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Disclaimer

This information was prepared by Gas Technology Institute (“‘GTI"”) for the American Gas Association
(AGA) and the American Public Gas Association (APGA).

Neither GTI, the members of GTI, AGA, APGA, nor any person acting on behalf of any of them:

a. Makes any warranty or representation, express or implied with respect to the accuracy, completeness,
or usefulness of the information contained in this report, or that the use of any information, apparatus,
method, or process disclosed in this report may not infringe privately-owned rights. Inasmuch as this
project is experimental in nature, the technical information, results, or conclusions cannot be predicted.
Conclusions and analysis of results by GTI represent GTI's opinion based on inferences from
measurements and empirical relationships, which inferences and assumptions are not infallible, and with
respect to which competent specialists may differ.

b. Assumes any liability with respect to the use of, or for any and all damages resulting from the use of,
any information, apparatus, method, or process disclosed in this report; any other use of, or reliance on,
this report by any third party is at the third party's sole risk.
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1.0 Executive Summary

On January 15, 2010 a joint recommendation was submitted to the Department of Energy (DOE) to
adopt a package of energy conservation standards for residential furnaces, central air conditioners, and
heat pumps. Under provisions of the Energy Independence and Security Act of 2007, DOE used an
expedited rulemaking process called a Direct Final Rule (DFR). The DFR was published in the Federal
Register on June 27, 2011 and open for a 110 day public comment period. To substantiate the DFR
determination, DOE released an extensive technical support document (TSD) that included a detailed
review of the effects of the DFR as well as economic modeling to assess consumer-level cost impacts.

GTI analysts conducted a scenario analysis of the TSD to evaluate the impact of the regional
minimum furnace efficiency requirements on consumers. The analysis considered the following:

e TSD analysis methodology and conclusions.

o Impact of updated energy price forecasts, marginal energy prices, and furnace expected lifetime
on the economic justification of the regional minimum furnace efficiency requirements.

e Data on common vent installations and conversion costs.
Estimates of consumer benefits and costs associated with the regional minimum furnace
efficiency requirements.

Key findings of the scenario analysis conducted by GTI analysts using the DOE LCC spreadsheet
and Crystal Ball forecasting software include the following:

o Asillustrated in Table 1, several foreseeable scenarios, including a reasonable alternate to the
DOE baseline scenario using the Annual Energy Outlook (AEO) 2011 reference case along with a
16 year furnace expected life, learning curve coefficient of 1.0, and conservative marginal gas
prices, show negative composite average lifecycle cost savings for a 90% condensing furnace in
the North Region compared to the 80% AFUE baseline furnace, indicating that the 90% furnace
does not meet the DOE requirement for economic justification in the North Region.

Table 1 Integrated Scenario Analysis Results

Integrated Scenarios North Composite North Retrofit CNorth Neyv
. onstruction

(8 el et (L0 Payback Payback Payback

LC=1.0in All AEO LCC yb LCC yb LCC yb

2011 Scenarios) Savings P?r'Od Savings P?r'Od Savings P?”Od
Median/Avg Median/Avg Median/Avg

AEO 2010 (DOE $155 | 10.1/12.8 | $90 | 12.9/159 | $343 25/43
Baseline)
AEO 2011 Ref Case
13% Fixed Gas Costs -$4 16.3/20.5 -$64 20.4/25.3 $172 41/7.1
AEO 2011 High Shale
13% Fixed Gas Costs -$18 18.0/22.8 -$78 22.7/28.1 $157 43/7.9
AEO 2011 Ref Case
Citygate Gas Price -$39 21.7/28.7 -$98 27.0/35.4 $135 5.6/9.9
AEO 2011 High Shale
Citygate Gas Price -$48 23.9/31.3 -$107 29.7/38.8 $125 5.9/10.5
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FURNACE DFR TECHNICAL ANALYSIS gtl

Lifecycle costs for the North Region retrofit installations are worse than the composite costs. The
payback period exceeds the average expected lifetime of the furnace under numerous foreseeable
retrofit scenarios.

New construction life cycle cost savings are positive in all scenarios based on DOE’s installed
cost assumptions. However, under DOE’s assumed costs, the average installed cost of a 90%
AFUE condensing furnace is lower than the installed cost of an 80% non-condensing furnace.

The TSD analysis used average prices for natural gas, fuel oil, and LPG calculations, though not
necessarily for all electricity calculations. Average impact analysis may be acceptable for
inventory purposes, but it is inadequate and misleading for efficiency improvement impact
calculations. The shift from an 80% AFUE furnace to a 90% AFUE furnace is a marginal
change, and as such requires use of a marginal impact analysis, not an average impact analysis.

The impact of updated energy price forecasts, marginal energy costs, and furnace expected
lifetime on the economic justification of 90% furnaces is substantial, and can shift the result from
a net positive average result to a net negative average result in the North Region.

Based on analysis of empirical data developed by Laclede Gas Company, DOE’s finding that the
condensing furnace regional standard is economically justified is likely to be highly questionable
or invalid in many of the 30 northern states currently affected, especially in the retrofit market. In
the Laclede database example, nearly 60% of condensing furnaces either have no payback or
have a payback that exceeds the expected life of the furnace.

The overall impact of orphaned water heater fuel switching needs to be explicitly included in the
analysis of consumer impacts and LCC savings. While this fuel switching may occur only in a
fraction of installations, the impact per home is significant ($2,846 LCC per home in a typical
example), and should be carefully considered by DOE before making a final determination.

The DOE analytical tool and results were difficult to evaluate and use without additional
assistance due to very limited user documentation and compatibility issues with the LCC
spreadsheet and Crystal Ball software. More instructive user documentation and reasonable
access to input variables necessary to run sensitivity analyses on critical parameters such as
energy price, equipment costs, and installed costs would help other analysts navigate the tool,
conduct parametric analyses, and correctly interpret results.

Page 2
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2.0 Background

The Energy Policy and Conservation Act of 1975 requires the Department of Energy (DOE) to establish
energy conservation standards for select consumer products and equipment and to update the stringency
of these standards when it is determined that in addition to yielding energy savings, the updated standards
are technologically feasible and economically justified. A DOE Direct Final Rule (DFR) published in the
Federal Register on June 27, 2011, proposes to increase the minimum energy efficiency standards for
non-weatherized residential gas furnaces to 90% AFUE in 30 states in the North Region of the United
States (Table 2 and Figure 1). Under the DFR, these 90% AFUE standards would take full effect in 2013.

Table 2: DOE Direct Final Rule Proposed Standards for Residential Furnaces

South Region North Region
PIBENE G Standards Standards
Non-weatherized gas AFUE = 80% AFUE = 90%
Mobile home gas AFUE = 80% AFUE = 90%
Weatherized gas AFUE = 81% AFUE = 81%
Non-weatherized oil-fired AFUE = 83% AFUE = 83%
Mobile home oil-fired AFUE = 75% AFUE = 75%
Weatherized oil-fired AFUE = 78% AFUE = 78%
Electric AFUE = 78% AFUE = 78%
Fil

HI

Figure 1: Map of Regions for the DFR Analysis of Furnace Standards

A technical support document (TSD) based on a sophisticated Excel/Crystal Ball spreadsheet tool
prepared for DOE by LBNL provides the technical rationale for DOE’s determination that the proposed
standard is technologically feasible, economically justified, and will save significant amounts of energy.
This spreadsheet tool was used by DOE to calculate the lifecycle cost and payback periods for the
proposed efficiency increases under specific scenarios. Figure 2 shows a summary table of the results
included in the DFR. Multiple variables strongly affect the results of lifecycle cost and payback period
analyses, which jointly serve as the basis for DOE’s determination that the proposed rule is economically
justified. The assumptions and methodologies that are used within the LBNL spreadsheet tool to justify
the 90% AFUE furnace standard for North Region states are the primary focus of this analytical report.
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Efficiency AFUE Life-Cyele Cost Life-Cvcle Cost Savings Median
Level 20095 20095 Payback
Imztalled Di:vc«:nu.n_red LCC .-"u'e?'ﬂgé % of Houzehold: with PJ_E:::?
Cost | Operating e TN | Ne | Ner
Cozt | Impact | Benefit
Nanon
0 B0% 1.786 9551 11,337 N/A 0 100 0 HiA
1 Q0% 2357 8621 10978 37 25 52 n 15.8
2 5% 2419 8456) 10875 136 L] 42 32 11.9
3 95% 2,564 8220 10,785 205 36 17 47 11.7
4 98% 2,830 8114 105944 46 64 0 35 20.1
North
0 B0% 1.901 11,353 13454 HA 0 100 0 HiA
1 Q0% 2474 10,409 12,883 155 10 71 18 10.1
2 0105 2,536 10206 12742 215 11 56 33 1.7
3 95% 2,685 9.91a( 12601 323 23 23 54 9.4
4 98% 2943 9784 12727 198 39 1 41 17.1
South (Resr af Connmy)
0 B0% 1.614 65665 8180 HA 0 100 0 HiA
1 Q0% 2,182 5,955 8,137 (13) 48 24 28 241
2 92% 2244 5,845 8,090 19 48 20 32 21.3
3 95% 2,384 3,692 £,076 28 1] g 36 20.3
4 98% 2,661 5,624 8286 (181) T2 0 27 289

*Wahies i parentheses denots negatve valnes.

Figure 2: DFR Lifecycle Cost and Payback Period Results for Non-Weatherized Gas Furnaces
Source: DOE Direct Final Rule, Technical Support Document Chapter 8

3.0 Application of TSD Spreadsheet Analysis Methodology

GTI analysts planned to conduct a technical and economic analysis of the DFR to evaluate the
impact of the regional minimum furnace efficiency requirements on consumers. The analysis was to
consider the following:

e TSD analysis methodology and conclusions.
Impact of updated energy price forecasts, marginal energy prices, and furnace expected lifetime
on the economic justification of the regional minimum furnace efficiency requirements.

o Data on common vent installations and conversion costs.
Estimates of consumer benefits and costs associated with the regional minimum furnace
efficiency requirements.

The initial activity was to gain a working understanding of the DOE analysis outlined in the
spreadsheet tool and the TSD. Once the results of the DOE analysis were reviewed, nearly 100 alternate
analytical scenarios were identified that would enable a reasonable evaluation of the TSD and DFR
analysis results by modifying and running DOE’s analytical tool using alternate inputs.. However,
challenges began to emerge as the work progressed. Some of these challenges were overcome, while
others remained unsolved. Approximately 25% of the overall work effort was devoted to attempts to
overcome these challenges. The following discussion provides some insights about the TSD analysis
methodology and issues confronting GTI analysts during the course of this effort.
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To make a determination regarding the economic merit of the DFR, LBNL used a set of Excel
spreadsheets that invoked Oracle’s Crystal Ball software to provide forecasts of costs and benefits of
various options. Crystal Ball is a spreadsheet-based application suite used for simulation, forecasting, and
modeling. The spreadsheet provided by DOE as part of the TSD utilized Crystal Ball version 7.3.2.
However, the version of the software now available is Crystal Ball Fusion Edition release 11.1.2.1.0.
Using Crystal Ball Fusion Edition, GTI analysts were not able to successfully run the LBNL version 7.3.2
spreadsheets to replicate the TSD results. This was the first step in the scenario analyses to ensure that
there was exact agreement with the TSD results when GTI ran the tool. Otherwise, the effect of any
changes could not be directly compared to the DOE values. To help determine the source of initial
problems with running the LCC spreadsheet provided by DOE, GTI analysts worked directly with Oracle
staff. After several extensive interactions, the vendor acknowledged that the spreadsheet was not
compatible with the current version of Crystal Ball and provided archival version 7.3.2 (no longer
available for sale) to be compatible with the DOE LCC_Payback _lcc_furnace_2011-06-06 spreadsheet.
Oracle also provided a modified spreadsheet that ran successfully using Crystal Ball Fusion Edition.

The only user options for parametric analysis in the LCC_Payback_lcc_furnace_2011-06-06
spreadsheet are in limited drop down menus (marked by the red box in Figure 3). The four drop down
menus include three AEO 2010 based forecasts of future energy prices, the year in which the standard
would become effective, the number of trials evaluated by the Crystal Ball, and whether the results are
limited to selected sub-groups (e.g., low income). This makes it difficult without detailed documentation
and training for other analysts to examine the impact of alternate scenarios, including sensitivity analysis
of parameters like alternative equipment useful life, installed costs, or future cost reductions.
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Figure 3: Drop Down Menu User Options in LCC Spreadsheet Analysis Tool
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Based on extensive examination of the spreadsheet and TSD over a two month period, GTI analysts
were ultimately able to use the tool to run most of the desired scenarios. Alternate energy price scenarios
were conducted by modifying the energy price forecast tables within the spreadsheet to reflect updated
forecasts and marginal prices. Equipment price was adjusted by changing the “LearningCurves_Coef”
value in the “Equip Price” sheet from 0.902452574277439 to 1.0 to reflect a fully mature product price.
Expected equipment life coefficients were modified to reduce the expected equipment life from the DOE
value of 23.6 years to 16 years to reflect the value used by DOE in its multiyear plan.

However, attempts to evaluate impacts of equipment installation costs on LCC by modification of
DOE default costs failed. For example, changing the value for relining costs to a higher amount based on
gas industry survey data produced unexpectedly high resulting costs. These anomalous results could not
be tracked or explained without examination of program inputs and results. This debugging was not
possible within the time constraints of this effort. GTI analysts were not able to capture intermediate
Crystal Ball simulation results called by the underlying spreadsheet, and were not able to reconcile key
differences between TSD values, spreadsheet input values, and Crystal Ball output results. Given
sufficient time, it is quite likely that successful runs could have been made, but the tool design was not
sufficiently transparent to facilitate such a debugging effort.

The difficulties experienced in attempting to use this tool are not an inevitable result of its
complexity. Other software modeling tools, such as the Greenhouse gases, Regulated Emissions, and
Energy use in Transportation (GREET) model from Argonne National Laboratory are very complex as
well. These tools make much more extensive use of dropdown menus with default values for a wide
range of parameters that permit replicable scenario analyses by any analyst with a basic understanding of
modeling. In the DOE spreadsheet tool, the lack of user interface necessary for such analyses means that
even skilled analysts will have great difficulty in finding and using the full range of tool capabilities
essential for parametric evaluations without assistance. Portions of the tool containing access to
important input parameters were difficult to identify and had cell references that cross-referenced other
named cells or ranges, making it nearly impossible to trace calculations and variables. Without a detailed
Users Manual or other similar instructions to shed light on these issues, the tool could not be used by GTI
analysts in the installed cost parametric analyses that relied on these inputs.

GTI analysts conducted LCC spreadsheet and Crystal Ball software parametric analyses using 15
alternate energy price projections, a 16 year expected furnace life, and a 1.0 learning curve coefficient, to
compare the LCC and PBP results with the DOE AEO 2010 Reference Case, but did not conduct any of
the desired venting installation cost scenario analyses. Table 3 shows the matrix of analytical scenarios
that GTI initially planned to complete, delineating runs that were successfully completed from those that
were not possible for reasons cited above.

Table 3: Planned and Completed Scenario Analyses

SCENARIOS
Alternate Alternate Alternate Alternate Venting| Marginal Impact |Integrated| Integrated
Alternate Energy . . . e . . . .
Price Projections Equment Price Eq}uprjnent Cowmon A Modification Analysis (Two ScTenano - Scerfarlo -13%
Learning Curve | Lifetime Venting Split Costs Approaches) Citygate Fixed Gas
AEO 2010 Reference Case Yes Yes Yes No No N/A N/A N/A
§ « [AEO 2010 High Economic Growth Yes N/A Yes No No N/A N/A N/A
= g AEO 2010 Low Economic Growth Yes N/A Yes No No N/A N/A N/A
el E AEO 2011 Reference Case Yes N/A N/A No No Yes Yes Yes
E g AEO 2011 High Economic Growth N/A N/A N/A No No Yes N/A N/A
: & |AEO 2011 Low Economic Growth N/A N/A N/A No No Yes N/A N/A
o AEO 2011 High Shale Gas Use Yes N/A N/A No No Yes Yes Yes
AEO 2011 Low Shale Gas Use Yes N/A N/A No No Yes N/A N/A
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4.0 Energy Price Scenario Analysis

The purpose of the energy price projection scenario analysis was to evaluate the impact of lower or
higher economic growth, updated baseline energy price projections, and high and low availability of shale
gas on energy prices. GTI analysts conducted LCC spreadsheet and Crystal Ball software parametric
analyses using 15 alternate energy price projections to compare the LCC and PBP results with the DOE
AEO 2010 Reference Case.

4.1 Updated Energy Price Projections

As shown in Figure 4, there has been a large variability in the AEO projections of natural gas prices
depending on the edition of the AEO. Of special interest for the furnace analysis is the significant impact
of new projections of higher shale gas availability on future energy prices. Also of interest is the impact
of shifting to marginal prices rather than average prices for calculating benefits.

The TSD provides multiple lifecycle cost inputs for economic modeling, including equipment costs
(capital, installation, operating, maintenance, etc.), pricing (historical and projected), and annual energy
use, among others. For energy price projections, DOE relied on the Energy Information Administration’s
AEO 2010 Reference Case for projections through 2035. Beyond 2035, the average annual rate of change
in the price from 2020 to 2035 was calculated and applied to each year from 2035 to 2045. This
methodology was used for natural gas, fuel oil, and LPG. It is not clear whether the same average price
projection methodology was used for electricity. The TSD indicated that electricity rates included at least
some marginal rate structures, but the application of those rate structures in the spreadsheet tool was not
investigated.

AEO 2011 was released April 26, 2011, with revised data and projections. Although the DFR was
released June 27, 2011, DOE selected AEO 2010 as the data source for energy price projections. To
compare the relative effects of the revised energy price projections, GTI ran DOE’s analytical tool using
AEO 2011 Reference Case energy prices.

EIA Forecasted Residential Price by Forecast Year
2009$
$17.00 -
$16.00 A\
$15.00 - Yt
i A‘,‘ —4—Actual
. ; ~ 2007
—=dr—2008
=== 2009
==2010
—=0—2011
R - ERER R EEEE R R R TR
o 0O 0 000000000000 00000000000
o N N N N N NN N N N NN NN SN SN N N N N N e

Figure 4 AEO 2007 through AEO 2011 Natural Gas Price Projections
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AEO 2011 accounts for important changes in the U.S. energy economy, including a significant
increase in projected shale gas resources (more than doubling the volume assumed in AEO 2010), among
others. Since energy price projections are a vital central piece of the economic analysis, the most up-to-
date values should be used. Table 4 shows the meaningful impact of changes in average residential
natural gas prices in 2015 and 2020 between AEO 2010 and AEO 2011 projections. This level of change
led to significant changes in payback. The scenario analyses show, for example, the North Region retrofit
payback period increased from 12.9 years (using the AEO 2010 price data) to 17.6 years (using the AEO
2011 price data) as shown in Table 5. When looking at marginal natural gas pricing—a suitable method of
evaluating incremental changes in consumer natural gas use—the payback periods for a Northern Region
retrofit payback increases to 26.3 years (median value) and 34.6 years (average value) using the 2011
AEO Reference Case outlook price data as shown in Table 6.

Table 4 AEO Reference Case Natural Gas Price and Residential Retrofit Payback Comparisons

2015 Price 2020 Price North Region Retrofit
$/MMBtu $/MMBtu Payback (Years)
AEO 2010 Residential
Natural Gas Price $11.73 $12.13 12.9 Years
AEO 2011 Residential
Natural Gas Price $10.12 $10.86 17.6 years
% Change from AEO 2010 -13.7% -10.5% +36%

The analytical spreadsheets that accompany the TSD also include energy price projections under
EIA’s High Economic Growth and Low Economic Growth scenarios. However, the alternate price
projections under the High and Low Economic Growth scenarios were not considered in the final results
of the economic analysis. GTI used energy price projections for both the AEO 2010 High and Low
Economic Growth scenarios to re-run an LCC analysis to determine the impact of economic growth
projections on the economic performance of the proposed DFR efficiency levels.

With the unprecedented growth in domestic shale gas production and projected resources in recent
years, shale gas is expected to play a significant and growing role in the U.S. energy market for at least
the next several decades (Figure 5). Therefore, a scenario that considers the impact of this expanded
resource base on future natural gas prices is important.

A sizable increase in the shale gas resource base will also have secondary effects on the residential
price of electricity. According to EIA data, of the total electric generation capacity additions planned
between 2009 and 2035 about 60 percent will be fueled by natural gas (Figure 6).> The reduced cost of
natural gas in response to expanded shale gas extraction is therefore likely to reduce electricity prices.
This new expectation is reflected in AEO 2011.

Figure 7 shows residential electricity prices under four EIA price projections — the projected prices in
the Reference Cases for AEO 2010 and AEO 2011 and two alternate scenarios included in AEO 2011,
one with higher levels of shale gas use and one with lower levels of shale gas use. A similar graph
showing the various projected residential natural gas prices is shown in Figure 8. Since the focus of this
analysis is the North Region, the electricity prices shown are average residential electric prices weighted
by the number of electric customers within the North Region to be consistent with the methodology used
in the TSD.
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U.S dry gas
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Source: EIA, Annual Energy Cutlook 2011
Figure 5: AEO 2011 U.S. Natural Gas Supply Estimates through 2035 by Source
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Figure 6: AEO 2011 Expected Electric Capacity Additions 2009-2035
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Northern Region Residential Electric Price Projections
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Figure 7: AEO Residential Electric Price Projections for the North Region
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Figure 8: AEO Residential Natural Gas Prices Projections for the North Region

Page 10




FURNACE DFR TECHNICAL ANALYSIS gtl

To gauge the impact of changes in the level of shale gas use on LCC results, EIA’s energy price
projections under high and low shale gas availability scenarios were modeled. The high shale gas
availability data were taken from the AEO 2011 “High Shale EUR” scenario, which assumes that the
estimated ultimate recovery is 50% higher than the reference case. The low shale gas availability data
were taken from AEO 2011 “Low Shale Recovery” scenario, which assumes that 50% less gas is
recovered from each shale gas play than the reference case.

To examine the impact of alternate economic growth forecasts on the lifecycle costs of the proposed
furnace efficiency upgrades, GTI analysts also ran scenarios utilizing AEO 2010 energy price projection
data for High Economic Growth and Low Economic Growth.

The results presented below are generated from Oracle’s Crystal Ball software version 7.3.2. This
spreadsheet-based tool was the analytical foundation for DOE’s economic analysis and was therefore
determined to be the most appropriate tool to analyze the alternate scenarios outlined within this report.
The results of Crystal Ball analysis include a large range of tables and information. However, only key
summary tables are included to enable high-level comparisons across the scenarios. These high-level
tables are the same summary tables that were included in the DFR and used as the basis for the economic
justification. The scenarios focus solely on the North Region.

For ease of comparison across these multiple scenarios, a summary table that includes the estimated
lifecycle cost savings and the median and average payback periods for retrofit installations in the north
region is included (Table 5 and Figure 9). Additionally, the original results of DOE’s Crystal Ball
economic analysis that are included in the current DFR are shown in Figure 10 through Figure 12. Figure
13 through Figure 27 provide tabular results from Crystal Ball runs for alternative price scenarios.

As shown in these tables and figures, the effect of alternate energy price projections is significant,
increasing the expected average payback period beyond 20 years in the North Retrofit market. With
expanded shale gas use, the LCC savings of the proposed rule approach zero for retrofit/replacement
installations, and the average payback period exceeds the DFR expected furnace life of 23.6 years. The
analysis shows attractive economics for new construction installations under all price scenarios.

There are also concerns with DOE’s conclusions from the AOE2010 baseline analysis. DOE
concluded that the standards in this rule represent the maximum improvement in energy efficiency that is
technologically feasible and economically justified, and would result in the significant conservation of
energy. However, it selected the new minimum for northern climates to be 90% AFUE even though the
TSD analysis indicates that the 95% AFUE furnace saves more money and is deemed to be cost-effective
in northern climates, with better LCC benefits and shorter payback period than the 90% AFUE furnace.
The 95% furnace also has a much higher fraction of consumers with net benefits (54% vs 19%) than the
90% furnace. This analytical result is inconsistent with DOE’s stated conclusion.

Also of interest is the DFR estimate that the average 90% furnace installed cost is less than the
average installed cost of an 80% furnace in new construction. This result is counterintuitive and shifts the
results in favor of the condensing furnace. A good explanation may exist, but it is worth reviewing to see
if it is a robust assumption.

DOE notes in its DFR that the projected economic impacts of the standards in this rule on individual
consumers are generally positive, but only 19% of homes in the north region accrue a net benefit with the
90% furnace according to the TSD analysis. The TSD analysis indicates that 72% of consumers in the
north are not impacted by the rule for a 90% furnace retrofit, while 23% are not impacted for a 95%
furnace retrofit. An a priori expectation is that few if any consumers would not be impacted unless the
“no impact” definition is fairly broad. Note that the 98% furnace retrofit case shows only 1% of
consumers with no impact, which is more aligned with the a priori expected result. GTI analysts were not
able to determine the reason for the different “no impact” fractions.
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Table 5: 90% AFUE Furnace LCC and PBP Results for Alternate Average Price Scenarios

North Composite North Retrofit CNorth Ne_w
onstruction
LCC Payb_ack LCC Payb_ack LCC Payb_ack
Savings P?”Od Savings P?r'Od Savings P?r'Od
Median/Avg Median/Avg Median/Avg
AEO 2010 (DOE $155 | 101/128 | $90 | 129/159 | $343 25/43
Baseline)
AEO 2010 High
Economic Growth $170 10.0/12.6 $106 12.7/15.6 $360 25/4.2
AEO 2010 Low
Economic Growth $136 10.5/13.2 $73 13.4/16.3 $323 2.6/4.4
éaES(g 2011Reference | ¢q0 | 1387176 | $27 | 17.6/21.9 | $276 3.2/5.9
AEO 2011 High
Shale Gas Use $66 15.4/19.8 $3 19.5/245 $251 35/6.6
AEO 2011 LowShale | ¢107 | 1997163 | $43 | 164/203 | $293 3.0/5.4
Gas Use
Northern Retrofit LCC and Payback Period by Scenario Type
$120 30
$100 DOE NWGF Average Expected Lifetime = 23.7 years 25
$80 - 20 8
& m =
£ u o
& $60 15 %
" s 10 ‘g
SO . . . . I . 0

AEO 2010 (DOE AEO2010High AEO 2010 Low AEO 2011 AEO 2011 High AEO 2011 Low
Baseline) Economic Economic ReferenceCase  ShaleGas Use  Shale Gas Use
Growth Growth
B LCCSavings ® PBP (Median) PBP (Average)

Figure 9: 90% AFUE Furnace North Retrofit LCC and PBP by Energy Price Scenario
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4.1.1 DFR AEO 2010 Reference Case Economic Analysis

Simulation Results NORTH AEO 2010 - Reference Case
Installed Lifetime LCC Net No Net
Level Description Price Oper.Cost* LCC Savings Cost Impact Benefit Median Average
NWGF 5,986
0 80% AFUE - Increased HX Area $1,901 $11,553 $13,454
1 90% AFUE - Condensing Design $2,474 $10,409 $12,883 $155 10% 71% 19% 10.1 12.8
2 92% AFUE - Increased HX Area $2,536 $10,206 $12,742 $215 11% 56% 33% 7.7 10.1
3 95% AFUE - Increased HX Area $2,685 $9,916 $12,601 $323 23% 23% 54% 9.4 11.3
4 98% AFUE - Max Tech $2,943 $9,784 $12,727 $198 59% 1% 41% 17.1 28.2
All dollar values are in 2009 $ * discounted and summed over lifetime of equipment

Figure 10: DFR Economic Analysis Results — North Composite

Simulation Results NORTH - Replacements AEO 2010 - Reference Case
Installed  Lifetime LCC Net No Net
Level Description Price  Oper.Cost* LCC Savings Cost Impact Benefit Median Average
NWGF 4,465
0 80% AFUE - Increased HX Area $1,713 $11,464 $13,177
1 90% AFUE - Condensing Design $2,483 $10,328  $12,811 $90 13% 72% 16% 12.9 15.9
2 92% AFUE - Increased HX Area $2,543 $10,126  $12,669  $151 13% 57% 30% 9.0 11.7
3 95% AFUE - Increased HX Area $2,687 $9,838 $12,524  $262 25% 23% 52% 9.7 11.9
4 98% AFUE - Max Tech $2,925 $9,704 $12,629  $158 60% 1% 39% 16.9 26.5
All dollar values are in 2009 $ * discounted and summed over lifetime of equipment

Figure 11: DFR Economic Analysis Results — North Retrofit

Simulation Results NORTH - New Construction AEO 2010 - Reference Case
Installed Lifetime LCC Net No Net
Level Description Price Oper.Cost* LCC Savings Cost Impact Benefit Median Average
NWGF 1,521
0 80% AFUE - Increased HX Area | $2,452 $11,815  $14,268
1 90% AFUE - Condensing Design| $2,447 $10,647 $13,094 $343 2% 70% 27% 2.5 4.3
2 92% AFUE - Increased HX Area | $2,516 $10,440 $12,956 $404 4% 55% 41% 51 55
3 95% AFUE - Increased HX Area | $2,680 $10,145 $12,825 $502 16% 23% 61% 8.8 9.8
4 98% AFUE - Max Tech $2,996 $10,017 $13,012 $315 55% 1% 44% 17.9 333
All dollar values are in 2009 $ * discounted and summed over lifetime of equipment

Figure 12: DFR Economic Analysis Results — North New Construction
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4.1.2 AEO 2010 High Economic Growth Energy Price Projections

Simulation Results NORTH Com posite AEO 2010 High Growth
Average LCC Results Payback Results

Installed Lifetime LCC  Net No Net
Level Description Cour| Price Oper.Cost® LCC Savings Cost ImpactBenefit Median Average

NWGF 5,986

0 80% AFUE- Increased HX Area| $1,901  $12,090 $13,991

1 90% AFUE - Condensing Design| $2,474 $10,890 $13,364 $170 10% 71% 19% 10.0 12.6
2 92% AFUE - Increased HX Area | $2,536 $10,676 $13,213 $235 10% 56% 33% 7.5 9.9
3 95% AFUE- Increased HX Area | $2,685 $10,373 $13,058 $354 21% 23% 56% 9.3 111
4 98% AFUE - Max Tech $2,943  $10,234 $13,177 $236 57% 1% 43% 16.8 28.2

All dollar values arein 20095 * discounted and summed over lifetime of equipment

Figure 13: AEO 2010 High Economic Growth Results — North Composite

Simulation Results NORTH Replacement AEO 2010 High Growth

Average LCC Results
Installed Lifetime LCC  Net No Net

Payback Results

Level Description Cour] Price Oper.Cost’ LCC Savings Cost ImpactBenefit Median Average
NWGF 4,465

0 80% AFUE- Increased HX Area| $1,713  $11,995 $13,708

1 90% AFUE- Condensing Design| $2,483  $10,804 $13,287 $106 12% 72% 16% 12.7 15.6
2 92% AFUE- Increased HX Area| $2,543  $10,592 $13,135 $171 13% 57% 30% 8.8 115
3  95% AFUE- Increased HX Area | $2,687  $10,290 $12,976 $293 24% 23% 54% 9.4 116
4 98% AFUE - Max Tech $2,925  $10,150 $13,075 $195 58% 1% 42% 16.5 26.5

Alldollar values are in 20095  * discounted and summed over lifetime of equipment

Figure 14: AEO 2010 High Economic Growth Results — North Retrofit

Simulation Results NORTHNew Construction AEO 2010 High Growth

Average LCC Results Payback Results
Installed Lifetime LCC  Net No Net
Level Description Cour] Price Oper.Cost® LCC Savings Cost ImpactBenefit Median Average
NWGF 1,521
0 80% AFUE- Increased HX Area | $2,452 $12,369 $14,821
1 90% AFUE- Condensing Design| $2,447  $11,143 $13,590 $360 2% T70% @ 28% 25 4.2
2 92% AFUE- Increased HX Area | $2,516  $10,925 $13,441 $426 4% 55% 41% 49 54
3 95% AFUE- Increased HX Area| $2,680 $10,616 $13,295 $535 15% 23% 62% 8.6 9.6
4 98% AFUE - Max Tech $2,996 $10,481 $13,476 $355 53% 1%  46% 17.5 331

Alldollar values are in 20095  * discounted and summed over lifetime of equipment
Figure 15: AEO 2010 High Economic Growth Results — North New Construction
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4.1.3 AEO 2010 Low Economic Growth Energy Price Projections

Simulation Results NORTH Composite AEO 2010 Low Growth
Average LCC Results Payback Results

Installed Lifetime LCC  Net No Net
Level Description Cour| Price Oper.Cost® LCC Savings Cost ImpactBenefit Median Average

NWGF 5,986

0 80% AFUE- Increased HX Area| $1,901  $10,935 $12,836

1 90% AFUE - Condensing Design| $2,474 $9,856 $12,330 $136 10% 71% 18% 10.5 13.2
2 92% AFUE- Increased HX Area| $2,536 $9,664  $12,200 $192 12% 56%  32% 8.0 10.4
3  95% AFUE- Increased HX Area| $2,685 $9,391 $12,075 $287 24% 23% 53% 9.8 11.7
4 98% AFUE - Max Tech $2,943 $9,267 $12,210 $154 61% 1% 39% 17.6 294

All dollar values arein 2009 S * discounted and summed over lifetime of equipment

Figure 16: AEO 2010 Low Economic Growth Results — North Composite

Simulation Results NORTH Replacement AEO 2010 Low Growth

Average LCC Results
Installed Lifetime LCC  Net No Net

Payback Results

Level Description Cour] Price Oper.Cost’ LCC Savings Cost ImpactBenefit Median Average
NWGF 4,465

0 80% AFUE- Increased HX Area| $1,713  $10,852 $12,565

1 90% AFUE - Condensing Design| $2,483 $9,780  $12,263 $73 13% 72% 15% 134 16.3
2 92% AFUE- Increased HX Area | $2,543 $9,589  $12,132 $128 14% 57% 29% 9.3 121
3 95% AFUE- Increased HX Area | $2,687 $9,317  $12,004 $227 27% 23% 51% 10.0 12.2
4 98% AFUE - Max Tech $2,925 $9,192  $12,117 $115 62% 1% 37% 17.3 27.6

All dollar values are in 20095  * discounted and summed over lifetime of equipment

Figure 17: AEO 2010 Low Economic Growth Results — North Retrofit

Simulation Results NORTH New Construction AEO 2010 Low Growth
Average LCC Results

Installed Lifetime LCC Net No Net

Payback Results

Level Description Cour] Price Oper.Cost® LCC Savings Cost ImpactBenefit Median Average
NWGF 1,521

0 80% AFUE- Increased HX Area| $2,452  $11,181 $13,633

1 90% AFUE- Condensing Design| $2,447  $10,079 $12,526 $323 2% 70% @ 27% 2.6 4.4
2 92% AFUE- Increased HX Area| $2,516 $9,884  $12,400 $378 4% 55% 41% 52 5.6
3 95% AFUE- Increased HX Area | $2,680 $9,606 $12,286 $464 17% 23% 60% 9.0 10.0
4 98% AFUE - Max Tech $2,996 $9,485  $12,481 $269 56% 1% 43% 18.4 345

Alldollar values are in 20095  * discounted and summed over lifetime of equipment
Figure 18: AEO 2010 Low Economic Growth Results — North New Construction
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4.1.4 AEO 2011 Reference Case Energy Price Projections

Simulation Results NORTH Com posite AEO 2011 Forecast
Average LCC Results Payback Results

Installed Lifetime LCC  Net No Net
Level Description Cour| Price Oper.Cost® LCC Savings Cost ImpactBenefit Median Average

NWGF 5,986

0 80% AFUE- Increased HX Area | $1,901 $9,413  $11,314

1 90% AFUE - Condensing Design| $2,474 $8,500 $10,974 $90 12% 71% 16% 13.8 17.6
2 92% AFUE - Increased HX Area | $2,536 $8,336 $10,873 $133 15% 56% 29% 10.2 13.7
3  95% AFUE- Increased HX Area| $2,685 $8,104  $10,789 $197 32% 23% 45% 12.8 15.2
4 98% AFUE - Max Tech $2,943 $8,033 $10,976 $11 71% 1% 29% 234 37.8

All dollar values arein 2009 S * discounted and summed over lifetime of equipment

Figure 19: AEO 2011 Reference Case Results — North Composite

Simulation Results NORTH Replacement AEO 2011 Forecast

Average LCC Results
Installed Lifetime LCC  Net No Net

Payback Results

Level Description Cour] Price Oper.Cost’ LCC Savings Cost ImpactBenefit Median Average
NWGF 4,465

0 80% AFUE- Increased HX Area| $1,713 $9,324  $11,037

1 90% AFUE - Condensing Design| $2,483 $8,420  $10,903 $27 16% 72% 13% 17.6 21.9
2 92% AFUE- Increased HX Area | $2,543 $8,257  $10,800 $70 18% 57%  25% 12.2 15.9
3 95% AFUE- Increased HX Area | $2,687 $8,027  $10,713 $137 34% 23% 43% 13.3 16.0
4 98% AFUE - Max Tech $2,925 $7,955 $10,880 -$29 73% 1% 27% 23.2 36.9

All dollar values are in 20095  * discounted and summed over lifetime of equipment

Figure 20: AEO 2011 Reference Case Results — North Retrofit

Simulation Results NORTH New Construction AEO 2011 Forecast
Average LCC Results

Installed Lifetime LCC Net No Net

Payback Results

Level Description Cour] Price Oper.Cost® LCC Savings Cost ImpactBenefit Median Average
NWGF 1,521

0 80% AFUE- Increased HX Area | $2,452 $9,674  $12,126

1 90% AFUE- Condensing Design| $2,447 $8,736  $11,183 $276 3% 70% 27% 3.2 5.9
2 92% AFUE- Increased HX Area| $2,516 $8,569  $11,085 $319 6% 55% 39% 6.8 7.5
3 95% AFUE- Increased HX Area | $2,680 $8,331  $11,011 $373 24% 23% 53% 11.7 131
4 98% AFUE - Max Tech $2,996 $8,262  $11,258 $127 65% 1% 34% 24.0 40.3

Alldollar values are in 20095  * discounted and summed over lifetime of equipment
Figure 21: AEO 2011 Reference Case Results — North New Construction
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4.1.5 AEO 2011 High Shale Gas Energy Price Projections

Simulation Results NORTH Com posite AEO 2011 High Shale Gas
Average LCC Results Payback Results

Installed Lifetime LCC  Net No Net
Level Description Cour| Price Oper.Cost® LCC Savings Cost ImpactBenefit Median Average

NWGF 5,986

0 80% AFUE- Increased HX Area | $1,901 $8,653  $10,554

1 90% AFUE - Condensing Design| $2,474 $7,821 $10,295 $66 14% 71% 15% 15.4 19.8
2 92% AFUE - Increased HX Area | $2,536 $7,671 $10,208 $103 17% 56% 27% 11.7 15.2
3  95% AFUE- Increased HX Area| $2,685 $7,459 $10,144 $151 36% 23% 41% 14.4 16.9
4 98% AFUE - Max Tech $2,943 $7,406 $10,349 -$52 75% 1% 25% 26.4 42.9

All dollar values arein 2009 S * discounted and summed over lifetime of equipment

Figure 22: AEO 2011 High Shale Gas Results — North Composite

Simulation Results NORTH Replacement AEO 2011 High Shale Gas

Payback Results

Average LCC Results
Installed Lifetime LCC  Net No Net

Level Description Cour] Price Oper.Cost’ LCC Savings Cost ImpactBenefit Median Average
NWGF 4,465

0 80% AFUE- Increased HX Area| $1,713 $8,567  $10,280

1 90% AFUE - Condensing Design| $2,483 $7,743  $10,226  $3 17% 72% 11% 195 245
2 92% AFUE- Increased HX Area | $2,543 $7,595 $10,138 $40 20% 57% 23% 13.6 17.7
3 95% AFUE- Increased HX Area | $2,687 $7,384  $10,071 $92 39% 23% 39% 14.6 17.7
4 98% AFUE - Max Tech $2,925 $7,330 $10,255 -$91 77% 1% 23% 26.2 41.3

All dollar values are in 20095  * discounted and summed over lifetime of equipment

Figure 23: AEO 2011 High Shale Gas Results — North Retrofit

Simulation Results NORTH New Construction AEO 2011 High Shale Gas

Average LCC Results
Installed Lifetime LCC Net No Net

Payback Results

Level Description Cour] Price Oper.Cost® LCC Savings Cost ImpactBenefit Median Average
NWGF 1,521

0 80% AFUE- Increased HX Area | $2,452 $8,905  $11,357

1 90% AFUE- Condensing Design| $2,447 $8,049  $10,496 $251 4% 70% @ 25% 3.5 6.6
2 92% AFUE- Increased HX Area| $2,516 $7,896  $10,412 $287 8% 55% 37% 7.5 8.3
3 95% AFUE- Increased HX Area | $2,680 $7,679  $10,359 $326 28% 23% 49% 131 14.6
4 98% AFUE - Max Tech $2,996 $7,628  $10,624 $62 68% 1% 31% 26.6 47.3

Alldollar values are in 20095  * discounted and summed over lifetime of equipment
Figure 24: AEO 2011 High Shale Gas Results — North New Construction
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4.1.6 AEO 2011 Low Shale Gas Energy Price Projections

Simulation Results NORTH Com posite AEO 2011 Low Shale Gas
Average LCC Results Payback Results

Installed Lifetime LCC  Net No Net
Level Description Cour| Price Oper.Cost® LCC Savings Cost ImpactBenefit Median Average

NWGF 5,986

0 80% AFUE- Increased HX Area | $1,901 $9,957  $11,858

1 90% AFUE - Condensing Design| $2,474 $8,987 $11,460 $107 12% 71% 17% 12.9 16.3
2 92% AFUE - Increased HX Area | $2,536 $8,813 $11,349 $154 14% 56% 30% 9.6 12.7
3  95% AFUE- Increased HX Area| $2,685 $8,566 $11,251 $229 29% 23% 48% 12.0 14.2
4 98% AFUE - Max Tech $2,943 $8,482 $11,425 $56 67% 1% 32% 21.6 36.0

All dollar values arein 2009 S * discounted and summed over lifetime of equipment

Figure 25: AEO 2011 Low Shale Gas Results — North Composite

Simulation Results NORTH Replacement AEO 2011 Low Shale Gas

Average LCC Results
Installed Lifetime LCC  Net No Net

Payback Results

Level Description Cour] Price Oper.Cost’ LCC Savings Cost ImpactBenefit Median Average
NWGF 4,465

0 80% AFUE- Increased HX Area| $1,713 $9,868  $11,581

1 90% AFUE - Condensing Design| $2,483 $8,905 $11,388 $43 15% 72% 13% 16.4 20.3
2 92% AFUE- Increased HX Area | $2,543 $8,733  $11,276 $91 17% 57%  26% 115 14.7
3 95% AFUE- Increased HX Area | $2,687 $8,488  $11,174 $169 32% 23% 46% 12.2 14.9
4 98% AFUE - Max Tech $2,925 $8,404 $11,328 $16 69% 1% 31% 21.6 35.0

All dollar values are in 20095  * discounted and summed over lifetime of equipment

Figure 26: AEO 2011 Low Shale Gas Results — North Retrofit

Simulation Results NORTH New Construction AEO 2011 Low Shale Gas
Average LCC Results

Installed Lifetime LCC Net No Net

Payback Results

Level Description Cour] Price Oper.Cost® LCC Savings Cost ImpactBenefit Median Average
NWGF 1,521

0 80% AFUE- Increased HX Area| $2,452  $10,221 $12,673

1 90% AFUE- Condensing Design| $2,447 $9,225  $11,672 $293 3% 70% 27% 3.0 54
2 92% AFUE- Increased HX Area| $2,516 $9,047  $11,563 $341 5% 55% 40% 6.3 6.9
3 95% AFUE- Increased HX Area | $2,680 $8,795  $11,475 $407 21% 23% 55% 10.9 12.2
4 98% AFUE - Max Tech $2,996 $8,713  $11,709 $173 62% 1% 37% 22.1 39.2

Alldollar values are in 20095  * discounted and summed over lifetime of equipment
Figure 27: AEO 2011 Low Shale Gas Results — North New Construction
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4.2 Marginal Energy Price Scenarios

The TSD analysis used average prices for natural gas, fuel oil, and LPG calculations, though not
necessarily for all electricity calculations. Average impact analysis may be acceptable for inventory
purposes, but it is inadequate and misleading for efficiency improvement impact calculations. The shift
from an 80% AFUE furnace to a 90% AFUE furnace is a marginal change, and as such requires use of a
marginal impact analysis, not an average impact analysis. This is especially true for regional standards,
because the marginal impact is relevant both for energy prices and for weather-related loads.

In addition to the alternate average energy price projection scenarios, GTI analysts conducted a
parametric analysis using marginal energy prices. Natural gas prices consist of variable and fixed costs,
with fixed costs primarily comprising a customer charge (also sometimes referred to as a facilities
charge). This monthly fixed charge is paid by every customer regardless of the volume of gas used. It
accounts for the cost of such services as meter reading, billing, and customer support. By removing the
fixed costs from the energy price it is possible to assess the marginal impact of the proposed increase in
efficiency. The marginal price analysis captures the change in the overall lifecycle cost at the margin as
the amount of gas used by the furnace decreases.

Fixed costs vary by utility and region, which makes it difficult to develop a thorough methodology
using the average prices contained in the TSD and EIA databases. GTI analysts developed two simplified
scenarios to estimate marginal gas price impacts based on available EIA databases:

1. Citygate natural gas prices (available using EIA databases), providing the lower bound of
marginal gas prices

2. An algorithm that removes a fixed value of 13% of the January average costs from average price
projections throughout the year as the estimate of the fixed customer charge, providing the upper
bound of marginal gas prices

To show how a marginal approach would work in concert with other price projection scenarios, both
of these approaches were analyzed under six of the AEO 2011 scenarios: the reference case, high shale
gas use, low shale gas use, high economic growth, and low economic growth.

4.3 Citygate Natural Gas Price Analysis

The citygate is the point or measuring station along the gas transmission system where a local
distribution company (LDC) takes ownership of gas from a pipeline company. As such, the price of gas
at this point in the supply chain does not include the fixed costs paid by the end customer. The citygate
price does not show the same seasonality as the average price paid by residential customers (Figure 28).
In addition to the fixed customer charge, the citygate price does not include local and state taxes, utility
mark-ups, or programmatic costs (such as fees for energy efficiency programs, etc.). Although the true
marginal cost of gas would include additional variable factors such as taxes, the citygate price provides a
good estimate of the lower boundary of marginal gas prices.

Citygate monthly price data was gathered from EIA for each state from 1990 to 2010. The same
methodology used by DOE in the TSD was used to develop both average annual prices and monthly
energy factors for the nine census divisions and four large states (New England, Middle Atlantic, East
North Central, West North Central, South Atlantic, East South Central, West South Central, Mountain,
Pacific, New York, Florida, Texas, and California). These values were used as inputs to the spreadsheet
tool and run using Crystal Ball to determine lifecycle cost and payback period results. Electricity prices
were held constant because there was no “citygate” equivalent for electricity pricing.

The results of the citygate price analysis are presented in Table 6 and Figure 29 through Figure 44
below for comparison with the DFR estimates from Figure 10 through Figure 12. For ease of comparison,
both a summary table and a graph of results for the retrofit scenarios are shown.
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Figure 28: Citygate and Average Monthly Residential Natural Gas Price Factors

Table 6: 90% AFUE Furnace Summary Results — AEO 2011 Citygate Natural Gas Prices

North Composite North Retrofit sty (s
Construction
LCC Payb_ack LCC Payb_ack LCC Payb_ack
Savings P Savings PRI Savings Ferted
g Median/Avg g Median/Avg g Median/Avg

AEO -2010 (DOE $155 10.1/12.8 $90 12.9/15.9 $343 25/4.3
Baseline)
AEO 2011
Reference Case $18 20.9/27.9 -$43 26.3/34.6 $198 50/9.2
AEO 2011 High
Economic Growth $25 20.2/27.2 -$36 25.6/33.7 $206 49/9.0
AEO 2011 Low
Economic Growth $11 20.8/28.1 -$53 26.9/354 $194 5.6/9.6
AEO 2011 High
Shale Gas Use -$1 23.7/31.4 -$60 28.9/38.4 $182 46/9.8
AEO 2011 Low
Shale Gas Use $27 19.4/25.8 -$34 245/32.1 $208 47183
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Northern Retrofit Results - Marginal Analysis of Citygate Prices
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Note: AEO 2010 results are based on average residential prices; all other results are based on citygate prices

Figure 29: AEO 2011 Citygate Natural Gas Prices LCC and PBP Results — North Region Retrofit
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4.3.1 AEO 2011 Reference Case Citygate Gas Prices

Simulation Results NORTH Composite AEO 2011 Forecast -Citygate Gas Prices

Average LCC Results Payback Results
Installed Lifetime

Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average
NWGF 5,986
0 80% AFUE - Increased HX Area | $1,901  $7,194  $9,094
1 90% AFUE - Condensing Design | $2,474 $6,525 $8,998 $18 17% 71% 12% 20.9 27.9
2 92% AFUE - Increased HX Area | $2,536  $6,403  $8,939 $42 22% 56% 22% 154 208
3 95% AFUE - Increased HX Area | $2,685 $6,230 $8,915 $60 45% 23% 32% 18.9 22.3
4 98% AFUE - Max Tech $2,943 $6,247 $9,190 -$213 82% 1% 17% 36.4 64.8
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 30: AEO 2011 Citygate Gas Prices Results — North Composite

Simulation Results NORTH Replacement AEO 2011 Forecast -Citygate Gas Prices

Average LCC Results
Installed Lifetime LCC Net No Net

Payback Results

Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average
NWGF 4,465
0 80% AFUE - Increased HX Area | $1,713  $7,118  $8,831
1 90% AFUE - Condensing Design | $2,483 $6,456 $8,939 -$43 20% T72% 8% 26.3 34.6
2 92% AFUE - Increased HX Area | $2,543 $6,336 $8,879 -$18 25% 57% 18% 18.1 24.2
3 95% AFUE - Increased HX Area | $2,687 $6,164 $8,851  $3 48% 23% 29% 19.1 23.4
4 98% AFUE - Max Tech $2,925 $6,179 $9,104 -$249 85% 1% 15% 36.6 64.9
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 31: AEO 2011 Citygate Gas Prices Results — North Retrofit

Simulation Results NORTH New Construction AEO 2011 Forecast -Citygate Gas Prices
Average LCC Results

Installed Lifetime LCC Net No Net

Payback Results

Level Description Count| Price Oper.Cost’ LCC Savings Cost mpacBenefi Median Average
NWGF 1,521

0 80% AFUE - Increased HX Area | $2,452  $7,415  $9,867

1 90% AFUE - Condensing Design | $2,447  $6,725  $9,172 $198 7% 70% 23% 5.0 9.2
2 92% AFUE - Increased HX Area | $2,516  $6,600  $9,116 $221 12% 55% 33% 10.3 11.2
3 95% AFUE - Increased HX Area | $2,680  $6,423  $9,103 $228 36% 23% 40% 17.4 19.2
4 98% AFUE - Max Tech $2,996  $6,446  $9,441 -$108 76% 1% 24% 35.7 64.6

All dollar values are in 2009 S *discounted and summed over lifetime of equipment
Figure 32: AEO 2011 Citygate Gas Prices Results — North New Construction
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4.3.2 AEO 2011 High Shale Gas Citygate Gas Prices

Simulation Results NORTH Composite AEO 2011 Forecast -Citygate Gas Prices - High Shale Scenario
Average LCC Results Payback Results

Installed Lifetime
Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average
NWGF 5,986

0 80% AFUE - Increased HX Area | $1,894  $6,869  $8,762

1 90% AFUE - Condensing Design | $2,484  $6,237  $8,721 -$1  18% 72% 11% 237 314

2 92% AFUE - Increased HX Area | $2,546  $6,122  $8,668 $20 23% 57% 20% 16.9 24.3

3 95% AFUE - Increased HX Area | $2,6905  $5958  $8,652 $33 49% 23% 28% 209 245

4 98% AFUE - Max Tech $2,952  $5,998  $8,950 -$263 84% 1% 15% 384 718
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 33: AEO 2011 High Shale Gas Citygate Gas Prices Results — North Composite

Simulation Results NORTH Replacement AEO 2011 Forecast -Citygate Gas Prices - High Shale Scenario

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count| Price Oper.Cost’ LCC Savings Cost mpacBenefi Median Average
NWGF 4,465
0 80% AFUE - Increased HX Area | $1,713 $6,853 $8,566
1 90% AFUE - Condensing Design | $2,492  $6,224  $8,716 -$60 21% 72% 7% 28.9 38.4
2 92% AFUE - Increased HX Area | $2,552 $6,108 $8,660 -$38 27% 57% 16% 19.8 28.3
3 95% AFUE - Increased HX Area | $2,696  $5,944  $8,640 -$20 52% 23% 25% 21.3 256
4 98% AFUE - Max Tech $2,935 $5,980 $8,915 -$293 86% 1% 13% 38.4 71.0
All dollar values are in 2009 S * discounted and summed over lifetime of equipment

Figure 34: AEO 2011 High Shale Gas Citygate Gas Prices Results — North Retrofit

Simulation Results NORTH New Construction AEO 2011 Forecast -Citygate Gas Prices - High Shale Scenario

Average LCC Results
Installed Lifetime LCC Net No Net

Payback Results

Level Description Count| Price Oper.Cost’ LCC Savings Cost mpacBenefi Median Average
NWGF 1,521

0 80% AFUE - Increased HX Area | $2,452 $6,915 $9,367

1 90% AFUE - Condensing Design | $2,457  $6,280  $8,737 $182 7% 71% 22% 4.6 9.8
2 92% AFUE - Increased HX Area | $2,526 $6,165 $8,601 $200 13% 57% 31% 10.6 12.1
3 95% AFUE - Increased HX Area | $2,690 $6,001 $8,691 $198 39% 25% 36% 19.2 20.8
4 98% AFUE - Max Tech $3,005 $6,056 $9,061 -$169 78% 1% 21% 38.1 74.1

All dollar values are in 2009 S * discounted and summed over lifetime of equipment
Figure 35: AEO 2011 High Shale Gas Citygate Gas Prices Results — North New Construction
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4.3.3 AEO 2011 Low Shale Gas Citygate Gas Prices

Simulation Results NORTH Composite AEO 2011 Forecast -Citygate Gas Prices - Low Shale Scenario

Average LCC Results Payback Results
Installed Lifetime

Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average
NWGF 5,986

0 80% AFUE - Increased HX Area | $1,901  $7,476  $9,376

1 90% AFUE - Condensing Design | $2,474 $6,773 $9,247  $27 16% 71% 12% 194 25.8
2 92% AFUE - Increased HX Area | $2,536 $6,646 $9,182 $54 21% 56% 23% 14.8 19.2
3 95% AFUE - Increased HX Area | $2,685 $6,466 $9,150 $78 43% 23% 34% 17.7 20.9
4 98% AFUE - Max Tech $2,943 $6,460 $9,403 -$173 81% 1% 19% 33.6 56.2

All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 36: AEO 2011 Low Shale Gas Citygate Gas Prices Results — North Composite

Simulation Results NORTH Replacement AEO 2011 Forecast -Citygate Gas Prices - Low Shale Scenario

Average LCC Results
Installed Lifetime LCC Net No Net

Payback Results

Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average
NWGF 4,465

0 80% AFUE - Increased HX Area | $1,713  $7,401  $9,114

1 90% AFUE - Condensing Design | $2,483 $6,706 $9,189 -$34 20% 72% 9% 245 32.1
2 92% AFUE - Increased HX Area | $2,543 $6,580 $9,123 -$7 24% 57% 19% 16.7 224
3 95% AFUE - Increased HX Area | $2,687 $6,400 $9,087 $20 46% 23% 31% 18.2 21.9
4 98% AFUE - Max Tech $2,925 $6,393 $9,318 -$209 83% 1% 16% 33.6 55.7

All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 37: AEO 2011 Low Shale Gas Citygate Gas Prices Results — North Retrofit

Simulation Results NORTH New Construction AEO 2011 Forecast -Citygate Gas Prices - Low Shale Scenario

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count| Price Oper.Cost’ LCC Savings Cost mpacBenefi Median Average
NWGF 1,521
0 80% AFUE - Increased HX Area | $2,452 $7,694  $10,147
1 90% AFUE - Condensing Design | $2,447  $6,971  $9,418 $208 6% 70% 24% 4.7 8.3
2 92% AFUE - Increased HX Area | $2,516 $6,841 $9,357 $233 11% 55% 34% 9.2 10.3
3 95% AFUE - Increased HX Area | $2,680 $6,657 $9,336 $246 34% 23% 43% 16.2 18.0
4 98% AFUE - Max Tech $2,996 $6,656 $9,652 -$67 T74% 1% 25% 334 57.4
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 38: AEO 2011 Low Shale Gas Citygate Gas Prices Results — North New Construction
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4.3.4 AEO 2011 High Economic Growth Citygate Gas Prices

Simulation Results NORTH Composite AEO 2011 Forecast -Citygate Gas Prices High Growth Scenario

Average LCC Results Payback Results
Installed Lifetime

Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average
NWGF 5,986

0 80% AFUE - Increased HX Area | $1,901  $7,457  $9,358

1 90% AFUE - Condensing Design | $2,474 $6,762 $9,235 $25 16% 71% 12% 20.2 27.2
2 92% AFUE - Increased HX Area | $2,536 $6,635 $9,171  $52 21% 56% 22% 15.0 20.2
3 95% AFUE - Increased HX Area | $2,685 $6,455 $9,140 $75 44% 23% 33% 18.6 21.8
4 98% AFUE - Max Tech $2,943 $6,475 $9,418 -$202 82% 1% 18% 354 63.5

All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 39: AEO 2011 High Growth Citygate Gas Prices Results — North Composite

Simulation Results NORTH Replacement AEO 2011 Forecast -Citygate Gas Prices High Growth Scenario

Average LCC Results
Installed Lifetime LCC Net No Net

Payback Results

Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average
NWGF 4,465

0 80% AFUE - Increased HX Area | $1,713  $7,379  $9,092

1 90% AFUE - Condensing Design | $2,483 $6,691 $9,174 -$36 20% 72% 8% 25.6 33.7
2 92% AFUE - Increased HX Area | $2,543 $6,566 $9,109 -$9 24% 57% 19% 17.6 235
3 95% AFUE - Increased HX Area | $2,687 $6,387 $9,074  $17 47% 23% 30% 18.9 22.8
4 98% AFUE - Max Tech $2,925 $6,405 $9,330 -$237 84% 1% 15% 355 63.3

All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 40: AEO 2011 High Growth Citygate Gas Prices Results — North Retrofit

Simulation Results NORTH New Construction AEO 2011 Forecast -Citygate Gas Prices High Growth Scenario

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count| Price Oper.Cost’ LCC Savings Cost mpacBenefi Median Average
NWGF 1,521
0 80% AFUE - Increased HX Area | $2,452 $7,686  $10,138
1 90% AFUE - Condensing Design | $2,447  $6,968  $9,415 $206 6% 70% 24% 4.9 9.0
2 92% AFUE - Increased HX Area | $2,516  $6,839  $9,354 $231 12% 55% 33% 9.8 10.9
3 95% AFUE - Increased HX Area | $2,680 $6,655 $9,334 $244 35% 23% 42% 16.9 18.7
4 98% AFUE - Max Tech $2,996 $6,680 $9,676 -$96 75% 1% 24% 347 64.0
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 41: AEO 2011 High Growth Citygate Gas Prices Results — North New Construction
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4.3.5 AEO 2011 Low Economic Growth Citygate Gas Prices

Simulation Results NORTH Composite AEO 2011 Forecast -Citygate Gas Prices Low Growth Scenario

Average LCC Results Payback Results
Installed Lifetime

Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average
NWGF 5,986
0 80% AFUE - Increased HX Area | $1,907  $6,939  $8,846
1 90% AFUE - Condensing Design | $2,474 $6,295 $8,769 $11 17% 72% 11% 20.8 28.1
2 92% AFUE - Increased HX Area | $2,536 $6,178 $8,715 $33 23% 56% 21% 15.4 20.8
3 95% AFUE - Increased HX Area | $2,685 $6,013 $8,698 $45 47% 23% 30% 19.2 225
4 98% AFUE - Max Tech $2,943 $6,028 $8,971 -$227 83% 1% 16% 37.1 65.9
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 42: AEO 2011 Low Growth Citygate Gas Prices Results — North Composite

Simulation Results NORTH Replacement AEO 2011 Forecast -Citygate Gas Prices Low Growth Scenario

Average LCC Results
Installed Lifetime LCC Net No Net

Payback Results

Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average
NWGF 4,465
0 80% AFUE - Increased HX Area | $1,717  $6,814  $8,531
1 90% AFUE - Condensing Design | $2,482 $6,183 $8,665 -$53 20% T72% 7% 26.9 35.4
2 92% AFUE - Increased HX Area | $2,542 $6,068 $8,610 -$31 26% 57% 17% 18.4 24.3
3 95% AFUE - Increased HX Area | $2,686 $5,905 $8,590 -$16 50% 23% 27% 19.7 23.7
4 98% AFUE - Max Tech $2,924 $5,919 $8,843 -$267 86% 1% 14% 38.0 66.0
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 43: AEO 2011 Low Growth Citygate Gas Prices Results — North Retrofit

Simulation Results NORTH New Construction AEO 2011 Forecast -Citygate Gas Prices Low Growth Scenario
Average LCC Results

Installed Lifetime LCC Net No Net

Payback Results

Level Description Count| Price Oper.Cost’ LCC Savings Cost mpacBenefi Median Average
NWGF 1,521

0 80% AFUE - Increased HX Area | $2,450  $7,295  $9,746

1 90% AFUE - Condensing Design | $2,450  $6,617  $9,067 $194 7% 69% 23% 5.6 9.6
2 92% AFUE - Increased HX Area | $2,519  $6,494  $9,013 $215 14% 54% 32% 10.3 11.7
3 95% AFUE - Increased HX Area | $2,683  $6,321  $9,004 $217 38% 23% 39% 17.7 19.3
4 98% AFUE - Max Tech $2,999 $6,338  $9,337 -$115 75% 1% 24% 34.3 65.6

All dollar values are in 2009 S *discounted and summed over lifetime of equipment
Figure 44: AEO 2011 Low Growth Citygate Gas Prices Results — North New Construction
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4.4  Mid-Winter 13% Fixed Cost Marginal Gas Prices

A second approach for assessing the marginal impact of the proposed efficiency increase provided an
estimate of the upper boundary of marginal gas price. For the second approach, the fixed cost component
of the gas price associated with a typical meter charge was removed from the total average price using a
simple algorithm. Based on the residential tariff and actual consumption data from the local Chicago gas
company, it was estimated that in January fixed costs would represent approximately 13 percent of the
total gas price. In reality, the fixed cost fraction of the average price would increase in the summer when
gas usage is significantly lower; however, the 13 percent estimate provides a conservative approach and
represents a reasonable upper boundary of the marginal price over the course of the year. A monetary
value was calculated for each of the nine census divisions and four states that accounted for 13 percent of
the cost of gas in the month of January. This amount was considered to be roughly representative of the
fixed cost component of the total price. This fixed amount was then subtracted from the gas prices for
each of the remaining months for each of the thirteen geographic regions. These revised energy prices
were then used to develop marginal price factors to be inserted in the spreadsheet and used by Crystal
Ball to generate results.

The results of the mid-winter 13% fixed cost analysis are presented in Table 7 and Figure 45 through
Figure 61 below for comparison with the DFR estimates from Figure 10 through Figure 12. For ease of
comparison, both a summary table and a graph of results for the retrofit scenarios are shown.

Table 7: 90% AFUE Furnace Summary Results — 13% Fixed Cost Natural Gas Prices

North Composite North Retrofit Nl e
Construction
LCC | Payback Period | Lcc | rayback | oo | Payback
Savings Median/Av Savings Period Savings FELoE
g g g Median/Avg g Median/Avg

AEO -2010 (DOE $155 10.1/12.8 $90 12.9/15.9 $343 25/4.3
Baseline)
AEO 2011
Reference Case $65 15.7/19.9 $2 19.8/24.7 $250 3.6/6.6
AEO 2011 High
Economic Growth $77 15.3/18.9 $16 19.1/235 $253 40/6.8
AEO 2011 Low
Economic Growth $56 15.9/20.1 -$5 20.2/25.0 $233 3.6/6.8
AEO 2011 High
Shale Gas Use $46 17.3/22.1 -$17 219/27.4 $229 39/74
AEO 2011 Low
Shale Gas Use $77 146/18.4 $14 18.3/22.9 $263 3.6/6.2
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Figure 45: AEO 2011 13% Fixed Costs LCC and PBP Results — North Region Retrofit
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4.4.1 AEO 2011 Reference Case 13% Fixed Cost Marginal Gas Prices

Simulation Results NORTH Composite AEO 2011 Forecast - Gas 13% Fixed Cost Component Reference Scenario

Average LCC Results Payback Results
Installed Lifetime

Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average
NWGF 5,986
0 80% AFUE - Increased HX Area | $1,901  $8,649  $10,550
1 90% AFUE - Condensing Design | $2,474 $7,821 $10,295 $65 14% 71% 15% 15.7 19.9
2 92% AFUE - Increased HX Area | $2,536 $7,672 $10,208 $102 17% 56% 27% 11.9 155
3 95% AFUE - Increased HX Area | $2,685 $7,460 $10,145 $150 36% 23% 41% 14.6 17.2
4 98% AFUE - Max Tech $2,943 $7,428 $10,370 -$74 75% 1% 24% 26.8 43.4
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 47: AEO 2011 Reference Case 13% Fixed Costs Results — North Composite

Simulation Results NORTH Replacement AEO 2011 Forecast - Gas 13% Fixed Cost Component Reference Scenario

Average LCC Results
Installed Lifetime LCC Net No Net

Payback Results

Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average
NWGF 4,465
0 80% AFUE - Increased HX Area | $1,713  $8,562  $10,275
1 90% AFUE - Condensing Design | $2,483 $7,743  $10,226 $2 17% 72% 11% 19.8 24.7
2 92% AFUE - Increased HX Area | $2,543 $7,595 $10,138 $40 20% 57% 23% 13.9 18.1
3 95% AFUE - Increased HX Area | $2,687 $7,385  $10,071 $91 39% 23% 39% 14.9 18.0
4 98% AFUE - Max Tech $2,925 $7,351 $10,275 -$112 77% 1% 22% 26.8 42.0
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 48: AEO 2011 Reference Case 13% Fixed Costs Results — North Retrofit

Simulation Results NORTH New Construckie® 2011 Forecast - Gas 13% Fixed Cost Component Reference Scenario

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count| Price Oper.Cost’ LCC Savings Cost mpacBenefi Median Average
NWGF 1,521
0 80% AFUE - Increased HX Area | $2,452 $8,904 $11,356
1 90% AFUE - Condensing Design | $2,447  $8,052 $10,499 $250 4% 70% 25% 3.6 6.6
2 92% AFUE - Increased HX Area | $2,516 $7,899 $10,415 $286 8% 55% 37% 7.7 8.4
3 95% AFUE - Increased HX Area | $2,680 $7,682 $10,362 $324 27% 23% 49% 131 14.8
4 98% AFUE - Max Tech $2,996 $7,653 $10,649 $38 69% 1% 30% 274 47.7
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 49: AEO 2011 Reference Case 13% Fixed Costs Results — North New Construction
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4.4.2 AEO 2011 High Shale Gas 13% Fixed Cost Marginal Gas Prices

Simulation Results NORTH Com posite AEO 2011 Forecast - 13% Gas Fixed Cost High Shale Scenario
Average LCC Results Payback Results

Installed Lifetime
Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average
NWGF 5,986
0 80% AFUE - Increased HX Area | $1,901  $8,054  $9,955
1 90% AFUE - Condensing Design | $2,474 $7,294 $9,768 $46 15% 71% 14% 17.3 22.1
2 92% AFUE - Increased HX Area | $2,536 $7,156 $9,692 $77 19% 56% 25% 12.7 17.2
3 95% AFUE - Increased HX Area | $2,685 $6,960 $9,645 $113 40% 23% 38% 16.1 18.9
4 98% AFUE - Max Tech $2,943  $6,960  $9,903 -$143 79% 1% 20% 305 514

All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 50: AEO 2011 High Shale Gas 13% Fixed Cost Results — North Composite

Simulation Results NORTH Replacement AEO 2011 Forecast - 13% Gas Fixed Cost High Shale Scenario

Average LCC Results Payback Results

Installed Lifetime LCC Net No Net

Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average

NWGF 4,465
0 80% AFUE - Increased HX Area | $1,713  $7,969  $9,682

1 90% AFUE - Condensing Design | $2,483 $7,217 $9,700 -$17 18% 72% 10% 21.9 27.4

2 92% AFUE - Increased HX Area | $2,543 $7,080 $9,623 $15 22% 57% 21% 15.3 20.0

3 95% AFUE - Increased HX Area | $2,687 $6,886 $9,573 $54 43% 23% 35% 16.5 19.8

4 98% AFUE - Max Tech $2,925 $6,884 $9,809 -$180 81% 1% 18% 305 50.6

All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 51: AEO 2011 High Shale Gas 13% Fixed Cost Results — North Retrofit

Simulation Results NORTH New Construction AEO 2011 Forecast - 13% Gas Fixed Cost High Shale Scenario

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count| Price Oper.Cost’ LCC Savings Cost mpacBenefi Median Average
NWGF 1,521
0 80% AFUE - Increased HX Area | $2,452 $8,305 $10,758
1 90% AFUE - Condensing Design | $2,447  $7,520  $9,967 $229 5% 70% 25% 3.9 7.4
2 92% AFUE - Increased HX Area | $2,516 $7,379 $9,805 $260 10% 55% 35% 8.5 9.3
3 95% AFUE - Increased HX Area | $2,680 $7,179 $9,858 $286 31% 23% 46% 14.7 16.4
4 98% AFUE - Max Tech $2,996 $7,183 $10,179 -$33 72% 1% 27% 30.5 53.7
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 52: AEO 2011 High Shale Gas 13% Fixed Cost Results — North New Construction
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4.4.3 AEO 2011 Low Shale Gas 13% Fixed Cost Marginal Gas Prices

Simulation Results NORTH Com posite AEO 2011 Forecast - 13% Gas Fixed Cost Low Shale Scenario

Average LCC Results Payback Results
Installed Lifetime

Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average
NWGF 5,986
0 80% AFUE - Increased HX Area | $1,901  $9,059  $10,960
1 90% AFUE - Condensing Design | $2,474 $8,184 $10,658 $77 13% 71% 16% 14.6 18.4
2 92% AFUE - Increased HX Area | $2,536 $8,027 $10,563 $118 16% 56% 28% 10.8 14.4
3 95% AFUE - Increased HX Area | $2,685 $7,804 $10,489 $174 33% 23% 44% 135 16.0
4 98% AFUE - Max Tech $2,943 $7,744 310,687 -$23 72% 1% 27% 245 39.0
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 53: AEO 2011 Low Shale Gas 13% Fixed Cost Results — North Composite

Simulation Results NORTH Replacement AEO 2011 Forecast - 13% Gas Fixed Cost Low Shale Scenario

Average LCC Results
Installed Lifetime LCC Net No Net

Payback Results

Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average
NWGF 4,465
0 80% AFUE - Increased HX Area | $1,713  $9,000 $10,713
1 90% AFUE - Condensing Design | $2,484 $8,130 $10,614 $14 16% 71% 12% 18.3 22.9
2 92% AFUE - Increased HX Area | $2,544 $7,974 $10,518 $54 19% 57% 24% 12.9 16.7
3 95% AFUE - Increased HX Area | $2,687 $7,752 $10,439 $114 36% 23% 41% 13.7 16.8
4 98% AFUE - Max Tech $2,925 $7,600 $10,615 -$61 74% 1% 25% 24.4 374
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 54: AEO 2011 Low Shale Gas 13% Fixed Cost Results — North Retrofit

Simulation Results NORTH New Construction AEO 2011 Forecast - 13% Gas Fixed Cost Low Shale Scenario

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count| Price Oper.Cost’ LCC Savings Cost mpacBenefi Median Average
NWGF 1,521
0 80% AFUE - Increased HX Area | $2,450 $9,232  $11,683
1 90% AFUE - Condensing Design | $2,445  $8,343  $10,788 $263 4% 70% 26% 3.6 6.2
2 92% AFUE - Increased HX Area | $2,514 $8,184  $10,698 $303 7% 55% 39% 7.2 7.9
3 95% AFUE - Increased HX Area | $2,678 $7,958 $10,636 $349 25% 23% 52% 12.4 13.8
4 98% AFUE - Max Tech $2,995  $7,902 $10,897 $89 66% 1% 33% 253 435
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 55: AEO 2011 Low Shale Gas 13% Fixed Cost Results — North New Construction
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4.4.4 AEO 2011 High Economic Growth13% Fixed Cost Marginal Gas Prices

Simulation Results NORTH Composite AEO 2011 Forecast - Gas 13% Fixed Cost Component High Growth Scenario

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count Price Oper.Cost’ LCC Savings Cost Impac3enefi Median Average
NWGF 5,986
0 80% AFUE - Increased HX Area $1,904  $8,955  $10,858
1 90% AFUE - Condensing Design $2,474  $8,095 $10,569 $77 13% 71% 15% 15.3 18.9
2 92% AFUE - Increased HX Area $2,536 $7,940 $10,476 $116 16% 56% 28% 114 14.7
3 95% AFUE - Increased HX Area $2,685 $7,720 $10,405 $171 34% 23% 43% 141 16.7
4 98% AFUE - Max Tech $2,943 $7,688 $10,631 -$54 74% 1% 25% 26.2 41.4
All dollar values are in 2009 S * discounted and summed over lifetime of equipment

Figure 56: AEO 2011 High Growth 13% Fixed Costs Results — North Composite

Simulation Results NORTH Replacement AEO 2011 Forecast - Gas 13% Fixed Cost Component High Growth Scenario
Average LCC Results Payback Results
Installed Lifetime
Level Description Count Price Oper.Cost’ LCC Savings Cost Impac3enefi Median Average
NWGF 4,465
0 80% AFUE - Increased HX Area $1,718  $8,913  $10,631
1 90% AFUE - Condensing Design $2,485  $8,057 $10,542 $16 16% 72% 12% 19.1 23.5
2 92% AFUE - Increased HX Area $2,545 $7,903 $10,448 $56 19% 57% 24% 13.3 17.1
3 95% AFUE - Increased HX Area $2,688 $7,683 $10,372 $115 37% 23% 40% 14.5 175
4 98% AFUE - Max Tech $2,926 $7,649 $10,575 -$87 T77% 0% 23% 26.1 40.4
All dollar values are in 2009 S * discounted and summed over lifetime of equipment

Figure 57: AEO 2011 High Growth 13% Fixed Costs Results — North Retrofit

Simulation Results NORTH New Construction AEO 2011 Forecast - Gas 13% Fixed Cost Component High Growth Scenario

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count Price Oper.Cost’ LCC Savings Cost Impac3enefi Median Average
NWGF 1,521
0 80% AFUE - Increased HX Area $2,443  $9,076  $11,519
1 90% AFUE - Condensing Design $2,441  $8,205 $10,647 $253 4% 69% 26% 4.0 6.8
2 92% AFUE - Increased HX Area $2,510  $8,049 $10,559 $290 7% 54% 39% 7.9 8.5
3 95% AFUE - Increased HX Area $2,673  $7,828 $10,502 $333 27% 23% 50% 13.1 14.3
4 98% AFUE - Max Tech $2,992 $7,801 $10,792 $44 67% 1% 31% 26.6 44.4
All dollar values are in 2009 S * discounted and summed over lifetime of equipment

Figure 58: AEO 2011 High Growth 13% Fixed Costs Results — North New Construction
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4,45 AEO 2011 Low Economic Growth13% Fixed Cost Marginal Gas Prices

Simulation Results NORTH Com posite AEO 2011 Forecast - 13% Gas Fixed Cost Low Growth Scenario
Average LCC Results Payback Results
Installed Lifetime
Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average
NWGF 5,986
0 80% AFUE - Increased HX Area | $1,903  $8,291  $10,195
1 90% AFUE - Condensing Design | $2,473 $7,500 $9,972  $56 14% 72% 14% 15.9 20.1
2 92% AFUE - Increased HX Area | $2,535 $7,357 $9,892  $90 17% 57% 26% 11.9 15.7
3 95% AFUE - Increased HX Area | $2,684 $7,155 $9,838 $130 37% 23% 40% 14.8 17.3
4 98% AFUE - Max Tech $2,941 $7,121 $10,063 -$93 77% 1% 23% 274 43.9
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 59: AEO 2011 Low Growth 13% Fixed Costs Results — North Composite

Simulation Results NORTH Replacement AEO 2011 Forecast - 13% Gas Fixed Cost Low Growth Scenario

Average LCC Results
Installed Lifetime LCC Net No Net

Payback Results

Level Description Count| Price Oper.Cost® LCC Savings Cost mpacBenefi Median Average
NWGF 4,465

0 80% AFUE - Increased HX Area | $1,713  $8,236  $9,950

1 90% AFUE - Condensing Design | $2,481  $7,450 $9,931 -$5 17% 72% 11% 202 250

2 92% AFUE- Increased HX Area | $2,541  $7,308  $9,849 $29 20% 57% 22% 144 183

3 95% AFUE - Increased HX Area | $2,685  $7,106  $9,791 $74 40% 23% 37% 151 181

4 98% AFUE - Max Tech $2,922  $7,071  $9,993 -$128 79% 1% 21% 214 424
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 60: AEO 2011 Low Growth 13% Fixed Costs Results — North Retrofit

AEO 2011 Forecast - 13% Gas Fixed Cost Low Growth Scenario

Simulation Results NORTH New Construction

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count| Price Oper.Cost’ LCC Savings Cost mpacBenefi Median Average
NWGF 1,521
0 80% AFUE - Increased HX Area | $2,454 $8,450  $10,904
1 90% AFUE - Condensing Design | $2,448  $7,645 $10,093 $233 5% 70% 25% 3.6 6.8
2 92% AFUE - Increased HX Area | $2,517 $7,501 $10,018 $265 8% 55% 37% 7.8 8.5
3 95% AFUE - Increased HX Area | $2,681 $7,296 $9,977 $294 29% 23% 48% 135 151
4 98% AFUE - Max Tech $2,996 $7,267 $10,264 3$9 70% 1% 29% 275 48.1
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 61: AEO 2011 Low Growth 13% Fixed Costs Results — North New Construction
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5.0 Equipment Cost and Expected Life Analysis

5.1 Equipment Price Trends

The TSD includes data on equipment pricing and trends over time. A key assumption for the LCC
analysis is that as the cumulative number of furnace shipments rises, the relative price will fall (Figure
62). This is also referred to as the learning rate or experience curve and attempts to estimate the rate at
which commodity prices will fall as the manufacturing industry expands production of a specific product.
The experience curve varies significantly across products and industries. For instance, the DFR uses
different curves for furnaces than for air conditioners.

The development of the curve is based on data such as historical prices and production rates. Once
these data are collected a learning rate can be calculated. The learning rate represents the percentage
reduction in cost in a product price with each doubling of the cumulative production. Since the learning
rate is calculated by using historical cost and shipment data over a given timeframe, any change in the
timeframe can result in a change in the learning rate. By simply selecting a different timeframe, research
has shown that the learning rates can vary by as much as 50 percent for identical technologies.®> The DFR
used a calculated learning rate of 30.6 percent for furnaces for the 1990-2010 timeframe in its analysis.

As can be seen by the experience curve included in the DFR, residential warm air furnaces have
shown a significant decline in relative price as cumulative shipments have increased (Figure 62). If this
learning rate were assumed to continue unchanged, then the expected prices of furnaces by 2045 could be
significantly lower than current prices (Figure 63). However, the last 10 million shipments (marked
between about 130 million and 140 million on the graph and corresponding roughly to the years 2006
through 2009) show stabilized prices, indicating that product maturity is very near or has already been
reached. The DFR noted that for the 2000-2010 timeframe the learning rate was determined to be 19.2
percent. Given the significant increase in the market penetration of condensing furnaces since the early
1990s and the high market penetration (especially in the North Region), it may be too optimistic to
assume that price decreases will continue into the future. Condensing furnaces have effectively moved
from a niche market to a mature, cost-competitive product, comprising 50% of national furnace shipments
in 2009 and 68% of furnace shipments to the North Region (Figure 64).

It is also worth noting that the experience curve is not a universal paradigm. There are industries in
which costs have not declined with production experience, such the U.S. nuclear power industry, or
industries where cost declines have occurred but not continued, such as the airplane manufacturing
industry.* Similarly the assumption that cost reductions are a function of cumulative production alone
may fail to capture the importance of other variables such as R&D spending or volatility of input prices.

According to the TSD, DOE analysts used the 30.6% experience curve to determine the estimated
price reduction by 2016. The resulting factor is a fixed equipment price factor of 0.902452574277439
that is applied to all furnaces. The inference is that the furnace prices are considered fixed for the 30 year
duration of the analysis, and the experience curve was used only to determine the price reduction
opportunity at the beginning of the analysis period, in this case 2016.

To examine the impact of fully mature market pricing, GTI analysts conducted a scenario analysis in
which the price reduction factor was increased to 1.0, reflecting no further real price reduction
opportunities after 2009, as part of the integrated scenario analysis in Section 6.

Page 34



FURNACE DFR TECHNICAL ANALYSIS

Relative Price (2010

14

1.3

1)

1.2

11

1.0

09

0.8

i y= 131849527
¢ R?=0.954
0 =

.. # Historical
M 00 L ing Fit
earning Fi

* B

el B0 100 120 140 1e0

Cumulative Shipments (millions)

Figure 62: DOE Projection of Furnace Cost as a Function of Cumulative Historic Shipments
Source: DOE Direct Final Rule, Technical Support Document Appendix 8-J6
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Figure 64: 2009 Furnace Shipments of Condensing and Non-Condensing Furnaces
Source: Stanonik, F.A. representing AHRI, Letter to Mohammed Khan, DOE. July 20, 2010.

5.2 Equipment Expected Lifetime

Estimated equipment lifetime is a function of fuel type, location, and patterns of use, among other
factors. Within the DFR, the stated average equipment lifetimes were 23.6 years for non-weatherized gas
furnaces, 18.8 years for manufactured home furnaces, and 26.6 years for oil-fired furnaces. DOE
combined national survey data from the Energy Information Administration’s Residential Energy
Consumption Survey (RECS) as well as the U.S. Census’s American Housing Survey (AHS) to estimate
the lifetime of various furnace types. The AHS has a larger sample size than the RECS database and the
data were combined to reduce sampling error. DOE combined this information with appliance shipment
data from manufacturer trade associations to estimate the fraction of appliances of a given age that are
still in use within the residential sector. According to DOE, this information can then be used to create a
survival curve, which estimates the portion of units that are still in service at any given point in their
lifetime. Such a curve was not included in the TSD for furnaces, although it was included for heat pumps
and air conditioners. However, GTI analysts were able to utilize the furnace data to construct a Weibull
survivor curve (Figure 65).

The non-weatherized furnace expected life in the DFR is in conflict with other industry sources as
well as the DOE Multi-Year Program Plan. DOE’s estimate of furnace expected life in its Multi-Year
Plan is 16 years’. Manufacturer information based on engineering assessments also indicates that the
average expected lifetime of residential furnaces may be considerably lower than the DFR estimate. The
average life expectancy of residential gas furnaces estimated by Appliance Magazine is 15 years (with a
low estimate of 12 years and a high estimate of 17 years)® based on of manufacturer surveys and estimates
by industry professionals. Additionally, AEO 2011 assumes that central forced-air furnaces for
residential use have a minimum life of 10 years and a maximum life of 25 years, which would suggest an
average life expectancy of 17.5 years.? This estimate is consistent with other DOE and manufacturer
estimates and is also less than the expected life used in the DFR.

Reports provided by Crystal Ball Version 7.3.2 were not sufficiently detailed to aid GTI analysts in
determining the input parameters for the expected life scenario analysis. However, as part of their effort
to update the spreadsheet to be compatible with the current version of Crystal Ball, Oracle staff generated
a modified LCC spreadsheet that provided the same results as the original DOE LCC spreadsheet. Using
this spreadsheet and the current version of Oracle that provides more extensive reporting than version
7.3.2, GTI analysts were able to identify the necessary expected life input parameters and conduct the
analysis.
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Figure 65: Weibull Distribution for Non-weatherized Gas Furnaces
Source: GTI analysis of data from TSD Chapter 8'°

The results of the 16 year furnace lifetime analysis using AEO 2010 prices are presented in Table 8
and Figure 66 through Figure 72 below for comparison with the DFR estimates from Figure 10 through
Figure 12. For ease of comparison of the results from multiple scenarios, a summary table and graph are
shown below, which include the lifecycle savings and median and average payback periods under the 16
year expected furnace lifetime scenario.
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Table 8: 90% AFUE Furnace Summary Results — 16 Year Furnace Life
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gti

North Composite

North Retrofit

North New Construction

Payback LCC Payback LCC Payback
Savings Period Savings Period Savings Period
Median/Avg Median/Avg Median/Avg
AEO 2010 (DOE 10.1/12.8 $90 12.9/15.9 $343 25/4.3
Baseline)
AEO 2010 10.1/12.8 $6 12.9/15.9 $247 25/43
Reference Case
AEO 2010 Low 10.5/13.2 -$4 13.4/16.3 $235 26/4.4
Economic Growth
AEO 2010 High 10.0/12.6 $16 12.7/15.6 $257 25/4.2
Economic Growth
Northern Retrofit Results - 16 Year Furnace Lifetime
$100 24
DOE NWGF Average Expected Lifetime = 23.7 years
S80 - 20
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Figure 66: AEO 2010 16 Year Furnace Life LCC and PBP Results — North Region Retrofit
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5.2.1 AEO 2010 Reference Case 16 Year Furnace Life

Simulation Results NORTH Composite AEO 2010 Forecast - Reference Scenario (16 years furnace life)
Average LCC Results Payback Results
Installed Lifetime
Level Description Count| Price Oper.Cost’ LCC Savings Cost mpacBenefi Median Average
NWGF 5,986
0 80% AFUE - Increased HX Area | $1,901 $8,442  $10,342
1 90% AFUE - Condensing Design | $2,474 $7,607 $10,081 $67 13% 71% 16% 10.1 12.8
2 92% AFUE - Increased HX Area | $2,536 $7,459 $9,995 $104 15% 56% 28% 7.7 10.1
3 95% AFUE - Increased HX Area | $2,685 $7,247 $9,932 $152 32% 23% 45% 9.4 11.3
4 98% AFUE - Max Tech $2,943 $7,155 $10,098 -$13 70% 1% 29% 171 28.2
All dollar values are in 2009 S *discounted and summed over lifetime of equipment

Figure 67: AEO 2010 Reference Case 16 Year Furnace Life — North Composite

Simulation Results NORTH Replacement AEO 2010 Forecast - Reference Scenario (16 years furnace life)

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count| Price Oper.Cost’ LCC Savings Cost mpacBenefi Median Average
NWGF 4,465
0 80% AFUE - Increased HX Area | $1,713 $8,411  $10,124
1 90% AFUE - Condensing Design | $2,483 $7,579 $10,062 $6 16% 72% 12% 12.9 15.9
2 92% AFUE - Increased HX Area | $2,543 $7,431 $9,974 $44 18% 57% 25% 9.0 11.7
3 95% AFUE - Increased HX Area | $2,687 $7,220 $9,907 $96 34% 23% 43% 9.7 11.9
4 98% AFUE - Max Tech $2,925 $7,127 $10,051 -$48 72% 1% 28% 16.9 26.5
All dollar values are in 2009 5 *discounted and summed over lifetime of equipment

Figure 68: AEO 2010 Reference Case 16 Year Furnace Life — North Retrofit

Simulation Results NORTH New Construction AEO 2010 Forecast - Reference Scenario (16 years furnace life)

Average LCC Results Payback Results

Installed Lifetime LCC Net No Net
Level Description Count| Price Oper.Cost’ LCC Savings Cost mpacBBenefi Median Average
NWGF 1,521
0 80% AFUE - Increased HX Area | $2,452 $8,531  $10,983
1 90% AFUE - Condensing Design | $2,447 $7,689 $10,136 $247 4% 70% 26% 2.5 4.3
2 92% AFUE - Increased HX Area | $2,516  $7,539  $10,055 $282 7% 55% 38% 5.1 5.5
3 95% AFUE - Increased HX Area | $2,680 $7,327  $10,007 $318 26% 23% 51% 8.8 9.8
4 98% AFUE - Max Tech $2,996 $7,239 $10,235 $91 66% 1% 33% 17.9 33.3
All dollar values are in 2009 S * discounted and summed over lifetime of equipment

Figure 69: AEO 2010 Reference Case 16 Year Furnace Life — North New Construction
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5.2.2 AEO 2010 High Economic Growth 16 Year Furnace Life

Simulation Results NORTH Composite AEO 2010 High Growth Scenario (16 years furnace life)

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count| Price DJper.Cost LCC  Savings Cost Impact Benefit Median Average
NWGF 5,986
0 80% AFUE - Increased HX Area $1,901 $8,778 $10,678
1 90% AFUE - Condensing Design $2,474 $7,908 $10,382 $77 13% 71% 16% 10.0 12.6
2 92% AFUE - Increased HX Area $2,536 $7,753 $10,290 $117 15% 56% 29% 75 9.9
3 95% AFUE - Increased HX Area $2,685 $7,533 $10,218 $172 31% 23% 46% 9.3 111
4 98% AFUE - Max Tech $2,943 $7,438 $10,381 $10 69% 1% 30% 16.8 28.2

All dollar values are in 2009 S

*discounted and summed over lifetime of equipment

Figure 70: AEO 2010 High Growth 16 Year Furnace Life — North Composite

Simulation Results NORTH Replacement

AEO 2010 High Growth Scenario (16 years furnace life)

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count| Price DJper.Cost LCC  Savings Cost Impact Benefit Median Average
NWGF 4,465
0 80% AFUE - Increased HX Area $1,713 $8,745 $10,458
1 90% AFUE - Condensing Design $2,483 $7,879  $10,362 $16 16% 72% 13% 12.7 15.6
2 92% AFUE - Increased HX Area $2,543 $7,724  $10,267  $56 17% 57% 26% 8.8 115
3 95% AFUE - Increased HX Area $2,687 $7,504 $10,191 $115 33% 23% 44% 9.4 11.6
4 98% AFUE - Max Tech $2,925 $7,407 $10,332 -$25 71% 1% 29% 16.5 26.5

All dollar values are in 2009 S

*discounted and summed over lifetime of equipment

Figure 71: AEO 2010 High Growth 16 Year Furnace Life — North Retrofit

Simulation Results NORTHNew Construction

AEO 2010 High Growth Scenario (16 years furnace life)

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count| Price DJper.Cost LCC  Savings Cost Impact Benefit Median Average
NWGF 1,521
0 80% AFUE - Increased HX Area $2,452 $8,874 $11,326
1 90% AFUE - Condensing Design $2,447 $7,996 $10,443 $257 4% 70% 26% 25 4.2
2 92% AFUE - Increased HX Area $2,516 $7,840 $10,356  $295 6% 55% 39% 4.9 5.4
3 95% AFUE - Increased HX Area $2,680 $7,618 $10,298 $338 25% 23% 52% 8.6 9.6
4 98% AFUE - Max Tech $2,996 $7,527 $10,523 $114 65% 1% 35% 17.5 33.1

All dollar values are in 2009 S *discounted and summed over lifetime of equipment
Figure 72: AEO 2010 High Growth 16 Year Furnace Life — North New Construction
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5.2.3 AEO 2010 Low Economic Growth 16 Year Furnace Life

Simulation Results NORTH Composite AEO 2010 Low Growth Scenario (16 years furnace life)

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count| Price Jper.Cost LCC Savings Cost Impact Benefit Median Average
NWGF 5,986
0 80% AFUE - Increased HX Area $1,901 $8,076  $9,977
1 90% AFUE - Condensing Design $2,474 $7,280 $9,754 $57 14% 71% 15% 10.5 13.2
2 92% AFUE - Increased HX Area $2,536 $7,138  $9,674 $91 16% 56% 27% 8.0 10.4
3 95% AFUE - Increased HX Area $2,685 $6,936 $9,621 $131 34% 23% 43% 9.8 11.7
4 98% AFUE - Max Tech $2,943 $6,849 $9,792 -$38 72% 1% 27% 17.6 29.4
All dollar values are in 2009 5 * discounted and summed over lifetime of equipment

Figure 73: AEO 2010 Low Economic Growth 16 Year Furnace Life — North Composite

AEO 2010 Low Growth Scenario (16 years furnace life)

Simulation Results NORTH Replacement

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count| Price Jper.Cost LCC Savings Cost Impact Benefit Median Average
NWGF 4,465
0  80% AFUE- Increased HX Area $1,713  $8,048 $9,760
1  90% AFUE - Condensing Design $2,483 $7,254  $9,737 -$4 17% 72% 12% 13.4 16.3
2 92% AFUE - Increased HX Area $2,543 $7,112  $9,655 $31 19% 57% 24% 9.3 12.1
3 95% AFUE- Increased HX Area $2,687 $6,911 $9,597  $75 36% 23% 41% 10.0 12.2
4 98% AFUE - Max Tech $2,925 $6,822  $9,747  -$73 74% 1% 25% 17.3 27.6
All dollar values are in 2009 $ *discounted and summed over lifetime of equipment

Figure 74: AEO 2010 Low Economic Growth 16 Year Furnace Life — North Retrofit

AEO 2010 Low Growth Scenario (16 years furnace life)

Simulation Results NORTHNew Construction

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count| Price Jper.Cost LCC Savings Cost Impact Benefit Median Average
NWGF 1,521
0  80% AFUE- Increased HX Area $2,452 $8,161 $10,613
1  90% AFUE - Condensing Design $2,447 $7,357 $9,804 $235 4% 70% 25% 2.6 4.4
2 92% AFUE - Increased HX Area $2,516 $7,215 $9,730 $267 7% 55% 38% 5.2 5.6
3 95% AFUE- Increased HX Area $2,680 $7,012 $9,692 $295 27% 23% 50% 9.0 10.0
4 98% AFUE - Max Tech $2,996 $6,928  $9,924 $64 68% 1% 31% 18.4 345
All dollar values are in 2009 $ *discounted and summed over lifetime of equipment

Figure 75: AEO 2010 Low Economic Growth 16 Year Furnace Life — North New Construction
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5.3 Venting Modifications

The LCC and payback period analyses rely on numerous assumptions to calculate the different
frequency and costs of vent resizing, relining of masonry chimneys, and venting modifications for
orphaned water heaters both in retrofit and new construction scenarios. Each of these modifications will
increase the cost of the efficiency upgrade and will accordingly be reflected within the LCC. In order to
determine the cumulative effect these modifications would have on the overall economic analysis for the
DFR, DOE had to estimate what portion of the furnace population would require each of these
modifications. This required the combined use of historical data and multiple assumptions. These
modifications were only considered within the retrofit/replacement portion of the market and not within
new construction. Additionally, these modifications were only necessary when a common vent was
shared by the furnace and another appliance within the household, such as a water heater (Table 9). To
determine the characteristics of the existing product stock, DOE used data from the EER and GRI reports
included or referenced in the TSD. The 2007 Final Rule for residential furnaces referenced the 1994 GRI
Furnace Survey to determine the percentage of common vents as well as fraction of existing masonry
chimney installations. It also provided the distribution of vent types based on the 1994 GRI report™,
However, the DFR changed datasets for the percentage of common vents, instead referencing the 1991
GRI Water Heater Survey that included regional breakouts as the primary data source. It is not clear if
the DFR is using the same vent distribution as the TSD for the 2007 Final Rule or another distribution.

Table 9: Fraction of Common Vented Furnace and Water Heater Installations

Common Venting Northeast Midwest South West
Common 78% 68% 22% 65%
Isolated 22% 32% 78% 35%

Source: 1991 GRI Water Heater Survey*

For chimney relining, DOE assumed that all interior chimneys would need to be relined if they were
built before 1995 or if the existing furnace was a natural draft non-condensing unit. Utilizing EIA’s
Residential Energy Consumption Survey results from 2005, DOE calculated that approximately 26
percent of households have an unlined chimney, half of which were assumed to be relined already due to
furnace replacement in the period of 2005 to 2016. Based on the fraction and age of existing chimney
installations, DOE determined that 13 percent of the stock would require chimney relining when the
proposed rulemaking came into effect in 2016. This value appears to be a national average rather than a
regional split. If so, it would be understating the fraction of stock in the north needing relining and
overstating the fraction in the south since over 70% of masonry chimneys are in the north.

Table 10: Fraction of Existing Masonry Chimney Installations
Venting Type | North South
Masonry 71.8% 16.4%
Metal Vent 28.2% 83.6%
Source: 1994 GRI Furnace Survey™

For installations that need to reduce vent sizes to meet NFGC requirements, DOE states that there are
two options: to resize the vent connector or to resize the whole vent. The analysis assumes that vent
resizing only occurs when a non-condensing fan-assisted furnace (80% AFUE or greater) replaces a
natural draft non-condensing furnace (75% AFUE or lower). Based on a report by EER Consulting LLC,
DOE assumed that the vent connector was resized for about 4 percent of the total stock and the whole
vent was resized for about 1 percent of the total stock.™
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There is a third type of modification that may need to occur when replacing a commonly vented
furnace with a condensing furnace. After upgrading to a condensing furnace, the common vent may now
be too large for the remaining “orphaned” water heater. In order for the orphaned water heater venting to
meet safety codes a combination of modifications may be required, including resizing of the vent
connectors or the whole vent. The DFR technical support document assumes that 100 percent of venting
systems with an existing natural draft furnace would need new vent connectors but only 40 percent would
need to have the whole vent resized (representing 2 percent and 1 percent of the total stock, respectively).
The analysis further assumes that 100 percent of orphaned water heater chimneys would need to be
relined if built before 1990 and if the existing furnace is a natural draft furnace (representing 7 percent of
the total stock). Finally, the analysis assumes that 20 percent of the venting systems with existing fan-
assisted non-condensing furnaces would need to have the whole vent for the water heater resized
(representing 8 percent of the total stock).

These venting modification fractions may or may not accurately capture the required venting
modifications. However, it was not possible to isolate these assumptions with the analytical tool;
therefore, it was not possible to evaluate alternate venting modification fractions.

A parametric analysis of venting modifications costs was attempted, though it ultimately did not
produce realistic results. Alteration of the program input data defining material and labor installation
costs for replacement equipment, which would include different venting modification costs, was possible
but yielded unpredictable and inconsistent results.

As an example, DOE default input data for the labor and material cost for chimney relining in
common vent installations (Table Installation Cost Components for NWGF -Chimney Relining in LCC
Installation Costs spreadsheet) are low (~$370) but generate a Crystal Ball cost distribution with a
reasonable mean composite cost estimate of $698 (based on a 10,000 sample run output report).
However, increasing the program input value costs to reflect higher values that are closer to the American
Gas Association’s average costs estimate for chimney relining of $800 (a desired parametric run), Crystal
Ball estimated mean cost of this operation rises rapidly to $1,167 - well above a reasonable average cost
for relining. GTI analysts attempted to perform a parametric analysis by shifting a single cost element
within the tool, but the resulting Crystal Ball output deviated significantly from the expected result.

In an attempt to resolve this area of concern, GTI analysts reviewed the available Crystal Ball charts
and reports. However it was difficult to determine the cause of these unexpected results from the
analytical tool, though it appears that the probabilities of occurrence for various venting modifications (as
outlined in previous paragraphs) may be affecting the final installation cost results. Additionally, the
Crystal Ball sensitivity analysis reports show that 25 assumptions/variables affect the estimate of the “real
possible costs” of chimney relining for each analyzed case (Figure 76). Some of these assumptions are
clearly labeled and many are simply labeled with letters and numbers that appear to be cell addresses
without further reference. Attempts by GTI analysts to identify assumptions names encoded with
combination of letters and numbers were not successful. Without the ability to trace the way values are
manipulated within the analytical tool, it was not possible to determine if the results would be valid or
not. Therefore, it was not be possible to rely on modeling results using alternate inputs for venting costs
or use them to determine the validity of the results obtained using DOE default input costs.

Use of the tool is further complicated by lack of clear distinction between tables and values listed in
the spreadsheet as reference vs. that of working inputs. Frequently the user must rely on trial and error to
determine specific cell contents bearing on the analytical output. An example of challenges GTI faced
trying to follow cell references and input data calculations is presented below for a single variable
“NWGF” used in defining Common Venting installations for the Northeast Census Region.
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NWGF [CY5] = IF(OR(AND(Y5=3,25=1,R5>1, AA5=0, T5>0, T5<>9999999),
AND(Y5=3,25=2,R5>1, AA5=0, U5>0, U5<>9999999), AND(AD5=1, AE5=1,R5>1, AA5=0, T5>0,
T5<>9999999), AND(AD5=1, AE5=2,R5>1, AA5=0, U5>0, U5<>9999999)),K5,0) *
IF(AND(CV5>1,0R(AN5=1,AN5=3)),0.8,1) * CHOOSE(CV5,0.96,1.05,1.03) * IF(CW5=1, 2, 1)
Where

CV5=IF(OR(CU5=6,CU5=7,CU5=12,CU5=13, CU5=5),3,IF(OR(CU5=8.1,CU5=11),2,1))

And

CW5=IF(AND(AD5=1,AE5<=3), IF(Y5=3, IF(Z5=AED5, 1, 2), 2), IF(OR(AND(Y5=3, Z5=1, Al5=1),
AND(Y5=3, Z5=2, AJ5=1), AND(Y5=3, Z5=3, AK5=1)), 3, IF(AND(Y5=3, Z5<=3, OR(R5=2, R5=3),
OR(CM5>4000, AND(CG5>1, CG5<9, BS5>10, BS5<99))), 1,0)))

This is a single cell that contains conditional statements and cross-references to other cells that also
have other cell references. In the absence of documentation or user support, this aspect of the tool made
tracing and debugging nearly impossible in any meaningful timeframe.

Ercumad it b oo o i1 &

Figure 76: Weighting Factors used in the Crystal Ball Analysis
5.4 Water Heater Fuel Switching

For the DFR, DOE did not explicitly quantify the potential for fuel switching from gas furnaces to
electric heating equipment. In its reasoning, DOE stated that because the operating costs of electric space
heating systems are relatively high due to the price of electricity, using an electric system in a cold
climate is significantly more expensive than using a gas furnace. Based on the this logic, DOE inferred
that consumers with high heating loads would be unlikely to switch to electric space heating systems as a
result of amended standards. This assertion is questionable, especially in states such as Missouri,
Kansas, and West Virginia that have warmer climates but are still included in the north region. Even if
one accepts the questionable DOE hypothesis, there is another appliance impacted by the DFR that,
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according to the TSD, is highly likely to experience perverse fuel switching as a result of the amended
standard. According to the TSD, in 5% to 10% of instances in which the mandated shift to a condensing
furnace results in an orphaned water heater, the consumer will install a new electric water heater to
replace the gas unit, because this is a less expensive alternative to a separately vented water heater."

This fuel switching has both energy cost and environmental consequences. The operating costs of an
electric water heater are typically more than twice as high as a comparable gas storage water heater, and
the greenhouse gas emissions associated with the electric water heater are also typically over twice the
emissions of a comparable gas water heater. Table shows the results of a cost comparison based on an
annual water heating load of 12.8 MMbtu using AEO2011 2010 energy prices in the north region of
$1.095/therm for gas and $0.127/kWh for electricity.

Table 11 Comparison of Water Heating Options for a Typical North Region Home

Storage Efficienc Installed Gas Electric Annual Simple 13-Year
Capacity IEIIS Y Cost Usage Usage Energy Payback LCC
(Gallons) (EF) (1) (Therms) (kwh) Cost (Years) (2)
Conventional 50 091 |  $750 0| 3965 $504 NA |  $6,110
Electric Storage
Conventional 40 0.62 $850 207 0 $227 04| $3264
Gas Storage
Notes:

1 http://www.aceee.org/consumer/water-heating
2 LCC discount rate = 3%
3 Maintenance costs not included

The results show that from an energy cost perspective, switching to an electric resistance water
heater from a gas water heater in the north region is not in the consumer’s best interest based on typical
current and projected energy prices and typical installed costs. However, for reasons cited by EER in the
TSD, a certain fraction of consumers will make this choice anyway, to their own detriment and with
negative impact on the nation’s energy consumption and global greenhouse gas emissions.

The overall impact of this irrational fuel switching needs to be included in the analysis of consumer
impacts and LCC savings. While this fuel switching may occur only in a fraction of overall installations,
the impact per home is significant ($2,846 LCC per home in this example), and should be carefully
considered by DOE before making its determination.

Page 45



FURNACE DFR TECHNICAL ANALYSIS gtl

6.0 Missouri Consumer Impact Analysis

The DFR 90% AFUE furnace minimum standard for the North Region applies to states and cities
with heating degree days (HDD) that are near or below 5,000 HDD. The lower local heating
requirements reduce the consumer energy cost savings in those states and cities relative to the regional
average savings. A good example of this negative consumer impact is typical condensing furnace
retrofits in the state of Missouri, with focus on the St. Louis metropolitan area.

GTI analysts worked with Laclede Gas Company staff to evaluate empirical data obtained by
Laclede on pre-and post-retrofit energy costs collected from their energy efficiency rebate database and
their meter data management company. This empirical data permitted a marginal gas price analysis as
well as an average gas price analysis that show the range of energy savings and unintended consequences
of condensing furnace retrofits (predominantly 95% AFUE) that replaced non-condensing furnaces (77%
to 83% AFUE). The analysis methodology applied to this database resulted in key information on energy
cost savings and estimated payback assuming a typical incremental installed cost of $1,500 for a 95%
condensing furnace.

Figure 77 through Figure 79 show the results of the payback analysis for condensing furnace retrofits
in the Laclede service territory. Key findings from this analysis include the following:

o Shifting from an average price analysis methodology to a marginal price methodology has
significant impact on estimated payback periods for a 95% furnace retrofit. Using an average
price methodology, 59% of retrofits have a payback period less than or equal to 20 years. Using a
marginal price methodology, that number is reduced to 43% of retrofits. Nearly 60% of
condensing furnaces either have no payback or have a payback that exceeds the expected life of
the furnace.

o Over 20% of 95% furnace retrofits have no payback at all under either the marginal price or
average price methodology. In these cases, the heating energy cost actually increased after the
95% furnace retrofit. Laclede staff did not expect this result and went to great lengths to attempt
to explain this data, including an investigation of coincident installation of thermostats, potential
weather normalization effects, change of ownership, and empirical data anomalies. Based on this
review, the data appear robust. While continuing to seek an explanation for this finding, Laclede
remains confident that the increased annual energy costs after a condensing furnace retrofit
represent a real, unintended consequence of their energy efficiency rebate program.

The implications of the Laclede empirical database for the DFR findings are significant. Based on
this empirical data, DOE’s finding that the condensing furnace regional standard is economically justified
is likely to be highly questionable or invalid in many of the 30 northern states currently affected,
especially in the retrofit market. DOE’s use of an average price methodology rather than a marginal price
methodology skews the DOE analysis against the non-condensing furnace. The lower heating loads in
these warmer North Region states further reduces the benefit of shifting to a condensing furnace
compared to the benefit in colder states and also compared to the regional average benefit. As shown in
this analysis, the combination of these two factors can result in increased life cycle costs that exceed the
energy benefit for the majority of retrofit consumers.

An additional factor for DOE to consider is the unexpected and unintended consequence of the
condensing furnace retrofit on energy use. It appears that a significant fraction of consumers (in this case
over 20%) may be altering some aspect of their behavior when they install higher efficiency equipment
that ultimately results in higher energy consumption rather than the expected lower energy consumption.
Until this issue is further explored and understood, it is premature for DOE to require all consumers in the
North Region to install these systems.
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Number of Retrofits by 5 Year Payback Bucket (730 Total Records)

180

160

140

120

100 .
@ Marginal Cost

# Retrofits

80 = Average Cost

60
40
20
0
1-5 years 6-10 11-15 16-20 21-25 26-30 >3l1years No
years years years years years Payback

Payback Period

Figure 77 95% Furnace Retrofit Marginal and Average Gas Price Payback Period Comparison

95% Furnace Retrofit Paybacks Using Average Gas Prices
(730 Records)

145, 20% 155, 21%

O No Payback

O<=20years

0>20 years

430, 59%

Figure 78 95% Furnace Payback Period Profile Based on Average Gas Prices
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95% Furnace Retrofit Paybacks Using Marginal Gas Prices
(730 Records)

161, 22%

258, 35% O No Payback

O<=20years

0>20 years

311, 43%

Figure 79 95% Furnace Payback Period Profile Based on Marginal Gas Prices

7.0 Integrated Scenario Analysis

The availability of useable information on updated energy prices, marginal energy prices, furnace
expected lifetime, and mature market equipment pricing permitted GTI analysts to conduct an integrated
scenario analysis. The goal of the integrated scenario analysis was to use selected combinations of the
targeted input parameters to determine the cumulative impact on overall life cycle costs. The parameters
selected for the integrated analysis provide alternates that may be more aligned with current and projected
conditions than the DFR baseline assumptions. Unfortunately, neither the venting cost modifications nor
the fuel switching component could be included in the integrated scenario analysis. Nonetheless, the
results of this analysis show the significant impact combining these parameters has on the overall result.
Table 12 and Figure 80 through Figure 92 summarize the results of this scenario analysis below for
comparison with the DFR estimates from Figure 10 through Figure 12. For ease of comparison of the
results from multiple scenarios, a summary table and graph are shown below, which include the lifecycle
savings and median and average payback periods under the integrated scenarios.
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Table 12: 90% AFUE Furnace Summary Results — Integrated Scenario Analysis

Integrated Scenarios North Composite North Retrofit CNorth New
. onstruction

L ey SIS e, Payback Payback Payback

LC=10inAllAEO | LCC oo LCcC Serind LCC Serind

2011 Scenarios) Savings Median/Avg Savings Median/Avg Savings Median/Avg

AEO 2010 (DOE $155 | 10.1/128 | $90 | 12.9/159 | $343 | 2.5/4.3
Baseline)
AEO 2011 Ref Case

13% Fixed Gas Costs -$4 16.3/20.5 -$64 20.41/25.3 $172 41/7.1
AEO 2011 High Shale

13% Fixed Gas Costs -$18 18.0/22.8 -$78 22.7128.1 $157 43/79
AEO 2011 Ref Case
Citygate Gas Price -$39 21.7128.7 -$98 27.0/35.4 $135 56/9.9
AEO 2011 High Shale
Citygate Gas Price -$48 23.9/31.3 -$107 29.7/38.8 $125 59/105

Northern Retrofit Results - Integrated Scenario Analysis
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m
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Figure 80: AEO 2011 Integrated Scenarios LCC and PBP Results — North Region Retrofit
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7.1 AEO 2011 Reference Case, 16 Year Furnace Life, LC = 1.0, 13% Fixed Gas Costs

Simulation Results NORTH Composite

AEO 2011 Ref Case - Gas Marginal Prices, 16 years furnace life, Learning Curve 1

Average LCC Results Payback Results
Installed  Lifetime LCC Net No Net
Level Description Count Price Oper.Cost* LCC Savings Cost Impact Benefit Median Average
NWGF 5,986
0 80% AFUE - Increased HX Area $1,996 $6,311 $8,307
1 90% AFUE - Condensing Design $2,591 $5,709 $8,300 -$4 18% 71% 11% 16.3 20.5
2 92% AFUE - Increased HX Area $2,660 $5,600 $8,260 $12 23% 56% 20% 12.8 16.3
3 95% AFUE - Increased HX Area $2,825 $5,446 $8,270 $4 50% 23% 27% 15.9 18.7
4 98% AFUE - Max Tech $3,109 $5,427 $8,536 -$260 85% 1% 14% 29.3 47.4

All dollar values are in 2009 S

*discounted and summed over lifetime of equipment

Figure 81: AEO 2011 Ref. Case, 16 Yr Life, LC=1.0, 13% Fixed Costs — North Composite

Simulation Results NORTH Replacement

AEO 2011 Ref Case - Gas Marginal Prices, 16 years furnace life, Learning Curve 1

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count Price Oper.Cost* LCC Savings Cost Impact Benefit Median Average
NWGF 4,465
0 80% AFUE - Increased HX Area $1,803 $6,274 $8,077
1 90% AFUE - Condensing Design $2,595 $5,675 $8,270 -$64  21% 72% 7% 20.4 25.3
2 92% AFUE - Increased HX Area $2,661 $5,567 $8,228 -$47 27% 57% 16% 14.5 18.9
3 95% AFUE - Increased HX Area $2,820 $5,413 $8,234 -$51 53% 23% 24% 16.2 19.4
4 98% AFUE - Max Tech $3,083 $5,393 $8,476 -$292 87% 1% 12% 29.2 45.7

All dollar values are in 2009 S

*discounted and summed over lifetime of equipment

Figure 82: AEO 2011 Ref. Case, 16 Yr Life, LC=1.0, 13% Fixed Costs — North Retrofit

Simulation Results NORTHNew Construction

AEO 2011 Ref Case - Gas Marginal Prices, 16 years furnace life, Learning Curve 1

Average LCC Results Payback Results
Installed  Lifetime LCC Net No Net
Level Description Count Price Oper.Cost* LCC Savings Cost Impact Benefit Median Average
NWGF 1,521
0 80% AFUE - Increased HX Area $2,560 $6,420 $8,981
1 90% AFUE - Condensing Design $2,579 $5,807 $8,387 $172 7% 70% 23% 4.1 7.1
2 92% AFUE - Increased HX Area $2,656 $5,697 $8,353 $186 14% 55% 31% 8.6 9.2
3 95% AFUE - Increased HX Area $2,837 $5,541 $8,378 $164 41% 23% 35% 14.6 16.4
4 98% AFUE - Max Tech $3,185 $5,525 $8,710 -$165 79% 1% 21% 29.9 52.3

All dollar values are in 2009 S

*discounted and summed over lifetime of equipment
Figure 83: AEO 2011 Ref. Case, 16 Yr Life, LC=1.0, 13% Fixed Costs — North New Construction
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7.2 AEO 2011 High Shale Gas, 16 Year Furnace Life, LC = 1.0, 13% Fixed Gas Costs

Simulation Results NORTH Composite AEO 2011 Forecast -Gas Marginal Prices, High Shale Use, 16 yr furnace life, Learning Curve 1

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count Price Oper. Cost* LCC Savings Cost Impact Benefit Median Average
NWGF 5,986
0 80% AFUE - Increased HX Area $1,996 $5,890  $7,885
1 90% AFUE - Condensing Design $2,591 $5,335 $7,926 -$18 18% 71% 10% 18.0 22.8
2 92% AFUE - Increased HX Area $2,660 $5,234  $7,894 -$5 25% 56% 18% 13.6 18.1
3 95% AFUE - Increased HX Area $2,825 $5,091 $7,916 -$22 54% 23% 23% 17.6 20.5
4 98% AFUE - Max Tech $3,109 $5,094 $8,203 -$308 87% 1% 13% 331 56.2

All dollar values are in 2009 5

*discounted and summed over lifetime of equipment

Figure 84: AEO 2011 High Shale, 16 Yr Life, LC=1.0, 13% Fixed Costs — North Composite

AEO 2011 Forecast -Gas Marginal Prices, High Shale Use, 16 yr furnace life, Learning Curve 1

Simulation Results NORTH Replacement

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count Price Oper. Cost* LCC Savings Cost Impact Benefit Median Average
NWGF 4,465
0 80% AFUE - Increased HX Area $1,803 $5,852  $7,655
1 90% AFUE - Condensing Design $2,595 $5,301 $7,896 -$78 22% 2% 6% 22.7 28.1
2 92% AFUE - Increased HX Area $2,661 $5,201 $7,862 -$64 28% 57% 15% 16.5 20.9
3 95% AFUE - Increased HX Area $2,820 $5,058 $7,879 -$77 57% 23% 21% 18.0 21.4
4 98% AFUE - Max Tech $3,083 $5,060 $8,143 -$340 89% 1% 10% 33.1 55.2

All dollar values are in 2009 S

*discounted and summed over lifetime of equipment

Figure 85: AEO 2011 High Shale, 16 Yr Life, LC=1.0, 13% Fixed Costs — North Retrofit

Simulation Results NORTH New Construction AEO 2011 Forecast -Gas Marginal Prices, High Shale Use, 16 yr furnace life, Learning Curve 1

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count Price Oper. Cost* LCC Savings Cost Impact Benefit Median Average
NWGF 1,521
0 80% AFUE - Increased HX Area $2,560 $6,001  $8,562
1 90% AFUE - Condensing Design $2,579 $5,435 $8,015 $157 8% 70% 22% 4.3 7.9
2 92% AFUE - Increased HX Area $2,656 $5,333 $7,989 $167 16% 55% 29% 9.3 10.2
3 95% AFUE - Increased HX Area $2,837 $5,188 $8,026 $137 45% 23% 32% 16.3 18.1
4 98% AFUE - Max Tech $3,185 $5,195 $8,380 -$215 80% 1% 19% 335 59.0

All dollar values are in 2009 S

*discounted and summed over lifetime of equipment

Figure 86: AEO 2011 High Shale, 16 Yr Life, LC=1.0, 13% Fixed Costs — North New Construction
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7.3 AEO 2011 Reference Case, 16 Year Furnace Life, LC = 1.0, Citygate Gas Prices

Simulation Results NORTH Composite AEO 2011 Ref Case -Citygate Gas Prices, 16 yr furnace life, Learning Curve 1

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count Price Oper. Cost* LCC Savings Cost Impact Benefit Median Average
NWGF 5,986
0 80% AFUE - Increased HX Area $1,996 $5,257 $7,253
1 90% AFUE - Condensing Design $2,591 $4,769 $7,360 -$39 20% 71% 9% 21.7 28.7
2 92% AFUE - Increased HX Area $2,660 $4,681 $7,341 -$31 27% 56% 16% 16.5 21.8
3 95% AFUE - Increased HX Area $2,825 $4,554 $7,379 -$61 58% 23% 19% 20.9 24.2
4 98% AFUE - Max Tech $3,109 $4,571 $7,680 -$361 89% 1% 11% 39.5 70.5
All dollar values are in 2009 5 * discounted and summed over lifetime of equipment

Figure 87: AEO 2011 Ref. Case, 16 Yr Life, LC=1.0, Citygate Prices — North Composite

Simulation Results NORTH Replacement AEO 2011 Ref Case -Citygate Gas Prices, 16 yr furnace life, Learning Curve 1
Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count Price Oper. Cost* LCC Savings Cost Impact Benefit Median Average
NWGF 4,465
0 80% AFUE - Increased HX Area $1,803 $5,223 $7,027
1 90% AFUE - Condensing Design $2,595 $4,739 $7,334 -$98 23% 2% 5% 27.0 354
2 92% AFUE - Increased HX Area $2,661 $4,651 $7,312  -$89 31% 57% 12% 19.0 25.3
3 95% AFUE - Increased HX Area $2,820 $4,525 $7,345 -$115 61% 23% 16% 20.9 25.2
4 98% AFUE - Max Tech $3,083 $4,540 $7,624 -$391 91% 1% 9% 39.5 70.2
All dollar values are in 2009 S * discounted and summed over lifetime of equipment

Figure 88: AEO 2011 Ref. Case, 16 Yr Life, LC=1.0, Citygate Prices — North Retrofit

Simulation Results NORTH New Construction

AEO 2011 Ref Case -Citygate Gas Prices, 16 yr furnace life, Learning Curve 1

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count Price Oper. Cost* LCC Savings Cost Impact Benefit Median Average
NWGF 1,521
0 80% AFUE - Increased HX Area $2,560 $5,356 $7,916
1 90% AFUE - Condensing Design $2,579 $4,858 $7,438 $135 9% 70% 21% 5.6 9.9
2 92% AFUE - Increased HX Area $2,656 $4,768 $7,424 $139 18% 55% 27% 114 12.2
3 95% AFUE - Increased HX Area $2,837 $4,641 $7,478  $96 49% 23% 28% 19.4 21.1
4 98% AFUE - Max Tech $3,185 $4,662 $7,846 -$270 83% 1% 16% 39.6 71.2
All dollar values are in 2009 5 *discounted and summed over lifetime of equipment

Figure 89: AEO 2011 Ref. Case, 16 Yr Life, LC=1.0, Citygate Prices — North New Construction
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7.4 AEO 2011 High Shale Gas, 16 Year Furnace Life, LC = 1.0, Citygate Gas Prices

Simulation Results NORTH Composite AEO 2011 - Citygate Gas Prices, High Shale Use, 16 yr furnace life, Learning Curve 1

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count Price Oper. Cost* LCC Savings Cost Impact Benefit Median Average
NWGF 5,986
0 80% AFUE - Increased HX Area $1,996 $4,965 $6,960
1 90% AFUE - Condensing Design $2,591 $4,511 $7,102 -$48 20% 71% 9% 23.9 313
2 92% AFUE - Increased HX Area $2,660 $4,427 $7,087 -$43 29% 56% 14% 17.9 24.6
3 95% AFUE - Increased HX Area $2,825 $4,309 $7,134 -$80 60% 23% 17% 23.0 26.6
4 98% AFUE - Max Tech $3,109 $4,344 $7,453 -$397 89% 1% 10% 42.2 80.3
Alldollar values are in 2009 5 * discounted and summed over lifetime of equipment

Figure 90: AEO 2011 High Shale, 16 Yr Life, LC=1.0, Citygate Prices — North Composite

Simulation Results NORTH Replacement AEO 2011 - Citygate Gas Prices, High Shale Use, 16 yr furnace life, Learning Curve 1

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count Price Oper. Cost* LCC Savings Cost Impact Benefit Median Average
NWGF 4,465
0 80% AFUE - Increased HX Area $1,803 $4,930 $6,733
1 90% AFUE - Condensing Design $2,595 $4,479 $7,074 -$107 24% 72% 5% 29.7 38.8
2 92% AFUE - Increased HX Area $2,661 $4,396 $7,058 -$101 32% 57% 11% 21.6 28.6
3 95% AFUE - Increased HX Area $2,820 $4,279 $7,099 -$133 63% 23% 14% 234 27.7
4 98% AFUE - Max Tech $3,083 $4,312 $7,395 -$427 91% 1% 8% 42.2 79.1
All dollar values are in 2009 S * discounted and summed over lifetime of equipment

Figure 91: AEO 2011 High Shale, 16 Yr Life, LC=1.0, Citygate Prices — North Retrofit

Simulation Results NORTHNew Construction AEO 2011 - Citygate Gas Prices, High Shale Use, 16 yr furnace life, Learning Curve 1

Average LCC Results Payback Results
Installed Lifetime LCC Net No Net
Level Description Count Price Oper. Cost* LCC Savings Cost Impact Benefit Median Average
NWGF 1,521
0 80% AFUE - Increased HX Area $2,560 $5,067 $7,628
1 90% AFUE - Condensing Design $2,579 $4,602 $7,182 $125 10% 70% 20% 5.9 10.5
2 92% AFUE - Increased HX Area $2,656 $4,518 $7,174 $127 20% 55% 25% 12.0 13.4
3 95% AFUE - Increased HX Area $2,837 $4,398 $7,236 $77 51% 23% 26% 213 233
4 98% AFUE - Max Tech $3,185 $4,438 $7,622 -$307 84% 1% 15% 42.4 83.5
All dollar values are in 2009 S * discounted and summed over lifetime of equipment

Figure 92: AEO 2011 High Shale, 16 Yr Life, LC=1.0, Citygate Prices — North New Construction
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8.0 Conclusions

On January 15, 2010 a joint recommendation was submitted to the Department of Energy (DOE) to
adopt a package of energy conservation standards for residential furnaces, central air conditioners, and
heat pumps. Under provisions of the Energy Independence and Security Act of 2007, DOE used an
expedited rulemaking process called a Direct Final Rule (DFR). The DFR was published in the Federal
Register on June 27, 2011 and open for a 110 day public comment period. DOE released an extensive
technical support document (TSD) to substantiate the DFR, which included a detailed review of the
effects of the DFR as well as economic modeling to assess consumer-level cost impacts.

GTI conducted a technical and economic analysis of the DFR to evaluate the impact of the regional
minimum furnace efficiency requirements on consumers. The analysis considered the following:

DOE technical support document analysis and conclusions.

Impact of updated, lower natural gas price projections due to new shale gas supplies.
Data on common vent installations and conversion costs.

Estimates of consumer benefits and costs associated with the 90% furnace standard.

Key findings of the scenario analysis conducted by GTI analysts using the DOE LCC spreadsheet
and Crystal Ball forecasting software include:

e Several foreseeable scenarios, including a reasonable AEO 2011 alternate to the DOE baseline
scenario, show negative composite average lifecycle cost savings for a 90% condensing furnace
in the North Region compared to the 80% AFUE baseline furnace, indicating that the 90%
furnace does not meet the DOE requirement for economic justification in the North Region of
positive LCC savings and a payback period that is shorter than the equipment expected life.

o Lifecycle costs for the North Region retrofit installations are worse than the composite costs. The
payback period exceeds the average expected lifetime of the furnace under numerous foreseeable
retrofit scenarios. New construction life cycle cost savings are positive in all scenarios based on
DOE’s installed cost assumptions. However, under DOE’s assumed costs, the average installed
cost of a 90% condensing furnace is lower than the installed cost of a non-condensing
furnace($2,447 vs. $2,552 average installed cost).

e The impact of updated energy price forecasts, marginal energy costs, and furnace expected
lifetime on the economic justification of 90% furnaces is substantial, and can shift the result from
a net positive average result to a net negative average result in North Regions.

o Negative life cycle cost findings for the retrofit market would likely be further reinforced if a
parametric analysis of the DFR venting installed costs that were based on empirical and
engineering data from the 1990°s could be performed. However, attempted scenario analyses
yielded unreasonable preliminary results. Challenges with debugging the inputs prevented these
scenarios from being executed within the desired timeframe.

e The overall impact of orphaned water heater fuel switching needs to be included in the analysis of
consumer impacts and LCC savings. While this fuel switching may occur only in a fraction of
overall installations, the impact per home is significant ($2,846 LCC per home in this example),
and should be carefully considered by DOE before making its determination.

e The DOE analytical tool and results were difficult to evaluate and use without additional
assistance due to very limited user documentation and compatibility issues with the LCC
spreadsheet and Crystal Ball software. More instructive user documentation and reasonable
access to input variables necessary to run sensitivity analyses on critical parameters such as
energy price, equipment costs, and installed costs would help other analysts navigate the tool,
conduct parametric analyses, and correctly interpret results.
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9.0 Appendix A: DFR User Instructions for Furnaces LCCA Spreadsheet

APPENDIX 8-A. USER INSTRUCTIONS FOR THE LIFE-CYCLE COST ANALYSIS

8-A.l
8-A2
8-A3
8-A4

SPREADSHEET FOR FURNACES
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APPENDIX 3-A. USER INSTRUCTIONS FOR THE LIFE-CYCLE COST ANALYSIS
SPREADSHEET FOR FURNACES

5-A.1 USER INSTRUCTIONS

The results obtained in this analysis can be examined and reproduced using the Microsoft
Excel spreadsheets available on the Department of Energy’'s (DOE's) central air conditioner and
furnace rulemaking website:
http:/wwwl eere_energy. gov/bwmldings/appliance standards/residential/fb_nopr analysis html.
From that page. follow the links to the notice of proposed rulemaking (NOPR) phase and then to
Amnalytical Tools.

5-A.2 STARTUP

DOE’s spreadsheet enables users to perform life-cyele cost (LCC) and payback period
(PBP) analyses for each product class. One spreadsheet exists for all three furnace product

classes.

To examine the spreadsheets, DOE assumes that the user has access to a personal
computer with a hardware configuration capable of running Windows XP or later. All LCC
spreadsheets requure Microsoft Excel 2003 or later mnstalled under the Windows operating
system. Because certain variables inside the spreadsheets are defined as distnibutions. a copy of
Crystal Ball (a commercially available add-on program) 1s required to view them.

§-A.3 DESCRIPTION OF LIFE-CYCLE COST WORKSHEETS

For all of the fumace product classes, DOE created a single spreadsheet contaimng a
collection of worksheets. Each worksheet represents a conceptual component within the LOCC
calculation. To facilitate navigability and identifyr how workshests are related. each worksheet
contains an area on the extreme left showing vanables imported to and exported from the current
worksheet. The LCC spreadsheet contains the following worksheets:

Summary The Sumrnary worksheet contains a user interface to mampulate energy price
trend and start year mputs and to run the Crystal Ball simulation. LCC and
PBP simulation results for each efficiency level are also displayed here.

LCC&PB The LCC&PEB Cales worksheet shows LOCC calculation results for different

Cales efficiency levels for a single Residential Energy Consumption Survey (RECS)
household. ' Durning a Crystal Ball simulation, the spreadsheet reconds the
LCC and PBEP values for every samipled household.

Rebuttable The Rebuttable Payback worksheet contains the total and incremental

Pavback manufacturer costs, retail prices, the mstallation costs, the repair and
maintenance costs, energy use calculations, and the simple PBP calculations
for each efficiency level. DOE s furnace test procedure 1s used to calculate

8-A-1
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t-
parameters used in energy use calculations.

The Equip Price worksheet calculates retail price values used as inputs in the
LCC calculations in the Summary worksheet. DOE applied baseline and
mncremental markups to calculate final retail prices. DOE calculated the

markups differently for replacement units and new wnits.

The Installation Cost worksheet provides the weighted average mstallation
cost for each design option. These results are used to calculate the total
mstalled prices of the design options.

The Maintenance and Repair Cost worksheet provides the mamtenance and
repair costs for each design option. These results are used to determine
operating costs for the design options.

The RECS worksheet contains the RECS 20035 household data for each
product class. Duning a Crystal Ball simulation. DOE uses these housshold
charactenistics to determine the analysis parameters.

The Base Case AFUE worksheet determines the annual fuel utilization
efficiency (AFUE) of the base case umts m 2016.

The Existing AFUE worksheet includes the fumace efficiency for all vears
dunng the period 1966-2005.

The Energy Use worksheet calculates annual energy use by fuel type,
depending on product class. The annual energy use calculations for each
design option are wputs to the LOC&PE Calces worksheet to calculate the
annual operating cost of the LCC.

The Energy Price worksheet shows the estimated monthly natural gas.
electricity, and o1l prices.

The Energy Price Irends worksheet shows the future price trends of the

different heating fusls. DOE used energy price data and forecasts from the

Energy Information Administration’s (EIA's) Annual Energy Outlook 2010
for the period until 2035 and extrapolated beyond 20357

The Discount Rate worksheet contains the distnbutions of discount rates for
replacement and new units.

The Lifetime worksheet contains the distribution of lifetimes for equupment of
that product class.
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The Labor Costs worksheet contains the labor cost factors by region.

The Census Population Data worksheet contains the Census estimated
housing units by State.

The Models Data worksheet includes charactenistics of the fumace products
used in the analysis.

The Energy Use Adjustment Factors worksheet contains the energy use
adjustment factors by region according to heating and cooling degree day
data.

The Weather Data worksheet contains heating degree days, cooling degree
days, heating and cooling outdoor design temperature, and annual mean
temperature by weather station.

The Shipments worksheet contamns historical furnace shipments by State by
product class.

The NL{ Inputs worksheet contains mtermediate mputs used for other DOE
analyses.

BASIC INSTRUCTIONS FOR OPERATING THE LIFE-CYCLE

COST SPREADSHEETS

Basic mstructions for operating the LCC spreadsheet are as follows:

1. Omnce the LCC spreadsheet has been downloaded. open the file using Excel. Click
“Enable Macro™™ when prompted and then click on the tab for the Siwmmary worksheet.

2. Use Excel's View/Zoom commands at the top menu bar to change the size of the display
to fit your monitor.

3. The user can change the parameters listed under USER. OPTIONS on the Surnmary
worksheet. There are three drop-down boxes and one command button. The default

parameters are:

d.

Energy Price Trend: Defaults to "JAEO 2010 - Reference Case.” To change the

input, use the drop-down menu and select the desired trend (Reference. Low, or
High).

Start Year: Defaults to “2016.” To change the value, use the drop-dovwn menu and
select the desired year.

8-A-3
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c. # of Tnals: Defaults to “10,000.” To change the value, use the drop-down memu
and select the desired number of tnals (1.000, 2,000, 3.000. 5.000. or 10.000).

d. Subgroup: Defaults to “National. ™ To change the sample used for LCC and PBP
calculations. use the drop-down menu and select the desired subgroup from the
available samples (National. Low-Income. Senior-Only. Multi-Fanuly).

4. To run the Crystal Ball simulation, click the “run™ button (vou must re-run after changing
any parameters). The spreadsheet will then be munimized. You can momitor the progress
of the simulation by watching the count of iterations at the left bottom comer. When the
stmulation is finished, the worksheet named Summary will reappear with the results.

8-A4
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