efficient systems:

“ Designers who do extra work to design and size innovative HVAC systems exactly right, thereby cutting their client's capital and operating costs, are directly penalized by lower fees and profits as a result, in two different ways:  they are getting the same percentage of a smaller cost, and they are doing more work for that smaller fee, hence incurring higher costs and retaining less profit (Lovins 1992).”

The innovation stifling effects of such fee structures are reinforced by the obligations of professionals, as codified in law.  Burnette (Burnette 1979a, Burnette 1979b) points out that the judgement of a particular professional "need not be infallible, just reasonable within the norms established by the judgements and practices of other qualified professionals".  Such a standard (and associated litigation) "leads to defensive design and institutionalized conformity" (Lovins 1992).  Use of inaccurate rules of thumb regarding equipment sizing
, as well as those related to setting fees, are both expressions of that conformity.

Lovins shows how, even though this type of fee structure has been strongly discouraged in the US since the early 1970s (through the threat of anti-trust action against the professional associations), the practice has been eliminated in name only:  "both the designer and procurer of design services still generally base their fee negotiation on percentage-of-cost curves, just as if nothing had changed.  In low-rise office projects, for example, 70% of US designers estimate their fees as a percentage of project cost, even though only 15% bid them in that form; for low-rise hotels, 100% vs. 50%; for apartments, 50% vs. 5%".

4.3.2 Policies to Remove Barriers

Policies to remove barriers and reduce energy costs, energy use, and carbon emissions in buildings fall into nine general categories: voluntary programs, building efficiency standards, equipment efficiency standards, state market transformation programs, financing, government procurement, tax credits, accelerated R&D, and a carbon cap & trade system. Each policy may affect residential buildings, commercial buildings or both, and each ameliorates specific market barriers that inhibit the adoption of cost-effective efficiency improvements.  Tables 1 and 2 (below) summarize which barriers and end-uses (respectively) are affected by each policy.  The specific policies we consider are described in detail in Appendix B.1.

Voluntary Programs. For voluntary programs we focus on the Energy Star® programs operated by EPA and DOE, and the Building America and Rebuild America programs run by DOE.  Programs exist for both residential and commercial products and buildings.  The Energy Star product programs are structured as labeling programs.  Identifying high efficiency products for consumers is only one aspect of the program, however. The programs’ greater success has been in working with manufacturers to convince them to promote existing energy-efficient products and develop new energy-efficient products.

Energy Star’s residential programs are all structured as labeling programs, even the Energy Star new homes program for residential buildings.  In this program, EPA works with builders to increase the construction of high efficiency homes, which can then be marketed using the Energy Star label.  Residential products covered by Energy Star programs include residential HVAC equipment, insulation, windows, residential lighting fixtures, clothes washers, dishwashers, room air conditioners, refrigerators, televisions, VCRs and home computers.  Future product programs may include home audio equipment, other consumer electronics and water heaters.  Also in development is a program aimed at existing homes.

The DOE’s Building America program is designed to improve the energy efficiency of new homes by applying innovative design and production techniques in the field.  The goal is to achieve 30 to 50% energy savings relative to typical new construction, at an incremental first cost of no more than $500 per house.  DOE helps builders with design assistance and technology transfer.

Commercial products covered by the Energy Star labeling programs include PCs, monitors, copiers, printers, fax machines, multi-function devices, exit signs and vending machines.

Some commercial sector ENERGY STAR programs operate differently from equipment labeling programs, relying on high level corporate commitments and public recognition of participating corporations to promote cost effective efficiency investments.  The commitment of the Chief executive of a company to these programs allows program champions within the organization to beat back institutional inertia and cut through red tape to make these investments happen.  Energy Star’s commercial buildings programs are the Energy Star Building program and the Energy Star Small Business program for buildings, which focus on improving the energy efficiency of existing buildings by working with and educating building managers and small business owners.  

Rebuild America is a voluntary community program to stimulate energy efficiency retrofits in community buildings.  DOE supplies technical support and State Energy Offices supply limited financial support.  The main focus of this program has been municipal buildings, but the approach is also being extended to small commercial buildings.

Building Codes. The most important efficiency code for new low-rise residential buildings is the International Code Council’s  Model Energy Code, which is periodically reviewed and updated.   In residential buildings, the focus is primarily on the building shell, although codes may affect HVAC as well.  

Our reference for commercial building standards is ASHRAE 90.1R. This standard, finalized in 1989, is a model that may be adopted by state or local governments as the basis for their building codes.  The rate at which the standard is adopted will determine the effect of the policy. This standard affects the thermal shell, space conditioning, water heating, lighting and other aspects of commercial building operation. ASHRAE is working to revise standard 90.1. It is unknown if and when the revised standard will take effect.

Equipment Standards. Equipment standards require that all new equipment sold meet minimum energy-efficiency standards.  Water conservation measures, such as low-flow showerheads and faucets, are also considered since they reduce water-heating energy.  The appliance standards considered here are based on three pieces of legislation: the National Appliance Energy Conservation Act of 1987 (NAECA), which addresses primarily residential appliances,  the 1988 amendments to NAECA, which addresses magnetic fluorescent ballasts, and the Energy Policy Act of 1992 (EPACT), which primarily addresses commercial products.  

In the residential sector, NAECA standards are currently in place for residential refrigerators and freezers, water heaters (gas, oil and electric), clothes washers, clothes dryers, dishwashers, heat pumps, central air conditioners, room air conditioners, furnaces (gas and oil), and boilers (gas and oil). EPACT set water conservation standards for showerheads and faucets that reduce residential hot water use. DOE periodically updates NAECA standards. Tighter standards are anticipated for residential clothes washers, water heaters, heat pumps and central air conditioners between 2000 and 2006, with some updates to follow in 2010.

In the commercial sector, EPACT set standards for lamps (4- and 8-foot fluorescent lamps and incandescent reflector lamps), motors (1-200 horsepower), and commercial heating and cooling, including packaged air-cooled air conditioners and heat pumps, packaged water-cooled air conditioners and heat pumps, packaged terminal air conditioners and heat pumps, water heaters, furnaces and boilers.  The showerhead and faucet standard also affects commercial hot water use. The only commercial product covered under NAECA, fluorescent lamp ballasts, currently has a standard that prevents sales of the lower efficiency core-coil magnetic ballasts (high-efficiency magnetic ballasts can still be sold).  We expect that DOE will enact a revised standard for ballasts in 2004.

State Market Transformation Programs Funded Through “Lines Charges.” State Market Transformation programs are quite diverse.  We will break them down into programs focusing on new construction and those focusing on retrofits and replacements.  State new construction programs can affect the thermal shell, HVAC, water heating and lighting, and may influence fuel choice for HVAC, water heating, cooking, and dryers.  For existing homes, utilities have weatherization programs focusing on the building shell, rebates for high-efficiency HVAC, appliances and lighting.  Rebates may also be used to subsidize fuel switching for hot water heating or conversion from electric resistance central furnaces to heat pumps.

Financing.  An important subset of the State Market Transformation Programs and some ENERGY STAR programs will be special financing to spread the incremental investment costs over time and reduce the first cost impediment to adoption of energy efficient technologies.  The ENERGY STAR new homes program, for example, already offers preferential financing that improves monthly cash-flow for purchasers of ENERGY STAR homes.  These financing packages can apply to those end-uses that are structural parts of the building, like HVAC, thermal shell, and water heating. 

In commercial buildings, Energy Savings Performance Contracting (ESPC) is another way to use creative financing to promote efficiency investments.  In such contracts, an energy service company guarantees a fixed amount of energy cost savings throughout the life of the contract (up to 25 years) and is paid directly from those cost savings. The business that owns the facility retains the remainder of the energy cost savings for itself.

Government Procurement. Procurement policies have the potential to accelerate the adoption of new technologies.  In 1997 the Federal Acquisition Regulations were amended, directing that “agencies shall implement cost-effective contracting preference programs favoring the acquisition of...products that are in the upper 25 percent of energy efficiency for all similar products” (FAR, sec.  23.704).  In addition, EPA and DOE are currently working to encourage state and local governments to reform their own purchasing practices to encourage adoption of more energy efficient devices.  Another program that falls under this general category is the Federal Low Income weatherization program, that improves the energy efficiency of qualifying residences.

Tax Credits. We consider the effect of tax credits for high-efficiency equipment, as described in President Clinton’s Climate Change Technology Initiative.  This initiative, laid out in January 1998, proposed tax incentives for residential-sized heat-pump water heaters, natural gas heat pumps, natural gas water heaters, electric central air conditioners, and electric heat pumps.  It also proposed tax credits for fuel cells, new homes with efficiencies that significantly exceed current building standards, rooftop photovoltaic systems, and solar water heating systems.

Accelerated R&D.  The effect of accelerated R&D on the costs and potentials for efficiency improvements has been included in a schematic way in our analysis.   This policy measure applies to all end-uses where public-private R&D partnerships can be effective in improving the rate of technological change associated with the energy efficiency of these products.  We exclude office equipment, televisions, and other electronic equipment from this policy, because these technologies change at a rate with which public sector R&D cannot keep pace.

We assessed roughly twenty different key R&D technologies for buildings (see annex at end of chapter), and of those chose four to represent whatever technologies are likely to be successful in a well designed R&D portfolio (whole buildings R&D for residential buildings, whole buildings R&D for commercial buildings, compact fluorescent lamps/fixtures, and heat pump water heaters).  It is impossible to say whether these particular options are the ones that will be successful, but we believe that these four are a good proxy for those that would be successful.  The details of how we modeled the effects of this policy are contained in the appendices, but in summary, we lowered costs for these technologies in the 2010-2020 time period, and assessed the additional market penetration associated with such cost reductions.

Carbon cap & trade system.  This cross-cutting policy will be implemented for all sectors in the Advanced scenario.  It reduces carbon emissions by promoting energy efficiency and fuel switching to less carbon intensive fuels.

Table 4.1 Carbon Mitigation Policies and Which Barriers They Can Affect

Barrier
Policy Type


Voluntary Programs
Building Codes
Equipment Standards
State Market Transformation Programs
Financing
Government procurement
Tax Credits
Accelerated R&D
Carbon cap & trade

SCENARIO
B
B
B
B
B
B
B
B
A












Barriers faced by users










Not knowing
X
X
X
X


X



Not caring
X
X
X
X






Unable to find out
X
X
X
X


X



Can’t raise the money

X
X
X
X

X

X

Split incentives

X
X


















Barriers faced by manufacturers, builders, designers, & product suppliers










Reluctance to change
X
X
X


X


X

Inability to capture all benefits of R&D







X


Design and production cycles
X






X


Perverse fee structures




X

X














(1) “B” under scenario signifies “both,” “M” signifies Moderate case only, “A” signifies Advanced case only.

Table 4.2 Carbon Mitigation Policies and Which End-Uses They Can Affect

End-Use
Policy Type


Voluntary Programs
Building Codes
Equipment Standards
State Market Transformation Programs
Financing
Government procurement
Tax Credits
Accelerated R&D
Carbon cap & trade

SCENARIO
B
B
B
B
B
B
B
B
A












Thermal Shell-Res. Retrofits
X
X

X
X
X
X
X
X

Thermal Shell-Res. New
X
X

X
X

X
X
X

Thermal Shell-Comml Retrofits
X
X


X


X
X

Thermal Shell-Comml New
X
X


X


X
X

Residential HVAC equipment
X

X
X
X

X
X
X

Commercial HVAC equipment
X
X
X
X
X
X
X
X
X

Residential Ducts



X
X


X
X

Commercial Ducts




X


X
X

Residential Water Heating
X

X
X
X

X
X
X

Commercial Water Heating
X
X
X


X
X
X
X

Residential Refrigeration
X

X
X



X
X

Commercial Refrigeration
X
X



X

X
X

Cooking Equipment


X




X
X

Laundry
X

X
X



X
X

Dishwashers
X

X




X
X

Residential Lighting
X


X



X
X

Commercial Lighting
X
X
X


X

X
X

Televisions
X







X

PCs 
X




X


X

Office Equipment (not PCs)
X




X


X

Motors
X
X
X




X
X

Transformers
X

X




X
X

Water Conservation Measures


X





X

Residential Miscellaneous
X


X



X
X

Commercial Miscellaneous
X

X
X

X

X
X












Fuel cells



X

X
X
X
X

(1) “B” under scenario signifies “both”, “M” signifies Moderate case only, “A” signifies Advanced case only.

(2) Fuel cells, shell retrofits, R&D, and state market transformation programs for new residential shells are not included in current scenarios. 

4.3.3 Definition of Pathways

Our policy pathways combine the policies discussed above in both Moderate and Advanced scenarios.  The Moderate scenario presumes modest progress in implementing the policies and programs described above.  The Advanced scenario assumes that significant implementation effort beyond the Moderate case.  In addition, the Advanced case contains a $50/t carbon permit trading fee that reflects the adoption of an emissions trading system for carbon and other greenhouse gases. The content of these scenarios is summarized in Table 4.3.  Appendices B.1 and C.1 contained detailed information about our representation of the policies and technologies in each scenario.  

4.4 Methodology for analyzing impacts 

We rely on a three-step process for creating our analysis: first, we assess the potential impact of individual policies on energy demand in detailed spreadsheets.  Then we change hurdle rates (implicit discount rates) and other parameters inside the buildings sector modules of CEF-NEMS (our version of the National Energy Modeling System)
 so that the model mimics the energy savings calculated from the spreadsheets when these modules are run in stand-alone mode (equipment efficiency standards were implemented directly in the CEF-NEMS modules).  Finally (for the advanced case only) we add a carbon permit trading fee of $50/t and the CEF-NEMS modules respond to that fee using the modified hurdle rates, reflecting a policy and market environment that is working towards substantial carbon reductions.  This procedure follows that used in the earlier study by Koomey et al. (Koomey et al. 1998).

4.4.1 Analysis of policies outside of CEF-NEMS

Our spreadsheet analysis of the buildings sector relies for its basic structure on the spreadsheet analysis documented in the study Scenarios of U.S. Carbon Reductions: Potential Impacts of Energy Technologies by 2010 and Beyond (Interlaboratory Working Group 1997). We updated the spreadsheets to reflect some of the improvements in the NEMS Annual Energy Outlook forecast since that study was published, including detailed breakdowns of the residential and commercial miscellaneous end-uses, explicit accounting for halogen torchieres in lighting, and extension of the analysis period to 2020.

The spreadsheets rely on careful stock accounting for buildings and equipment, and detailed characterizations of the technoeconomic potential for efficiency improvements by end-use, based on the latest technology data.  Efficiency improvements are characterized in terms of the percentage savings that are cost effective relative to typical new equipment purchased in 2000, and a cost of conserved energy ($/kWh or $/Mbtu) for purchasing those efficiency options. 

The technology and program effectiveness data for the building sector relies on a variety of sources (AHAM 1997, Anderson 1999, Appliance 1996, Appliance 1998, Atkinson 1996, Auten 1999, Barbour 1998, BCAP 1999, BEA 1998, Brown 1993, Brown et al. 1998, Calwell 1999, Davis Energy Group 1994, ELPN et al. 1998, Energy Center of Wisconsin 1997, EPRI 1987, Geller et al. 1998, Gregerson 1994, Jakob et al. 1994, Johnson et al. 1994, Koomey et al. 1991, Koomey et al. 1994, Koomey et al. 1999a, Koomey et al. 1999b, LBNL 1996, LBNL 1997, Mr. Cool 1998, Parker et al. 1999, Richey 1999, Richey and Koomey 1998, Sanchez et al. 1998, Sezgen et al. 1995, Su and Zambrano 1999, Suozzo and Nadel 1998, US Bureau of the Census 1997, US Bureau of the Census 1998, US DOE 1990, US DOE 1993a, US DOE 1993b, US DOE 1995a, US DOE 1995b, US DOE 1998, US DOT 1999, US EPA 1999a, US EPA 1999b, US EPA 1999c, Vorsatz and Koomey 1999, Wenzel et al. 1997, Westphalen et al. 1996, XENERGY 1996).  Details on the assumptions and calculation methods are contained in Appendices B-1 and C-1.

Table 4.3 Buildings Sector Policies, By Scenario

Moderate Scenario


Advanced Scenario



· Implement new efficiency standards for equipment beyond those already planned.
· More end-uses covered.  Another round of standards for some products.

· Increase enforcement and adoption of current building codes
· Same, but adding a new more stringent residential building code in 2009 that is gradually adopted by states in preference to the less stringent codes that already exist.

· Expand voluntary labeling and deployment programs such as ENERGY STAR, Building America, PATH, Rebuild America to increase the penetration of efficient technologies in the market  and to raise the efficiency level for certain programs.
· More penetration, more covered end-uses

· Implement tax credits as proposed by Clinton Administration
· Same credits but with longer time periods before phase out.  Size of tax credit increased for heat pump water heaters as well.

· Expand R&D
· More money for R&D, greater cost reductions, more advanced technologies, more penetration associated with the R&D.

· Line charges for states implementing electricity restructuring (full national utility restructuring by 2010)
· Higher Line charges for states implementing electricity restructuring (full national utility restructuring by 2005)

· Government procurement assumed to increase in scope over current efforts. Increase FEMP efficiency goals by executive order.  Adopt renewable power purchase requirement for Federal facilities.
· Significant efforts beyond moderate case, including more rapid implementation of FEMP efficiency goals and faster expansion of ENERGY STAR purchasing to state and local governments as well as large corporations.  Adopt more stringent renewable power purchase requirement for Federal facilities.

· 
· Cap with assumed consequent permit price of $50 per metric ton of carbon.

In the real world, only some fraction of this technoeconomic potential can be captured with real programs and policies. The original interlaboratory analysis of buildings used overall achievable fractions of 35% and 65% for the efficiency and high-efficiency/low carbon cases, respectively, implying that 35% or 65% of the technoeconomic potential could be captured in practice.  In this analysis, we derive these implementation fractions by end-use by explicitly characterizing the pathways for specific policies. We also derive a program implementation cost by end-use, based on recent program experience. These key data are summarized in Table 4.4. The details of these calculations are contained in Appendices B.1 and C.1, and an end-use by end-use breakdown of these results is shown in Appendix D-1.

4.4.2 Modeling the Scenarios in CEF-NEMS

The revised analysis spreadsheets incorporate these parameters, and then yield energy savings by end-use in 2010 and 2020 for residential and commercial buildings in the moderate and advanced scenarios.  To match the CEF-NEMS projection in our scenarios to our detailed spreadsheet forecasts of energy savings, we change hurdle rates, technology costs, and growth trends for each end-use (as needed).  We directly input the equipment efficiency standards to the CEF-NEMS buildings sector modules.  These changes reflect the effect of a variety of non-energy-price policies that eliminate many of the barriers to investing in cost-effective efficiency technologies. 

We match the CEF-NEMS run for each building sector module run in “stand-alone” mode against the spreadsheet results.  The fuel price interactions in the integrated runs would make it difficult to exactly match against the spreadsheets.  Running the CEF-NEMS modules in stand-alone mode eliminates this complexity.  Appendix A.1 contains information on how we modified the CEF-NEMS input files and code to reproduce the energy savings from the spreadsheets. 

On the demand side, NEMS interprets a series of “hurdle rates” (sometimes referred to as “implicit discount rates”) as a proxy for all the various reasons why people don't purchase apparently cost-effective efficiency technologies in the building sector. They include constraints for both the consumer (purchasing) and for the supplier (product manufacturing and distribution).  Among the constraints are transaction costs, manufacturer aversion to innovation, information-gathering costs, hassle costs, misinformation, and information processing costs.  The hurdle rates embody the consumers’ time value of money, plus all of the other factors that prevent the purchase of the more efficient technologies.  In this regard, the NEMS modeling framework follows a long and rich history in the economics of energy efficient technology adoption (DeCanio 1998, Howarth and Andersson 1993, Howarth and Sanstad 1995, Koomey et al. 1996, Meier and Whittier 1983, Ruderman et al. 1987, Sanstad et al. 1993, Train 1985).

 In the residential and commercial sectors, for example, the financial component of the reference case hurdle rate is about 15 percent (in real terms) with the other institutional and market factors pushing such rates to well above 100 percent for some end-uses. In our scenarios, we reduce the hurdle rates as appropriate for many end-uses to reflect the policies described above.

When we reduce the hurdle rates in the CEF-NEMS model, we are increasing the responsiveness of the model to changes in energy prices.  This change accurately (though indirectly) reflects a world in which aggressive programs and policies remove barriers to adoption of energy-efficient technologies.  

Table 4.4:  Summary of buildings sector program effectiveness and costs, by scenario and fuel


Technoeconomic potential % savings relative to business as usual case
Achievable potential % of technoeconomic potential that is achievable
Technology cost
Program cost






$/MBtu
$/MBtu
$/MBtu
$/MBtu

Sector & fuel
2010
2020
2010
2020
2010
2020
2010
2020

Residential--Moderate









Electricity
28%
37%
28%
44%
6.17
5.72



Natural gas
5%
12%
19%
22%
2.05
2.22



Oil
6%
13%
0%
0%
1.84
1.80



LPG
6%
13%
0%
0%
N/A
N/A



Other
0%
0%
N/A
N/A
N/A
N/A



Total 
14%
21%
24%
35%
5.39
5.07













Residential--Advanced









Electricity
28%
37%
35%
63%
5.37
4.50



Natural gas
5%
12%
28%
36%
2.43
4.50



Oil
6%
13%
0%
18%
1.73
1.81



LPG
6%
13%
0%
0%
N/A
N/A



Other
0%
0%
N/A
N/A
N/A
N/A



Total 
14%
21%
31%
54%
5.07
4.15













Commercial--Moderate









Electricity
19%
26%
40%
59%
7.41
7.10



Natural gas
16%
26%
24%
30%
1.78
1.69



Oil
16%
26%
0%
0%
N/A
N/A



Other
0%
0%
N/A
N/A
N/A
N/A



Total 
17%
25%
30%
42%
6.07
5.79













Commercial--Advanced









Electricity
19%
26%
46%
69%
7.00
6.69



Natural gas
16%
26%
32%
48%
1.80
1.66



Oil
16%
26%
0%
0%
N/A
N/A



Other
0%
0%
N/A
N/A
N/A
N/A



Total 
17%
25%
36%
55%
5.20
4.84













(1) CCEs and program costs for electricity expressed in terms of site energy at 3412 Btus/kWh

(2) CCEs calculated using a real discount rate of 7% and lifetimes as shown in Appendix C-1.

(3) Technology cost is the total incremental investment cost for the more efficient option.

(4) All costs are in 1997 dollars.

In the advanced scenario, the $50/t carbon permit trading fee is modeled directly in the CEF-NEMS model, and the building sector modules respond using the revised hurdle rates that we input to those modules.  The $50/t fee corresponds to about a 10% increase in base year electricity prices, and a 15% increase in natural gas prices, not accounting for price effects from fuel switching caused by the fee.

4.5 Policy Scenario Results 

4.5.1 Overview

The analysis results for our two policy scenarios are summarized in Tables 4.5-4.10 and in more detail in Appendix D.1.  Energy and carbon emissions savings are dominated by those from electric end-uses.  Carbon emission savings reflect savings in primary energy as well as the savings from fuel switching and other effects on the electricity supply side (which are driven by the carbon permit trading fee and other supply-side policies).  Relative to the BAU case, absolute and percentage savings in primary energy are larger in the residential sector than in commercial buildings, for both moderate and advanced cases.  In percentage terms, the largest primary energy savings accrue in lighting (both residential and commercial) and in residential space cooling.

4.5.2 Moderate scenario

By 2010, total primary energy use in the building sector grows about 7% in the moderate scenario compared to 1997 levels, and grows to about 10% over 1997 levels by 2020, compared to growth of about 12% in the BAU case in 2010 and 20% by 2020.   Carbon emissions are reduced compared to the BAU case, but without the effect of the carbon permit trading and other supply-side policies on the electricity sector fuel mix, carbon emissions in the building sector still increase after 2010.

Total bill savings in 2010 compared to the BAU case are about $28B/year, and by 2020 these savings grow to $38B/year.    Total net savings after accounting for investment costs and program costs are $21B and $24B/year in 2010 and 2020, respectively.

4.5.3 Advanced scenario

In the advanced scenario, primary energy use in 2010 is about at 1997 levels, and by 2020 it declines a bit relative to 2010.  This result reflects the significantly greater commitment to carbon reductions in the advanced case.  Carbon emissions decline significantly, and are at about 1990 levels by 2010, and well below 1990 levels by 2020.  A large fraction of this decline is the result of the electricity supply-side policies discussed in Chapter 7, but the remainder is attributable to the set of programs and policies described in detail in Appendices B.1 and C.1.

Total bill savings in 2010 compared to the BAU case are about $30B/year, and by 2020 these savings grow to more than $50B/year.    Total net savings after accounting for investment costs and program costs are $19B and $30B/year in 2010 and 2020, respectively.

Table 4.5. Primary Energy Use by Scenario and Fuel in the Buildings Sector 






2010




2020



Sector & fuel
1990
1997
BAU
Moderate

Advanced

BAU
Moderate

Advanced



Q
Q
Q
Q
% ∆
Q
% ∆
Q
Q
% ∆
Q
% ∆

Residential













Primary Electricity 
10.2
11.7
13.7
12.8
-6.2%
11.8
-13.4%
15.1
13.1
-12.7%
10.9
-27.9%

Natural gas
4.5
5.2
5.5
5.5
-0.5%
5.2
-6.0%
6.0
5.9
-1.2%
5.4
-9.9%

Oil
0.8
0.9
0.7
0.7
0.0%
0.7
-4.1%
0.7
0.7
0.0%
0.6
-7.6%

LPG
0.4
0.4
0.4
0.4
0.0%
0.4
-4.7%
0.4
0.4
0.0%
0.4
-2.6%

Other
0.7
0.8
0.7
0.7
0.0%
0.7
0.0%
0.8
0.8
0.0%
0.8
-1.3%

Total primary
16.7
19.0
21.1
20.2
-4.1%
18.9
-10.5%
22.8
20.8
-8.7%
18.0
-21.3%















Commercial













Primary Electricity 
9.3
11.0
12.7
12.0
-5.5%
11.0
-13.7%
13.4
12.0
-10.3%
10.4
-22.6%

Natural gas
2.8
3.4
3.8
3.8
-0.8%
3.6
-6.0%
4.0
3.9
-3.2%
3.7
-9.0%

Oil
0.5
0.5
0.3
0.4
2.9%
0.3
-5.9%
0.3
0.3
9.7%
0.3
-12.9%

Other
0.4
0.3
0.3
0.3
0.0%
0.3
0.0%
0.3
0.3
0.0%
0.3
0.0%

Total primary
13.0
15.2
17.2
16.5
-4.2%
15.2
-11.6%
18.1
16.6
-8.2%
14.6
-19.0%















Total Buildings













Primary Electricity 
19.6
22.8
26.4
24.8
-5.8%
22.8
-13.5%
28.5
25.2
-11.6%
21.3
-25.4%

Natural gas
7.4
8.5
9.4
9.3
-0.6%
8.8
-6.0%
10.0
9.8
-2.0%
9.0
-9.5%

Oil
1.3
1.4
1.1
1.1
0.9%
1.0
-4.7%
1.0
1.0
3.1%
0.9
-9.3%

LPG
0.4
0.4
0.4
0.4
0.0%
0.4
-4.7%
0.4
0.4
0.0%
0.4
-2.6%

Other
1.1
1.1
1.1
1.1
0.0%
1.1
0.0%
1.1
1.1
0.0%
1.1
-0.9%

Total primary
29.8
34.2
38.3
36.7
-4.2%
34.1
-11.0%
40.9
37.4
-8.5%
32.6
-20.3%















1) BAU = Business-As-Usual case;  Mod. = Moderate case;  Adv. = Advanced case.  Q = quadrillion Btus of primary energy.

2) Buildings in the industrial sector are not included in these results.

3) % ∆ (change) is relative to the BAU scenario in that year.

4) Advanced case electricity primary energy savings include both demand-side efficiency and supply side effects.

Table 4.6. Carbon Emissions by Scenario and Fuel in the Buildings Sector






2010




2020



Sector & fuel
1990
1997
BAU
Moderate

Advanced

BAU
Moderate

Advanced



MtC
MtC
MtC
MtC
% ∆
MtC
% ∆
MtC
MtC
% ∆
MtC
% ∆

Residential













Primary Electricity 
162
182
228
209
-8.4%
166
-27.4%
267
220
-17.5%
127
-52.5%

Natural gas
66
74
80
79
-0.6%
75
-5.7%
86
85
-1.1%
77
-10.2%

Oil
17
20
15
15
0.4%
15
-3.3%
14
14
0.5%
13
-6.5%

LPG
6
8
8
8
0.4%
7
-3.8%
7
7
0.5%
7
-1.4%

Other
3
1
1
1
0.0%
1
0.0%
1
1
0.0%
1
0.0%

Total 
253
286
332
312
-5.9%
264
-20.4%
375
327
-12.7%
225
-40.0%















Commercial













Primary Electricity 
148
172
212
195
-7.9%
153
-27.8%
237
201
-15.1%
121
-48.8%

Natural gas
41
49
55
55
-0.7%
52
-5.8%
58
56
-3.0%
53
-8.7%

Oil
10
14
11
11
2.7%
11
-4.5%
11
11
4.7%
10
-7.5%

Other
7
2
3
3
0.0%
2
-4.0%
3
3
0.0%
3
-3.8%

Total 
206
237
281
264
-6.0%
218
-22.3%
308
271
-12.0%
186
-39.5%















Total Buildings













Primary Electricity 
311
354
440
404
-8.1%
319
-27.6%
504
421
-16.4%
248
-50.8%

Natural gas
107
123
135
134
-0.7%
127
-5.7%
143
141
-1.8%
130
-9.6%

Oil
26
34
26
27
1.4%
25
-3.8%
25
25
2.3%
23
-6.9%

LPG
6
8
8
8
0.4%
7
-3.8%
7
7
0.5%
7
-1.4%

Other
10
4
4
4
0.0%
4
-2.6%
4
4
0.0%
4
-2.6%

Total 
460
522
613
576
-5.9%
482
-21.3%
683
598
-12.4%
411
-39.8%















1) BAU = Business-As-Usual case;  Mod. = Moderate case;  Adv. = Advanced case.  Q = quadrillion Btus of primary energy.

2) Buildings in the industrial sector are not included in these results.

3) % ∆ (change) is relative to the BAU scenario in that year.

4) Advanced case electricity carbon savings include both demand-side efficiency and supply side effects.

Table 4.7. Primary Energy Use by Scenario and End-Use in the Buildings Sector






2010




2020



Sector & fuel
1990
1997
BAU
Moderate

Advanced

BAU
Moderate

Advanced



Q
Q
Q
Q
% ∆
Q
% ∆
Q
Q
% ∆
Q
% ∆

Residential













Space heating
5.1
6.9
6.9
7.0
1.0%
6.6
-4.1%
7.1
7.2
1.3%
6.6
-8.2%

Space cooling
1.7
1.5
1.6
1.5
-9.9%
1.4
-17.1%
1.7
1.4
-17.0%
1.2
-28.7%

Water heating
2.4
2.6
2.7
2.5
-4.8%
2.3
-13.4%
2.8
2.5
-9.8%
2.2
-20.0%

Refrigerators/ freezers
2.2
1.6
1.1
1.0
-4.5%
1.0
-8.4%
1.0
0.9
-8.2%
0.8
-21.4%

Lighting
1.0
1.1
1.2
1.1
-3.9%
1.0
-15.1%
1.3
1.1
-12.1%
0.9
-29.9%

All other
4.4
5.3
7.6
7.1
-7.2%
6.6
-13.4%
8.9
7.6
-14.4%
6.3
-29.5%

Total
16.7
19.0
21.1
20.2
-4.1%
18.9
-10.5%
22.8
20.8
-8.7%
18.0
-21.3%















Commercial













Space heating
1.9
1.9
1.9
1.9
0.7%
1.8
-8.3%
1.9
1.9
-1.9%
1.7
-11.1%

Space cooling
1.8
1.1
1.1
1.0
-10.3%
0.9
-16.6%
1.0
0.9
-14.8%
0.8
-24.2%

Water heating
1.1
0.9
0.9
1.0
0.2%
0.8
-11.1%
0.9
0.9
-2.5%
0.8
-11.2%

Office equipment
0.6
1.3
1.9
1.9
2.5%
1.8
-4.8%
2.2
2.3
5.3%
2.1
-5.9%

Lighting
3.7
3.9
3.8
3.5
-7.8%
3.2
-15.3%
3.7
3.2
-13.4%
2.8
-24.9%

All other
3.8
6.1
7.6
7.2
-4.9%
6.7
-11.5%
8.2
7.4
-10.7%
6.4
-21.8%

Total
13.0
15.2
17.2
16.5
-4.2%
15.2
-11.6%
18.1
16.6
-8.2%
14.6
-19.0%















1) BAU = Business-As-Usual case;  Mod. = Moderate case;  Adv. = Advanced case.  Q = quadrillion Btus of primary energy.

2) Buildings in the industrial sector are not included in these results.

3) % ∆ (change) is relative to the BAU scenario in that year.

4) Advanced case electricity primary energy savings include both demand-side efficiency and supply side effects.

Table 4.8. Carbon Emissions by Scenario and End-Use in the Buildings Sector






2010




2020



Sector & fuel
1990
1997
BAU
Moderate

Advanced

BAU
Moderate

Advanced



MtC
MtC
MtC
MtC
% ∆
MtC
% ∆
MtC
MtC
% ∆
MtC
% ∆

Residential













Space heating
79
97
97
99
1.9%
91
-6.6%
101
103
1.5%
86
-15.4%

Space cooling
27
23
27
24
-12.0%
19
-30.5%
30
24
-21.5%
14
-52.9%

Water heating
36
39
42
39
-5.8%
34
-19.2%
45
39
-12.0%
31
-31.4%

Refrigerators/ freezers
35
25
18
17
-6.7%
14
-23.2%
18
15
-13.2%
9
-48.2%

Lighting
15
17
20
19
-6.2%
14
-28.8%
23
19
-16.9%
11
-53.8%

All other
60
83
128
114
-10.3%
93
-27.5%
157
126
-19.7%
74
-52.8%

Total
253
285
332
312
-5.9%
264
-20.4%
375
327
-12.7%
225
-40.0%















Commercial













Space heating
30
32
32
33
0.9%
29
-10.2%
32
32
-2.1%
27
-15.4%

Space cooling
29
17
18
16
-12.6%
13
-29.8%
18
15
-19.4%
9
-49.0%

Water heating
17
14
15
15
-0.4%
13
-13.5%
15
14
-3.4%
13
-15.6%

Office equipment
10
20
31
31
0.0%
25
-20.3%
39
38
-0.3%
24
-37.8%

Lighting
59
61
64
57
-10.1%
45
-29.1%
66
54
-18.0%
33
-50.4%

All other
61
93
121
113
-6.9%
94
-22.4%
138
117
-14.7%
80
-41.8%

Total
206
237
281
264
-6.0%
218
-22.3%
308
271
-12.0%
186
-39.5%















1) BAU = Business-As-Usual case;  Mod. = Moderate case;  Adv. = Advanced case.

2) Buildings in the industrial sector are not included in these results.

3) % ∆ (change) is relative to the BAU scenario in that year.

4) Advanced case electricity carbon savings include both demand-side efficiency and supply side effects.

Table 4.9. Penetration Rates by Scenario for Selected Technologies in the Buildings Sector









Sector & fuel
Scenario
2000
2005
2010
2015
2020











%  of New 


Shipments


Residential







Heat pump WH
Moderate
3%
7%
8%
10%
10%


Advanced
4%
17%
23%
22%
22%

Dedicated CFL Lighting Fixtures
Moderate
3%
7%
10%
14%
18%


Advanced
3%
9%
14%
19%
24%

Horizontal Axis Clothes Washer
Moderate
7%
14%
100%
100%
100%


Advanced
7%
100%
100%
100%
100%









Commercial







Electronic ballasts
Moderate
53%
100%
100%
100%
100%


Advanced
54%
100%
100%
100%
100%

High Efficiency Transformers
Moderate
9%
25%
40%
48%
55%


Advanced
9%
100%
100%
100%
100%











%  of Equipment 


 Stock


Residential







Heat pump WH
Moderate
0%
4%
7%
8%
10%


Advanced
0%
6%
13%
16%
15%

Dedicated CFL Lighting Fixtures
Moderate
0%
2%
6%
10%
14%


Advanced
0%
3%
8%
13%
18%

Horizontal Axis Clothes Washer
Moderate
0%
4%
33%
66%
91%


Advanced
0%
16%
51%
83%
98%









Commercial







Electronic ballasts
Moderate
2%
15%
54%
88%
100%


Advanced
3%
15%
54%
88%
100%

High Efficiency Transformers
Moderate
0%
3%
9%
16%
25%


Advanced
0%
8%
25%
41%
58%









(1) BAU = Business-As-Usual scenario;  Moderate = Moderate scenario;  Advanced = Advanced scenario; 

(2) WH = water heater;  CFL = compact fluorescent lamp.

Table 4.10. Annual Total Costs of Energy Services by Scenario in the Buildings Sector (B 1997$/year)





2010




2020



Sector & fuel
1997
BAU
Moderate

Advanced

BAU
Moderate

Advanced



B$/yr
B$/yr
B$/yr
% ∆
B$/yr
% ∆
B$/yr
B$/yr
% ∆
B$/yr
% ∆

Residential












Annual fuel cost
138
146
133
-9%
130
-11%
152
132
-13%
120
-21%

Annualized incremental technology cost of energy efficiency
0
0
3.5
N/A
6.5
N/A
0
9.0
N/A
16.0
N/A

Annual program costs to promote energy efficiency
0
0
0.5
N/A
1.0
N/A
0
0.7
N/A
1.4
N/A

Annual total cost of energy services
138
146
137
-6%
137
-6%
152
142
-7%
138
-9%














Commercial












Annual fuel cost
99
103
89
-14%
90
-13%
103
85
-18%
82
-21%

Annualized incremental technology cost of energy efficiency
0
0
1.6
N/A
2.5
N/A
0
3.2
N/A
4.3
N/A

Annual program costs to promote energy efficiency
0
0
0.4
N/A
0.8
N/A
0
0.6
N/A
0.8
N/A

Annual total cost of energy services
99
103
91
-12%
93
-10%
103
89
-14%
87
-16%














Total Buildings












Annual fuel cost
236
249
221
-11%
219
-12%
255
217
-15%
202
-21%

Annualized incremental technology cost of energy efficiency
0
0
5.1
N/A
9.1
N/A
0
12.1
N/A
20.3
N/A

Annual program costs to promote energy efficiency
0
0
1.0
N/A
1.8
N/A
0
1.4
N/A
2.2
N/A

Annual total cost of energy services
236
249
228
-9%
230
-8%
255
231
-10%
225
-12%














1) BAU = Business-As-Usual case;  Mod. = Moderate case;  Adv. = Advanced case.

2) Buildings in the industrial sector are not included in these results.

3) % ∆ (change) is relative to the BAU scenario in that year.

4) Energy service costs include cost of purchased fuels and electricity (minus any carbon permit trading fee transfer payments), and the annualized costs of incremental efficiency improvements.

4.6 Discussion of results

In this section, we focus on the results in the advanced scenario in 2020.  The relative comparisons generally apply also to the moderate case, but where there are salient differences between moderate and advanced cases (or between 2010 and 2020 results), we note them parenthetically.

4.6.1 Key Technologies

Penetration rates and stock saturations for selected technologies in the two scenarios are shown in Table 4.9.   Penetration rates of 100% reflect the imposition of a minimum efficiency standard.  For horizontal clothes washers, for example, the efficiency standard mandating their use is assumed to come into force before 2010 in the moderate case, and before 2005 in the advanced case.  

Each of the technologies in Table 4.9 plays a key role in the scenarios, with the high efficiency electronic ballasts, commercial transformers, and heat pump water heaters being particularly important.

4.6.2 Key Policies
Minimum equipment efficiency standards and voluntary programs are the two most important contributors to energy savings, with building codes, tax credits, R&D and incentive programs generally playing a supporting role.  Typically, 80 to 90% of the energy savings is attributable to these two types of programs.  For electronics end-uses, where rapid technological innovation and proven success of voluntary efforts hold sway, the voluntary programs capture most of the savings.

For the residential sector, equipment standards account for between 40 and 50% of projected savings, and for the commercial sector, equipment standards account for 20-25% of the savings.  Voluntary programs capture the bulk of savings in the commercial sector, and account for 40-50% in the residential sector.

Table 4.11.  Share of U.S. energy savings by end-use sector and policy type



Equipment Standards
Building Codes
Voluntary Programs
State/ Utility Programs
Tax Credits
R&D
Total

Year
Scenario
Sector



















2010
Moderate
Residential
51%
2%
40%
1%
5%
1%
100%



Commercial
23%
0%
75%
0%
0%
2%
100%













Advanced
Residential
43%
3%
38%
2%
13%
1%
100%



Commercial
21%
0%
75%
0%
0%
4%
100%























2020
Moderate
Residential
47%
4%
42%
1%
2%
4%
100%



Commercial
20%
0%
69%
0%
0%
11%
100%













Advanced
Residential
37%
4%
48%
1%
3%
6%
100%



Commercial
25%
0%
59%
0%
0%
15%
100%












(1) Sector totals weighted by site energy.

(2) Building codes and tax credits were not considered for commercial buildings.

4.6.3 Key End-Uses

In residential buildings by 2020, the largest primary energy savings in percentage terms (relative to the BAU case) accrue in lighting, cooling, and in “all other” end-uses.   In absolute terms, “all other” uses have by far the largest primary energy savings, followed by heating, water heating, and cooling.  

In commercial buildings, lighting and “all other” end-uses dominate the energy savings in both percentage and absolute terms.   

4.7 Remaining Analysis Needs

Because of time and resource constraints, many simplifications were necessary in conducting this analysis.

•
No savings have been included for commercial building shell measures.  Windows strongly influence heating, cooling, and lighting loads in all commercial buildings, and insulation can be important for smaller commercial buildings.

•
No savings have been included for residential building shell measures in existing buildings.  

•
No savings have been included for the advanced cooking technology from Turbochef and Maytag, which reduces oven cooking times by two thirds to three quarters.   This device combines microwave and convection oven technologies, and it is expected to become available for both residential and commercial applications by the year 2000.

•
No savings have been included for the advanced heat exchanger technology currently being commercialized by Modine, which reduces air conditioner and heat pump energy use by 15-25% and reduces the cost of the heat exchanger.

•
No savings have been included for fuel cells.

•
No savings have been included for integrated systems that combine heating and water heating, or heating, cooling, and water heating.

•
No savings have been included for district heating and cooling systems with combined heat and power.  Recent analysis (SPURR REPORT) indicates that there is on the order of 20 GW of potential electricity generation for such systems in the US.  These systems can result in significant carbon savings compared to conventional electricity generation (Krause et al. 1994).  

•
No savings have been included for large-scale tree planting.  More data are needed on the effects of this policy on energy use. 

•
No savings have been estimated for commercial office equipment, but opportunities may arise to use voluntary programs (such as the highly successful ENERGY STAR office equipment program) to promote efficiency as this end-use evolves over the next decade.

•
No savings have been included for government procurement programs.

•
No attempt has been made to correct for changes in internal gains associated with energy savings for appliances located within conditioned spaces.  Recent work in U.S. commercial buildings indicates that the heating penalties roughly offset the cooling benefits in both primary energy and dollar terms (when averaged across the entire commercial sector).  There is no comparable analysis for average residences in the U.S., but an analysis for Europe (Krause et al. 1995) finds that this effect leads to small net energy penalties in residences.  

•
Because energy savings from miscellaneous electricity use are so important to the results of the buildings sector, it is crucial that more research be carried out, both to characterize how energy is used in the miscellaneous category and to identify technologies for improving the efficiency of sub-categories within the miscellaneous category of electricity use.

•
The Annual Energy Outlook 1999 progress in new and existing residential shells needs to be investigated.  The large increases in the efficiency of residential building shells that exist in the AEO99 reference case are probably too big in a scenario where fuel and electricity prices are flat or declining.  

On balance, we believe that adding these items to the analysis would increase savings and decrease costs. 

4.8 Summary & Conclusions

This chapter summarizes the results of two policy scenarios (Moderate and Advanced).  The analysis specifies in detail the policies and program that would be needed to capture the projected energy savings by 2010 and 2020 in these scenarios.

The buildings sector contributes significant energy and carbon savings in the Moderate and Advanced cases.  Primary energy savings for the building sector totals about 20% in the advanced case in 2020 relative to the business-as-usual case.  Total carbon savings in that year, including both demand and supply-side effects, are about 40% of business-as-usual emissions.  These savings reduce carbon emissions from this sector to below 1990 levels in 2020.
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� For a review of many of these reasons, see Stephen DeCanio, "Why do profitable energy-saving investment projects languish?" Journal of General Management, Vol. 20, No. 1 (Autumn 1994):62-71, and "Barriers within firms to energy-efficient investments," Energy Policy (September 1993): 906-914 . 


� Of course, for low-income families, the cost of energy can be a very significant part of their income.  In this case capital constraints and information are more important barriers to promoting energy efficiency than “not caring”.


� Since HVAC systems are typically oversized by factors of two and three, these rules of thumb (coincidentally or not) increase the designers profits because of fee structures based on the capital costs of the project.


� As in other parts of this report, we use the term “CEF-NEMS” to refer to the NEMS model as modified for our policy analyses, and use the term “NEMS” whenever we discuss issues generic to the NEMS model in all its incarnations.





Annex:  R&D Options for the Buildings Sector





Systems integration in new construction (including community scale)


Improved industrialized housing methods


Fully integrated service module development


Phase change thermal storage


Integrated photovoltaic construction


Superinsulating materials


Electrochromic and other efficient window technologies


“Smart Buildings” (advanced sensors, energy control and monitoring systems


Health impacts identification and mitigation


Characterization of energy efficiency - worker productivity interactions


PEM fuel cell adaptation for buildings


Small gas turbine applications for combined heat and power production


Advanced refrigeration components, refrigerants, lubricants and materials


Improved understanding and characterization of combustion processes


Advanced desiccants


Large commercial chiller improvements


Residential heat pump water heater development


Residential absorption heat pump


VHF light sources


Improved compact fluorescent lighting


Improved lighting distribution systems
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Fibure 4.1a:  Residential sector energy end-uses
Total primary energy use in 1997 = 19.0 quads
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		Table 4.4:  Summary of buildings sector program effectiveness and costs, by scenario and fuel

				Technoeconomic potential % savings relative to business as usual case				Achievable potential % of technoeconomic potential that is achievable

												Technology cost				Program cost

												$/MBtu		$/MBtu		$/MBtu		$/MBtu

		Sector & fuel		2010		2020		2010		2020		2010		2020		2010		2020

		Residential--Moderate

		Electricity		29%		37%		30%		46%		5.59		5.60

		Natural gas		6%		12%		18%		19%		4.46		4.72

		Oil		6%		13%		0%		0%		N/A		N/A

		LPG		6%		13%		0%		0%		N/A		N/A

		Other		0%		0%		N/A		N/A		N/A		N/A

		Total primary		14%		22%		25%		36%		5.39		5.46

		Residential--Advanced

		Electricity		29%		37%		35%		62%		5.46		4.99

		Natural gas		6%		12%		36%		44%		4.29		4.99

		Oil		6%		13%		0%		24%		N/A		4.30

		LPG		6%		13%		0%		0%		N/A		N/A

		Other		0%		0%		N/A		N/A		N/A		N/A

		Total primary		14%		22%		33%		55%		5.46		4.87

		Commercial--Moderate

		Electricity		19%		26%		39%		57%		8.00		7.94

		Natural gas		16%		26%		24%		26%		3.86		3.89

		Oil		16%		26%		0%		0%		N/A		N/A

		Other		0%		0%		N/A		N/A		N/A		N/A

		Total primary		17%		25%		28%		39%		7.25		7.27

		Commercial--Advanced

		Electricity		19%		26%		42%		63%		7.84		7.74

		Natural gas		16%		26%		31%		41%		3.79		3.82

		Oil		16%		26%		0%		0%		N/A		N/A

		Other		0%		0%		N/A		N/A		N/A		N/A

		Total primary		17%		25%		34%		49%		6.48		6.41

		(1) CCEs and program costs for electricity expressed in terms of site energy at 3412 Btus/kWh

		(2) CCEs calculated using a real discount rate of 7% and lifetimes as shown in Appendices ?-?.

		(3) Technology cost is the total investment cost for the more efficient option.

		(4) All costs are in 1997 dollars.
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		Table 4.5:  Primary energy use by scenario and fuel in the buildings sector

								2010										2020

		Sector & fuel		1990		1997		BAU		Moderate				Advanced				BAU		Moderate				Advanced						1990		1997		2010						2020

				Q		Q		Q		Q		% ∆		Q		% ∆				Q		% ∆		Q		% ∆								BAU		MOD		ADV		BAU		MOD		ADV

		Residential

		Electricity (primary)		10.2		11.7		13.7		12.8		-6.1%		11.8		-13.6%		15.1		13.2		-12.5%		10.6		-29.4%				0.61		0.62		0.65		0.63		0.63		0.66		0.63		0.60

		Natural gas		4.5		5.2		5.5		5.5		-0.5%		5.2		-5.4%		6.0		5.9		-1.2%		5.4		-9.9%				0.27		0.27		0.26		0.27		0.28		0.26		0.28		0.30

		Oil		0.8		0.9		0.7		0.7		0.0%		0.7		-2.7%		0.7		0.7		0.0%		0.6		-6.1%				0.05		0.05		0.03		0.04		0.04		0.03		0.03		0.03

		LPG		0.4		0.4		0.4		0.4		0.0%		0.4		-4.7%		0.4		0.4		0.0%		0.4		-2.6%				0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02

		Other		0.7		0.8		0.7		0.7		0.0%		0.7		0.0%		0.8		0.8		0.0%		0.8		-1.3%				0.04		0.04		0.04		0.04		0.04		0.03		0.04		0.04

		Total primary		16.7		19.0		21.1		20.2		-4.1%		18.9		-10.4%		22.8		20.9		-8.5%		17.8		-22.3%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		Commercial

		Electricity (primary)		9.3		11.0		12.7		12.1		-5.0%		11.2		-11.5%		13.4		12.1		-10.1%		10.7		-20.5%				0.72		0.73		0.74		0.73		0.72		0.74		0.73		0.71

		Natural gas		2.8		3.4		3.8		3.7		-2.9%		3.6		-5.5%		4.0		3.9		-4.0%		3.8		-6.0%				0.22		0.22		0.22		0.23		0.23		0.22		0.23		0.25

		Oil		0.5		0.5		0.3		0.4		5.9%		0.3		-2.9%		0.3		0.3		9.7%		0.3		-6.5%				0.04		0.03		0.02		0.02		0.02		0.02		0.02		0.02

		Other		0.4		0.3		0.3		0.3		0.0%		0.3		0.0%		0.3		0.3		0.0%		0.3		0.0%				0.03		0.02		0.02		0.02		0.02		0.02		0.02		0.02

		Total primary		13.0		15.2		17.2		16.5		-4.2%		15.5		-9.8%		18.1		16.6		-8.2%		15.1		-16.7%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		Total Buildings

		Electricity (primary)		19.6		22.8		26.4		24.9		-5.5%		23.0		-12.6%		28.5		25.2		-11.4%		21.3		-25.2%				0.66		0.67		0.69		0.68		0.67		0.70		0.67		0.65

		Natural gas		7.4		8.5		9.4		9.2		-1.5%		8.9		-5.4%		10.0		9.7		-2.3%		9.1		-8.3%				0.25		0.25		0.24		0.25		0.26		0.24		0.26		0.28

		Oil		1.3		1.4		1.1		1.1		1.9%		1.0		-2.8%		1.0		1.0		3.1%		0.9		-6.2%				0.04		0.04		0.03		0.03		0.03		0.02		0.03		0.03

		LPG		0.4		0.4		0.4		0.4		0.0%		0.4		-4.7%		0.4		0.4		0.0%		0.4		-2.6%				0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01

		Other		1.1		1.1		1.1		1.1		0.0%		1.1		0.0%		1.1		1.1		0.0%		1.1		-0.9%				0.04		0.03		0.03		0.03		0.03		0.03		0.03		0.03

		Total primary		29.8		34.2		38.3		36.7		-4.1%		34.4		-10.1%		40.9		37.5		-8.4%		32.8		-19.8%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		(1) BAU = Business-As-Usual scenario;  Moderate = Moderate scenario;  Advanced = Advanced scenario;

		Q = quadrillion Btus of primary energy.

		(2) Buildings in the industrial sector are not included in these results.

		(3) % ∆ (change) is relative to the BAU scenario in that year.

		(4) advanced case electricity primary energy savings include both demand-side efficiency and supply side effects.

		Res

		1990 = 1.0		1.00		1.14		1.26		1.21				1.13				1.37		1.25				1.06

		1997 = 1.0		0.88		1.00		1.11		1.06				0.99				1.20		1.10				0.93

		Comml

		1990 = 1.0		1.00		1.17		1.32		1.26				1.19				1.39		1.27				1.15

		1997 = 1.0		0.86		1.00		1.13		1.08				1.02				1.19		1.09				0.99

		Total

		1990 = 1.0		1.00		1.15		1.29		1.23				1.16				1.37		1.26				1.10

		1997 = 1.0		0.87		1.00		1.12		1.07				1.01				1.20		1.10				0.96





Bdgs C summary

		

		Table 4.6:  Carbon emissions by scenario and fuel in the buildings sector

								2010										2020

		Sector & fuel		1990		1997		BAU		Moderate				Advanced				BAU		Moderate				Advanced						1990		1997		2010						2020

				MtC		MtC		MtC		MtC		% ∆		MtC		% ∆				MtC		% ∆		MtC		% ∆								BAU		MOD		ADV		BAU		MOD		ADV

		Residential

		Electricity		162		182		228		209		-8.1%		153		-32.9%		267		221		-17.1%		122		-54.2%				0.64		0.64		0.69		0.67		0.61		0.71		0.67		0.55

		Natural gas		66		74		80		79		-0.6%		75		-5.2%		86		85		-1.1%		77		-10.2%				0.26		0.26		0.24		0.25		0.30		0.23		0.26		0.35

		Oil		17		20		15		15		0.4%		15		-2.8%		14		14		0.0%		13		-5.9%				0.07		0.07		0.05		0.05		0.06		0.04		0.04		0.06

		LPG		6		8		8		8		0.4%		7		-4.8%		7		7		0.0%		7		-2.4%				0.02		0.03		0.02		0.02		0.03		0.02		0.02		0.03

		Other		3		1		1		1		0.0%		1		0.0%		1		1		0.0%		1		0.0%				0.01		0.00		0.00		0.00		0.01		0.00		0.00		0.01

		Total		253		286		332		313		-5.7%		252		-24.1%		375		328		-12.4%		220		-41.2%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		Commercial

		Electricity		148		172		212		197		-7.2%		146		-31.4%		237		203		-14.6%		123		-48.2%				0.72		0.72		0.75		0.74		0.69		0.77		0.75		0.65

		Natural gas		41		49		55		54		-2.7%		52		-5.6%		58		56		-3.6%		54		-5.7%				0.20		0.21		0.20		0.20		0.25		0.19		0.20		0.29

		Oil		10		14		11		12		3.6%		11		-2.7%		11		11		4.7%		10		-2.8%				0.05		0.06		0.04		0.04		0.05		0.03		0.04		0.05

		Other		7		2		3		3		0.0%		2		-4.0%		3		3		0.0%		3		-3.8%				0.03		0.01		0.01		0.01		0.01		0.01		0.01		0.01

		Total		206		237		281		265		-5.8%		211		-24.9%		308		272		-11.8%		190		-38.4%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		Total Buildings

		Electricity		311		354		440		406		-7.7%		299		-32.2%		504		424		-15.9%		245		-51.4%				0.68		0.68		0.72		0.70		0.64		0.74		0.71		0.60

		Natural gas		107		123		135		133		-1.5%		128		-5.3%		143		140		-2.1%		131		-8.4%				0.23		0.23		0.22		0.23		0.28		0.21		0.23		0.32

		Oil		26		34		26		27		1.8%		26		-2.8%		25		25		2.0%		23		-4.6%				0.06		0.07		0.04		0.05		0.06		0.04		0.04		0.06

		LPG		6		8		8		8		0.4%		7		-4.8%		7		7		0.0%		7		-2.4%				0.01		0.01		0.01		0.01		0.02		0.01		0.01		0.02

		Other		10		4		4		4		0.0%		4		-2.6%		4		4		0.0%		4		-2.6%				0.02		0.01		0.01		0.01		0.01		0.01		0.01		0.01

		Total		460		522		613		577		-5.8%		463		-24.5%		683		600		-12.1%		410		-39.9%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		(1) BAU = Business-As-Usual case;  Mod. = Moderate case;  Adv.= Advanced case.

		(2) Buildings in the industrial sector are not included in these results.

		(3) % ∆ (change) is relative to the BAU scenario in that year.

		(4) advanced case electricity carbon savings include both demand-side efficiency and supply side effects.																														1990		1997		2000		2005		2010		2015		2020

																												Elect C MtC						532		589		613		653		705		745

																												Elect TWh						3130		3333		3585		3843		4111		4345

																												Elect g/kWh				182		170.0958466454		176.6876687669		170.9623430962		169.9713765288		171.3938214546		171.3693901036

		Res

		1990 = 1.0		1.00		1.13		1.31		1.23				0.99				1.48		1.29				0.87

		1997 = 1.0		0.89		1.00		1.16		1.10				0.88				1.31		1.15				0.77

		Comml

		1990 = 1.0		1.00		1.15		1.36		1.28				1.02				1.49		1.32				0.92

		1997 = 1.0		0.87		1.00		1.19		1.12				0.89				1.30		1.15				0.80

		Total

		1990 = 1.0		1.00		1.14		1.33		1.26				1.01				1.48		1.30				0.89

		1997 = 1.0		0.88		1.00		1.17		1.11				0.89				1.31		1.15				0.79





Bdgs E by end use

		

		Table 4.7:  Primary energy use by scenario and end-use in the buildings sector

								2010										2020

		Sector & fuel		1990		1997		BAU		Moderate				Advanced				BAU		Moderate				Advanced						1990		1997		2010						2020

				Q		Q		Q		Q		% ∆		Q		% ∆				Q		% ∆		Q		% ∆								BAU		MOD		ADV		BAU		MOD		ADV

		Residential

		Space heating		5.1		6.9		6.9		6.2		-9.8%		5.9		-14.6%		7.1		6.5		-9.4%		5.8		-19.3%				0.30		0.36		0.33		0.31		0.31		0.31		0.31		0.32

		Space cooling		1.7		1.5		1.6		1.5		-9.8%		1.3		-18.2%		1.7		1.4		-16.7%		1.2		-29.5%				0.10		0.08		0.08		0.07		0.07		0.08		0.07		0.07

		Water heating		2.4		2.6		2.7		2.5		-4.8%		2.3		-13.9%		2.8		2.5		-9.7%		2.2		-21.2%				0.14		0.14		0.13		0.13		0.12		0.12		0.12		0.12

		Refrigerators/ freezers		2.2		1.6		1.1		1.0		-4.4%		1.0		-7.6%		1.0		0.9		-7.9%		0.8		-22.3%				0.13		0.09		0.05		0.05		0.05		0.04		0.04		0.04

		Lighting		1.0		1.1		1.2		1.1		-3.8%		1.0		-14.4%		1.3		1.2		-11.8%		0.9		-32.7%				0.06		0.06		0.06		0.06		0.05		0.06		0.06		0.05

		All other		4.4		5.3		7.6		7.8		2.5%		7.4		-3.4%		8.9		8.4		-5.5%		6.9		-22.0%				0.26		0.28		0.36		0.39		0.39		0.39		0.40		0.39

		Total primary		16.7		19.0		21.1		20.2		-4.1%		18.9		-10.4%		22.8		20.9		-8.5%		17.8		-22.3%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		Commercial

		Space heating		1.9		1.9		1.9		1.9		-0.4%		1.8		-7.1%		1.9		1.9		-2.9%		1.7		-10.5%				0.15		0.13		0.11		0.12		0.12		0.11		0.11		0.11

		Space cooling		1.8		1.1		1.1		1.0		-10.5%		1.0		-5.9%		1.0		0.9		-14.5%		0.9		-11.7%				0.14		0.07		0.06		0.06		0.07		0.06		0.05		0.06

		Water heating		1.1		0.9		0.9		0.9		-7.2%		0.9		-9.9%		0.9		0.9		-7.7%		0.8		-11.3%				0.08		0.06		0.06		0.05		0.06		0.05		0.05		0.06

		Office equipment		0.6		1.3		1.9		1.9		2.4%		1.8		-5.5%		2.2		2.3		4.4%		2.0		-8.2%				0.05		0.09		0.11		0.12		0.11		0.12		0.14		0.13

		Lighting		3.7		3.9		3.8		3.7		-4.0%		3.3		-13.0%		3.7		3.3		-10.6%		2.9		-22.9%				0.28		0.26		0.22		0.22		0.21		0.21		0.20		0.19

		All other		3.8		6.1		7.6		7.1		-5.6%		6.8		-10.4%		8.2		7.3		-11.0%		6.7		-18.7%				0.29		0.40		0.44		0.43		0.44		0.46		0.44		0.44

		Total primary		13.0		15.2		17.2		16.5		-4.2%		15.5		-9.8%		18.1		16.6		-8.2%		15.1		-16.7%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		(1) BAU = Business-As-Usual scenario;  Moderate = Moderate scenario;  Advanced = Advanced scenario;

		Q = quadrillion Btus of primary energy.

		(2) Buildings in the industrial sector are not included in these results.

		(3) % ∆ (change) is relative to the BAU scenario in that year.

		(4) advanced case electricity primary energy savings include both demand-side efficiency and supply side effects.





Bdgs E by end use

		



Fibure 4.1a:  Residential sector energy end-uses
Total primary energy use in 1997 = 19.0 quads



Bdgs C by end use

		



Figure 4.1b:  Commercial sector energy end-uses
Total primary energy use in 1997 = 15.2 quads



Bdgs selected techs

		

		Table 4.8:  Carbon emissions by scenario and end-use in the buildings sector

								2010										2020

		Sector & fuel		1990		1997		BAU		Moderate				Advanced				BAU		Moderate				Advanced						1990		1997		2010						2020

				MtC		MtC		MtC		MtC		% ∆		MtC		% ∆				MtC		% ∆		MtC		% ∆								BAU		MOD		ADV		BAU		MOD		ADV

		Residential

		Space heating		79		97		97		98		0.6%		88		-9.3%		101		102		0.3%		84		-17.3%				0.31		0.34		0.29		0.31		0.35		0.27		0.31		0.38

		Space cooling		27		23		27		24		-11.8%		17		-36.5%		30		24		-21.1%		14		-54.1%				0.11		0.08		0.08		0.08		0.07		0.08		0.07		0.06

		Water heating		36		39		42		39		-5.7%		33		-21.8%		45		40		-11.9%		30		-32.7%				0.14		0.14		0.13		0.13		0.13		0.12		0.12		0.14

		Refrigerators/freezers		35		25		18		17		-6.5%		13		-28.3%		18		15		-12.8%		9		-49.6%				0.14		0.09		0.05		0.05		0.05		0.05		0.05		0.04

		Lighting		15		17		20		19		-5.9%		13		-33.6%		23		19		-16.5%		10		-56.4%				0.06		0.06		0.06		0.06		0.05		0.06		0.06		0.05

		All other		60		83		128		116		-9.0%		88		-31.3%		157		128		-18.5%		73		-53.3%				0.24		0.29		0.38		0.37		0.35		0.42		0.39		0.33

		Total		253		285		332		313		-5.7%		252		-24.1%		375		328		-12.4%		220		-41.2%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		Commercial

		Space heating		30		32		32		32		0.2%		29		-10.2%		32		32		-2.8%		28		-14.6%				0.14		0.13		0.11		0.12		0.14		0.11		0.12		0.15

		Space cooling		29		17		18		16		-12.6%		13		-26.6%		18		15		-18.8%		11		-41.9%				0.14		0.07		0.06		0.06		0.06		0.06		0.06		0.06

		Water heating		17		14		15		14		-7.6%		13		-13.9%		15		14		-8.5%		12		-16.1%				0.08		0.06		0.05		0.05		0.06		0.05		0.05		0.07

		Office equipment		10		20		31		31		-0.1%		23		-26.7%		39		38		-0.8%		23		-40.3%				0.05		0.09		0.11		0.12		0.11		0.13		0.14		0.12

		Lighting		59		61		64		60		-6.3%		43		-32.5%		66		56		-15.1%		33		-49.8%				0.29		0.26		0.23		0.23		0.20		0.21		0.21		0.17

		All other		61		93		121		112		-7.5%		90		-25.5%		138		117		-14.8%		83		-39.8%				0.30		0.39		0.43		0.42		0.43		0.45		0.43		0.44

		Total		206		237		281		265		-5.8%		211		-24.9%		308		272		-11.8%		190		-38.4%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		(1) BAU = Business-As-Usual case;  Mod. = Moderate case;  Adv.= Advanced case.

		(2) Buildings in the industrial sector are not included in these results.

		(3) % ∆ (change) is relative to the BAU scenario in that year.

		(4) advanced case electricity carbon savings include both demand-side efficiency and supply side effects.

																																1990		1997		2000		2005		2010		2015		2020

																												Elect C MtC						532		589		613		653		705		745

																												Elect TWh						3130		3333		3585		3843		4111		4345

																												Elect g/kWh				182		170.0958466454		176.6876687669		170.9623430962		169.9713765288		171.3938214546		171.3693901036





Bdgs selected techs
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Residential sector carbon emissions by end-use
Total carbon emissions in 1997 = 285 MtC



Bdgs $ summary
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Commercial sector carbon emissions by end-use
Total carbon emissions in 1997 = 237 MtC



Residential AEO

		

		Table 4.9:  Penetration rates by scenario for selected technologies in the buildings sector

		Sector & fuel		Scenario		2000		2005		2010		2015		2020

						Percentage of New Shipments

		Residential

		Heat pump WH		Moderate		3%		7%		8%		10%		10%

				Advanced		4%		17%		23%		22%		22%

		Dedicated CFL Lighting Fixtures		Moderate		3%		7%		10%		14%		18%

				Advanced		3%		9%		14%		19%		24%

		Horizontal Axis Clothes Washer		Moderate		7%		14%		100%		100%		100%

				Advanced		7%		100%		100%		100%		100%

		Commercial

		Electronic ballasts		Moderate		53%		100%		100%		100%		100%

				Advanced		54%		100%		100%		100%		100%

		High Efficiency Transformers		Moderate		9%		25%		40%		48%		55%

				Advanced		9%		100%		100%		100%		100%

						Percentage of Equipment Stock

		Residential

		Heat pump WH		Moderate		0%		4%		7%		8%		10%

				Advanced		0%		6%		13%		16%		15%

		Dedicated CFL Lighting Fixtures		Moderate		0%		2%		6%		10%		14%

				Advanced		0%		3%		8%		13%		18%

		Horizontal Axis Clothes Washer		Moderate		0%		4%		33%		66%		91%

				Advanced		0%		16%		51%		83%		98%

		Commercial

		Electronic ballasts		Moderate		2%		15%		54%		88%		100%

				Advanced		3%		15%		54%		88%		100%

		High Efficiency Transformers		Moderate		0%		3%		9%		16%		25%

				Advanced		0%		8%		25%		41%		58%

		(1) BAU = Business-As-Usual scenario;  Moderate = Moderate scenario;  Advanced = Advanced scenario;

		(2) WH = water heater;  CFL = compact fluorescent lamp.





Commercial AEO

		

		Table 4.10:  Annual total costs of energy services by scenario in the buildings sector (B 1997$/year)

								2010										2020

						1997		BAU		Moderate				Advanced				BAU		Moderate				Advanced

								B$/yr		B$/yr		% ∆		B$/yr		% ∆		B$/yr		B$/yr		% ∆		B$/yr		% ∆

		Residential

		Annual fuel cost				138		146		133		-9%		129		-12%		152		133		-13%		121		-21%

		Annualized incremental technology cost of energy efficiency				0		0		3.5		N/A		6.5		N/A		0		9.0		N/A		16.0		N/A

		Annual program costs to promote energy efficiency				0		0		0.5		N/A		1.0		N/A		0		0.7		N/A		1.4		N/A

		Annual total cost of energy services				138		146		137		-6%		137		-6%		152		142		-6%		138		-9%

		Commercial

		Annual fuel cost				99		103		89		-14%		90		-13%		103		86		-17%		85		-18%

		Annualized incremental technology cost of energy efficiency				0		0		1.6		N/A		2.5		N/A		0		3.2		N/A		4.3		N/A

		Annual program costs to promote energy efficiency				0		0		0.4		N/A		0.8		N/A		0		0.6		N/A		0.8		N/A

		Annual total cost of energy services				99		103		91		-12%		93		-10%		103		90		-13%		90		-13%

		Total Buildings

		Annual fuel cost				236		249		221		-11%		219		-12%		255		219		-14%		205		-20%

		Annualized incremental technology cost of energy efficiency				0		0		5.1		N/A		9.1		N/A		0		12.1		N/A		20.3		N/A

		Annual program costs to promote energy efficiency				0		0		1.0		N/A		1.8		N/A		0		1.4		N/A		2.2		N/A

		Annual total cost of energy services				236		249		227		-9%		230		-8%		255		232		-9%		228		-11%

		(1) BAU = Business-As-Usual case;  Mod. = Moderate case;  Adv.= Advanced case.

		(2) Buildings in the industrial sector are not included in these results.

		(3) % ∆ (change) is relative to the BAU scenario in that year.

		(4) Energy service costs include cost of purchased fuels and electricity (minus any carbon permit trading fee

		transfer payments), and the annualized costs of incremental efficiency improvements.





Misc calcs

		

																																								Table 4:  Primary energy use by scenario and fuel in the buildings sector								Table 5:  Carbon emissions by scenario and fuel in the buildings sector

		Table 1:  U.S. residential sector site energy use by end-use (quadrillion btus)																Table 1:  U.S. residential sector, AEO 97

				AEO 96 FORECAST																																1990				Sector & fuel		1990						Sector & fuel		1990

																																				Carbon emissions						Q								MtC

																						Site energy use (quadrillion btus)						Source energy use (quadrillion btus)												Residential								Residential

																																								Electricity (primary)		10.24						Electricity		162

																																								Natural gas		4.53						Natural gas		66

		Fuel		End-use		1990		1995		2000		2005		2010				Fuel		End-use		1990		1997		2010		1990		1997		2010								Oil		0.83						Oil		17

																																								LPG		0.37						LPG		6

		Electricity		Space heating		0.30		0.40		0.44		0.46		0.48				Electricity		Space heating		0.30		0.45		0.48		0.98		1.43		1.44				15.47				Other		0.74						Other		3

				Space cooling		0.52		0.52		0.50		0.52		0.53						Space cooling		0.52		0.46		0.49		1.69		1.47		1.47				26.81				Total primary		16.71						Total		253

				Water heating		0.34		0.36		0.37		0.37		0.39						Water heating		0.34		0.35		0.38		1.11		1.12		1.14				17.53

				Refrigeration		0.53		0.44		0.39		0.35		0.32						Refrigeration		0.53		0.38		0.31		1.72		1.21		0.93				27.33				Commercial								Commercial

				Cooking		0.15		0.10		0.10		0.11		0.11						Cooking		0.15		0.12		0.14		0.49		0.38		0.42				7.73				Electricity (primary)								Electricity

				Clothes Dryers		0.17		0.17		0.18		0.19		0.20						Clothes Dryers		0.17		0.18		0.21		0.55		0.57		0.63				8.77				Natural gas								Natural gas

				Freezers		0.15		0.13		0.10		0.08		0.07						Freezers		0.15		0.12		0.08		0.49		0.38		0.24				7.73				Oil								Oil

				Lighting		0.30		0.32		0.33		0.34		0.35						Lighting		0.30		0.32		0.35		0.98		1.02		1.05				15.47				Other								Other

				Other Uses		0.69		1.05		1.29		1.57		1.93						Other Uses		0.69		1.35		2.02		2.24		4.30		6.07				35.58				Total primary		0						Total		0

				Total electric		3.15		3.49		3.70		3.99		4.38						Total electric		3.15		3.73		4.46		10.24		11.88		13.40				162.42

						0.00		0.00		0.00		0.00		0.00

		Natural gas		Space heating		3.12		3.42		3.62		3.70		3.82				Natural gas		Space heating		3.12		3.68		3.88		3.12		3.68		3.88				45.15

				Space cooling		0.00		0.00		0.00		0.00		0.00						Space cooling		0.00		0.00		0.02		0.00		0.00		0.02				0.00

				Water heating		1.09		1.29		1.31		1.32		1.35						Water heating		1.09		1.27		1.39		1.09		1.27		1.39				15.77

				Cooking		0.18		0.18		0.19		0.20		0.20						Cooking		0.18		0.15		0.14		0.18		0.15		0.14				2.60

				Clothes Dryers		0.08		0.05		0.05		0.05		0.05						Clothes Dryers		0.08		0.05		0.05		0.08		0.05		0.05				1.16

				Other Uses		0.06		0.06		0.06		0.06		0.06						Other Uses		0.06		0.09		0.10		0.06		0.09		0.10				0.87

				Total gas		4.53		5.00		5.23		5.33		5.48						Total gas		4.53		5.24		5.58		4.53		5.24		5.58				65.55

						0.00		0.00		0.00		0.00		0.00

		Distillate oil		Space heating		0.75		0.74		0.74		0.72		0.70				Distillate oil		Space heating		0.75		0.77		0.65		0.75		0.77		0.65				14.96

				Water heating		0.08		0.10		0.10		0.09		0.09						Water heating		0.08		0.10		0.10		0.08		0.10		0.10				1.60

				Other Uses		0.00		0.00		0.00		0.00		0.00						Other Uses		0.00		0.00		0.00		0.00		0.00		0.00				0.00

				Total oil		0.83		0.84		0.84		0.81		0.79						Total oil		0.83		0.87		0.75		0.83		0.87		0.75				16.56

						0.00		0.00		0.00		0.00		0.00																										Table 6:  Primary energy use by scenario and end-use in the buildings sector								Table 7:  Carbon emissions by scenario and end-use in the buildings sector

		LPG		Space heating		0.23		0.26		0.25		0.23		0.21				LPG		Space heating		0.23		0.29		0.32		0.23		0.29		0.32				3.91

				Water heating		0.08		0.05		0.05		0.04		0.04						Water heating		0.08		0.07		0.09		0.08		0.07		0.09				1.36

				Cooking		0.05		0.02		0.02		0.02		0.02						Cooking		0.05		0.03		0.03		0.05		0.03		0.03				0.85

				Other Uses		0.01		0.06		0.07		0.07		0.07						Other Uses		0.01		0.01		0.01		0.01		0.01		0.01				0.17				Sector & fuel		1990						Sector & fuel		1990

				Total LPG		0.37		0.39		0.39		0.36		0.34						Total LPG		0.37		0.40		0.45		0.37		0.40		0.45				6.29						Q								MtC

						0.00		0.00		0.00		0.00		0.00																										Residential								Residential

		Renewables		Wood		0.61		0.55		0.57		0.58		0.59				Renewables		Wood		0.61		0.58		0.55		0.61		0.58		0.55				0.00				Space heating		5.08						Space heating		79

						0.00		0.00		0.00		0.00		0.00																										Space cooling		1.69						Space cooling		27

		Other fuels		Coal + kerosene		0.13		0.12		0.12		0.11		0.11				Other fuels		Coal + kerosene		0.13		0.12		0.11		0.13		0.12		0.11				2.59				Water heating		2.36						Water heating		36

																																								Refrigerators/ freezers		2.21						Refrigerators/freezers		35

		Totals				9.62		10.39		10.85		11.18		11.69				Totals				9.62		10.94		11.90		16.71		19.09		20.84				253.42				Lighting		0.98						Lighting		15

																																								All other		4.40						All other		60

																																								Total primary		16.71						Total		253

		(1) Site energy 1995-2010 taken from AEO 96 (US DOE 1996).  Site energy for 1990																								Site E factor		3.25		3.19		3.00

		taken from AEO 1994 (US DOE 1994a).																																						Commercial								Commercial

																										Primary E factor		3.25		3.19		3.00								Space heating								Space heating

																																								Space cooling								Space cooling

																																								Water heating								Water heating

																																								Office equipment								Office equipment

																																								Lighting								Lighting

		CALCULATE FACTORS FOR SPLITTING ELECTRIC HEATING INTO HP AND ELECT. RESISTANCE																																						All other								All other

		REEPS		TBtus		TBtus		%		%		%																												Total primary		0						Total		0

				1995		2010		1995		2010		Avg 95-2010

		HP		386		612		24%		29%		27%

		elect res.		1197		1463		76%		71%		73%

		Total		1583		2075		100%		100%		100%

																																		Growth		Total use		Stock

				emissions (MMTC/quad of primary energy)																														over  1997				efficiency

																																		stock in 2010		TWh		cf/kWh/day

		Electricity		16																														1997=1.0		2010		1997

		Natural gas		14

		Distillate oil		20																														0.15		0

		LPG		17

		Renewables		0

		Other fuels		20

				emissions (g C/kWh.e or kWh.f)

		Electricity		176

		Natural gas		49.37

		Distillate oil		68.07

		LPG		58.04

		Renewables		0

		Other fuels		68.0694

		other assumed to be the same as distillate oil
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																																								Table 4:  Primary energy use by scenario and fuel in the buildings sector								Table 5:  Carbon emissions by scenario and fuel in the buildings sector

																		Table 1:  U.S. commercial sector, AEO 97

																																				1990				Sector & fuel		1990						Sector & fuel		1990

																																				Carbon emissions						Q								MtC

																						Site energy use (quadrillion btus)						Source energy use (quadrillion btus)												Residential								Residential

																																								Electricity (primary)								Electricity

																																								Natural gas								Natural gas

																		Fuel		End-use		1990		1997		2010		1990		1997		2010								Oil								Oil

																		Electricity		Space heating		0.12		0.12		0.12		0.39		0.38		0.36				6.19				LPG								LPG

																				Space cooling		0.55		0.52		0.52		1.80		1.66		1.56				28.53				Other								Other

																				Water heating		0.17		0.17		0.14		0.57		0.54		0.42				9.00				Total primary		0						Total		0

																				Ventilation		0.17		0.17		0.19		0.54		0.54		0.57				8.55

																				Cooking		0.03		0.03		0.03		0.10		0.10		0.09				1.55				Commercial								Commercial

																				Lighting		1.14		1.26		1.32		3.72		4.01		3.97				58.95				Electricity (primary)		9.35						Electricity		148

																				Refrigeration		0.14		0.14		0.16		0.44		0.45		0.48				7.01				Natural gas		2.84						Natural gas		41

																				Office equipment-PCs		0.04		0.08		0.1		0.12		0.25		0.30				1.91				Oil		0.49						Oil		10

																				Office equipment-non-PCs		0.16		0.19		0.25		0.53		0.61		0.75				8.35				Other		0.35						Other		7

																				Other Uses		0.35		0.65		1.08		1.15		2.07		3.25				18.27				Total primary		13.04						Total		206

																				Total electric		2.88		3.33		3.91		9.35		10.61		11.75				148.31

																		Natural gas		Space heating		1.35		1.34		1.36		1.35		1.34		1.36				19.52

																				Space cooling		0.02		0.03		0.03		0.02		0.03		0.03				0.24

																				Water heating		0.47		0.48		0.52		0.47		0.48		0.52				6.83

																				Cooking		0.17		0.19		0.23		0.17		0.19		0.23				2.44

																				Other Uses		0.84		1.29		1.4		0.84		1.29		1.40				12.13

																				Total gas		2.84		3.33		3.54		2.84		3.33		3.54				41.15

																		Distillate oil		Space heating		0.20		0.19		0.16		0.20		0.19		0.16				4.08

																				Water heating		0.06		0.05		0.05		0.06		0.05		0.05				1.29

																				Other Uses		0.22		0.13		0.14		0.22		0.13		0.14				4.48

																				Total oil		0.49		0.37		0.35		0.49		0.37		0.35				9.85

																		Renewables		Wood		0.00		0.00		0.00		0.00		0.00		0.00				0.00				Table 6:  Primary energy use by scenario and end-use in the buildings sector								Table 7:  Carbon emissions by scenario and end-use in the buildings sector

																		Other fuels		Coal + kerosene		0.35		0.31		0.33		0.35		0.31		0.33				7.06

																		Totals				6.57		7.34		8.13		13.04		14.62		15.97				206.37				Sector & fuel		1990						Sector & fuel		1990

																																										Q								MtC

																																								Residential								Residential

																										Primary E factor		3.25		3.19		3.00								Space heating								Space heating

																																								Space cooling								Space cooling

																										Primary E factor		3.25		3.19		3.00								Water heating								Water heating

																																								Refrigerators/ freezers								Refrigerators/freezers

																																								Lighting								Lighting

																																								All other								All other

																																								Total primary		0						Total		0

																																								Commercial								Commercial

																																								Space heating		1.94						Space heating		30

																																								Space cooling		1.82						Space cooling		29

																																								Water heating		1.10						Water heating		17

																																								Office equipment		0.65						Office equipment		10

																																								Lighting		3.72						Lighting		59

																																								All other		3.82						All other		61

				emissions (MMTC/quad of primary energy)																																				Total primary		13.04						Total		206

		Electricity		15.86

		Natural gas		14.47

		Distillate oil		19.95

		LPG		17.01

		Renewables		0.00

		Other fuels		19.95

				emissions (g C/kWh.e or kWh.f)

		Electricity		176

		Natural gas		49.37

		Distillate oil		68.07

		LPG		58.04

		Renewables		0

		Other fuels		68.0694

		other assumed to be the same as distillate oil
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		990423

		# of HHs that are renting

		from 1997 EIA preliminary data on EIA website

		http://www.eia.doe.gov/emeu/recs/recs97_hc/97tblhp.html

		Millions		SF		MF		MH		Total

		All HH		73.7		21.4		6.3		101.4

		Renting		12.6		19.3		1.1		33

		Owning		61.1		2.1		5.2		68.4

		Rent/All		17%		90%		17%		33%
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Figure 4.1b:  Commercial sector energy end-uses
Total primary energy use in 1997 = 15.2 quads
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Effect. & costs summary

		

		Table 4.4:  Summary of buildings sector program effectiveness and costs, by scenario and fuel

				Technoeconomic potential % savings relative to business as usual case				Achievable potential % of technoeconomic potential that is achievable

												Technology cost				Program cost

												$/MBtu		$/MBtu		$/MBtu		$/MBtu

		Sector & fuel		2010		2020		2010		2020		2010		2020		2010		2020

		Residential--Moderate

		Electricity		29%		37%		30%		46%		5.59		5.60

		Natural gas		6%		12%		18%		19%		4.46		4.72

		Oil		6%		13%		0%		0%		N/A		N/A

		LPG		6%		13%		0%		0%		N/A		N/A

		Other		0%		0%		N/A		N/A		N/A		N/A

		Total primary		14%		22%		25%		36%		5.39		5.46

		Residential--Advanced

		Electricity		29%		37%		35%		62%		5.46		4.99

		Natural gas		6%		12%		36%		44%		4.29		4.99

		Oil		6%		13%		0%		24%		N/A		4.30

		LPG		6%		13%		0%		0%		N/A		N/A

		Other		0%		0%		N/A		N/A		N/A		N/A

		Total primary		14%		22%		33%		55%		5.46		4.87

		Commercial--Moderate

		Electricity		19%		26%		39%		57%		8.00		7.94

		Natural gas		16%		26%		24%		26%		3.86		3.89

		Oil		16%		26%		0%		0%		N/A		N/A

		Other		0%		0%		N/A		N/A		N/A		N/A

		Total primary		17%		25%		28%		39%		7.25		7.27

		Commercial--Advanced

		Electricity		19%		26%		42%		63%		7.84		7.74

		Natural gas		16%		26%		31%		41%		3.79		3.82

		Oil		16%		26%		0%		0%		N/A		N/A

		Other		0%		0%		N/A		N/A		N/A		N/A

		Total primary		17%		25%		34%		49%		6.48		6.41

		(1) CCEs and program costs for electricity expressed in terms of site energy at 3412 Btus/kWh

		(2) CCEs calculated using a real discount rate of 7% and lifetimes as shown in Appendices ?-?.

		(3) Technology cost is the total investment cost for the more efficient option.

		(4) All costs are in 1997 dollars.





Bdgs E summary

		

		Table 4.5:  Primary energy use by scenario and fuel in the buildings sector

								2010										2020

		Sector & fuel		1990		1997		BAU		Moderate				Advanced				BAU		Moderate				Advanced						1990		1997		2010						2020

				Q		Q		Q		Q		% ∆		Q		% ∆				Q		% ∆		Q		% ∆								BAU		MOD		ADV		BAU		MOD		ADV

		Residential

		Electricity (primary)		10.2		11.7		13.7		12.8		-6.1%		11.8		-13.6%		15.1		13.2		-12.5%		10.6		-29.4%				0.61		0.62		0.65		0.63		0.63		0.66		0.63		0.60

		Natural gas		4.5		5.2		5.5		5.5		-0.5%		5.2		-5.4%		6.0		5.9		-1.2%		5.4		-9.9%				0.27		0.27		0.26		0.27		0.28		0.26		0.28		0.30

		Oil		0.8		0.9		0.7		0.7		0.0%		0.7		-2.7%		0.7		0.7		0.0%		0.6		-6.1%				0.05		0.05		0.03		0.04		0.04		0.03		0.03		0.03

		LPG		0.4		0.4		0.4		0.4		0.0%		0.4		-4.7%		0.4		0.4		0.0%		0.4		-2.6%				0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02

		Other		0.7		0.8		0.7		0.7		0.0%		0.7		0.0%		0.8		0.8		0.0%		0.8		-1.3%				0.04		0.04		0.04		0.04		0.04		0.03		0.04		0.04

		Total primary		16.7		19.0		21.1		20.2		-4.1%		18.9		-10.4%		22.8		20.9		-8.5%		17.8		-22.3%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		Commercial

		Electricity (primary)		9.3		11.0		12.7		12.1		-5.0%		11.2		-11.5%		13.4		12.1		-10.1%		10.7		-20.5%				0.72		0.73		0.74		0.73		0.72		0.74		0.73		0.71

		Natural gas		2.8		3.4		3.8		3.7		-2.9%		3.6		-5.5%		4.0		3.9		-4.0%		3.8		-6.0%				0.22		0.22		0.22		0.23		0.23		0.22		0.23		0.25

		Oil		0.5		0.5		0.3		0.4		5.9%		0.3		-2.9%		0.3		0.3		9.7%		0.3		-6.5%				0.04		0.03		0.02		0.02		0.02		0.02		0.02		0.02

		Other		0.4		0.3		0.3		0.3		0.0%		0.3		0.0%		0.3		0.3		0.0%		0.3		0.0%				0.03		0.02		0.02		0.02		0.02		0.02		0.02		0.02

		Total primary		13.0		15.2		17.2		16.5		-4.2%		15.5		-9.8%		18.1		16.6		-8.2%		15.1		-16.7%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		Total Buildings

		Electricity (primary)		19.6		22.8		26.4		24.9		-5.5%		23.0		-12.6%		28.5		25.2		-11.4%		21.3		-25.2%				0.66		0.67		0.69		0.68		0.67		0.70		0.67		0.65

		Natural gas		7.4		8.5		9.4		9.2		-1.5%		8.9		-5.4%		10.0		9.7		-2.3%		9.1		-8.3%				0.25		0.25		0.24		0.25		0.26		0.24		0.26		0.28

		Oil		1.3		1.4		1.1		1.1		1.9%		1.0		-2.8%		1.0		1.0		3.1%		0.9		-6.2%				0.04		0.04		0.03		0.03		0.03		0.02		0.03		0.03

		LPG		0.4		0.4		0.4		0.4		0.0%		0.4		-4.7%		0.4		0.4		0.0%		0.4		-2.6%				0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01

		Other		1.1		1.1		1.1		1.1		0.0%		1.1		0.0%		1.1		1.1		0.0%		1.1		-0.9%				0.04		0.03		0.03		0.03		0.03		0.03		0.03		0.03

		Total primary		29.8		34.2		38.3		36.7		-4.1%		34.4		-10.1%		40.9		37.5		-8.4%		32.8		-19.8%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		(1) BAU = Business-As-Usual scenario;  Moderate = Moderate scenario;  Advanced = Advanced scenario;

		Q = quadrillion Btus of primary energy.

		(2) Buildings in the industrial sector are not included in these results.

		(3) % ∆ (change) is relative to the BAU scenario in that year.

		(4) advanced case electricity primary energy savings include both demand-side efficiency and supply side effects.

		Res

		1990 = 1.0		1.00		1.14		1.26		1.21				1.13				1.37		1.25				1.06

		1997 = 1.0		0.88		1.00		1.11		1.06				0.99				1.20		1.10				0.93

		Comml

		1990 = 1.0		1.00		1.17		1.32		1.26				1.19				1.39		1.27				1.15

		1997 = 1.0		0.86		1.00		1.13		1.08				1.02				1.19		1.09				0.99

		Total

		1990 = 1.0		1.00		1.15		1.29		1.23				1.16				1.37		1.26				1.10

		1997 = 1.0		0.87		1.00		1.12		1.07				1.01				1.20		1.10				0.96





Bdgs C summary

		

		Table 4.6:  Carbon emissions by scenario and fuel in the buildings sector

								2010										2020

		Sector & fuel		1990		1997		BAU		Moderate				Advanced				BAU		Moderate				Advanced						1990		1997		2010						2020

				MtC		MtC		MtC		MtC		% ∆		MtC		% ∆				MtC		% ∆		MtC		% ∆								BAU		MOD		ADV		BAU		MOD		ADV

		Residential

		Electricity		162		182		228		209		-8.1%		153		-32.9%		267		221		-17.1%		122		-54.2%				0.64		0.64		0.69		0.67		0.61		0.71		0.67		0.55

		Natural gas		66		74		80		79		-0.6%		75		-5.2%		86		85		-1.1%		77		-10.2%				0.26		0.26		0.24		0.25		0.30		0.23		0.26		0.35

		Oil		17		20		15		15		0.4%		15		-2.8%		14		14		0.0%		13		-5.9%				0.07		0.07		0.05		0.05		0.06		0.04		0.04		0.06

		LPG		6		8		8		8		0.4%		7		-4.8%		7		7		0.0%		7		-2.4%				0.02		0.03		0.02		0.02		0.03		0.02		0.02		0.03

		Other		3		1		1		1		0.0%		1		0.0%		1		1		0.0%		1		0.0%				0.01		0.00		0.00		0.00		0.01		0.00		0.00		0.01

		Total		253		286		332		313		-5.7%		252		-24.1%		375		328		-12.4%		220		-41.2%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		Commercial

		Electricity		148		172		212		197		-7.2%		146		-31.4%		237		203		-14.6%		123		-48.2%				0.72		0.72		0.75		0.74		0.69		0.77		0.75		0.65

		Natural gas		41		49		55		54		-2.7%		52		-5.6%		58		56		-3.6%		54		-5.7%				0.20		0.21		0.20		0.20		0.25		0.19		0.20		0.29

		Oil		10		14		11		12		3.6%		11		-2.7%		11		11		4.7%		10		-2.8%				0.05		0.06		0.04		0.04		0.05		0.03		0.04		0.05

		Other		7		2		3		3		0.0%		2		-4.0%		3		3		0.0%		3		-3.8%				0.03		0.01		0.01		0.01		0.01		0.01		0.01		0.01

		Total		206		237		281		265		-5.8%		211		-24.9%		308		272		-11.8%		190		-38.4%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		Total Buildings

		Electricity		311		354		440		406		-7.7%		299		-32.2%		504		424		-15.9%		245		-51.4%				0.68		0.68		0.72		0.70		0.64		0.74		0.71		0.60

		Natural gas		107		123		135		133		-1.5%		128		-5.3%		143		140		-2.1%		131		-8.4%				0.23		0.23		0.22		0.23		0.28		0.21		0.23		0.32

		Oil		26		34		26		27		1.8%		26		-2.8%		25		25		2.0%		23		-4.6%				0.06		0.07		0.04		0.05		0.06		0.04		0.04		0.06

		LPG		6		8		8		8		0.4%		7		-4.8%		7		7		0.0%		7		-2.4%				0.01		0.01		0.01		0.01		0.02		0.01		0.01		0.02

		Other		10		4		4		4		0.0%		4		-2.6%		4		4		0.0%		4		-2.6%				0.02		0.01		0.01		0.01		0.01		0.01		0.01		0.01

		Total		460		522		613		577		-5.8%		463		-24.5%		683		600		-12.1%		410		-39.9%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		(1) BAU = Business-As-Usual case;  Mod. = Moderate case;  Adv.= Advanced case.

		(2) Buildings in the industrial sector are not included in these results.

		(3) % ∆ (change) is relative to the BAU scenario in that year.

		(4) advanced case electricity carbon savings include both demand-side efficiency and supply side effects.																														1990		1997		2000		2005		2010		2015		2020

																												Elect C MtC						532		589		613		653		705		745

																												Elect TWh						3130		3333		3585		3843		4111		4345

																												Elect g/kWh				182		170.0958466454		176.6876687669		170.9623430962		169.9713765288		171.3938214546		171.3693901036

		Res

		1990 = 1.0		1.00		1.13		1.31		1.23				0.99				1.48		1.29				0.87

		1997 = 1.0		0.89		1.00		1.16		1.10				0.88				1.31		1.15				0.77

		Comml

		1990 = 1.0		1.00		1.15		1.36		1.28				1.02				1.49		1.32				0.92

		1997 = 1.0		0.87		1.00		1.19		1.12				0.89				1.30		1.15				0.80

		Total

		1990 = 1.0		1.00		1.14		1.33		1.26				1.01				1.48		1.30				0.89

		1997 = 1.0		0.88		1.00		1.17		1.11				0.89				1.31		1.15				0.79





Bdgs E by end use

		

		Table 4.7:  Primary energy use by scenario and end-use in the buildings sector

								2010										2020

		Sector & fuel		1990		1997		BAU		Moderate				Advanced				BAU		Moderate				Advanced						1990		1997		2010						2020

				Q		Q		Q		Q		% ∆		Q		% ∆				Q		% ∆		Q		% ∆								BAU		MOD		ADV		BAU		MOD		ADV

		Residential

		Space heating		5.1		6.9		6.9		6.2		-9.8%		5.9		-14.6%		7.1		6.5		-9.4%		5.8		-19.3%				0.30		0.36		0.33		0.31		0.31		0.31		0.31		0.32

		Space cooling		1.7		1.5		1.6		1.5		-9.8%		1.3		-18.2%		1.7		1.4		-16.7%		1.2		-29.5%				0.10		0.08		0.08		0.07		0.07		0.08		0.07		0.07

		Water heating		2.4		2.6		2.7		2.5		-4.8%		2.3		-13.9%		2.8		2.5		-9.7%		2.2		-21.2%				0.14		0.14		0.13		0.13		0.12		0.12		0.12		0.12

		Refrigerators/ freezers		2.2		1.6		1.1		1.0		-4.4%		1.0		-7.6%		1.0		0.9		-7.9%		0.8		-22.3%				0.13		0.09		0.05		0.05		0.05		0.04		0.04		0.04

		Lighting		1.0		1.1		1.2		1.1		-3.8%		1.0		-14.4%		1.3		1.2		-11.8%		0.9		-32.7%				0.06		0.06		0.06		0.06		0.05		0.06		0.06		0.05

		All other		4.4		5.3		7.6		7.8		2.5%		7.4		-3.4%		8.9		8.4		-5.5%		6.9		-22.0%				0.26		0.28		0.36		0.39		0.39		0.39		0.40		0.39

		Total primary		16.7		19.0		21.1		20.2		-4.1%		18.9		-10.4%		22.8		20.9		-8.5%		17.8		-22.3%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		Commercial

		Space heating		1.9		1.9		1.9		1.9		-0.4%		1.8		-7.1%		1.9		1.9		-2.9%		1.7		-10.5%				0.15		0.13		0.11		0.12		0.12		0.11		0.11		0.11

		Space cooling		1.8		1.1		1.1		1.0		-10.5%		1.0		-5.9%		1.0		0.9		-14.5%		0.9		-11.7%				0.14		0.07		0.06		0.06		0.07		0.06		0.05		0.06

		Water heating		1.1		0.9		0.9		0.9		-7.2%		0.9		-9.9%		0.9		0.9		-7.7%		0.8		-11.3%				0.08		0.06		0.06		0.05		0.06		0.05		0.05		0.06

		Office equipment		0.6		1.3		1.9		1.9		2.4%		1.8		-5.5%		2.2		2.3		4.4%		2.0		-8.2%				0.05		0.09		0.11		0.12		0.11		0.12		0.14		0.13

		Lighting		3.7		3.9		3.8		3.7		-4.0%		3.3		-13.0%		3.7		3.3		-10.6%		2.9		-22.9%				0.28		0.26		0.22		0.22		0.21		0.21		0.20		0.19

		All other		3.8		6.1		7.6		7.1		-5.6%		6.8		-10.4%		8.2		7.3		-11.0%		6.7		-18.7%				0.29		0.40		0.44		0.43		0.44		0.46		0.44		0.44

		Total primary		13.0		15.2		17.2		16.5		-4.2%		15.5		-9.8%		18.1		16.6		-8.2%		15.1		-16.7%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		(1) BAU = Business-As-Usual scenario;  Moderate = Moderate scenario;  Advanced = Advanced scenario;

		Q = quadrillion Btus of primary energy.

		(2) Buildings in the industrial sector are not included in these results.

		(3) % ∆ (change) is relative to the BAU scenario in that year.

		(4) advanced case electricity primary energy savings include both demand-side efficiency and supply side effects.





Bdgs E by end use

		



Fibure 4.1a:  Residential sector energy end-uses
Total primary energy use in 1997 = 19.0 quads



Bdgs C by end use

		



Figure 4.1b:  Commercial sector energy end-uses
Total primary energy use in 1997 = 15.2 quads



Bdgs selected techs

		

		Table 4.8:  Carbon emissions by scenario and end-use in the buildings sector

								2010										2020

		Sector & fuel		1990		1997		BAU		Moderate				Advanced				BAU		Moderate				Advanced						1990		1997		2010						2020

				MtC		MtC		MtC		MtC		% ∆		MtC		% ∆				MtC		% ∆		MtC		% ∆								BAU		MOD		ADV		BAU		MOD		ADV

		Residential

		Space heating		79		97		97		98		0.6%		88		-9.3%		101		102		0.3%		84		-17.3%				0.31		0.34		0.29		0.31		0.35		0.27		0.31		0.38

		Space cooling		27		23		27		24		-11.8%		17		-36.5%		30		24		-21.1%		14		-54.1%				0.11		0.08		0.08		0.08		0.07		0.08		0.07		0.06

		Water heating		36		39		42		39		-5.7%		33		-21.8%		45		40		-11.9%		30		-32.7%				0.14		0.14		0.13		0.13		0.13		0.12		0.12		0.14

		Refrigerators/freezers		35		25		18		17		-6.5%		13		-28.3%		18		15		-12.8%		9		-49.6%				0.14		0.09		0.05		0.05		0.05		0.05		0.05		0.04

		Lighting		15		17		20		19		-5.9%		13		-33.6%		23		19		-16.5%		10		-56.4%				0.06		0.06		0.06		0.06		0.05		0.06		0.06		0.05

		All other		60		83		128		116		-9.0%		88		-31.3%		157		128		-18.5%		73		-53.3%				0.24		0.29		0.38		0.37		0.35		0.42		0.39		0.33

		Total		253		285		332		313		-5.7%		252		-24.1%		375		328		-12.4%		220		-41.2%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		Commercial

		Space heating		30		32		32		32		0.2%		29		-10.2%		32		32		-2.8%		28		-14.6%				0.14		0.13		0.11		0.12		0.14		0.11		0.12		0.15

		Space cooling		29		17		18		16		-12.6%		13		-26.6%		18		15		-18.8%		11		-41.9%				0.14		0.07		0.06		0.06		0.06		0.06		0.06		0.06

		Water heating		17		14		15		14		-7.6%		13		-13.9%		15		14		-8.5%		12		-16.1%				0.08		0.06		0.05		0.05		0.06		0.05		0.05		0.07

		Office equipment		10		20		31		31		-0.1%		23		-26.7%		39		38		-0.8%		23		-40.3%				0.05		0.09		0.11		0.12		0.11		0.13		0.14		0.12

		Lighting		59		61		64		60		-6.3%		43		-32.5%		66		56		-15.1%		33		-49.8%				0.29		0.26		0.23		0.23		0.20		0.21		0.21		0.17

		All other		61		93		121		112		-7.5%		90		-25.5%		138		117		-14.8%		83		-39.8%				0.30		0.39		0.43		0.42		0.43		0.45		0.43		0.44

		Total		206		237		281		265		-5.8%		211		-24.9%		308		272		-11.8%		190		-38.4%				1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		(1) BAU = Business-As-Usual case;  Mod. = Moderate case;  Adv.= Advanced case.

		(2) Buildings in the industrial sector are not included in these results.

		(3) % ∆ (change) is relative to the BAU scenario in that year.

		(4) advanced case electricity carbon savings include both demand-side efficiency and supply side effects.

																																1990		1997		2000		2005		2010		2015		2020

																												Elect C MtC						532		589		613		653		705		745

																												Elect TWh						3130		3333		3585		3843		4111		4345

																												Elect g/kWh				182		170.0958466454		176.6876687669		170.9623430962		169.9713765288		171.3938214546		171.3693901036





Bdgs selected techs
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Residential sector carbon emissions by end-use
Total carbon emissions in 1997 = 285 MtC



Bdgs $ summary
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		0

		0

		0

		0



Commercial sector carbon emissions by end-use
Total carbon emissions in 1997 = 237 MtC



Residential AEO

		

		Table 4.9:  Penetration rates by scenario for selected technologies in the buildings sector

		Sector & fuel		Scenario		2000		2005		2010		2015		2020

						Percentage of New Shipments

		Residential

		Heat pump WH		Moderate		3%		7%		8%		10%		10%

				Advanced		4%		17%		23%		22%		22%

		Dedicated CFL Lighting Fixtures		Moderate		3%		7%		10%		14%		18%

				Advanced		3%		9%		14%		19%		24%

		Horizontal Axis Clothes Washer		Moderate		7%		14%		100%		100%		100%

				Advanced		7%		100%		100%		100%		100%

		Commercial

		Electronic ballasts		Moderate		53%		100%		100%		100%		100%

				Advanced		54%		100%		100%		100%		100%

		High Efficiency Transformers		Moderate		9%		25%		40%		48%		55%

				Advanced		9%		100%		100%		100%		100%

						Percentage of Equipment Stock

		Residential

		Heat pump WH		Moderate		0%		4%		7%		8%		10%

				Advanced		0%		6%		13%		16%		15%

		Dedicated CFL Lighting Fixtures		Moderate		0%		2%		6%		10%		14%

				Advanced		0%		3%		8%		13%		18%

		Horizontal Axis Clothes Washer		Moderate		0%		4%		33%		66%		91%

				Advanced		0%		16%		51%		83%		98%

		Commercial

		Electronic ballasts		Moderate		2%		15%		54%		88%		100%

				Advanced		3%		15%		54%		88%		100%

		High Efficiency Transformers		Moderate		0%		3%		9%		16%		25%

				Advanced		0%		8%		25%		41%		58%

		(1) BAU = Business-As-Usual scenario;  Moderate = Moderate scenario;  Advanced = Advanced scenario;

		(2) WH = water heater;  CFL = compact fluorescent lamp.





Commercial AEO

		

		Table 4.10:  Annual total costs of energy services by scenario in the buildings sector (B 1997$/year)

								2010										2020

						1997		BAU		Moderate				Advanced				BAU		Moderate				Advanced

								B$/yr		B$/yr		% ∆		B$/yr		% ∆		B$/yr		B$/yr		% ∆		B$/yr		% ∆

		Residential

		Annual fuel cost				138		146		133		-9%		129		-12%		152		133		-13%		121		-21%

		Annualized incremental technology cost of energy efficiency				0		0		3.5		N/A		6.5		N/A		0		9.0		N/A		16.0		N/A

		Annual program costs to promote energy efficiency				0		0		0.5		N/A		1.0		N/A		0		0.7		N/A		1.4		N/A

		Annual total cost of energy services				138		146		137		-6%		137		-6%		152		142		-6%		138		-9%

		Commercial

		Annual fuel cost				99		103		89		-14%		90		-13%		103		86		-17%		85		-18%

		Annualized incremental technology cost of energy efficiency				0		0		1.6		N/A		2.5		N/A		0		3.2		N/A		4.3		N/A

		Annual program costs to promote energy efficiency				0		0		0.4		N/A		0.8		N/A		0		0.6		N/A		0.8		N/A

		Annual total cost of energy services				99		103		91		-12%		93		-10%		103		90		-13%		90		-13%

		Total Buildings

		Annual fuel cost				236		249		221		-11%		219		-12%		255		219		-14%		205		-20%

		Annualized incremental technology cost of energy efficiency				0		0		5.1		N/A		9.1		N/A		0		12.1		N/A		20.3		N/A

		Annual program costs to promote energy efficiency				0		0		1.0		N/A		1.8		N/A		0		1.4		N/A		2.2		N/A

		Annual total cost of energy services				236		249		227		-9%		230		-8%		255		232		-9%		228		-11%

		(1) BAU = Business-As-Usual case;  Mod. = Moderate case;  Adv.= Advanced case.

		(2) Buildings in the industrial sector are not included in these results.

		(3) % ∆ (change) is relative to the BAU scenario in that year.

		(4) Energy service costs include cost of purchased fuels and electricity (minus any carbon permit trading fee

		transfer payments), and the annualized costs of incremental efficiency improvements.





Misc calcs

		

																																								Table 4:  Primary energy use by scenario and fuel in the buildings sector								Table 5:  Carbon emissions by scenario and fuel in the buildings sector

		Table 1:  U.S. residential sector site energy use by end-use (quadrillion btus)																Table 1:  U.S. residential sector, AEO 97

				AEO 96 FORECAST																																1990				Sector & fuel		1990						Sector & fuel		1990

																																				Carbon emissions						Q								MtC

																						Site energy use (quadrillion btus)						Source energy use (quadrillion btus)												Residential								Residential

																																								Electricity (primary)		10.24						Electricity		162

																																								Natural gas		4.53						Natural gas		66

		Fuel		End-use		1990		1995		2000		2005		2010				Fuel		End-use		1990		1997		2010		1990		1997		2010								Oil		0.83						Oil		17

																																								LPG		0.37						LPG		6

		Electricity		Space heating		0.30		0.40		0.44		0.46		0.48				Electricity		Space heating		0.30		0.45		0.48		0.98		1.43		1.44				15.47				Other		0.74						Other		3

				Space cooling		0.52		0.52		0.50		0.52		0.53						Space cooling		0.52		0.46		0.49		1.69		1.47		1.47				26.81				Total primary		16.71						Total		253

				Water heating		0.34		0.36		0.37		0.37		0.39						Water heating		0.34		0.35		0.38		1.11		1.12		1.14				17.53

				Refrigeration		0.53		0.44		0.39		0.35		0.32						Refrigeration		0.53		0.38		0.31		1.72		1.21		0.93				27.33				Commercial								Commercial

				Cooking		0.15		0.10		0.10		0.11		0.11						Cooking		0.15		0.12		0.14		0.49		0.38		0.42				7.73				Electricity (primary)								Electricity

				Clothes Dryers		0.17		0.17		0.18		0.19		0.20						Clothes Dryers		0.17		0.18		0.21		0.55		0.57		0.63				8.77				Natural gas								Natural gas

				Freezers		0.15		0.13		0.10		0.08		0.07						Freezers		0.15		0.12		0.08		0.49		0.38		0.24				7.73				Oil								Oil

				Lighting		0.30		0.32		0.33		0.34		0.35						Lighting		0.30		0.32		0.35		0.98		1.02		1.05				15.47				Other								Other

				Other Uses		0.69		1.05		1.29		1.57		1.93						Other Uses		0.69		1.35		2.02		2.24		4.30		6.07				35.58				Total primary		0						Total		0

				Total electric		3.15		3.49		3.70		3.99		4.38						Total electric		3.15		3.73		4.46		10.24		11.88		13.40				162.42

						0.00		0.00		0.00		0.00		0.00

		Natural gas		Space heating		3.12		3.42		3.62		3.70		3.82				Natural gas		Space heating		3.12		3.68		3.88		3.12		3.68		3.88				45.15

				Space cooling		0.00		0.00		0.00		0.00		0.00						Space cooling		0.00		0.00		0.02		0.00		0.00		0.02				0.00

				Water heating		1.09		1.29		1.31		1.32		1.35						Water heating		1.09		1.27		1.39		1.09		1.27		1.39				15.77

				Cooking		0.18		0.18		0.19		0.20		0.20						Cooking		0.18		0.15		0.14		0.18		0.15		0.14				2.60

				Clothes Dryers		0.08		0.05		0.05		0.05		0.05						Clothes Dryers		0.08		0.05		0.05		0.08		0.05		0.05				1.16

				Other Uses		0.06		0.06		0.06		0.06		0.06						Other Uses		0.06		0.09		0.10		0.06		0.09		0.10				0.87

				Total gas		4.53		5.00		5.23		5.33		5.48						Total gas		4.53		5.24		5.58		4.53		5.24		5.58				65.55

						0.00		0.00		0.00		0.00		0.00

		Distillate oil		Space heating		0.75		0.74		0.74		0.72		0.70				Distillate oil		Space heating		0.75		0.77		0.65		0.75		0.77		0.65				14.96

				Water heating		0.08		0.10		0.10		0.09		0.09						Water heating		0.08		0.10		0.10		0.08		0.10		0.10				1.60

				Other Uses		0.00		0.00		0.00		0.00		0.00						Other Uses		0.00		0.00		0.00		0.00		0.00		0.00				0.00

				Total oil		0.83		0.84		0.84		0.81		0.79						Total oil		0.83		0.87		0.75		0.83		0.87		0.75				16.56

						0.00		0.00		0.00		0.00		0.00																										Table 6:  Primary energy use by scenario and end-use in the buildings sector								Table 7:  Carbon emissions by scenario and end-use in the buildings sector

		LPG		Space heating		0.23		0.26		0.25		0.23		0.21				LPG		Space heating		0.23		0.29		0.32		0.23		0.29		0.32				3.91

				Water heating		0.08		0.05		0.05		0.04		0.04						Water heating		0.08		0.07		0.09		0.08		0.07		0.09				1.36

				Cooking		0.05		0.02		0.02		0.02		0.02						Cooking		0.05		0.03		0.03		0.05		0.03		0.03				0.85

				Other Uses		0.01		0.06		0.07		0.07		0.07						Other Uses		0.01		0.01		0.01		0.01		0.01		0.01				0.17				Sector & fuel		1990						Sector & fuel		1990

				Total LPG		0.37		0.39		0.39		0.36		0.34						Total LPG		0.37		0.40		0.45		0.37		0.40		0.45				6.29						Q								MtC

						0.00		0.00		0.00		0.00		0.00																										Residential								Residential

		Renewables		Wood		0.61		0.55		0.57		0.58		0.59				Renewables		Wood		0.61		0.58		0.55		0.61		0.58		0.55				0.00				Space heating		5.08						Space heating		79

						0.00		0.00		0.00		0.00		0.00																										Space cooling		1.69						Space cooling		27

		Other fuels		Coal + kerosene		0.13		0.12		0.12		0.11		0.11				Other fuels		Coal + kerosene		0.13		0.12		0.11		0.13		0.12		0.11				2.59				Water heating		2.36						Water heating		36

																																								Refrigerators/ freezers		2.21						Refrigerators/freezers		35

		Totals				9.62		10.39		10.85		11.18		11.69				Totals				9.62		10.94		11.90		16.71		19.09		20.84				253.42				Lighting		0.98						Lighting		15

																																								All other		4.40						All other		60

																																								Total primary		16.71						Total		253

		(1) Site energy 1995-2010 taken from AEO 96 (US DOE 1996).  Site energy for 1990																								Site E factor		3.25		3.19		3.00

		taken from AEO 1994 (US DOE 1994a).																																						Commercial								Commercial

																										Primary E factor		3.25		3.19		3.00								Space heating								Space heating

																																								Space cooling								Space cooling

																																								Water heating								Water heating

																																								Office equipment								Office equipment

																																								Lighting								Lighting

		CALCULATE FACTORS FOR SPLITTING ELECTRIC HEATING INTO HP AND ELECT. RESISTANCE																																						All other								All other

		REEPS		TBtus		TBtus		%		%		%																												Total primary		0						Total		0

				1995		2010		1995		2010		Avg 95-2010

		HP		386		612		24%		29%		27%

		elect res.		1197		1463		76%		71%		73%

		Total		1583		2075		100%		100%		100%

																																		Growth		Total use		Stock

				emissions (MMTC/quad of primary energy)																														over  1997				efficiency

																																		stock in 2010		TWh		cf/kWh/day

		Electricity		16																														1997=1.0		2010		1997

		Natural gas		14

		Distillate oil		20																														0.15		0

		LPG		17

		Renewables		0

		Other fuels		20

				emissions (g C/kWh.e or kWh.f)

		Electricity		176

		Natural gas		49.37

		Distillate oil		68.07

		LPG		58.04

		Renewables		0

		Other fuels		68.0694

		other assumed to be the same as distillate oil
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																																								Table 4:  Primary energy use by scenario and fuel in the buildings sector								Table 5:  Carbon emissions by scenario and fuel in the buildings sector

																		Table 1:  U.S. commercial sector, AEO 97

																																				1990				Sector & fuel		1990						Sector & fuel		1990

																																				Carbon emissions						Q								MtC

																						Site energy use (quadrillion btus)						Source energy use (quadrillion btus)												Residential								Residential

																																								Electricity (primary)								Electricity

																																								Natural gas								Natural gas

																		Fuel		End-use		1990		1997		2010		1990		1997		2010								Oil								Oil

																		Electricity		Space heating		0.12		0.12		0.12		0.39		0.38		0.36				6.19				LPG								LPG

																				Space cooling		0.55		0.52		0.52		1.80		1.66		1.56				28.53				Other								Other

																				Water heating		0.17		0.17		0.14		0.57		0.54		0.42				9.00				Total primary		0						Total		0

																				Ventilation		0.17		0.17		0.19		0.54		0.54		0.57				8.55

																				Cooking		0.03		0.03		0.03		0.10		0.10		0.09				1.55				Commercial								Commercial

																				Lighting		1.14		1.26		1.32		3.72		4.01		3.97				58.95				Electricity (primary)		9.35						Electricity		148

																				Refrigeration		0.14		0.14		0.16		0.44		0.45		0.48				7.01				Natural gas		2.84						Natural gas		41

																				Office equipment-PCs		0.04		0.08		0.1		0.12		0.25		0.30				1.91				Oil		0.49						Oil		10

																				Office equipment-non-PCs		0.16		0.19		0.25		0.53		0.61		0.75				8.35				Other		0.35						Other		7

																				Other Uses		0.35		0.65		1.08		1.15		2.07		3.25				18.27				Total primary		13.04						Total		206

																				Total electric		2.88		3.33		3.91		9.35		10.61		11.75				148.31

																		Natural gas		Space heating		1.35		1.34		1.36		1.35		1.34		1.36				19.52

																				Space cooling		0.02		0.03		0.03		0.02		0.03		0.03				0.24

																				Water heating		0.47		0.48		0.52		0.47		0.48		0.52				6.83

																				Cooking		0.17		0.19		0.23		0.17		0.19		0.23				2.44

																				Other Uses		0.84		1.29		1.4		0.84		1.29		1.40				12.13

																				Total gas		2.84		3.33		3.54		2.84		3.33		3.54				41.15

																		Distillate oil		Space heating		0.20		0.19		0.16		0.20		0.19		0.16				4.08

																				Water heating		0.06		0.05		0.05		0.06		0.05		0.05				1.29

																				Other Uses		0.22		0.13		0.14		0.22		0.13		0.14				4.48

																				Total oil		0.49		0.37		0.35		0.49		0.37		0.35				9.85

																		Renewables		Wood		0.00		0.00		0.00		0.00		0.00		0.00				0.00				Table 6:  Primary energy use by scenario and end-use in the buildings sector								Table 7:  Carbon emissions by scenario and end-use in the buildings sector

																		Other fuels		Coal + kerosene		0.35		0.31		0.33		0.35		0.31		0.33				7.06

																		Totals				6.57		7.34		8.13		13.04		14.62		15.97				206.37				Sector & fuel		1990						Sector & fuel		1990

																																										Q								MtC

																																								Residential								Residential

																										Primary E factor		3.25		3.19		3.00								Space heating								Space heating

																																								Space cooling								Space cooling

																										Primary E factor		3.25		3.19		3.00								Water heating								Water heating

																																								Refrigerators/ freezers								Refrigerators/freezers

																																								Lighting								Lighting

																																								All other								All other

																																								Total primary		0						Total		0

																																								Commercial								Commercial

																																								Space heating		1.94						Space heating		30

																																								Space cooling		1.82						Space cooling		29

																																								Water heating		1.10						Water heating		17

																																								Office equipment		0.65						Office equipment		10

																																								Lighting		3.72						Lighting		59

																																								All other		3.82						All other		61

				emissions (MMTC/quad of primary energy)																																				Total primary		13.04						Total		206

		Electricity		15.86

		Natural gas		14.47

		Distillate oil		19.95

		LPG		17.01

		Renewables		0.00

		Other fuels		19.95

				emissions (g C/kWh.e or kWh.f)

		Electricity		176

		Natural gas		49.37

		Distillate oil		68.07

		LPG		58.04

		Renewables		0

		Other fuels		68.0694

		other assumed to be the same as distillate oil
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		990423

		# of HHs that are renting

		from 1997 EIA preliminary data on EIA website

		http://www.eia.doe.gov/emeu/recs/recs97_hc/97tblhp.html

		Millions		SF		MF		MH		Total

		All HH		73.7		21.4		6.3		101.4

		Renting		12.6		19.3		1.1		33

		Owning		61.1		2.1		5.2		68.4

		Rent/All		17%		90%		17%		33%






