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Modifications to the Scoping Paper for the Buildings & Facilities Working Group

This table is based on input received from first working group meeting through December 31, 2001. The action taken is noted opposite each suggestion.

	Suggestion
	Action

	Consider a commercial/industrial revolving loan fund as an option
	We added a discussion of loan program approaches to the paper (options 2.6). As loan fund approaches cross-cut existing options, we did not change any calculations.

	Add building commissioning
	Building commissioning is the process of verifying that energy-using equipment, systems, and controls are operating properly. Commissioning services are already explicitly included as an aspect of options 1.5, 1.6, and 2.6.

	
	

	Consider higher building densities
	In the discussion of option 5.1, we added a brief note on these options. As they would produce more transportation sector GHG savings than they would buildings sector GHG savings, they are better addressed by the Transportation Working Group.

	Consider state override to local zoning when efficient development is offered
	

	Look at residential retrofit option without windows
	We have noted that windows could be removed from the program in options 1.3 and 2.5, leading to modest improvement in cost-effectiveness but also decreasing the carbon savings.

	Increase size on CHP options 4.1 and 4.2
	We increased the size of the representative commercial option, and changed our calculations accordingly. See the discussion of option 4.2.

	Note existence of ProvGas DSM
	We have added several references to ProvGas DSM programs to the paper.

	Use policy-based approaches; not technology-based (Erich Stephens)
	We added some discussion on the role of policy and technology assumptions in crafting options to Section 2.


	Suggestion
	Action

	Consider gas cooling
	Option added in Scoping Paper

	Fuel switch to biofuels
	For R.I., this is pretty much an emerging technology of relatively limited potential. We will check how practical it is, and the cost.

	Enhance solar access protection
	We investigated the scope of protection available under existing R.I. law. We will note in the paper that if it is strengthened, it would increase the feasibility of the PV and solar water heating options.

	Annual inspection/tune up for fossil fired home heating equipment
	Notes on this practice have been added to the paper’s description of option 2.5

	Add carbon impacts from gas line methane leakage to switching from oil to gas heat.
	We reviewed the fuel cycle GHG impacts of gas v. oil space heating.  According to Deluchi 2001
, full fuelcycle emissions in the US for natural gas are lower than comparative emissions for heating oil.  Emission estimates in the scoping paper only refer to end-use emissions but we will include fuelcycle emissions in the LEAP analysis.  

	New fuel switch initiative: from electric heat to gas or oil.
	Based on data supplied by John Batey, we added this as an option in the Scoping Paper

	Measures in existing oil heated homes: replace burners, adjust nozzles, install setback thermostats, reduce boiler temperatures.
	We reviewed material from John Batey (memo of December 18 and additional information). We now identify these specific measures in the paper text but the values did not significantly change the cost of saved energy for this measure. 

	Show cost-effectiveness for solar water heating displacing electric water heating; Consider adding passive solar water heating.
	We added this sub-option to the existing solar water heating option, and changed our calculations to include effects from displacing electric heating.  Passive solar water heating is not very common in the U.S. but could be added to the program; however, there would not likely be any significant change to costs or savings.

	Require silver rating on new state buildings (option 6.1)
	Add note on this sub-option to the description of the option. Cite LEED standards program suggested by Fred Unger.

	Discuss regulatory obstacles for distributed energy systems (PVs, CHP, etc.)
	Supplement discussion of regulatory issues.


1.  Summary of Options for the Buildings Sector

	SUMMARY OF OPTIONS

	1.  Continuation of existing and emerging demand-side management programs

1.1  Solar photovoltaic cells--buydown program 

1.2  Residential efficient lighting and appliances DSM programs

1.3  Residential retrofit -- electrically heated homes

1.4  “Energy Star Homes” (residential new construction)

1.5  “Design 2000,” promoting energy efficiency in new commercial and industrial buildings

1.6  “Energy Initiative” for efficiency in existing commercial and industrial buildings

1.7  Small commercial & industrial retrofit program

	2.  Possible new demand-side management programs

2.1  Efficient residential cooling initiative

2.2  Efficient residential fossil fuel heating initiative

2.3  Solar hot water heating

2.4  Switching to cleaner heating fuel

2.5  Residential retrofit -- homes heated with fossil fuel

2.6  Nonresidential retrofit -- efficiency in fossil fuel use
2.7  Nonresidential facilities -- gas air conditioning

	3.  Codes and standards initiatives

3.1  Regional appliance efficiency standards project

3.2  Upgrade new construction practices

	4.  Promotion of on-site combined heat and power

4.1  CHP in industry

4.2  CHP in other buildings & facilities

	5.  Life style changes

5.1  Compact floor space area

5.2  Compact appliances

	6.  Other options

            6.1  Public facilities clean buildings initiative

            6.2  Energy efficiency targets adopted by industrial firms

            6.3  Additional tax credits


2.  The Role of Options for the Buildings & Facilities Sector
The project team presented a preliminary set of options to the second Stakeholders meeting for the RI GHG Action Plan process. In Section 1, we listed a revised set of options for the Buildings and Facilities sector, reflecting feedback received from Stakeholders as well as continued research by the project team. These are still preliminary options that are intended to provide a point of departure for the Buildings and Facilities Working Group’s identification and assessment of options to include in a state climate change action plan.

Options are designed to change human use of technologies in ways that reduce the emission of greenhouse gasses to the atmosphere. Options represent actions that combine two elements: (1) policies, programs, or projects, and (2) technologies and/or the ways in which people use them. In this paper, both the technological changes and the policy or programmatic components they entail are characterized in broad ways, using representative technologies or the main outlines of initiatives to affect technology use.  Thus each option sets out a key strategy that would need to be refined and specified further at the level of state implementation.

It is critical that options be concrete enough that plausible projections of their costs and effects can be developed for consideration by policymakers. Therefore, we have explicitly identified technological and policy assumptions for each option. Some policy approaches to promoting efficiency in energy markets may be rather broad, affecting numerous technologies -- for example revolving loan funds, or tax credits. Other policies, such as SBC-based DSM, may be more technology-specific. Either way, we must make some assumptions about the major technology impacts of policies in order to characterize options. While technology assumptions are required to prepare estimates of policy impacts, the detailed technology impacts of each type of options will vary from those assumed here -- even for DSM programs. It is not specific, individual technologies that are being promoted, but rather classes of technologies that can reduce GHG impacts at reasonable costs.
The Tellus team has prepared a baseline forecast of Rhode Island’s use of energy and emission of energy-related GHGs. The baseline includes expected trends in economic growth, technical innovation, and policies that are relatively fixed from a state perspective. Therefore, some improvement in how Rhode Islanders use energy-related technologies over time are included in the baseline forecast.

Some of the State Energy Office’s programs are assumed in the baseline forecast. The major such program is the Weatherization Assistance Program (WAP), which installs insulation, air sealing, and other measures in income-eligible households. WAP has served some 29,000 households over the past 25 years, depends substantially on federal funds, and is highly likely to remain in place. Another such program is the revolving loan fund, now totaling $1.2 million, which finances projects in state facilities. Most of the projects have been energy efficiency. This fund is also a continuing, “baseline” activity.

The options presented here, by contrast, reflect new policies and programs, including the extension and expansion of current SBC-funded programs, and their impacts relative to the baseline forecast. The scoping paper identifies what policies or programs are considered fixed, which are considered options, and the basis for distinguishing the two. As the Working Group and Stakeholder shape priority options for inclusion in a climate change action plan, Tellus will reflect them in a climate change action forecast of state energy use and related GHG emissions that will be developed and compared with the baseline forecast.

In the balance of Section 2, the current set of options is described briefly. Section 3 presents each option in greater detail.

In Section 4, we provide two summary rankings. One lists options in order of their cost of saved carbon. The other lists them in the order of the amount of carbon saved.

1.  Continuation of existing demand-side management programs. Several demand-side management (DSM) programs are well under way in Rhode Island. These are largely funded through the electricity system benefits charge (SBC) recently renewed by the General Assembly for the 5-year period 2002-6. The programs promote demand-side efficiency measures or demand-side renewable technologies. The R.I. Public Utilities Commission, upon recommendation by the Rhode Island Collaborative
 regularly adds new measures as they become available and cost effective. The first set of options consists of supporting the continued implementation of existing DSM programs and of the emerging DSM programs that have been identified. Although there might be modifications or enhancements to the programs in the future, we use current operating characteristics to describe existing programs here.

1.1  Solar photovoltaic cells buydown program. This program promotes installation of rooftop solar photovoltaic cells (PVs) in all buildings and facilities by buying down the cost by $3 per watt of installed capacity.

1.2  Residential efficient lighting and appliances.  Two existing DSM programs support (1) efficient lighting and (2) energy-efficient washing machines and other equipment in U.S. EPA’s “Energy Star Appliances” initiatives. Information and rebate incentives toward the purchase of the appliances are offered.

1.3  Residential retrofit. The program provides energy use surveys and 

assistance in installing weatherization measures in existing homes, saving electricity.

1.4  “Energy Star Homes.” To promote energy efficiency in new houses, this program combines a house efficiency rating system with rebate incentives for reaching a target rating.

1.5    “Design 2000.” To promote installation of energy-efficiency measures in new non-residential buildings and those undergoing renovation, this program combines information, technical assistance, and rebates for qualifying measures.

1.6   “Energy Initiative.” To promote installation of measures to save electricity in existing non-residential buildings, this program includes rebates for qualifying lighting, heating, air conditioning, electric motors and motor drive, and other measures.

1.7  Small C&I energy efficiency. There is an energy efficiency program especially targeted to small commercial & industrial customers. The program combines information and targeted rebates for qualifying equipment. Providence Gas Co. (now New England Gas Co.) also operates some DSM programs. 
2.  Possible new demand-side management programs. This set of options consists of DSM programs which are not being implemented and for the most part are not under active consideration for near-term implementation. Each option would require funding for some mix of education, program marketing, contractor training, and financial incentives. Only option 2.1 is a candidate for funding from the electric SBC.

2.1  Efficient residential cooling initiative. This option combines installation of high-efficiency central air conditioning systems (CACs) with improved installation and equipment sizing practices in the growing portion of homes in the state which are installing new or replacement CACs. (This option is under consideration by the Collaborative, but has not yet been proposed for implementation.)

2.2  Efficient residential fossil heating initiative. This option promotes installation of highest efficiency gas and oil heating equipment in lieu of the standard efficiency equipment that is usually installed in new and replacement applications in the State.

2.3  Solar hot water heating.  Active solar water heating systems collect and store thermal energy from the sun in order to heat water for domestic and small commercial use. Like PVs, they are usually installed on roofs.

2.4  Switching to cleaner heating fuel.  Much of the State’s building space is heated by fuel oil. This option promotes the choice of gas heat in new or replacement applications where oil heat would have been chosen, in order to realize the lower carbon emissions from heating with gas.

2.5  Residential retrofit program -- fossil heated homes. This option is similar to option 1.3, but aims to conserve fossil fuel.

2.6  Nonresidential retrofit program. This option is similar to option 1.6, but aims to conserve fossil fuels.
2.7  Nonresidential gas air conditioning promotion. Though gas AC can be incented through ProvGas’s existing DSM, it may be desirable to have a specific initiative with this focus.
3.  Codes and Standards. This set of options consists of the development and implementation of standards affecting the energy consumption level of various kinds of appliances and equipment, as well as new and renovated buildings. Standards programs may be voluntary or mandatory. Each program would require funding for some mix of standards development, implementing voluntary programs or mandates, training for contractors or inspectors, and possible financial incentives.

3.1  Regional appliance efficiency standards project.  This option consists of joining a Northeast regional effort for states to propose or adopt energy efficiency standards for fifteen types of equipment. The new standards would exceed existing federal efficiency standards, or apply to equipment not subject to federal efficiency standards.

3.2  Upgrade new construction practices. This option consists of promulgating and applying higher energy-efficiency standards than are reflected in current state building codes. The amount of energy consumed in new or substantially renovated buildings is strongly affected by building codes.

4.  Combined heat and power.  CHP systems, also known as co-generation systems, make use of heat that would be wasted in conventional electric generating plants. Electricity is generated and the heat that would otherwise be wasted is used for process heating requirements, water heating, or other fairly continuous thermal loads. There is relatively little CHP in the State. Considered here are CHP systems that are sized to meet electricity requirements at their host facilities. Each option would require funding for some mix of technical studies, program marketing, and financial incentives. Additionally, utility rate structures may need to be changed to encourage CHP.

4.1  CHP in industry. Several technologies could be used by industries in the state: combustion turbine (CT) type systems and internal combustion engines (ICEs) at different size configurations, likely fueled by gas.

4.2  CHP in buildings. Several different CHP technologies are potentially applicable in the buildings sector: micro-turbines, fuel cell systems, CT type systems, and ICEs at a variety of size configurations. Multi-building campuses are especially promising potential sites.

5.  Life style changes. Option sets 1 through 4 imply little change in end-use services received from energy use. Each option is largely a “technical fix” that produces or 

uses energy in a way that yields lower GHG emissions. The working group may also wish to consider options that reduce GHG emissions through modifications to current and expected life styles. Two such options are described here.

5.1  Compact floor spaces.  This is a voluntary initiative to encourage residential and commercial facilities to reduce their floorspace in the future. Reduction in floorspace per resident or employee will reduce energy use and GHG emissions. The initiative would aim to reverse the current trend toward continually increasing floorspace.

5.2  Compact appliances.  The average size of many home appliances grew in past decades: refrigerators, freezers, clothes washers, dishwashers, televisions, and others. Smaller units may better match the average load and equipment size, reducing energy use. This initiative would encourage households and businesses to systematically select the smallest reasonable appliance for any job.

6.  Other options.

6.1  Public facilities clean buildings initiative. There are a number of specific programs to promote energy efficiency in state and local public facilities. This option consists of a more comprehensive effort to minimize energy-related GHG emissions in public facilities through such measures as comprehensive retrofitting, best technology in all new construction, maximum use of day lighting and lighting controls, and switching from oil to gas for space heat.

6.2  Energy efficiency targets adopted by industrial firms. There option would assist industries to set explicit energy efficiency targets for production areas and processes using computerized monitoring and targeting systems.
6.3  Tax credits. This option entails development of a tax credit program to promote energy efficiency, and could potentially apply to a wide range of equipment purchases.
3.  Characterization of Options for the Buildings & Facilities Sector
Section 3 consists of one-by-one characterizations of the suggested options. These begin on the next page, with option 1.1. The table accompanying each option description contains a number of key numeric measures. The measures are:

· The cost of saved energy (CSE) for each option. The CSE measures the increase in costs required to install an energy-savings measure, divided by its lifetime energy savings. It is a gross cost, and does not reflect savings in energy supply costs. It is calculated by converting the additional cost of the more efficient equipment into a series of annual payments over the lifetime of the equipment
 and dividing this annual cost by annual energy savings.
· The amount of energy saved in 2020. This is the total amount of energy estimated to be saved by a measure in the year 2020 as a result of all implementations of the measure from 2002 (or later) and on through 2020.

· The benefit to cost (B/C) ratio. The B/C ratio measures value of the direct economic benefits of a program, relative to the incremental costs of a program. This is called total resource cost perspective. B/C ratios given here are based on the CSE divided by a preliminary avoided cost. The final estimate of avoided cost benefits will be developed through scenario modeling using the LEAP system. The preliminary avoided costs used here are:

· The electric avoided cost of $.04/kWh is based on a new natural gas combined cycle unit.

· Gas and oil avoided costs are based on projections of retail rates, averaging $8.70/MMBtu (residential) and $6.00/MMBtu (commercial).

· The reduction in emission of carbon to the atmosphere in 2020. As with energy savings in 2020, this is a total impact basic on cumulative implementation of a measure through 2020.

· The cost of saved carbon (CSC). The cost of saved carbon is the CSE, divided by the preliminary avoided cost benefits for the measures.

Note that each option has additional benefits besides saving energy and reducing carbon emissions, particularly reductions in air pollutants. Electric generation from fossil fueled power plants produces a number of emissions to the atmosphere that are directly or indirectly harmful to human health. These include particulate matter, sulfur dioxide, and nitrogen oxide. Because fossil plants are on the margin during virtually all hours in New England, reductions in electricity required from the power grid translate to reductions in such air emissions. Savings in on-site combustion of fossil fuels like gas, oil, and coal also reduce these other air emissions. The first table in Section 4 includes estimates of the monetary value of these air pollution “co-benefits” associated with each option. 
EXISTING DSM OPTION 1.1 -- SOLAR PV CELLS PROGRAM

Solar photovoltaic cells systems (PVs) convert sunlight into electricity. The cells are usually made of silicon. Individual cells are wired together to make modules. PV cells produce direct current electricity, which is converted to alternating current by a conditioner that forms part of the PV system. Various controls form the balance of the system. There are no carbon emissions from PVs.

Though the capital costs of PV systems have been declining, on a $/kW basis they remain substantially higher than many other renewable resources. For this reason, many states have implemented policies or programs to promote further market penetration of PVs.

More broadly, a number of measures have been implemented across the U.S. to promote greater use of several renewable energy resources so that the technology learning curve may be shifted due to increased installations of them. In Rhode Island, renewable resources are promoted by several underlying State policies as well as by programs based on systems benefit charge (SBC) funding. Only customer-side SBC-based programs are considered an option here, as they constitute DSM. Other state policies on renewables are either reflected in the baseline forecast or are treated in the electricity supply option area.

The major existing “non-DSM” policies or programs are as follows:

· Tax policies relating to renewable technologies: new direct solar thermal water and space heating systems, solar thermal electricity, wind power, and solar PVs. The policies are: (1) rebate of all sales tax, (2) a credit on personal income tax, which declines year to year, and (3) local property tax is capped at the cost of a conventional energy system. All three end after 2004; prospects for further tax policies are unknown.

· A net metering rule was created by the Public Utilities Commission in 1985 and is expected to continue. Renewable generation is netted against the customer’s retail electric rate, with excess annual generation purchased at utility avoided costs. PV is eligible.

· Energy Office grants for renewable energy projects on Block Island. There are some PV projects, most of which are grid-connected and net metered.

· Some supply side renewable programs funded through the SBC, as discussed in the electricity supply/ solid waste area scoping paper.

The major existing DSM program in place that affects PVs is the PV and small wind rebate program designed by the multi-party Rhode Island Renewable Energy Collaborative. The program makes available a buy-down of $3 per Watt to residences or businesses, up to 50% of the total installed cost of the system. Approved vendors must be used. A buy-down of $1.50 per Watt is also available for small wind power systems of less than 10 kW total capacity. In addition, a grant from SBC funds promotes installation of PV systems on the rooftops of school buildings.

This option assumes that the PV/small wind program and SBC funding for it are renewed and continued, along with grants to schools or other facilities for rooftop PVs, at levels in the year 2001 Narragansett DSM and Renewables budget. The projection of impacts is based upon PV installations caused by these programs during 2002-2012. Based on PV lifetimes, the total cumulative impact is effective through and after 2020. (After 2012, the costs from PVs may have come down sufficiently that they are effectively promoted by broader renewable resource policies.

OPTION 1.1 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Solar PV cells buydown program; plus grants for PVs.

	Sector and market
	All buildings and facilities 

	Technical elements
	Customer-side on-site PVs installed by approved vendors.

	Buydown program elements
	SBC support for up to 50% of installed PV system cost, at $3/Watt.

	Existing policy/program
	This option represents renewal and continuation of the existing SBC based program.

	Rationale
	Reduce carbon emissions while contributing to the “learning curve” for this technology.

	Energy saved in 2020
	2100 Mwh. This is energy generated by PVs and thus saved from the grid.

	CSE (cost of saved energy)
	$0.15/kWh.

	B/C benefit-cost ratio
	0.3.

	Carbon saved in 2020
	1,000 tonne.

	CSC (cost of saved CO2)
	$1,200/tonne (2000$).


EXISTING DSM OPTION 1.2 -- RESIDENTIAL LIGHTING AND APPLIANCE PROMOTION PROGRAMS

Three kinds of lighting technologies which can reduce electricity use in households are compact fluorescent lamps (CFLs), CFL fixtures, and fluorescent torchieres. The first is the oldest technology, but there have been significant improvements in the performance characteristics of CFLs over the years. The CFL fixture and fluorescent torchiere technologies are somewhat newer.

The US Environmental Protection Agency “Energy Star” program identifies more efficient appliances and equipment in several markets. Energy Star rates CFLs and CFL fixtures. Household appliances that are Energy Star rated include refrigerators, room air conditioners, clothes washers, and dish washers.

The SBC-funded DSM programs administered by Narragansett Electric Company’s DSM include two current DSM programs in this area, promoting (1) the lighting and technologies described above, and (2) the appliance technologies. Narragansett works with the Northeast Energy Efficiency Project and other regional utilities to promote Energy Star products. These efforts entail general product promotion through advertising, liaising with manufacturers and retailers, and a variety of rebates targeted to either dealers or customers.

This option combined two different related DSM programs for convenience, and assumes that these DSM efforts and SBC funding for them are renewed and continued. The projection of costs is based on lighting technology costs developed by the Clean Energy Futures study (lighting) and work by the American Council for an Energy-Efficient Economy (for other appliances). The impacts are based on continuing DSM efforts at current levels for 2002 through 2007. Based on equipment lifetimes, the total cumulative impact is effective through 2020.

Efforts to increase the mandatory minimum energy efficiency of major appliances overlap with this DSM program. Option 3.1 captures the effects of success in improving appliance efficiency standards. If appliance standards are not upgraded, or if they are upgraded but still lag best available technology, then revision and extension of these DSM programs over the analysis period is another options.

OPTION 1.2 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Energy Star (1) lighting and (2) appliances.

	Sector and market
	All residences and market delivery channels for the covered technologies. 

	Technical elements
	Energy Star CFLs, CFL fixtures, fluorescent torchieres, refrigerators, room air conditioners, clothes washers, and dish washers.

	Policy/program elements
	SBC support applied to: information and education; liaising with US DOE, US EPA, NEEP, and other utilities; marketing efforts with manufacturers, dealer, retailers, and customers; and a variety of rebate incentives to customers or dealers. 

	Existing policy/program
	This option represents renewal and continuation of two existing SBC based programs.

	Rationale
	Promote market penetration of more efficient equipment (while simultaneously working to increase equipment efficiency per option 3.1, appliance efficiency standards initiative).

	Energy saved in 2020
	46,000 Mwh.

	CSE (cost of saved energy)
	$0.018/kWh.

	B/C benefit-cost ratio
	2.2.

	Carbon saved in 2020
	5,000 tonnes.

	CSC (cost of saved CO2)
	-$226/tonne (2000$).


EXISTING DSM OPTION 1.3 -- RESIDENTIAL RETROFIT

Narragansett’s “EnergyWise” DSM program delivers in-home energy efficiency services to improve the energy efficiency of existing dwelling units. A number of program services are provided -- an initial “audit” of energy using patterns and opportunities for improvement; information to customers on their electricity usage patterns; and financial incentives for cost-effective measures such as insulation, windows, and thermostats. program provides energy use surveys and limited assistance in installing weatherization measures in existing homes.  Eliminating windows from this program may improve the benefit/cost ratio for this program for some houses.  This would lead to a modest improvement in cost-effectiveness but would decrease the carbon savings.  
Initially limited to mid and high use electricity customers, from 2001 this DSM program is available to any residential customer. Moreover, the low-interest financing option in the program may be used to install weatherization.

This option consists of a continuation of the residential retrofit program from 2002 through 2020.

OPTION 1.3 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Residential retrofit.

	Sector and market
	Existing dwelling units.

	Technical elements
	Audit, insulation, windows, weatherization.

	Policy/program elements
	Information and financial incentives funded through SBC.

	Existing policy/program
	Narragansett’s “EnergyWise” program. 

	Rationale
	Continuations of Energy Wise, will facilitate reaching existing households throughout the analysis period.

	Energy saved in 2020
	87,500 MWh

	CSE
	$0.039/kWh.

	B/C
	1.0 (electric)

	Carbon saved in 2020
	9,000 tonnes.

	CSC
	-$7/tonne overall.


EXISTING DSM OPTION 1.4 -- “ENERGY STAR HOMES”

Energy Star Homes is one of the national efficiency initiatives developed by the U.S. Environmental Protection Agency and the Department of Energy. Several utilities operate residential new construction DSM programs as Energy Star partners. In Rhode Island, Pascoag Fire District as well as Narragansett sponsor the program. Its aim is to promote energy efficiency in the construction of new houses, so that they are 30% more efficient than required by Rhode Island’s current Model Energy Code (MEC) standards for cooling, heating, lighting, and appliance operation.

The current program design includes: a customer application fee, refundable on certification of the house as Energy Star; measurement of building shell characteristics as well as heating and cooling equipment during the construction process; a Home Energy Rating certification; and depending on the rating attained, up to five free Energy Star lighting fixtures and up to $500 in rebates toward Energy Star appliances. The program is marketed to builders and contractors, realtors, and buyers.

The market penetration of this program has been modest, a few percent of the potential market annually. This option is based on more intensive marketing which doubles the market penetration and impact on electricity use, for the years 2002 through 2009. Only electricity costs and impacts are calculated here, though this program does save fossil fuel as well as electricity.

The assumption is that by then, the impacts from option 3.2, enhanced building codes, would supersede those from this program. If enhanced building codes are not substantially better than MEC-95 (see option 3.2), then another option would be to extend this program throughout the analysis period.

OPTION 1.4 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	“Energy Star Homes”.

	Sector and market
	Residential new construction.

	Technical elements
	Multiple building shell and equipment measures to attain an energy efficiency level 30% better than MEC.

	Policy/program elements
	Measurement, monitoring, marketing, and limited rebates.

	Existing policy/program
	This option represents renewal and expansion of the existing SBC based program.

	Rationale
	The program encourages better building practices until a more energy-efficient building code can be implemented.

	Energy saved in 2020
	2,256 MWh.

	CSE
	$0.04/kWh.

	B/C
	1.0.

	Carbon saved in 2020
	1,000 tonne.

	CSC
	$0/tonne.


EXISTING DSM OPTION 1.5 -- “DESIGN 2000”

A DSM program operated by Narragansett “encourages energy efficiency in new construction, renovations, and replacement of failed equipment through financial incentives and technical assistance to developers, customers, and design professionals.”

A range of technical assistance services is available, which may include identifying measures, monitoring or metering equipment, design and construction assistance, detailed energy efficiency studies, and “commissioning,” or engineering review of completed projects to assure that they are installed and operating as designed. The range of potential efficiency measures addressed by the program is broad, including building shell, lighting, HVAC and chiller systems, motors and variable speed drives, refrigeration, and process heating and cooling. A range of financial incentives is available. Though the incentives cover from most to all of the incremental cost of efficiency measures, a financing program is also available to assist participants to pay for their share of project costs.

The program focuses on electricity savings. It may have significant co-benefits in other resources savings such as fossil fuel or water requirements, but these have not been quantified. The program is funded from SBC.

This option assumes that the program continues for eight years from 2002. The assumption is that by then, the impacts from option 3.1 (appliance efficiency standards) and option 3.2 (upgrade building codes) would supersede the program. If options 3.1 and 3.2 are not implemented, or are not at sufficiently aggressive levels, then another option would be to extend this program throughout the analysis period. Note that option 1.6, a similar non-residential program that is more oriented to retrofit applications, is assumed to continue throughout the analysis period.

OPTION 1.5 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	“Design 2000 Plus”.

	Sector and market
	Nonresidential new construction and renovation; major equipment replacement opportunities.

	Technical elements
	A wide variety of building and equipment system measures.

	Policy/program elements
	Technical and financial assistance (incentives and financing).

	Existing policy/program
	This options represents continuation of an existing SBC funded DSM program through 2009.

	Rationale
	A strong program aimed at new construction and at equipment replacement cycles that are potential “lost opportunities” can help to transform building practices and equipment markets.

	Energy saved in 2020
	98,300 MWh.

	CSE
	$0.02/kWh.

	B/C
	2.0.

	Carbon saved in 2020
	5,000 tonnes.

	CSC
	-$200/tonne.


EXISTING DSM OPTION 1.6 -- “ENERGY INITIATIVE”

A major DSM program operated by Narragansett to promote installation of energy-efficiency measures in existing non-residential buildings, this program includes rebates for qualifying lighting, heating, air conditioning, refrigeration, electric motors and motor drive, transformers, industrial process and process cooling, and other measures. The program provides a range of technical assistance services. A range of financial incentives is available, as is a financing program to assist participants to pay for their share of project costs. The program focuses on larger commercial and industrial customers.

This option assumes that this SBC funded program continues throughout the analysis period. The same incremental annual impact on electricity usage as planned for 2001 is continued in each of the years from 2002 through 2020. 

OPTION 1.6 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	“Energy Initiative”.

	Sector and market
	All existing nonresidential buildings and facilities; retrofit-oriented.

	Technical elements
	lighting, controls, thermostats, chillers, premium motors, variable speed drives (fan, pump, and others systems), transformers, refrigeration measures, etc.

	Policy/program elements
	Technical and financial assistance (incentives and financing).

	Existing policy/program
	This option represents continuation of an existing SBC funded DSM program through 2020.

	Rationale
	Encourage replacement of inefficient equipment among all existing non-residential buildings and facilities.  

	Energy saved in 2020
	330,000 MWh

	CSE
	$0.02/kWh

	B/C
	1.9 

	Carbon saved in 2020
	30,000 tonnes.

	CSC
	-$200/tonne.


EXISTING DSM OPTION 1.7 -- SMALL COMMERCIAL & INDUSTRIAL RETROFIT PROGRAM

This energy efficiency program is targeted to commercial & industrial customers whose electricity usage is relatively small (less than 100 kW demand). A distinctive feature of this program is direct installation whereby Narragansett arranges the equipment purchase and installation of efficiency measures. The focus is on efficient lighting (fluorescent lamps and ballasts, fixtures, and hard-wired CFLs; high intensity discharge systems; occupancy sensors), plus refrigeration and other measures.

The program uses rebate incentives plus interest-free financing for the remaining portion of the installed cost of the measures to attract participation. This option assumes continued operation of the program through 2010, at which point it will have been conducted for 20 years. Electricity savings impacts are based on levels planned for 2001.

OPTION 1.7 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	“Small C&I Program”.

	Sector and market
	Existing nonresidential buildings with moderate electricity usage levels; retrofit-oriented.

	Technical elements
	Lighting, refrigeration, and other measures.

	Policy/program elements
	Company arranged measure installation; rebates and interest free financing.

	Existing policy/program
	This options represents continuation of an existing SBC funded DSM program through 2010.

	Rationale
	Continue to encourage replacement of inefficient equipment among existing non-residential buildings.

	Energy saved in 2020
	48,600 MWh.

	CSE
	$0.024/kWh.

	B/C
	1.6.

	Carbon saved in 2020
	5,000 tonnes.

	CSC
	-$150/tonne.


NEW DSM OPTION 2.1 -- EFFICIENT RESIDENTIAL COOLING INITIATIVE

Central air conditioning systems (CACs) rely on packaged air conditioning units as well as fans and ductwork to distribute cooled air throughout a living space. The penetration of CACs in Rhode Island has been steadily growing, especially in new homes.

Efficient CAC units are those whose seasonal energy efficiency ratio (SEER) is substantially above the federally established minimum of SEER 10.0. But the current market penetration of such high-efficiency units is very low.

A general practice over-sizing the CAC units in CACs has been documented in the heating, ventilation, and air-conditioning (HVAC) industry. While there is no survey of installation practices in Rhode Island, it is reasonable to assume that typical practice prevails here. Better sizing of AC units can materially reduce the electric energy used by CACs to deliver cooling.

Installation practices influence the operating efficiency of CACs. For instance, if the refrigerant is not properly charged the unit may operate poorly. Ductwork must be properly balanced and free of leaks if cooled air is to be efficiently distributed. Some programs that just seal ductwork of existing systems have found that electricity for cooling can be reduced by 5-10 percent.
From a technical perspective, this option assumes that while ductwork is generally properly installed with minimal leakage, improved practices can be implemented for the other elements described above: increased SEER plus proper sizing and installation. The annual kWh savings per measure implemented (per efficient CACs installed) is the result of including all three of these technical elements in the program design.

From a program perspective, this option assumes that SBC funds or other public benefit funding is used to provide substantial incentives for the installation of high-SEER CACs when documentation of proper sizing and installation is provided. Additionally, the program is marketed to consumers, appliance dealers, and HVAC contractors. Further, training on proper installation to qualify for the program is provided to HVAC contractors. 

OPTION 2.1 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Residential high efficiency electric cooling. 

	Sector and market
	Residences with central air conditioning systems (CACs) or installing CACs.

	Technical elements
	(1) CACs at SEER 13.5+, (2) proper sizing and (3) installation of CACs, and possibly (4) duct sealing.

	Policy/program elements
	SBC support for: incentives for hi-SEER CACs, contractor training, program marketing. 

	Existing policy/program
	Federal minimum SEER likely to increase from 10.0 to 12.0 in mid-2005. Narragansett Electric incents efficient new homes (but not CACs per se) in its Energy Star program which penetrates only few % of RI market. No DSM programs in the replacement CAC market.

	Rationale
	No R.I. electric distribution co. has recently done an appliance saturation survey. Nonetheless there is an impression of increasing penetration of CACs in existing and (especially) new homes. The market penetration of high-SEER, properly installed CACs is likely rather low. Existing R.I. programs that may encourage additional efficiency in CACs have a limited impact. This option works in N.J., elsewhere.

	Energy saved in 2020
	96,000 MWh.

	CSE
	$0.06/kWh.

	B/C
	(1.0.


	Carbon saved in 2020
	10,000 tonnes.

	CSC
	($0/tonne3


NEW DSM OPTION 2.2 -- EFFICIENT RESIDENTIAL SYSTEM HEATING INITIATIVE

Home heating systems using fossil fuel rely on furnaces to heat air or boilers to make steam or hot water. The most efficient models of furnaces and boilers use far less energy than those which dominate today’s market. This option would promote home heating equipment that is Energy Star rated and better.

For example, gas heating systems often rely on furnaces, as well as fans and ductwork, to distribute heated air throughout a living space. Most gas furnaces installed in new construction or in fuel conversion or heating system replacement applications are mid-efficiency units, which are required due to federal minimum efficiency standards for gas furnaces. The market penetration of high-efficiency, condensing-type gas furnaces remains low in Rhode Island. Yet their annual fuel utilization efficiency, at 93-97 percent, substantially exceeds that of mid-efficiency furnaces, whose AFUEs range upward from the minimum efficiency of 78 percent.

Similarly, the most efficient gas boilers, oil boilers, and oil furnaces available in today’s market are far more efficient than standard efficiency equipment.

High-efficiency furnaces and boilers cost more than mid-efficiency furnaces.
 While there is a capital cost premium for high-efficiency equipment, it has lower annual operating costs than standard equipment.

In 2001 the State’s major gas utility, ProvGas, provides financing for new natural gas heating equipment. This financing is not conditioned on the efficiency level of the equipment installed, and the utility does not have a DSM program that promotes high-efficiency gas heating systems. Thus, consideration could be given to a DSM initiative that does specifically promote high-efficiency heating systems.

From a program perspective, this option assumes use of (1) gas utility DSM funds or other public benefit funding to provide substantial incentives for the installation of high-AFUE gas furnaces when documentation of proper sizing and installation is provided, and (2) public benefit funding to incent acquisition of the higher-efficiency oil-fired equipment. The programs would be marketed to consumers, appliance dealers, and HVAC contractors. 
OPTION 2.2 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Residential high efficiency gas and oil heating. 

	Sector and market
	New residences and residences in which existing heating equipment is being replaced.

	Technical elements
	Condensing-type gas furnaces, and high-efficiency oil furnaces and boilers, properly sized and installed. 

	Policy/program elements
	Gas DSM funding and oil overcharge or other funding for: incentives for hi-AFUE equipment, contractor training, program marketing.

	Existing policy/program
	ProvGas’s existing DSM program promotes this equipment, but only for customers who are switching to gas heat. There is no general DSM program for homes heated with gas or oil

	Rationale
	Relative to mid-efficiency equipment, over ten percent of the fossil fuel consumed and carbon emitted can be saved if high-efficiency equipment is installed instead.

	Energy saved in 2020
	586,000 MMBtu (gas); 675,000 MMBtu (oil).

	CSE
	$7.50/MMBtu.

	B/C
	1.0 (1.05 oil, 0.95 gas).

	Carbon saved in 2020
	25,000 tonnes.

	CSC
	$10/tonne (2000$).


NEW DSM OPTION 2.3 -- SOLAR WATER HEATING
Active solar water heating systems collect and store thermal energy from the sun in order to heat water for domestic and small commercial use. Like PVs, they are usually installed on roofs. A number of the underlying renewable energy policies notes in the description of option 1.1, the PV buydown program, apply to active solar water heating systems. To provide backup, a conventional water heater must be installed along with the SWH. The cost of active solar water heating is quite high, about $3500 installed. This cost has severely limited its market penetration.

Option 2.3 is creation of a DSM-type program to provide additional support for solar water heating. Our calculations assume that an active solar DSM program operated throughout the analysis period leads to limited replacement of gas water heating and electric water heating Funding would come from gas or electric DSM or from State Energy Office sources.
R.I. law (§ 34-40) provides for solar easements, which protect access to sunlight when solar systems are installed. Granting of easements is voluntary under present law. Strengthening of solar access rights could increase the feasibility of offering this DSM option successfully,
OPTION 2.3 -- SUMMARY TABLE
	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Solar hot water heating.

	Sector and market
	New or existing residences.

	Technical elements
	Active solar water heating(SWH) systems.

	Policy/program elements
	Funding to market and incent SWH based on DSM or Energy Office funding.

	Existing policy/program
	No existing DSM program promotes this equipment.

	Rationale
	Though tax credits are available for active SWH, very few are installed in the State at the present time.

	Energy saved in 2020
	22,000 MMBtu gas, 4,700 MWh electricity.

	CSE
	$23/MMBtu gas, $0.10/kWh electricity.

	B/C
	0.4.

	Carbon saved in 2020
	800 tonnes.

	CSC
	$1,100/tonne (2000$).


NEW DSM OPTION 2.4a -- FUEL SWITCHING,

 OIL TO NATURAL GAS
Much of the State’s building space is heated by fuel oil. This new option would promote the choice of gas heat, in order to realize the lower carbon emissions from heating with gas. The life-cycle costs of gas vs. oil systems are similar in many applications, and the energy consumption based on mid-efficiency new furnaces and boilers is comparable across the fuels. But a benefit of promoting the choice of gas heat at the point of new construction or heating system upgrade is the reduction in air emissions, including carbon. The carbon intensity of natural gas is lower than that of heating oil.

The question of how to shift fuel type choices is complex. If there were a fuel tax based on the carbon content of fuel, it would be somewhat higher per MMBtu for oil, and create some level of fuel shifting over time.
 Another approach would be consumer education whereby the emissions characteristics of alternate fuels are publicized in existing energy information to general publics and in school energy information programs. Gas DSM might be created by the utility commission, with utilities permitted to incent conversions on the basis of societal cost-effectiveness (inclusive of GHG benefits).

Since the fuel switching option is largely uncharted terrain, the working group would need to further address feasible market interventions in support of fuel switching. The impact estimate for this option is based on gradual conversion of oil heated homes so that 20 percent are shifted to gas by 2020. Additional carbon reductions might be obtainable by encouraging fuel conversions in non-residential buildings that are currently heated by oil.

OPTION 2.4a -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Switching to cleaner home heating fuel, oil to natural gas.

	Sector and market
	New or replacement applications where oil heat would have been chosen.

	Technical elements
	Install gas furnaces.

	Policy/program elements
	To be developed.

	Existing policy/program
	No existing program promotes fuel conversion.

	Rationale
	Gas is less carbon intensive than oil.

	Energy saved in 2020
	0.

	CSE
	0.

	B/C
	0.

	Carbon saved in 2020
	30,000 tonnes.

	CSC
	$35/tonne (2000$).


NEW DSM OPTION 2.4b -- FUEL SWITCHING,

ELECTRICITY TO FOSSIL FUEL HEATING
A number of residential housing in Rhode Island is heated by electricity. This new option would promote the choice of gas or oil heat rather than electricity for full-sized houses (non-recreational), in order to realize the lower carbon emissions from heating with fossil fuels.  Electric space heating systems tend to have lower capital costs but higher operating costs than fossil fuel systems but the life-cycle cost of fossil fuel heating is slightly lower.  However, including the cost of converting an electrically heated house to fossil fuel heating is significant and leads to an overall cost for this option.  But a benefit of promoting the choice of fossil heating system upgrade is the reduction in air emissions, including carbon. The carbon intensity of fossil fuels for space heating is lower than that of electricity.
Methods to encourage fuel switching from electricity to fossil fuel are similar to those for switching from oil to natural gas, see option 2.4a for suggestions and issues.
OPTION 2.4b -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Switching to cleaner home heating fuel.

	Sector and market
	New or replacement applications where electric heat would have been chosen.

	Technical elements
	Install gas or oil furnaces.

	Policy/program elements
	To be developed.

	Existing policy/program
	No existing program promotes fuel conversion.

	Rationale
	Fossil fuels are less carbon intensive than electricity.

	Energy saved in 2020
	54,000 MWh electricity, increased consumption of 135,000 MMBTU gas and 90,000 MMBTU oil.

	CSE
	0.

	B/C
	0.

	Carbon saved in 2020
	1,300 tonnes.

	CSC
	$170/tonne (2000$).


NEW DSM OPTION 2.5 -- RESIDENTIAL RETROFIT PROGRAM FOR HOMES WITH FOSSIL FUEL HEATING

Option 2.5 is a new DSM program targeted to homes heated with natural gas and oil. As with “EnergyWise” (option 1.3), the program would deliver in-home energy efficiency services to improve the energy efficiency of existing dwelling units. A number of program services could be provided -- an initial “audit” of energy using patterns and opportunities for improvement; information to customers on their electricity usage patterns; and financial incentives for cost-effective measures such as insulation, replacement of older oil burners, adjustment of older oil nozzles, installation of setback thermostats, reduction of boiler temperatures, windows , etc.  This option could potentially be piggy-backed on the current program structure (option 1.3), or delivered through separate programs.
 Eliminating windows from this program may improve the benefit/cost ratio for this program for some houses.  This would lead to a modest improvement in cost-effectiveness but would decrease the carbon savings.  

The estimates below consider the current programs effect on natural gas and oil consumption along with savings that are likely from an expanded program focusing on non-electrically heated homes.  Non-SBC sources of funding, for example gas utility DSM, are needed to support the expanded marketing and program implementation in fossil-heated homes.
Another potential option is annual inspection and maintenance of fossil heating systems. Such a practice has safety benefits as well as energy benefits. Its energy saving benefits would be modest but could be 1-2% in homes with older oil heating systems.  
OPTION 2.5 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Residential retrofit.

	Sector and market
	Existing oil- and gas-heated dwelling units.

	Technical elements
	Audit, insulation, weatherization, thermostats, heating system improvements

	Policy/program elements
	Information and financial incentives funded through gas utility DSM and a new funding source for oil conservation.

	Existing policy/program
	Narragansett’s “EnergyWise” program treats electrically heated homes and the State’s WAP program treats income-eligible homes independent of fuel source. 

	Rationale
	New non-SBC DSM program for fossil heated homes, will facilitate reaching existing households from 2002 to 2020.

	Energy saved in 2020
	210,000 MMBtu (gas); and 140,000 MMBtu (oil).

	CSE
	$11/MMBtu 

	B/C
	0.8 

	Carbon saved in 2020
	6,000 tonnes.

	CSC
	-$7/tonne 


NEW DSM OPTION 2.6 -- C/I RETROFIT PROGRAM TO SAVE FOSSIL FUEL

This option is similar to option 1.6, “Energy Initiative” but would focus on saving fossil fuels such as oil and gas. This new initiative might be a distinct new program or it might be “piggy-backed” on the existing “Energy Initiative” program. Either way, non-SBC sources of funding -- for example new gas utility DSM, Energy Office monies, or other sources -- would need to support the expanded marketing and program implementation in fossil-heated facilities. Besides DSM, another approach would be to establish a commercial/industrial loan program to help businesses finance retrofit projects in their facilities.  For example, monies from New York’s systems benefits charge are used to write down the interest on loans to businesses for energy efficiency projects. Another lending program approach would be to set up a revolving loan fund. Whatever programmatic approach is taken, some source of capital is required to launch and sustain the program.
ProvGas has a DSM program that helps commercial/industrial customers pay for gas equipment, but it is designed to build load, not conserve energy.
 This new option would thus differ substantially from any existing program.

The program would focus on larger commercial and industrial customers and could include rebates or financing subsidies for efficient boilers for space, water, and process heating, steam system optimization, and other measures. Table 2.6 shows impacts from a new fossil-fuel oriented DSM program.

OPTION 2.6 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	C/I EE retrofit -- fossil fuels.

	Sector and market
	All existing nonresidential buildings and facilities; retrofit-oriented.

	Technical elements
	Space, water, and process heating, and other measures.

	Policy/program elements
	Technical and financial assistance (incentives and financing).

	Existing policy/program
	This option represents a new DSM component to realize fossil fuel savings, implemented in 2002 and continuing until 2020.

	Rationale
	Encourage replacement of inefficient equipment among all existing non-residential buildings and facilities.  

	Energy saved in 2020
	2,850,000 MMBtu gas; 1,800,000 MMBtu oil and coal.

	CSE
	$6/MMBtu 

	B/C
	1.0 

	Carbon saved in 2020
	100,000 tonnes.

	CSC
	-$200/tonne.


NEW DSM OPTION 2.7 -- NONRESIDENTIAL GAS AIR CONDITIONING
While gas air conditioning could be promoted under ProvGas’s existing DSM program, that program does not specifically target this option. It may be desirable to target gas AC in particular because it can help to reduce electric loads during summer peak periods when aggregate electric system demand  and GHG emission rates are high.
We have assumed a targeted gas DSM initiative focusing on the applications with the most favorable customer economics for gas AC, namely, where the gas system can replace electric cooling and water heating on a  combined basis. This is a limited application but it is the set-up with the most favorable economics.

OPTION 2.7 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Gas air conditioning.

	Sector and market
	All existing nonresidential buildings and facilities.

	Technical elements
	In lieu of electric centrifugal chiller and electric water heating, installing gas-fired engine-driven commercial chiller systems that recover heat in the form of hot water (replacing the electric boiler)

	Policy/program elements
	Technical and financial assistance (incentives and financing).

	Existing policy/program
	This option represents a new DSM component implemented in 2002 and continuing until 2020.

	Rationale
	Increase use of gas cooling during periods of peak electricity use. 

	Energy saved in 2020
	1087 MWh, increased gas consumption 4,517 MMBTU

	CSE
	$0.052/kWh

	B/C
	 0.76

	Carbon saved in 2020
	40 tonnes

	CSC
	$309/tonneC


CODES & STANDARDS OPTION 3.1 -- APPLIANCE STANDARDS

At the current time, the minimum efficiency level of a wide range of energy-related appliances and equipment is established through U.S. DOE regulations. Under the DOE program, regulations are periodically evaluated to determine whether a further increase in efficiency levels is economically justified. Because appliance efficiency regulations apply at the point of manufacture, they affect the entire market and are a powerful tool for affecting levels of energy consumption.

Federal law precludes individual states from establishing independent appliance efficiency standards, except for integrally built-in equipment that is covered under a state building code, unless they obtain a waiver from the DOE. Thus, states could (a) regulate the efficiency of appliances that are not covered by federal regulations, and/or (b) develop proposed efficiency standards that are higher than DOE levels and request a waiver to implement them.

Option 3.1, appliance standards, consists of an initiative to increase appliance efficiency standards. The new standards would exceed existing federal efficiency standards, or apply to equipment not subject to federal efficiency standards. Some public and private R.I. stakeholders are already supporting a Northeast regional effort for states to propose or adopt energy efficiency standards for fifteen types of equipment. This is the “Northeast Equipment Standards Project,” organized by Northeast Energy Efficiency Partnership. Continued or expanded support for this initiative, or other efforts to increase standards, could lead to Rhode Island being one of the regional states adopting new standards.

The cost and impact estimates for option 3.1 are based on national work by ACEEE which evaluates the phase-in over 2002 to 2008 of higher efficiency levels across a wide range of technologies. National data are scaled to Rhode Island based on the state’s baseline electricity and fossil fuel consumption.
The impacts from this option would accumulate gradually as new buildings are built, or as existing equipment is retired and replacement equipment is acquired. It is interesting to note that, with regard to existing equipment, Germany has adopted a policy requiring phase-out of older (and thus less efficient) fossil-fired heating equipment within a few years. Such a policy would amplify the impacts of the option described here.
OPTION 3.1 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Appliance efficiency standards project.

	Sector and market
	New residential and nonresidential equipment sold in the state.

	Technical elements
	15-30 equipment types using both electricity and fossil fuel.

	Policy/program elements
	Analyze and develop information on target technologies; disseminate to policymakers and advocates.

	Existing policy/program
	This option would extend existing appliance standards.

	Rationale
	Reduce the operating costs and carbon impacts from energy using equipment in homes and businesses.

	Energy saved in 2020
	Residential: 543,000 MWh; 989,000MMBtu gas; 885,000 MMBtu oil. Commercial: 146,000 MWh; 195,000 MMBtu gas; 73,000 MMBtu oil.

	CSE
	Weighted averages: $0.019/kWh electric; $2.00/MMBtu fossil fuel.

	B/C
	2.1 electricity; 3.0 fossil.

	Carbon saved in 2020
	100,000 tonnes.

	CSC
	-$50/tonne (2000$).


CODES & STANDARDS OPTION 3.2 -- BUILDING CODE UPGRADE
The amount of energy consumed in new or substantially renovated buildings is affected by the State’s existing building codes. Both the residential and the non-residential building code have requirements affecting the level of energy used in new buildings. Requirements affect the rate at which heat may be transmitted through the building envelope (roofs, walls, floor, slab, or other solid elements, as well as windows and doors) and the rate of air change. Non-residential code requirements affect these elements plus the intensity of lighting and the efficiency of mechanical equipment

California, Oregon, and Minnesota have shown that it is possible to evolve a building standards programs resulting in new buildings that use 20-30% less energy than homes built to the levels of the 1995 Model Energy Code (residential) or the new ASHRAE 90.1 standard 90.1-1999 (all buildings except low-rise residential). One option is for Rhode Island to promulgate and apply higher energy-efficiency standards than are reflected in current State building codes.

A weaker option (in terms of its impact on energy use) would be to promote a voluntary standards program, for example by continuing and enhancing the existing DSM programs in this area indefinitely (see options 1.4 and 1.5, Energy Star Homes and Design 2000 Plus).

Our estimates for this option assume substantial upgrade of the state building codes. A process to upgrade building codes would need to bring together different stakeholder interests, and would entail some funding requirements for standards evaluation and development, implementing revised codes, and perhaps training for contractors or inspectors. The cost and impact estimates for option 3.2, upgraded building codes, are based on national work by ACEEE which evaluates the phase-in of new residential and commercial codes. National data are scaled to Rhode Island based on the state’s baseline electricity and fossil fuel consumption.

OPTION 3.2 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Upgrade state building codes.

	Sector and market
	All new construction and major renovation.

	Technical elements
	Develop new standards, rewrite codes and supporting materials.

	Policy/program elements
	Convene code upgrade process including state building code officials. Legislation may be required.

	Existing policy/program
	Existing R.I. building codes.

	Rationale
	Build in higher efficiency levels at the point of construction to realize lower energy operating costs and reduced carbon emissions.

	Energy saved in 2020
	Residential: 66,800 MWh; 393,000MMBtu gas; 352,000 MMBtu oil. Commercial: 191,000 MWh; 931,000 MMBtu gas; 350,000 MMBtu oil.

	CSE
	Residential: $0.06/kWh electric; $7.00/MMBtu fossil fuel. Commercial: $0.02/kWh electric; $2.00/MMBtu fossil.

	B/C
	Residential: 0.5 electricity; 1.14 fossil fuel. Commercial: 2.0 electricity; 3.0 fossil fuel.

	Carbon saved in 2020
	60,000 tonnes.

	CSC
	-$250/tonne (2000$).


COMBINED HEAT & POWER OPTION 4.1 -- INDUSTRIAL CHP
CHP systems, also known as co-generation systems, make use of heat that would be wasted in conventional electric generating plants. Electricity is generated and the heat that would otherwise be wasted is used for process heating requirements, water heating, or other fairly continuous thermal loads. There is relatively little CHP in the State. Considered here are CHP systems that are sized to meet electricity requirements at their host facilities. Several technologies are available for possible application in industries in the State: combustion turbine (CT) type systems and internal combustion engines (ICEs) at different size configurations, likely all fueled by gas.

This option would require funding for some mix of technical studies, program marketing, and financial incentives. Financial support would need to come from existing or expanded SBC funds, gas DSM funds, Energy Office funds, etc.

Additionally, utility regulations may need to be changed to encourage CHP. At the current time, there is a back-up power rate that expires in 2005. It may be useful for the Commission to begin to review back-up rate issues in advance of its expiration, to ensure that they do not unduly discourage CHP. Utility buyback rates for excess generation are another issue that may require attention. While net metering would not be appropriate for CHP, it is important to properly value any available output from on-site CHP facilities.
OPTION 4.1 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Promotion of combined heat & power systems.

	Sector and market
	Industrial facilities that use electricity and process heat.

	Technical elements
	Installation of combined boiler/generator systems.

	Policy/program elements
	State or DSM funding plus technical assistance.

	Existing policy/program
	PUC interconnection and rate policies.

	Rationale
	Encourage distributed generation that increases overall energy efficiency.

	Energy saved in 2020
	554,000 MWh of electricity from the grid, while gas use is increased by 1,011,000 MMBtu.

	CSE
	$0.033/kWh.

	B/C
	1.2

	Carbon saved in 2020
	35,000 tonnes.

	CSC
	-$70/tonne (2000$)


COMBINED HEAT & POWER OPTION 4.2 -- CHP IN BUILDINGS
While there is some CHP in the State, the untapped potential is significant. Considered here are CHP systems that are sized to meet electricity requirements at their host facilities. Multi-building campuses are especially promising potential sites.

This option would require funding for some mix of technical studies, program marketing, and financial incentives. Financial support would need to come from existing or expanded SBC funds, gas DSM funds, Energy Office funds, etc.

As pointed out in the discussion of option 4.1, utility regulations may need changing to encourage CHP. Developers often perceive electric utility standby power rates as a barrier to CHP. Utility buyback rates for excess generation are another issue.

The option is evaluated using a 1000 KW system. This is a mid-range size for a non-industrial facility. Note that capital costs of installed CHP have been projected to decrease regularly between 2000 and 2020.
 We have conservatively used year 2000 costs here.

OPTION 4.2 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Promotion of combined heat & power systems.

	Sector and market
	Buildings that require substantial quantities of electricity and process heat.

	Technical elements
	Installation of combined boiler/generator systems.

	Policy/program elements
	State or DSM funding plus technical assistance.

	Existing policy/program
	PUC interconnection and rate policies.

	Rationale
	Encourage distributed generation that increases overall energy efficiency.

	Energy saved in 2020
	646,000 MWh of electricity from the grid, while gas use is increased by 2,070,000 MMBtu.

	CSE
	$0.31/kWh.

	B/C
	1.3

	Carbon saved in 2020
	15,000 tonnes.

	CSC
	-$90/tonne (2000$)


LIFE STYLE OPTION 5.1 -- COMPACT FLOORSPACE
Most of the options set forth here, such as option sets 1 through 4 above, imply little change in end-use services received from energy use. Each option is largely a “technical fix” that produces or uses energy in a way that yields lower GHG emissions. The working group may also wish to consider options that reduce GHG emissions through modifications to current and expected life styles.

The long-term trend in new buildings has been toward continually increasing floorspace in relation to the use of the building. A “compact floor space” option would aim to reverse this trend. It would be a voluntary initiative to encourage residential and commercial facilities to reduce their floorspace in the future. Reduction in floorspace per resident or employee will in turn reduce energy use and GHG emissions.

This initiative would be innovatively different from other existing state and national efforts to improve the efficiency of energy use. It is somewhat related to the stirrings of interest in reducing “sprawl” in recent years. Organization of the initiative would depend on groups and agencies with an interest in minimizing the land, energy, and environmental impacts of development coming together to create a long-term strategy and program.

From a societal viewpoint, there would be some costs to organizing a compact floorspace initiative, which would be more than offset by reduced construction and operating costs. While no costs are calculated for this option, reductions in energy use are based on energy consumption for heating and cooling in the National Energy Modeling System. Our calculations assume that the option is targeted to the residential sector, and that 10% of new houses reduce their floor space by 25%.
One complementary initiative might be to promote greater density of land use in residential construction. For example, state policies to promote greater density in local zoning could be explored. As the main GHG benefits of increased density would arise from transportation-related energy savings, this option is addressed in the Scoping Paper for the Transportation Working Group.
OPTION 5.1 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Compact floor space initiative.

	Sector and market
	New and renovated residential buildings.

	Technical elements
	Design changes for more compact floor space.

	Policy/program elements
	Organization of a movement for visioning, education, and technical assistance.

	Existing policy/program
	None.

	Rationale
	Begin to address the “life style” elements of the challenge of environmentally sustainable development.

	Energy saved in 2020
	6,800 MWh; 240,000 MMBtu of fossil fuel.

	CSE
	n/a.

	B/C
	n/a.

	Carbon saved in 2020
	5,000 tonnes.

	CSC
	-$400/tonne.


LIFE STYLE OPTION 5.2 -- COMPACT APPLIANCES

The average size of several domestic appliances grew in past decades: refrigerators, freezers, clothes washers, dish washers, televisions, and other appliances. Smaller units may better match the average load and equipment size, reducing energy use. This initiative would encourage households to systematically select the smallest reasonable appliance for any job.

Like option 4.1, this initiative would be innovatively different from other existing state and national efforts to improve the efficiency of energy use. Organization of the initiative would depend on groups and agencies with an interest in minimizing the energy, and environmental impacts of development coming together to create a long-term strategy and program. Pursuit of options 4.1 and 4.2 on a joint basis would enhance the likelihood of raising public consciousness. Since option 4.2 can affect appliance choice for both existing and new buildings, it has a potentially larger impact.

Our calculations assume that 20% of new purchases are for smaller appliances that use 10% less energy.  Whatever costs might be incurred in organizing a compact appliance initiative would be more than offset by reduced capital and operating costs.

OPTION 5.2 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Compact appliances initiative.

	Sector and market
	Residential appliances other than heating & cooling.

	Technical elements
	Smaller appliances more closely matched to average user requirements.

	Policy/program elements
	Organization of a movement for visioning, education, and technical assistance.

	Existing policy/program
	None.

	Rationale
	Begin to address the “life style” elements of the challenge of sustainable development.

	Energy saved in 2020
	231,000 MWh; 360,000 MMBtu of fossil fuel.

	CSE
	n/a.

	B/C
	n/a.

	Carbon saved in 2020
	80,000 tonnes.

	CSC
	-$550/tonne.


OTHER OPTION 6.1 -- PUBLIC FACILITIES INITIATIVE

Option 6.1 is a public facilities clean buildings initiative. There are a number of specific programs to promote energy efficiency in state and local public facilities. For example, the State Energy Office manages a revolving loan fund which totals some $1.2 million and has resulted in an estimated 1200 GWh/year of savings from energy efficiency in state facilities. On the other hand some programs have ended, such as the Institutional Conservation Program, which supported projects in schools and hospitals.

Option 6.1 consists of a comprehensive effort to minimize energy-related GHG emissions in public facilities through such measures as best technology in all new construction, maximum use of day-lighting and lighting controls, comprehensive retrofitting, and switching from oil to gas for space heat. The option may entail changes in legislation or regulations governing leasing and financing by schools and other facilities, as well as additional funding for retrofit measures and program coordination.

The achievable impacts from a suite of initiatives is estimated in an indicative  fashion by taking an amount equal to 3% of options 1.5, 1.6, 2.4, and 2.6, to represent efficient new construction, plus energy efficiency in existing facilities, including some fuel switching from oil.
New resources or mandates would be needed to realize these benefits. With respect to resources, some states have larger revolving loan funds for public facilities, relative to energy use, than does Rhode Island. With respect to mandates, the state could evaluate adoption of explicit standards to be applied to new state buildings -- for example, requiring a silver rating.
 Further, some states mandate that school financings require the highest feasible levels of energy efficiency in new construction.
OPTION 6.1 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Public facilities clean buildings initiative.

	Sector and market
	New and existing public facilities

	Technical elements
	Efficiency measures in new construction and renovation; major equipment retrofit opportunities.

	Policy/program elements
	Multiple.

	Existing policy/program
	Several.

	Rationale
	State has opportunity and leverage to lead in energy efficiency and GHG reduction in its own facilities.

	Energy saved in 2020
	12,849 MWh electricity; 139,500 MMBtu fossil fuel.

	CSE
	$0.02/kWh electric; $6./MMBtu fossil.

	B/C
	1.95 electric; 1.0 fossil.

	Carbon saved in 2020
	5,000 tonnes.

	CSC
	-$160/tonne.


OTHER OPTION 6.2 -- EFFICIENCY TARGETING BY INDUSTRIAL FIRMS
There is a nascent trend in several industrial sectors to set explicit energy efficiency targets for production areas and processes. Despite a number of interesting case studies and the development of computerized monitoring and targeting systems, overall progress has been slow. Substantial acceleration of this trend within the R.I. industrial sector could yield benefits to manufacturing productivity and costs.

OPTION 6.2 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Industry adoption of efficiency targets.

	Sector and market
	All R.I. industries.

	Technical elements
	Monitoring and targeting for energy use by process or product.

	Policy/program elements
	Industry-driven program to support state-of-art targeting approaches and technologies.

	Existing policy/program
	Existing DSM programs have relatively little impact on this approach.

	Rationale
	Systematize energy monitoring and integrate it into industry management and accounting.

	Energy saved in 2020
	22,500 MWh electricity; 3,688,000 MMBtu gas; 1,363,000 MMBtu oil.

	CSE
	$0.018/kWh electricity; $1.50/MMBtu fossil fuel.

	B/C
	2.2 electricity; 2.7 fossil fuel.

	Carbon saved in 2020
	40,000 tonnes.

	CSC
	-$180/tonne.


OTHER OPTIONS 6.3 -- TAX CREDIT PROGRAM
Rhode Island has a number of tax credits to promote renewable energy. Development of a tax credit program to promote energy efficiency could potentially apply to a wide range of equipment purchases. If tax credits were extensive and substantial, they might entail increases in the overall levels of the relevant taxes in anticipation of the decrease of revenue from the credits program.

The impacts for this option are based on national work on federal energy tax credits by Tellus and the ACEEE. The impacts have been scaled to Rhode Island and then halved to reflect the fact that relying only on state taxes yields smaller incentives.

OPTION 6.3 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Buildings and facilities.

	Option name
	Energy efficiency tax credit program.

	Sector and market
	All.

	Technical elements
	Broad range of highest-efficiency equipment.

	Policy/program elements
	State tax credit program requiring legislation.

	Existing policy/program
	State tax credits focus on renewable energy and do not extend to energy efficiency.

	Rationale
	Promote a wide range of commercial and residential efficiency investments.

	Energy saved in 2020
	Residential: 66,900 MWh electricity; 635,000 MMBtu fossil fuel. Commercial: 58,000 MWh electricity; 283,000 MMBtu fossil fuel. 

	CSE
	Residential: $0.031/kWh electricity; $13/MMBtu gas. Commercial: $0.034/kWh electricity; $7.50/MMBtu gas. 

	B/C
	Residential: 1.3 electricity, 0.7 fossil fuel. Commercial: 1.2 electricity, 0.8 fossil fuel.

	Carbon saved in 2020
	15,000 tonnes.

	CSC
	-$150/tonne.


4.  Rankings of Options for the Buildings & Facilities Sector
Options Ordered by Cost of Saved Carbon

	Number
	Name
	CSC

	Co-Benefits


	5.2
	Compact appliances life style option
	-550
	-43 to –61

	5.1
	Compact floorspace life style option
	-400
	-17 to –24

	3.2
	Upgrade new construction building code
	-250
	-32 to –47

	1.2
	Efficient lighting and efficient appliances DSM programs
	-226
	-51 to –72

	1.6
	“Energy Initiative” in existing nonresidential facilities
	-200
	-51 to –72

	2.6
	Fossil fuel-based energy efficiency retrofits in existing nonresidential facilities
	-200
	-13 to –19

	1.5
	“Design 2000” DSM for efficient new nonresidential construction
	-200
	-36 to –51

	6.2
	Energy efficiency targets adopted by industrial firms
	-180
	-32 to –46

	6.1
	Public facilities efficiency initiative
	-160
	-25 to -36

	6.3
	Additional tax credits, for energy efficiency
	-150
	-32 to –46

	1.7
	Small commercial & industrial DSM program
	-150
	-36 to –51

	4.2
	CHP in buildings and facilities (non-industrial)
	-90
	-51 to –72

	4.1
	Combined heat & power (CHP) in industry
	-70
	-51 to –72

	3.1
	Upgrade and extend appliance efficiency standards
	-50
	-51 to –72

	1.3
	Retrofit program for electrically heated homes
	-7
	-51 to –72

	2.5
	Retrofit program for fossil heated homes
	-7
	-13 to –19

	1.4
	“Energy Star” DSM for efficient new residential construction
	0
	-27 to -38

	2.1
	Efficient residential electric cooling initiative
	0
	-51 to –72

	2.2
	Efficient residential fossil fuel heating initiative
	+10
	-13 to –19

	2.4a
	Switching to cleaner home heating fuel – oil to natural gas
	35
	(0

	2.4b
	Switching to cleaner home heating fuel – electricity to fossil fuel
	170
	-40 to –50

	2.7
	Nonresidential gas air conditioning
	+300
	-40 to -50

	2.3
	Active solar hot water heating program
	+1100
	-20 to –30

	1.1
	Solar PV buydown program
	+1200
	-13 to –19


Options Ordered by the Amount of Carbon Savings in 2020

	Number
	Name
	Saved Carbon


	2.7
	Energy efficiency in existing nonresidential facilities: implement substantial new fossil-oriented program.
	100

	3.1
	Upgrade and extend appliance efficiency standards
	100

	5.2
	Compact appliances life style option
	80

	3.2
	Upgrade new construction building code
	60

	6.2
	Energy efficiency targets adopted by industrial firms
	40

	4.1
	Combined heat & power (CHP) in industry
	35

	1.6
	Electric energy efficiency in existing nonresidential facilities: extend  “Energy Initiative”
	30

	2.4a
	Switching to cleaner home heating fuel – oil to natural gas
	30

	2.2
	Efficient residential fossil fuel heating initiative
	25

	6.3
	Additional tax credits, for energy efficiency
	15

	4.2
	CHP in buildings and facilities (non-industrial)
	15

	2.1
	Efficient residential electric cooling initiative
	10

	1.3
	Retrofit program for electrically heated homes
	9

	2.5
	Retrofit program for fossil heated homes
	6

	5.1
	Compact floorspace life style option
	5

	1.2
	Efficient lighting and efficient appliances DSM programs
	5

	1.5
	“Design 2000” DSM for efficient new nonresidential construction
	5

	1.7
	Small commercial & industrial DSM program
	5

	6.1
	Public facilities efficiency initiative
	5

	2.4b
	Switching to cleaner home heating fuel – electricity to fossil fuel
	1

	1.4
	“Energy Star” DSM for efficient new residential construction
	1

	1.1
	Solar PV buydown program
	1

	2.3
	Active solar hot water heating program
	1

	2.7
	Nonresidential gas air conditioning
	<1


� Deluchi, MA.  2000  A Lifecycle Emissions Analysis: Urban Air Pollutants and Greenhouse-gases from petroleum, natural gas, LPG and other fuels for highway cehicles, forklifts, and household heating in the U.S.  Institute of Trnasportation Studies. 


� Narragansett Electric, Pascoag Fire District, TEC-RI,  and the Division of Public Utilities & Carriers (and until recently the Conservation Law Fund Foundation of New England).


� The annualization calculation is based on an interest rate (discount rate) of 5% and the lifetime of the equipment. For example, an additional $635 cost for more efficient furnace with an 11-year estimated life converts to about $76 per year. We use the same discount rate but varying lifetimes for the estimates in this project.


� Stipulation of Parties for The Narragansett Electric Company 2001 DSM and Renewable Energy Programs, State of Rhode Island and Providence Plantations Public Utilities Commission, Docket No. 1939, November 30,2000, page 15.


� Option 1.7 from the second stakeholder meeting, “energy efficiency targets adopted by industrial firms,” has been moved to option set 6.


� Assumes higher preliminary avoided costs than for other options, based on peak period savings.


� In new construction, it is possible to save on chimney construction costs when installing a high-efficiency furnace of the “condensing” type. This offset does not apply to existing houses, and is not included here.


� The carbon intensity of fuel oil is about 40% higher than natural gas at the end-use, when the fuels are used.  The production, refining and transmission of the fuels also lead to greenhouse gas emissions; these upstream emissions are estimated to be greater for natural gas than for oil (see lifecycle emissions memo for calculations).  However, the lower level of upstream emissions for fuel oil (about 10% below natural gas upstream emissions) is not sufficient to counter the higher end-use emissions.  The overall carbon intensity for fuel oil is higher than for natural gas.  The values in this paper only include end-use emissions but fuel-cycle emissions will be considered during the final modeling of the options.


� A state tax on the use of energy based on its carbon content could be considered a cross-cutting option that would reduce some existing state taxes in order to impose or increase taxes on energy-using products or processes.  The redesign of taxes would be revenue-neutral in intent, i.e., reductions in tax revenue from existing taxes would be equal to increases in revenue from new taxes. The general objective would be to reduce taxes on productive activities such as working, or consuming non-energy goods and services, while increasing the costs to businesses and consumers of products and processes that contribute to climate change.





� Note that full replacement of heating systems is option 2.2 above. 


� There could be some GHG savings to the extent the existing gas DSM program displaces the use of electricity or oil.


� ONSITE SYCOM Energy Corporation, The Market and Technical Potential for Combined Heat and Power in the Commercial/Institutional Sector, prepared for the U.S. DOE, January 2000.


� Silver is the second of four increasingly eco-efficient levels, developed by the US Green Building council’s LEEDTM standards program.


� $/tonne (yr 2000 $)


� $/tonne of carbon (yr 2000 $) based on co-benefits (health and other benefits) of -$51/tonneC to -$72/tonne C for carbon reductions in the electricity sector and co-benefits of -$13/tonneC to -$19/tonneC for fossil fuel reductions in the industrial, commercial or residential sectors.  


� Estimates of thousands of tonnes in 2020
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