BEFORE THE OFFICE OF ENERGY EFFICIENCY AND RENEWABLE ENERGY

UNITED STATES DEPARTMENT OF ENERGY

WASHINGTON, D.C.
Energy Efficiency and Renewable Energy 

National Energy Rating Program for Homes Request for Information (RFI)
The American Public Gas Association (APGA) is the national association for publicly-owned natural gas distribution systems.  There are approximately 1,000 public gas systems in 36 states and over 720 of these systems are APGA members.  Publicly-owned gas systems are not-for-profit, retail distribution entities owned by, and accountable to, the citizens they serve.  They include municipal gas distribution systems, public utility districts, county districts, and other public agencies that have natural gas distribution facilities.

APGA appreciates this opportunity to offer our recommendations regarding the DOE’s latest effort to revisit the subject of home energy ratings and are encouraged by the DOE’s statement “that a source energy metric would allow consumers to more equitably consider all fuel types. Furthermore, depending on the conversion factors used, as well as how renewable energy is counted, source energy can more effectively reflect the environmental consequences of energy generation, transmission, and use.”  APGA is further encouraged “that the Department plans to use source energy as the basic metric for the program.”  
Site-based metrics most often lead consumers to wrongly believe that electricity is more efficient and less environmentally degrading than the direct use of natural gas. That said, APGA recognizes the direct use of natural gas will not always come out ahead of electricity given more rigorous full fuel-cycle analysis.  This is as it should be as it provides an environmental dimension to free-market competition based upon the empowerment of knowledgeable consumers.  
DOE is now exploring the first steps toward using estimates of full-fuel-cycle energy savings and greenhouse gas (GHG) emissions as the basis for evaluating appliance energy conservation standards and determining, with the Federal Trade Commission, the best way to provide consumers with more complete information about the energy efficiency of the appliances they buy. 

Site vs. Source Energy Efficiency Measures

Currently, site measurement—a calculation of the energy consumed by an appliance at the end-use point (in the home)—does not account for the total energy consumed when more than one energy source is used in an appliance or when more than one fuel can be used for the same application. In addition, site measurement does not account for the energy lost and emissions created throughout the extraction, processing, transportation, conversion, and distribution of energy to the consumer. 

As an example, an electric resistance water heater may meet the current site energy efficiency standard, but it will have a much HIGHER full-fuel-cycle energy consumption and CO2e emissions compared to a fully compliant gas, propane, or oil storage water heater (over twice as high CO2e emissions using national average values according to EPA
 ).  This perversely incentivizes the decision maker to choose the less expensive qualifying technology and inadvertently promotes fuel switching in the design decision away from more full-fuel-cycle energy efficient and lower CO2e emitting technologies.  This produces an unfair and unearned market advantage to qualifying technologies such as electric resistance water heating that are lower cost/lower full-fuel-cycle efficient and higher CO2e emitting.  This is a key reason both ASHRAE in its Building Energy Labeling Program
 and EPA use a single statistically-derived reference building by building category in its full-fuel-cycle energy-based Energy Star Buildings rating system
.  

Site to Source Conversion Factor
A Source Energy and Emissions Analysis Tool (SEEAT) developed by Gas Technology Institute (GTI), a research and development organization serving the global natural gas and energy industry, allows calculation of the source energy and GHG emissions related to appliance site energy consumption by fuel type for each energy-consuming device and for the whole building  SEEAT includes a source energy and carbon emission calculation methodology that accounts for primary energy consumption and related emissions for the full-fuel-cycle of extraction, processing, transportation, conversion, distribution, and consumption of energy. This tool, available to the public at www.cmictools.com, was developed with support from the APGA Research Foundation and others. 

Nearly all data needed to calculate energy conversion and emission factors for electricity and fossil fuel use in SEEAT was obtained from government data sources—including DOE’s Energy Information Administration, the Environmental Protection Agency, Argonne National Laboratory, National Renewable Energy Laboratory, and the California Energy Commission.  Its features and methodology are further described in a peer-reviewed technical paper published by ASHRAE and available at http://www.techstreet.com/cgi-bin/detail?product_id=1714568 .
National, Regional, and Marginal Source Energy and GHG Emission Factors in SEEAT
The source energy and carbon emissions calculation methodology permits aggregate average emission estimates, as well as marginal analysis of incremental changes in consumption by fuel or energy type. Using the government data sources mentioned earlier, full-fuel-cycle energy efficiency factors and carbon emission factors can be calculated locally, regionally, and nationally. For the purposes of national rulemaking, national average values are consistent with prior DOE methodology and protocols.  EPA also uses national average data in source energy calculations.  The consistency provided by use of national average factors sends a strong signal regarding energy efficiency and its impact on greenhouse gas emissions, and does not reward or penalize a home based on its location.  Two buildings with identical operation and energy consumption will receive the same rating regardless of their geographic location or energy provider.
National average data provides a simple source energy conversion factor.  However, a national average may distort the source energy impact of specific home improvements and appliance choices in different regions, especially for electricity.  Use of regional values has the potential to more accurately reflect the actual source energy use and environmental impact of the home design and usage pre-retrofit, and the choice of appliance and fuel when making retrofit decisions.  For example, replacing an electric resistance water heater with an equivalent gas-fired appliance may have a greater source energy and environmental benefit, and thus a higher priority, in a region dominated by coal-based electricity (e.g., the RFCW eGRID subregion) than in a region that includes more hydroelectric power (e.g., the NWPP eGRID subregion).  However, the use of regional average factors may not accurately reflect the impact of incremental investment and energy consumption decisions at the margin either.  

Another option to consider would be to use marginal gas or marginal coal generation factors for source energy and greenhouse gas emission calculations to provide more accurate information regarding the potential reduction in primary energy use and carbon emissions associated with a retrofit.  For example, electric to gas conversion retrofits in a subregion that includes baseload hydropower will likely not reduce the amount of hydropower generation in that subregion.  Rather, the hydropower will be wheeled to a different part of the eGRID subregion if it is not needed locally, likely displacing either coal-fired generation or natural gas-fired generation in that subregion.  In that case, it may be more appropriate to use a coal-based or natural gas-based electricity factor rather than a regional mixed fuel factor for electricity.  Ultimately, the decision on which source factors are most appropriate depends on the program objectives.  For source energy and GHG inventory purposes (e.g., rating the home as is), average factors, either national or regional, will provide good information.  For incremental investment decisions that change the home’s consumption such as retrofit programs, marginal factors may provide better consumer information.

If a choice is made to use regional average factors, eGRID subregion level data provides a good granularity for electricity source energy and emissions calculations.  Power is frequently wheeled within these subregions, and much less frequently wheeled across subregions.  EPA uses eGRID subregions in its greenhouse gas inventory and tracking emissions calculation methodology in Portfolio Manager.  Public Document 1 of the International Green Construction Code also uses eGRID subregions for source energy and GHG emission factors.

The eGRID subregion associated with a building can be easily determined.  For example, EPA’s Power Profiler and Target Finder programs use zip code information to determine the correct eGRID subregion and can be used for this purpose.  For electricity T&D losses, eGRID has grid level gross grid loss factors that could be used.  For all primary energy forms other than electricity, national average values for pre-combustion factors should be adequate for both inventory and retrofit program purposes.  Although using regional or marginal electricity mixes would add some complexity to the source energy conversion, existing tools such as SEEAT can be used to manage the data.

Source Energy Factor and Carbon Emission Factor Calculations

The approach proposed by DOE is to use annual source energy consumption as the primary performance metric.  As a complement to this approach, the relative source energy efficiency of appliances and homes can be calculated based on the ratio of energy delivered to meet a load (e.g., house cooling/heating/water heating) with respect to source energy used by the appliance delivering the energy.  Using the SEEAT tool and national average conversion factors, GTI researchers have developed source-based energy factors (SEF) and source-based carbon emission factors (CEF) for residential water heaters, residential furnaces and heat pumps, clothes dryers, and ranges that permit more rational comparisons of appliance efficiencies than the site-based energy factors (EF’s) currently used by DOE.  The SEF is calculated as the product of the appliance efficiency and the overall efficiency of the source fuel.  A higher SEF indicates a higher efficiency for an appliance taking into account the source energy of the fuel.  This factor could also be used as an “Asset” Rating to provide information about how an appliance or home uses energy relative to like appliances or homes of the same size. 

The SEF provides more complete information and, in many cases, more accurate information than site energy efficiency factors about technologies that have until now been considered equivalent to more full-fuel-cycle-energy-efficient and lower-GHG-emitting technologies.  The SEF also enables more equitable treatment of combined heat and power, distributed generation, waste heat recovery, and renewable technologies.

Source energy factors for appliances, as well as an overall factor for the building itself, will enable consumers to compare appliances or aspects of a home to identify the most/least efficient relative to current technology.  Using the SEF can help a consumer identify which aspects of the home have the greatest potential to reduce their impact on the nation’s primary energy use, such as different appliance options for heating, water heating, ranges, and dryers.
Carbon Emission Factor (CEF)

To achieve DOE’s goals to improve energy efficiency for existing homes to grow jobs, reduce homeowners energy bills, improve energy security and reduce greenhouse gas emissions, consumers need more information about not only the energy use of their homes and appliances, but also the corresponding impact on greenhouse gas emissions.

GTI researchers have also developed a source-based carbon emission factors (CEF) for residential water heaters, residential furnaces and heat pumps, clothes dryers, and ranges.  The CEF is defined as the ratio of total annual CO2e full-fuel-cycle emission for an appliance compared with a baseline for that appliance category (e.g., heating, water heating).  A lower CEF reflects an appliance, or building, that produces less full-fuel-cycle CO2e emissions.  Like SEF, CEF provides a relative, dimensionless measure, allowing consumers to compare the GHG emissions of appliances with like appliances, and also to identify aspects of their home that have a larger relative “carbon footprint” than currently available low carbon technology.  

Because the SEF and CEF reflect both the energy efficiency of the appliance as well as the overall efficiency and GHG emissions of the energy that the appliance uses, they provide more complete information and, in many cases, more accurate information about technologies that have until now been considered equivalent to more full-fuel-cycle-energy-efficient and lower-GHG-emitting technologies. The SEF and CEF also enable more equitable treatment of CHP, distributed generation, waste heat recovery, and renewable technologies.

While SEEAT has thus far been used to provide comparisons of the EF, SEF, CEF of different appliance options for heating, water heating, ranges, and dryers, the comparisons spotlighted for these comments are the efficiencies and carbon emissions for various gas and electric water heater technologies. 

Comparing Water Heater Energy Efficiencies and Carbon Emissions
Table 1 and Figure 1 compare DOE’s site-based energy factor (EF) with the SEF and CEF for various gas and electric water heater technologies using U.S. average electricity generation mix.  For water heaters, an SEF of 1.0 would indicate an appliance efficiency of 100% including all energy losses in the extraction, processing, conversion, distribution, and use of the source fuel.  A CEF of 1.0 would indicate appliance carbon emissions compared with carbon emissions of a gas appliance having a site energy efficiency of 100%.
Table 1. Residential Water Heaters: Site Energy vs. Source Energy and Carbon Emissions (EF vs. SEF and CEF)
	Water Heater Type
	Site Energy Factor (EF)

Appliance Output

Site Energy Used
	Source Energy Factor (SEF)

Source Energy Efficiency X Site Energy Efficiency
	Source Energy Efficiency

Annual Site Energy ________(MMBtu)___

Annual Source Energy (MMBtu)
	Carbon Emission Factor
 (CEF)

Actual Source CO2e
Baseline Source CO2e

	Electric storage 

(50 gallons)
	0.95
	0.29
	0.30
	 4.1

	Electric storage 

(56 gallons)
	1.99
	0.60
	0.30
	 2.0

	Electric Instantaneous
	0.93
	0.28
	0.30
	 4.2

	Gas-fired standing pilot storage 

(40 gallons)
	0.62
	0.56
	0.92
	 1.9

	Gas-fired condensing storage 

(75 gallons)
	0.74
	0.63
	0.88
	 1.8

	Gas-fired instantaneous
	0.82
	0.75
	0.91
	 1.5

	Gas-fired condensing, instantaneous
	0.92
	0.84
	0.91
	 1.3


Figure 1. Water Heaters: Site EF vs. Source Energy and Carbon Emission Factors
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For comparisons, note that the higher the SEF, the more efficient the fuel-appliance combination. Conversely, the higher the CEF—or the relative amount of GHG emissions produced at the site during the full-fuel-cycle—the more GHG emissions are produced by the fuel-appliance combination. 
This table and figure illustrate the improved information provided to the consumer for decision-making purposes if the factors can be incorporated into the DOE home energy rating system.  This will encourage installation and use of affordable source-energy-efficient and low-GHG-emitting technologies in place of inefficient technologies with the lowest initial cost — while helping the nation achieve its energy conservation, energy security, and GHG emission reduction goals in a highly cost-effective manner.

Because of the higher carbon emissions normally associated with electricity production and delivery on a full-fuel-cycle basis, natural gas water heaters nearly always have a lower CEF (less environmental impact) compared with an equivalent electric appliance.  

In today’s practice, a 50-gallon electric storage water heater with a 0.95 EF is considered to be a high-energy efficiency appliance in many codes and green building standards, and is even eligible for utility energy efficiency program rebates in some parts of the country.  Yet, with an SEF of only 0.29 and a CEF of 4.1, the electric resistance water heater is much less efficient than comparable natural gas water heaters from the more comprehensive perspectives of source energy and carbon emissions.  

The SEF and CEF serve as simple, easily comparable indexes that can be used to rate the full fuel-cycle efficiency and relative GHG emissions for a range of appliances and energy choices.  

SEF and CEF metrics will provide code officials, regulators, builders and consumers necessary information to help them make rational comparisons of the overall energy and GHG emission impacts of appliance choices. This will encourage installation and use of affordable source-energy-efficient and low-GHG-emitting technologies in place of inefficient technologies with the lowest initial cost — while helping the nation achieve its energy conservation, energy security, and GHG emission reduction goals in a highly cost-effective manner.
Ratings

The recommended asset rating rather than an operational rating relies on modeling tools.  Unfortunately, the modeling tools for residential applications have a high degree of uncertainty and can provide misleading results depending on analyst skills and as-constructed assumptions.  Such ratings may be more appropriate for new construction than existing construction.  While an operational rating includes the impact of occupant behavior, a key technical advantage is the use of actual data instead of modeled values, and it would be a good option for inventory purposes.  An operational rating is also more consistent with the use of total source energy as the scale.  However, for retrofit decisions, the operational rating may not provide sufficient information for comparing alternative investment options and their marginal impact on the total source energy consumption.  It might need to be supplemented by either assumed or known behavior impacts to ensure that the projected savings match the actual savings.  In any event, a model will be needed to evaluate the retrofit impact based on appropriate assumptions.  Since it is already necessary for an asset rating methodology, such a retrofit analysis model may be easier to implement in an asset rating than in an operational rating.  

Scales and Reference Points

The use of total source energy as the rating scale provides a strong signal to the market that there is a real energy impact of larger buildings, no matter how hard they try to be efficient.  By using that scale, there is no confusion about the home’s impact on the nation’s primary energy consumption.  If a consumer wants to do their own normalizing, (e.g., through number of bedrooms or size), they can easily do the comparison based on the total source energy scale.  It is simple, elegant, technically correct, and the most meaningful scale if DOE’s goal is to reduce the nation’s primary energy consumption.  As an option, the rating may also consider including a second information item on the GHG emissions associated with the source energy.  Such a total GHG emission number also would provide the most meaningful scale if DOE’s goal is to also reduce GHG emissions related to the home.  

Annual Cost of Carbon
APGA urges DOE to use a side-by-side scalar comparison of yearly costs and yearly carbon on a national average basis.  At the bottom of these graphs, consumers could be directed to sources where they can obtain more detailed/localized information.
Recommended Energy Improvements
The graphic titled “Example #2: Consumption in BTU/yr with Recommendations” needs to be more specific in terms of cost-effectiveness for each recommended energy improvement.  

Citing annual savings per energy improvement alongside the cost of making all energy improvements does not square with DOE precedent.  Historically, DOE has considered a 4-year payback to be cost-effective; or at least a “rebuttable presumption” thereof.  Longer payback periods must be carefully considered to avoid harmful results to consumers and the environment.  APGA suggests that an appropriate definition is much closer to a 4-year simple payback than a life-cycle break-even.  

Clarity is Critical
Attachment B in the RFI uses the metric of “Btu/square foot” without indicating whether it is site or source based. Consumers are least informed with a “Btu/square foot” metric, especially if the metric is site based.  Scientifically, not all Btu’s are created equal.  It is the full fuel-cycle emissions accompanying Btu’s that impact the environment and full fuel cycle efficiency loses that impact end-point efficiencies.  Therefore, emissions and efficiency disclosures are critical components of developing more energy savvy consumers.   
History and Hope
In the mid 1990s DOE was actively engaged in the development of “Home Energy Rating Systems” (HERS) and the HERS Council (HERSC).  DOE’s  methodology back then was to assign a score which gave all-electric homes a higher rating than gas homes despite the fact that gas homes (on average) were less expensive to operate and had lower emissions.  Fifteen years later, the Department is reconsidering home energy rating systems.  Hopefully, this Request for Information will lead to a long-promised correction and that additional refinements as suggested will also be incorporated to further educate consumers about their energy choices.
Respectfully submitted,

The American Public Gas association

For More Information, contact:

Robert L. Beauregard

VP Marketing & Business Development

201 Massachusetts Ave., N.E.

Suite C-4

Washington, D.C. 20002 
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