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Executive Summary 

Both the House and the Senate have been drafting broad energy bills in which energy 
efficiency is a key pillar. Energy efficiency helps achieve many of the bills’ goals: it creates 
jobs and fosters economic development, reduces strain on supply infrastructure, and cuts 
pollution—all while saving consumers money. 

ACEEE analyzed 15 energy efficiency policies to estimate their impacts on consumers, the 
economy, the environment, and the energy system. To simplify macroeconomic analysis 
and the presentation of results, we assigned the policies to three packages: a first down 
package that includes several provisions in the Senate bill and a few that could be added, a 
touchdown package that shows the impact of a broader policy to encourage efficiency 
throughout the economy, and a fumble package with provisions that would roll back 
current policies. Figure ES-1 shows the results. 

 
Figure ES-1. Results of three policy packages 

We estimate the first down package would 

 create 110,000 jobs in 2030 

 reduce carbon dioxide emissions by almost 50 million tons in 2030, the equivalent of 
taking about 10 million cars and light trucks off the road 

 save consumers almost $100 billion over the lifetime of measures through 2040 
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The potential benefits of the touchdown package are several times larger. On the other 
hand, the fumble package could cost consumers tens of billions of dollars and result in the 
loss of thousands of jobs. 

Table ES-1 shows the cumulative impacts of individual provisions. By far the largest impact 
would be from a federal Energy Efficiency Resource Standard, requiring electric and natural 
gas utilities to help their customers save energy. The next largest impacts come from 
building energy codes. By modifying assistance to state and local governments on codes, the 
Portman-Shaheen bill could save consumers—and the Blackburn-Schrader bill could cost 
them—billions of dollars. 

Other measures would help families and businesses save energy through recognition of 
savings in mortgages, better access to information, and programs to accelerate innovation in 
industry and in commercial buildings. Threats to energy savings include provisions that 
would hinder the effective appliance efficiency standards program, specifically with regard 
to furnaces and ceiling fans. 

Table ES-1. Cumulative impacts of individual provisions (PS is Portman-Shaheen; BS is Blackburn-Schrader) 

Provision Bill 

Consumer net 

savings  

($ billion) 

Benefit-cost 

ratio 

Cumulative 

energy savings 

(quads) 

First down total  96.8 2.4 45.00 

Building codes – PS S.720, Sec. 101 61.4 2.7 30.97 

SAVE underwriting S.720, Sec. 433 12.1 3.0 4.42 

E-Access S.1044 12.6 3.3 3.32 

Commercial benchmarking  S.1052 1.2 2.6 0.34 

Smart buildings S.1046 3.8 2.0 1.32 

Nonprofit retrofits S.600/H.R. 2132 0.0 2.1 0.01 

Federal building standards S.869 0.5 1.2 0.70 

Fossil fuel standard repeal S.869 -0.7 0.7 -0.81 

Federal deep retrofits S.1055 0.3 1.0 1.73 

Industrial Assessment Centers S.720, Sec.202 0.7 4.1 0.27 

Smart manufacturing S.1054 5.0 2.0 2.73 

Touchdown total  144.6 1.4 128.37 

Energy efficiency standard S.1063 144.6 1.4 128.37 

Fumble total  -35.2 0.4 -15.83 

Building codes – BS H.R. 1273 -23.3 0.4 -12.53 

Furnace standard conditions S.1029 -5.9 0.5 -1.28 

Ceiling fan standard bar S.1048/H.R. 3072 -5.3 0.2 -1.21 

Fossil fuel standard repeal  -0.7 0.7 -0.81 

The impacts are estimated for the lifetime of new measures through 2040. Consumer savings are the net present value of energy savings 

minus the needed additional investment. The benefit-cost ratio is generally the ratio of the present values of savings to investments. Note 

that fossil fuel standard repeal is paired with strengthened federal building efficiency standards in S.869 but is by itself in the fumble 

package. These “repeal and replace” provisions have also been linked to the SAVE Act mortgage underwriting provision. 
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Introduction 

Both the House Energy and Commerce Committee and the Senate Energy and Natural 
Resources Committee began to consider broad energy legislation early this year with a 
determined bipartisan tone. That meant they turned immediately to energy efficiency as a 
key pillar. Energy efficiency can create jobs, foster economic development, reduce strain on 
supply infrastructure, and reduce pollution—all while saving consumers money. 

Both the House Energy and Commerce Committee’s “Architecture of Abundance” and the 
Senate Energy Committee’s Energy Policy Modernization Act of 2015 currently await full 
committee markup prior to consideration by the full House and Senate, and, assuming they 
make it that far, an attempt to reconcile the two. Both bills use popular energy efficiency 
measures to build bipartisan support. 

That being said, the attempt to build support for the legislation in today’s Congress has 
meant the exclusion of some important but more controversial energy efficiency measures, 
as well as the inclusion of certain counterproductive measures that would reduce energy 
efficiency. Thus this analysis is the tale of three packages of energy efficiency policies: one 
that would move us downfield toward a healthier economy and cleaner skies, one that 
would go farther to change the game, and one that would lose ground we have already 
gained. 

Provisions and Packages  

After considering over 50 energy efficiency provisions that have been introduced into 
legislation this year, we selected 15 of them to analyze for this paper. We chose these 15 
based on our assessment of their likely impact (positive or negative) on energy efficiency if 
they were enacted and on how seriously they were being considered. The provisions we 
analyzed include the following, with more detailed descriptions in Appendix B. 

 Building energy codes. The Portman-Shaheen codes provision would expand federal 
assistance, but the Blackburn-Schrader codes provision would severely constrict it.  

 Mortgages. The SAVE Act would consider energy bill savings for efficient homes in 
determining eligibility for mortgages.  

 Information. Provisions on access to utility bill information and on commercial 

building benchmarking would give building owners better energy use information.  

 Buildings programs. Two provisions would support smart buildings with real-time 
controls and energy retrofits of buildings owned by nonprofit organizations. 

 Equipment. Two provisions would prevent pending administrative updates of 
appliance efficiency standards, one on furnaces and one on ceiling fans. 

 Federal buildings. The Hoeven-Manchin bill would repeal a standard on fossil-fuel 
energy use by federal buildings and replace it with extended efficiency standards 

and targets. Another bill would require deep energy retrofits in federal buildings. 

 Industry programs. A smart manufacturing provision would authorize a program on 
advanced controls in factories, and another provision would update DOE’s 
industrial efficiency programs, particularly the Industrial Assessment Centers. 

 Utilities. An Energy Efficiency Resource Standard (EERS) would require electric 
and natural gas utilities to use energy efficiency to help meet customer needs. 
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To simplify macroeconomic analysis and the presentation of results, we assigned the 
policies to three packages (see table 1 below). The first down package is based on provisions 
that were also considered in the last Congress as part of the Shaheen-Portman bill, now the 
Portman-Shaheen bill (S.720). We added new provisions that also have attracted broad 
support. We believe this strong package would pass if it were put to a vote today. The 
touchdown package shows what a more aggressive policy (the broad EERS proposal) could 
achieve. We also analyzed a fumble package that includes some of the proposed rollbacks 
of current law; these risk losing savings we are already achieving. 

As of this writing, the Senate bill is most similar to the first down package. It includes most 
of the first down provisions, although it also includes the negative furnace standard 
provision (which is in the fumble package). The first down package shows that the Senate 
bill would be enhanced by inclusion of SAVE Act underwriting reforms, consumer access to 
energy bill information, commercial building benchmarking support, and additional smart 
manufacturing measures.  

The House bill includes only one provision we analyzed, on Industrial Assessment Centers. 
It is not similar to any of the packages. It may be more similar to no package, as its impacts, 
though positive, would be smaller than those of any of the three packages we analyzed. 

Table 1. Provisions analyzed in this paper and the packages in which they are included 

Provision Sector Bill Key sponsors 

First down    

Building codes – PS Res. + Com. S.720, Sec. 101 Portman + Shaheen 

SAVE underwriting Residential S.720, Sec. 433 Bennet + Isakson 

E-Access Res. + Com. S.1044 Markey 

Commercial benchmarking  Commercial S.1052 Franken 

Smart buildings Commercial S.1046/H.R. 2564 Cantwell + Murkowski 

Nonprofit retrofits Commercial S.600/H.R. 2132 Klobuchar/Cartwright 

Federal building standards Federal S.869 Hoeven + Manchin 

Fossil fuel standard repeal Federal S.869 Hoeven + Manchin 

Federal deep retrofits Federal S.1055 Franken 

Industrial assessment centers Industry S.720, Sec. 202 Portman + Shaheen 

Smart manufacturing Industry S.1054 Shaheen + Alexander 

Touchdown    

Energy efficiency standard Utilities S.1063 Franken 

Fumble    

Building codes – BS Res. + Com. H.R. 1273 Blackburn + Schrader 

Furnace standard conditions Res. Equipment S.1029 Hoeven + Alexander 

Ceiling fan standard bar Res. Equipment S.1048/H.R. 3072 Alexander/Dent 

Fossil fuel standard repeal (also in first down package) 

Note that fossil fuel standard repeal is paired with strengthened federal building efficiency standards in S.869 but is by itself in the 

fumble package. These “repeal and replace” provisions have also been linked to the SAVE Act mortgage underwriting provision. 
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Methodology 

First we estimated likely national energy savings, monetary and emissions savings, and 
costs for each provision. These are projections for what we believe is a likely scenario for 
implementation, not for maximum potential impacts. Details on the methodology and 
assumptions we used are in Appendix C. 

We then assembled the policies into the three packages and used a simplified version of our 
DEEPER input-output model (described in Appendix D) to estimate their net 
macroeconomic impacts. We estimated how many jobs would be created and lost due to the 
investment of government and consumer funds into efficiency measures (and the loss of 
other uses of those funds) and due to the consequent reduction in payments from 
consumers to utilities.  

While we have given best estimates, there is a high level of uncertainty in all these numbers. 
In some cases there are few data to show a provision’s impact, and we had to base 
assumptions on the judgment of the authors with review by outside experts.  

Results 

Figure 1 shows key estimated impacts for the three packages. 

 

Figure 1. Estimated key impacts from different packages of policies. Consumer savings are net 

present value of energy savings minus investment; energy saved is cumulative for the lifetime of 

measures taken through 2040. 

The results illustrate the multiple benefits of energy efficiency: smart efficiency policies can 
grow the economy, improve the environment, and save consumers money. We estimate the 
first down package would create 110,000 jobs in 2030, reduce carbon dioxide emissions by 
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almost 50 million metric tons (MMT) in that year (the annual emissions of about 10 million 
cars and light trucks), and save consumers almost $100 billion over the lifetime of measures 
through 2040 (net after added investments). That is still only a fraction of the potential 
benefits of energy efficiency. The impacts of the touchdown package are several times 
larger. On the other hand, the fumble package shows that the wrong provisions could cost 
consumers billions of dollars. 

ENERGY AND FINANCIAL SAVINGS 

Figure 2 further illustrates the impacts of the three packages. These grow steadily as more 
efficient homes and commercial buildings are built, more buildings are upgraded, and 
energy management improves. By 2032 the first down package yields one quadrillion Btu 
(quad) in savings, about 1% of total US projected energy use in that year. 

 
Figure 2. Annual energy savings by year for each of the packages 

Table 2 shows estimated key impacts from individual policies. More detailed results are in 
Appendix A. The results show a range of impacts. By far the largest would be from a federal 
EERS. Although significant investments would be required, the savings would be 
remarkable—well over 100 quads of cumulative energy and $100 billion net savings in 
addition to what we expect existing state-level EERS policies to achieve. The next largest 
impact would come from policies on building energy codes. Through additional assistance 
and encouragement for development and implementation of state codes, we estimate the 
codes provision in the Portman-Shaheen bill and the Senate Energy Committee bill could 
save consumers over $50 billion. On the other hand, we believe the related Blackburn-
Schrader bill would hinder current Department of Energy work on the development and 
adoption of effective codes, and thus would cost consumers billions of dollars.  
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Table 2. Estimated key impacts of individual provisions 

Provision 

Consumer net 

savings  

($ billion) 

Benefit-cost 

ratio 

Cumulative 

energy savings 

(quads) 

First down total 96.8 2.4 45.00 

Building codes – PS 61.4 2.7 30.97 

SAVE underwriting 12.1 3.0 4.42 

E-Access 12.6 3.3 3.32 

Commercial benchmarking  1.2 2.6 0.34 

Smart buildings 3.8 2.0 1.32 

Nonprofit retrofits 0.0 2.1 0.01 

Federal building standards 0.5 1.2 0.70 

Fossil fuel standard repeal -0.7 0.7 -0.81 

Federal deep retrofits 0.3 1.0 1.73 

Industrial assessment centers 0.7 4.1 0.27 

Smart manufacturing 5.0 2.0 2.73 

Touchdown total 144.6 1.4 128.37 

Energy efficiency standard 144.6 1.4 128.37 

Fumble total -35.2 0.4 -15.83 

Building codes – BS -23.3 0.4 -12.53 

Furnace standard conditions -5.9 0.5 -1.28 

Ceiling fan standard bar -5.3 0.2 -1.21 

Fossil fuel standard repeal -0.7 0.7 -0.81 

Impacts are estimated for the lifetime of new measures through 2040. Consumer savings are the net present 

value of energy savings minus the needed additional investment. The benefit-cost ratio is generally the ratio of 

the present values of savings to investments.  

Other measures with large impacts would help families and businesses adopt better 
technologies and practices through recognition of savings in mortgages (SAVE); improve 
access to information; and accelerate innovation in industry and commercial buildings. 
Threats include provisions that would hinder the effective appliance efficiency standards 
program, specifically furnace and ceiling fan standards.  

JOB CREATION AND ECONOMIC GROWTH 

These packages of energy efficiency policies also would make a significant difference in the 
economy, as illustrated by the net creation of jobs. Figure 3 expands the snapshot in figure 1 
to show the growth in job creation over time from the three packages. By 2030 the first down 
package would result in a net increase of 110,000 jobs in the United States. By way of 
comparison, total employment in all utilities is 561,000 (BLS 2015). The projected increase 
includes jobs in the construction, manufacturing, software, and other industries that would 
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implement the efficiency measures, as well as jobs created throughout the economy by 
families and businesses spending the money they have saved in lower utility bills.  

The economic model also shows economic growth directly. For example, the first down 
package would increase gross domestic product (GDP) by $7 billion in 2030 as a result of the 
efficiency investments and the added money in consumers’ pockets. It does not include 
possible additional impacts from making companies more competitive. 

 

Figure 3. Net jobs created due to each of the three policy packages 

Conclusion 

The last time a broad energy bill was enacted was in 2007, with a Democratic House and 
Senate and a Republican president. The Energy Independence and Security Act of 2007 
helped transform the markets for cars and trucks, develop new lighting technologies, and 
slash demand for oil and for electricity. Since 2007 advanced technologies have enabled 
intelligent control of buildings and factories; new homes and commercial buildings that 
meet the latest codes have reduced covered energy use by more than 30%; and home energy 
ratings and commercial building energy benchmarking have become widespread. These and 
other developments provide new avenues to save energy and improve the national 
economy. 

Thus Congress has a tremendous opportunity for bipartisan energy efficiency legislation. 
The Senate bill with modest enhancements—and avoiding poison pills that would reverse 
some of the gains we have made—could create 110,000 jobs, reduce carbon dioxide 
emissions by almost 50 million metric tons, and save consumers almost $100 billion. We 
hope Congress will once again seize this opportunity to reap the benefits of energy 
efficiency. 
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Appendix A. Detailed Results by Provision and Package 

Table A1 lists annual electric, natural gas, energy, and carbon savings for each provision 
and package in 2020, 2030, and 2040, along with energy bill savings, consumer spending, 
and federal spending in those years. The savings are the impact in that year from all 
measures taken through that year. The spending is after financing; where costs are financed 
it includes the loan payments rather than the initial costs. Total energy savings include a 
small amount of oil and propane savings as well as the electricity and natural gas shown 
here. Only direct natural gas savings, not gas savings due to reduced electricity use, are 
shown. In addition to the consumer and federal spending shown here, there also is program 
spending. Note that these are snapshots—to look at cost effectiveness, one should consider 
the cumulative impacts below. Fossil fuel standard repeal is shown twice because it is in 
two packages. 

Table A1. Estimated impacts by provision in 2020, 2030, 2040 

2020 Savings and spending 

Provision 
Electricity 

(TWh) 

Natural 

gas 

(Tbtu) 

Total 

energy 

(quads) 

CO2 

emissions 

(MMT) 

Energy bill 

savings  

($ billion) 

Consumer 

spending 

($ billion) 

Federal 

spending 

($ billion) 

First down total 20 37 0.25 13 2.4 1.9 0.0 

Building codes – PS 3 7 0.04 2 0.4 0.2 0.0 

SAVE underwriting 1 2 0.01 1 0.1 0.0 - 

E-Access 8 - 0.09 5 0.9 0.5 - 

Commercial benchmarking  1 2 0.01 0 0.1 0.1 0.0 

Smart buildings 4 - 0.04 2 0.4 0.5 - 

Nonprofit retrofits 0 0 0.00 0 0.0 0.0 0.0 

Federal building standards 0 1 0.01 0 0.1 - 0.2 

Fossil fuel standard repeal -0 -0 -0.00 -0 -0.0 - -0.2 

Federal deep retrofits - - - - - - - 

Industrial Assessment 

Centers 
0 0 0.00 0 0.0 0.0 0.0 

Smart manufacturing 3 24 0.05 3 0.4 0.6 - 

Touchdown total 46 264 0.74 39 7.1 13.4 - 

Energy efficiency standard 46 264 0.74 39 7.1 13.4 - 

Fumble total -2 -3 -0.02 -1 -0.3 -0.2 -0.2 

Building codes – BS -1 -3 -0.01 -1 -0.2 -0.1 - 

Furnace standard conditions - - - - - - - 

Ceiling fan standard bar -1 - -0.01 -0 -0.1 -0.1 - 

Fossil fuel standard repeal -0 -0 -0.00 -0 -0.0 - -0.2 
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2030 Savings and spending 

Provision 
Electricity 

(TWh) 

Natural 

gas 

(Tbtu) 

Total 

energy 

(quads) 

CO2 

emissions 

(MMT) 

Energy bill 

savings  

($ billion) 

Consumer 

spending 

($ billion) 

Federal 

spending 

($ billion) 

First down total 71 174 0.89 47 9.9 3.5 0.9 

Building codes – PS 32 74 0.39 20 4.6 2.0 - 

SAVE underwriting 6 17 0.08 4 1.1 0.4 0.0 

E-Access 13 - 0.13 7 1.5 0.3 - 

Commercial benchmarking  1 3 0.01 1 0.2 0.1 - 

Smart buildings 6 - 0.06 3 0.7 0.3 - 

Nonprofit retrofits 0 0 0.00 0 0.0 - - 

Federal building standards 1 4 0.02 1 0.2 - 0.2 

Fossil fuel standard repeal -2 -1 -0.02 -1 -0.2 - -0.2 

Federal deep retrofits 5 15 0.07 4 0.8 - 0.9 

Industrial assessment 

centers 
1 2 0.01 1 0.1 0.0 0.0 

Smart manufacturing 8 60 0.14 7 1.0 0.4 - 

Touchdown total 386 1,528 5.41 284 56.5 26.7 - 

Energy efficiency standard 386 1,528 5.41 284 56.5 26.7 - 

Fumble total -10 -134 -0.23 -12 -3.4 -1.6 -0.2 

Building codes – BS -11 -24 -0.14 -7 -1.6 -0.8 - 

Furnace standard conditions 8 -109 -0.03 -2 -0.9 -0.7 - 

Ceiling fan standard bar -5 - -0.05 -2 -0.6 -0.1 - 

Fossil fuel standard repeal -2 -1 -0.02 -1 -0.2 - -0.2 
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2040 Savings and spending 

Provision 
Electricity 

(TWh) 

Natural 

gas 

(Tbtu) 

Total 

energy 

(quads) 

CO2 

emissions 

(MMT) 

Energy bill 

savings 

($ billion) 

Consumer 

spending 

($ billion) 

Federal 

spending 

($ billion) 

First down total 122 275 1.49 76 19.0 6.4 0.5 

Building codes – PS 83 182 1.01 51 12.9 5.3 - 

SAVE underwriting 11 31 0.14 7 2.2 0.8 0.0 

E-Access 14 - 0.14 7 1.7 0.4 - 

Commercial benchmarking  1 3 0.01 1 0.2 0.1 - 

Smart buildings 3 - 0.03 1 0.3 -0.1 - 

Nonprofit retrofits - - - - - - - 

Federal building standards 2 5 0.02 1 0.3 - 0.1 

Fossil fuel standard repeal -3 -1 -0.03 -1 -0.3 - -0.2 

Federal deep retrofits 5 16 0.07 4 0.9 - 0.6 

Industrial assessment 

centers 
1 2 0.01 1 0.1 0.0 0.0 

Smart manufacturing 5 39 0.09 4 0.7 0.0 - 

Touchdown total 398 1,447 5.39 275 63.5 18.6 - 

Energy efficiency standard 398 1,447 5.39 275 63.5 18.6 - 

Fumble total -31 -241 -0.55 -28 -8.4 -3.2 -0.2 

Building codes – BS -34 -67 -0.40 -21 -5.2 -2.3 - 

Furnace standard conditions 11 -173 -0.06 -3 -2.0 -0.8 - 

Ceiling fan standard bar -5 - -0.05 -3 -0.8 -0.1 - 

Fossil fuel standard repeal -3 -1 -0.03 -1 -0.3 - -0.2 
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Table A2 summarizes cumulative energy savings and carbon dioxide emission reductions 
for each provision (total lifetime impacts for measures implemented through 2040). It also 
shows the discounted present value (PV) of lifetime energy bill savings, consumer spending, 
and federal spending (there also is program spending for some provisions, which is not 
shown). The full net savings are shown in table 2 in the main text. 

Table A2. Estimated cumulative and discounted present value impacts by provision 

Cumulative savings PV savings and spending 

 Provision 
Electricity 

(TWh) 
Natural gas 

(Tbtu) 

Total 

energy 

(quads) 

CO2 

emissions 

(MMT) 

Energy bill 

savings 

($ billion) 

Consumer 

spending 

($ billion) 

Federal 

spending 

($ billion) 

First down total 3,707 8,348 45.00 2,276 161.7 56.2 7.4 

Building codes – PS 2,583 5,639 30.97 1,551 97.9 36.2 0.1 

SAVE underwriting 350 936 4.42 225 18.2 6.1 0.0 

E-Access 330 - 3.32 171 18.0 4.3 0.0 

Commercial benchmarking  26 62 0.34 18 1.9 0.7 0.0 

Smart buildings 131 - 1.32 69 7.5 3.7 - 

Nonprofit retrofits 1 7 0.01 1 0.1 0.0 0.0 

Federal building standards 56 136 0.70 36 2.8 - 2.3 

Fossil fuel standard repeal -79 -32 -0.81 -41 -2.8 - -2.1 

Federal deep retrofits 131 399 1.73 90 7.3 - 7.1 

Industrial assessment 

centers 
22 49 0.27 14 0.9 0.2 0.0 

Smart manufacturing 157 1,150 2.73 143 9.9 4.9 0.0 

Touchdown total 8,894 39,611 128.37 6,629 531.4 228.3 - 

Energy efficiency standard 8,894 39,611 128.37 6,629 531.4 228.3 - 

Fumble total -986 -6,187 -15.83 -804 -60.9 -23.5 -2.1 

Building codes – BS -1,065 -2,102 -12.53 -626 -38.7 -15.4 - 

Furnace standard 

conditions 
279 -4,054 -1.28 -75 -13.0 -7.1 - 

Ceiling fan standard bar -121 - -1.21 -62 -6.4 -1.0 - 

Fossil fuel standard repeal -79 -32 -0.81 -41 -2.8 - -2.1 
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Table A3 summarizes macroeconomic impacts, net jobs created, and change in gross 
domestic product (GDP) in 2020, 2030, and 2040. The impacts are from investment in the 
efficiency measures (and loss of other uses of the funds) and energy savings. 

Table A3. Estimated macroeconomic impacts from the packages 

Net jobs created (thousands) 

Package 2020 2030 2040 

First down 39 109 152 

Touchdown 151 399 317 

Fumble -8 -35 -68 

Net GDP growth ($ billion) 

Package 2020 2030 2040 

First down 2.4 7.0 9.9 

Touchdown 11.2 16.1 9.0 

Fumble -0.6 -2.1 -4.3 
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Appendix B. Provision Descriptions  

The provisions analyzed in this paper are briefly described below. Several of the provisions 
are included in S.720, the Energy Savings and Industrial Competitiveness Act of 2015, 
introduced by Senators Rob Portman (R-OH) and Jeanne Shaheen (D-NH), as well as in the 
House version, H.R. 2177, by Representatives David McKinley (R-WV) and Peter Welch (D-
VT). ACEEE analyzed (and summarized) an earlier version of that bill in 2013 (Young et al. 
2013). 

BUILDINGS 

Building Codes: Portman-Shaheen 

S.720, Sec. 101 (Portman-Shaheen): Greater energy efficiency in building codes 

This provision, which has been introduced in various forms since 2007, seeks greater energy 
efficiency in homes and commercial buildings through building energy codes. It seeks to 
strengthen the current process of development of model codes by independent 
organizations, adoption mostly by states, and implementation and enforcement mostly by 
local governments. It authorizes $200 million for implementation. Further details are below: 

CODE DEVELOPMENT 

 Directs the Department of Energy (DOE) to set energy savings targets for the 
development of model energy codes at the maximum technologically feasible and 
life-cycle cost-effective level with a number of considerations 

 Directs DOE to provide technical and financial assistance to code-development 
organizations, including proposing amendments to meet the targets; DOE is also to 
assist with stretch codes 

 Directs DOE to determine not only whether new code versions save energy but also 
whether they meet the targets; if not, gives the organizations a second chance 

CODE ADOPTION AND COMPLIANCE 

 Requires states within two years of the determination to certify whether their codes 
meet or exceed the model codes and the targets.  

 Requires states within three years of the certification to measure the rate of 
compliance and certify whether they have achieved full compliance (90% of 
buildings or not more than 5% excess energy use) or are on a path to full compliance 

 Directs DOE to provide technical and financial assistance to the states (which may 
depend on states meeting the goals), and to validate the certifications 

Building Codes: Blackburn-Schrader 

H.R.1273, Sec.101 (Blackburn-Schrader): Energy Savings and Building Efficiency Act of 2015 

This provision is derived from the Portman-Shaheen codes provision, but modifies it in 
many ways. It requires targets to be cost effective, adds a determination on whether model 
codes are technically feasible and cost effective, and limits DOE assistance to codes that 
meet those criteria. It bars DOE from providing technical assistance for any code provision 
or target with a simple payback greater than 10 years, and it requires DOE analysis using 
“simple payback methodology over a 3-, 5-, and 7-year period.” It requires all DOE model 
code proposals to go through full rulemaking, appears to limit analysis of other proposals, 
and replaces stretch codes with voluntary programs. It bars DOE from “actions that 
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advocate, promote or discourage” state adoption of any code provision or target, including 
funding to states and to third parties that engage in such actions. It gives states three years 
to report on codes updates, and it removes direction to demonstrate that they met goals, 
DOE verification, and all consequences. It also removes all mentions of financial assistance 
and all funding authorization. 

SAVE Underwriting 

S.720, Sec. 433 (Bennet-Isakson): Enhanced energy efficiency underwriting  

The SAVE Act seeks to enable increased energy efficiency in new and existing homes by 
considering the financial savings when setting caps on the size of mortgages. It directs HUD 
to develop rules for federal mortgage agencies (which now include Fannie Mae and Freddie 
Mac) that apply to homes with a Home Energy Rating System (HERS) report or other 
energy efficiency rating. The agencies would consider the monthly energy bill savings of the 
home in the debt-to-income ratio that limits mortgages based on income, and the present 
value of lifetime energy bill savings in the loan-to-value ratio that limits mortgages based on 
home value. It also would require lenders to give additional efficiency information to home 
buyers. 

E-Access 

S.1044 (Markey): Access to Consumer Energy Information Act 

S.1044 seeks to provide electric utility customers with easy access to their billing information 
in order to encourage and inform energy efficiency measures. It would direct DOE to 
develop voluntary guidelines for states with a model standard for utilities on providing 
customers access to their electric usage and pricing information. It would authorize financial 
assistance to states certified as meeting the guidelines and include such policies in the state 
energy plans. S.1044 authorizes $10 million. 

Commercial Benchmarking 

S.1052 (Franken): State and local performance benchmarking and disclosure  

S.1052 promotes energy performance benchmarking and transparency of commercial and 
multifamily buildings. Building benchmarking such as ENERGY STAR Portfolio Manager 
allows building owners to assess the energy use of their buildings against that of similar 
buildings, and thus to identify needed changes. Part of the provision that is in the Portman-
Shaheen bill was enacted earlier this year in S.535. This provision includes the rest, and 
would authorize grants to utilities, regulators, and their partners for providing aggregate 
information for multitenant buildings and grants to states and local governments for 
benchmarking and disclosure policies. S.1052 authorizes $10 million per year for 2016–2020. 

Smart Buildings 

S.1046 (Cantwell-Murkowski): Smart Building Acceleration Act 

S.1046 supports the adoption of advanced energy management technologies in buildings. 
Use of automatic sensors and energy management software can improve building controls 
and cut waste. It authorizes a DOE program to conduct demonstrations in federal buildings 
and survey private smart buildings. It also directs DOE to create a smart buildings 
accelerator under the Better Buildings Challenge and to conduct research and development 
on smart buildings.  
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Nonprofit Retrofits 

S.600 (Klobuchar): Energy efficiency retrofit pilot program  

S.600 would help nonprofit organizations save energy through a pilot retrofit program. It 
authorizes a DOE program to provide matching grants to retrofit buildings owned by 
nonprofit organizations with energy efficiency improvements. S.600 authorizes $10 million 
per year for 2016-2020.  

EQUIPMENT 

Furnace Standards Conditions 

S.1029 (Hoeven-Alexander): Prohibit amending the standards for furnaces 

S.1029 would prevent a pending update of the appliance efficiency standards for home 
furnaces. It bars DOE from issuing revised standards until DOE convenes an advisory 
group of stakeholders, the group completes an analysis within one year, and the group 
determines whether a standard is technically feasible and economically justified. If the 
determination is negative, DOE is to set amended standards within 180 days through a 
negotiated rulemaking. If the advisory group does not complete the analysis or make the 
determination, or if the negotiated rulemaking fails, there is no specified path to update the 
standard. 

Ceiling Fan Standards Bar 

S.1048 (Alexander): Remove authority to amend standards for ceiling fans 

S.1048 would prevent a pending update of the efficiency standards for ceiling fans. It would 
remove authorization for DOE to update standards for ceiling fan air circulation and light 
kits. However, the existing standard would continue to preempt any state regulation of 
ceiling fans.  

FEDERAL BUILDINGS 

Federal Building Standards and Fossil Fuel Standard Repeal 

S.869 (Hoeven-Manchin): All-of-the-Above Federal Building Energy Conservation Act of 2015 

S.869 would repeal a pending fossil fuel standard for federal buildings and replace it with 
enhanced energy efficiency requirements for federal buildings. It would repeal the fossil 
fuel standard in Section 433 of the Energy Independence and Security Act of 2007. This 
standard sets increasingly stringent limits on “fossil fuel-generated energy consumption” in 
new federal buildings and buildings with major renovations, reducing such consumption to 
zero by 2030. 

The amendments to federal building standards and goals would extend energy intensity 
targets for existing federal buildings with further reductions of 3% in 2016 and 2017, 
strengthen requirements for energy audits in federal buildings, and extend federal building 
efficiency standards to cover renovations and alterations to existing buildings. 

Federal Deep Retrofits  

S.1055 (Franken): Deep energy retrofits in federal buildings 

This bill requires deep energy retrofits to save 35–50% of energy use in half of federal 
buildings. It directs the General Services Administration to do deep retrofits in at least 100 
buildings by 2020 and DOE to work with other agencies to do 50 more. Then it directs 
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agencies to do deep retrofits in 5% of their building space each year for 2021–2030. At least 
one-third of the retrofits are to be aimed at achieving 50% savings and the rest at 35% 
savings compared to energy use in 2012. Based on the experience gained, DOE is to set goals 
for 2031-2040.  

INDUSTRY 

Smart Manufacturing 

S.1054 (Shaheen-Alexander): Smart Manufacturing Leadership Act 

S.1054 seeks to accelerate the adoption of sensor and control technologies for real-time 
energy management in manufacturing. It would call for DOE to develop a national smart 
manufacturing plan, make high performance computing facilities at national laboratories 
available to small and medium-sized manufacturers, provide competitive grants to states, 
and include smart manufacturing in Industrial Assessment Center technical assistance. S. 
1054 authorizes $10 million per year for 2017–2020. 

Industrial Assessment Centers 

S.720, Sec.202 (Portman-Shaheen): Future of industry 

This provision, in addition to other reforms to DOE’s Advanced Manufacturing Office, 
seeks to increase the effectiveness of DOE’s Industrial Assessment Centers (IACs), which 
train university students to conduct energy audits in small and medium-sized businesses. It 
would provide matching funds for internships to implement IAC recommendations, call for 
greater coordination with other programs, and direct the Small Business Administration to 
facilitate loans to implement IAC recommendations. 

UTILITIES 

Energy Efficiency Resource Standard (EERS) 

S.1063 (Franken): American Energy Efficiency Act 

S.1063 seeks to spur electricity and natural gas efficiency programs throughout the nation. It 
would set a performance standard for utilities to help their customers achieve energy 
savings. The standard would increase to 20% of total electricity use and 12% of natural gas 
use by 2030 (estimated savings in that year from all programs to that date), or 1.75% 
additional electric savings and 1% additional natural gas savings each year. DOE is to set 
measurement and verification requirements and further standards after 2030. States can 
enforce the standard and accept alternative compliance payments. 
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Appendix C. Energy and Financial Methodology 

This appendix briefly describes the methodology and key assumptions used in the impact 
estimates in this report. Cost and savings estimates for individual measures are discussed 
below. They are assumed to be additive in the packages, as there is little overlap. 

We estimate the most likely impact of implementing the selected provisions compared to a 
baseline if the provisions are not enacted. Funding authorizations require future 
appropriations; we assume that appropriations would be 50% of the authorized funding 
levels. We calculate impacts for measures taken through 2040; cumulative and cost-benefit 
numbers include savings through the lifetimes of those measures as late as 2080.  

Energy prices by fuel, sector, and year; the carbon intensity by fuel and in some cases year; 
and many of the baseline projections are taken from the Annual Energy Outlook (AEO) 2015 
base case (EIA 2015a). For later years they are extrapolated from trends over 2021–2040. 
Present values are calculated using a real discount rate of 5%; benefit-cost ratios are the 
ratios of the present values of positive to negative impacts (for a few policies that reduce 
efficiency, this would be reduced spending divided by increased energy bills). The costs in 
some cases are financed (see details below). All monetary impacts are in constant 2013 
dollars. 

For each provision, we defined a set of assumptions, including the following: 

 What is the scope of the provision, for example the floor area of affected buildings, 
number of appliances, or share of the industry?  

 In the baseline scenario if the provision is not enacted, what would be the estimated 
energy consumption by fuel? 

 What would be the energy consumption if the policy were implemented, often based 
on savings from measures implemented each year and the lifetime of those 
measures? 

 How much would these measures cost, including any significant administrative cost 
of implementing the policy? 

 Who would pay the cost—consumers, utilities, or the federal government—and 
would they use financing?  

For several of the provisions we had very limited data on which to base our assumptions. 
We had to rely on expert judgment of the authors, other ACEEE staff, and reviewers.  

Note that there is some overlap with provisions analyzed in our 2013 paper on the then 
Shaheen-Portman bill (Young et al. 2013); although the overall methodology is similar, we 
completely revised the analyses, and the new estimates reflect changes in baseline energy 
use and state policies, available data, and approaches and assumptions—the estimates 
should not be compared. 

Assumptions for specific provisions are discussed below; the methodology for estimating 
macroeconomic impacts is in Appendix D. 
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BUILDINGS 

Building Codes: PS (S.720, Sec. 101) and Building Codes: BS (H.R. 1273, Sec. 101) 

We considered impacts of the building codes provisions on the development of model 
building energy codes, the rate of adoption of the codes by states (or local governments), 
and the amount of potential savings lost due to noncompliance with the codes. We 
estimated the impacts for both residential and commercial buildings. The methodology is 
similar to our state-level analysis of building energy codes potential under the Clean Power 
Plan (Hayes, Ungar, and Herndon 2015). The key assumptions for the baseline case and the 
two policy cases are shown in table C1. 

Table C1. Key assumptions for building energy codes provisions 

 Baseline Portman-Shaheen Blackburn-Schrader 

Model codes 

In each three-year code cycle 

(through 2040): 

3% savings in covered energy use for 

residential buildings,  

5% savings in whole-building energy 

use for commercial buildings 

5% residential/ 

7% commercial  

savings each cycle 

1% residential/ 

3% commercial  

savings each cycle 

Adoption 

15% of states each year up to 70% 

(effective starting one year after IECC 

date–i.e. 2016 for 2015 IECC and 

90.1-2013) 

20% of states each  

year up to 80% 

12% of states each  

year up to 60% 

Compliance 
Lose 20% of potential savings 

compared to 2009 IECC/90.1-2007 

Gain 1% of potential 

savings each year until 

reach 12% loss 

Gain 0.5% of potential 

savings each year until 

reach 16% loss 

Energy use under recent model energy codes, the International Energy Conservation Code 
(IECC) for residential buildings and ASHRAE Standard 90.1 for commercial buildings, is 
based on building simulations done by Pacific Northwest National Laboratory (DOE 2014a). 
For construction volumes we used similar assumptions to theirs but updated them based on 
the 2015 AEO: for residential, new single family homes + 59% of multifamily units + 25% of 
new single family homes to account for additions; commercial includes the rest of 
multifamily at 1,150 square feet per unit. We assumed a 30-year lifetime for the savings. 

Because we are projecting costs for codes that have not yet been set, we also used PNNL 
engineering estimates of the cost of meeting recent codes as a starting point for our cost 
estimates (PNNL 2013 and DOE 2012). We derived the cost per percentage point of savings 
for 2006 IECC to 2012 IECC and for 90.1-2004 to 90.1-2010 nationwide and used those for 
future code improvements (because the baseline energy use from which the percentage 
savings is taken decreases, the cost per saved Btu slowly rises). We also assumed an added 
government cost for enforcement of $50–100 per home and $0.075–0.15 per commercial 
square foot, and federal appropriations of $10 million per year for 2016–2025. We assumed 
80% of the consumer cost is financed at mortgage terms (30 years at 2% above US Treasury 
rates projected in AEO 2015) for residential and commercial loan terms (30 years at 4% 
above US Treasury rates; although commercial loans are typically shorter with balloon 
payments, they are also typically refinanced). 
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SAVE Underwriting (S.720) 

For the SAVE Act we estimated the impacts on both new and existing single family homes 
of allowing larger mortgages for efficient homes. Unfortunately, little data are available on 
that (other than from Energy-Efficient Mortgages, which have other barriers). To come up 
with a rough estimate, we first assumed 20% of new single family homes are “energy 
efficient” in the baseline (in 2014 14% were Energy Star New Homes and 24% were rated 
under the Home Energy Rating System). New homes projections are from AEO 2015. We 
also assumed 60% of homebuyers are constrained by mortgage caps, based on the number 
of homes with loan-to-value ratio of at least 80%. We roughly assumed that buyers who are 
constrained are one-third as likely to buy an efficient home as other buyers, but under SAVE 
would come up to the level of other buyers over time. The result is that an additional 13% of 
new homes would be efficient, phased in over five years. Based on Energy Star’s estimates, 
we assumed efficient homes save 20% of energy at a cost of $2,300 (EPA 2013). We assumed 
a 30-year lifetime and 100% mortgage financing. 

For an even rougher estimate for existing homes we assumed as a baseline that efficiency 
retrofits financed by mortgages are 1% of single family home sales, assumed to be 5% of the 
single family home stock, also taken from AEO 2015. Applying the other assumptions yields 
an additional 0.7% of sales, or 0.04% of existing home stock each year, also phased in. Based 
on recent program experience, we assumed the retrofits would save 20% of energy use at a 
cost of $6,000 (Jacobsohn, Khowailed, and Grubbs 2015; Research into Action 2015). We 
assumed a 15-year lifetime and 100% mortgage financing. 

E-Access (S.1044) 

We analyzed improved access to utility data based on its use in more widespread and 
consistent benchmarking applications, and in programs and initiatives to provide 
consumers with energy use information. We assumed that half the authorization 
($5,000,000) would be appropriated in 2016, and assumed no financing. 

In the residential sector we assumed that improved access to utility data would lead to 2% 
savings in electricity (about 274 kWh per household), based on average savings from low-
cost and no-cost behavioral measures through Opower programs (Opower 2015). We 
assumed the provision would phase in over five years to cover 12% of the market (in 
addition to the roughly 40% already covered by Opower), and energy savings would phase 
out over 10 years after 2040. Cost to consumers from this program would be $0.002/kWh, 
and program administration cost would be $0.0285/kWh (Hoffman et al. 2015).  

For commercial buildings we assumed E-Access will increase the number of benchmarked 
buildings and building owners interacting with their data, especially for small and medium-
sized business owners. Currently, 40% of commercial building floor space, but only 6% 
(350,000) of 5.6 million commercial buildings, is benchmarked using ENERGY STAR 
Portfolio Manager. Only 26,000 of those 350,000 buildings receive their utility data via web 
services (Cook 2014). We assumed an additional 20% of commercial energy use would be 
covered, with 3% electricity savings based on an analysis of savings for buildings affected 
by benchmarking requirements, as well as ENERGY STAR studies (EPA 2015 and RFF 
2015). Because we expect this information to affect primarily operations and quick payback 
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investments, we based consumer costs on a two-year simple payback with an average 
measure lifetime of seven years and straight-line decay of savings. 

Commercial Benchmarking (S.1052) 

We assumed that this provision would spur 10 additional cities to institute benchmarking 
and transparency policies covering 115 million square feet of commercial buildings per city. 
For the energy baseline, we used the energy intensity of buildings with floor space greater 
than 50,000 square feet, obtained from the 2003 Commercial Buildings Energy Consumption 
Survey (CBECS) (EIA 2008). We assumed the policy would result in 6% savings in the total 
energy use of covered buildings; although one study found 3% savings in the first year, we 
estimated that these savings would double over time (RFF 2015). As for E-Access, we based 
costs on a two-year simple payback with a seven-year measure lifetime. In addition we 
assumed federal appropriations of $5 million per year from 2016-2020.  

Smart Buildings (S.1046) 

Market awareness of smart buildings is in its early stages. Unlike our assumptions below 
about smart manufacturing, which are based on a preliminary understanding of market 
penetration, assumptions about smart buildings are based on our examination of case 
studies. Energy savings would come from the faster adoption of advanced energy 
management technology in buildings. As the baseline case for this analysis, we assumed 
that 20% electricity savings will eventually be achieved in 50% of commercial sector energy 
use (Rogers et al. 2013 and SMLC 2011). The assumed rate of participation starts at 1% and 
increases by 0.5% per year for three years from 2017, and by 1.5% per year thereafter. The 
policy case accelerates this rate of adoption by three years. Since the participation rate 
increases by 4.5% every three years in the baseline case, the policy case stays 4.5% ahead. 
After 2035, the policy case increase in participation rate slows by 0.5% each year compared 
to the baseline case. We assumed that energy savings persist until 2040 and then ramp down 
over five years. Consumer costs are a combination of an initial capital cost and an ongoing 
operational cost. The initial cost is based on a simple payback of two years; the ongoing 
annual cost is 20% of the initial cost. We also assumed that the implementation of this 
provision would cost the federal government $6 million over three years and that local 
programs would spend an equal amount.  

Nonprofit Retrofits (S.600) 

This program would provide direct assistance to nonprofit organizations for building 
retrofits. We started with federal spending at half the authorized level, $5 million per year 
for 2017–2022, of which 90% would fund incentives and the rest administrative costs. We 
assumed the nonprofits would match total federal funding. For the retrofits that nonprofits 
would choose to do we assumed relatively low costs and short lifetimes. The measures 
would have five-year simple payback, yielding the incremental savings, and a lifetime of 15 
years. We did not assume any financing. 

EQUIPMENT 

Furnace Standards Conditions (S.1029) 

We assumed that in the absence of this provision, DOE would adopt final standards for 
residential furnaces equivalent to those proposed in its March 2010 notice of proposed 
rulemaking (NOPR). The baseline efficiency level is an annual fuel utilization efficiency 
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(AFUE) of 80%, and the assumed standard level is 92% AFUE. We assumed the new 
standards would take effect in 2021. We used estimates of annual fuel savings, additional 
electricity use (due to fuel switching), incremental costs, and fuel prices from DOE's analysis 
for the NOPR. Because the provision does not provide a way for DOE to set the standard 
without agreement from all stakeholders, we assumed that with the provision the standard 
is not updated, and the predicted savings are lost. However our estimates do not consider 
potential damage to the rest of the appliance standards program from the unprecedented 
action of Congress blocking a standard absent consensus support from all stakeholders. 

Ceiling Fan Standards Bar (S.1048) 

We assumed that in the absence of this provision DOE would adopt standards for ceiling 
fans that would reduce energy consumption by 40–60%, depending on the product type, 
relative to the least-efficient ceiling fans available now. We assumed the new standards 
would take effect in 2019. We estimated energy savings and incremental costs based on 
DOE's September 2014 preliminary technical support document (TSD) and a methodology 
described in ACEEE’s Efficiency Boom report (Lowenberger et al. 2012). As the provision 
removes authorization for the update to the standard, we assumed that with the provision 
the current standard will remain in place. 

FEDERAL BUILDINGS 

As a baseline for federal buildings provisions we assumed that the total federal building 
floor space will stay at the same level as in 2014 (3.0 billion square feet) because of the lack 
of any clear trend in recent years and in consideration of the Freeze the Footprint mandate. 
We took new yearly building square footage (40.7 million) and major renovation square 
footage (12.8 million) from PNNL’s analysis of DOE’s rule for the fossil fuel standard (DOE 
2014b). We assumed that the energy intensity of the overall federal building stock will 
continue to decline for each source at the same rate as in the last 10 years. We used federal 
building energy consumption data and square footage from DOE (DOE 2015). We assumed 
new buildings would have energy intensities 30% below the same estimates we used for 
commercial building codes in the base case (see above), three years after the year of the 
ASHRAE standard, and that buildings with major renovations would just meet the codes. 

Federal Building Standards (in S.869) 

For the provisions adding to federal building standards and goals, we analyzed only 
provisions applying standards to major renovations at 30% below code (if life-cycle cost 
effective) and to alterations at code. Although energy intensity targets are potentially 
significant, the targets in the bill do not clearly bring savings over those currently in place 
under an executive order.  

Savings for major renovations are calculated as the additional energy saved by renovations 
meeting 30% below the ASHRAE standard, instead of meeting the ASHRAE standard. We 
assumed added costs would be halfway between what we assumed for the commercial 
codes provisions and what we assumed for deep energy retrofits. For 30% savings the cost is 
$5.5/square foot. We assumed that 50% of these costs would be financed through Energy 
Savings Performance Contracts (25 years at 2.5% above the US Treasury rate) and 50% paid 
through appropriations.  
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The only type of alteration we considered was adding insulation during roof replacements. 
We assumed 1/17th of all buildings undergo roof replacements in a year (Bayer 2009). We 
further assumed that 50% of federal buildings would be affected by this provision (the rest 
are either meeting code now, or still will not). For those buildings we estimated that the 
added insulation would save 5.7% of whole-building energy consumption for 30 years; the 
cost of this alteration was estimated to be $1.67/square foot in 2013 dollars (Bayer 2009). We 
assumed the cost would be paid out of appropriations.  

Fossil Fuel Standard Repeal (in S.869) 

The impacts of the fossil fuel standard repeal are simply the opposite of our estimate of the 
impact for the standard. We assumed that the standard would be met through improved 
energy efficiency to the extent feasible, and the balance through renewable energy; we only 
counted the efficiency savings. Following the draft rule, we assumed that “fossil fuel 
generated energy” includes both fuel consumed on site and fuel consumed through 
electricity used on site.  

We assumed that new buildings under the standard would reduce their total source energy 
use compared to the federal building stock in 2003 (the year of the CBECS baseline in the 
bill) by the target percentages, with proportional reduction of each fuel, until they reached 
the 80% reduction in 2020; after that the remaining reductions would be met by renewables. 
But as we only counted savings below the 30% below code that also is required of federal 
buildings, there are no savings until 2020. For new buildings we assumed costs would be 
the same as under the building energy codes provisions above, paid using appropriations. 

For major renovations, our assumptions were the same as those made for major renovations 
in federal building standards above, as there is no evidence renovations will reach zero net 
energy levels.  

Federal Deep Retrofits (S.1055) 

We neglected the 2020 goals in the bill for 150 federal buildings to undergo retrofits, as their 
floor space would likely add up to less than 0.5% of total federal floor space. We considered 
savings from the 2030–2040 goals, which require 5% of total federal building stock per year 
to undergo deep retrofits. We assumed that two-thirds of the buildings would achieve 35% 
less site energy intensity than the average 2012 federal building, with proportional 
reduction of each fuel, and the other third would achieve 45% less intensity (savings 
compared to baseline are less because the baseline buildings become more efficient; we 
assume the higher third will not quite reach the 50% target). We estimated the average cost 
of the retrofits to be $0.29 per percentage point of savings per square foot; this is 25% less (to 
account for learning) than a weighted average of results reported by the General Services 
Administration National Deep Energy Retrofits pilot program (RMI 2014; Shonder 2014). 
We assumed that 80% of these costs will be covered by energy savings performance 
contracts (ESPCs) and 20% through appropriations. 

INDUSTRY 

Smart Manufacturing (S.1054) 

Over the past few years, market awareness and acceptance of smart manufacturing has been 
growing in the industry. While only about 20% of firms today are estimated to be aware of 
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the benefits of smart manufacturing, already half of those firms (10%) have invested in these 
advanced technologies (Jim Davis, vice provost - information technology and chief academic 
technology officer, UCLA, pers. comm., July 28, 2015). Our assumptions about smart 
manufacturing are based on this preliminary understanding of market penetration.  

We assumed that smart manufacturing can reduce industrial energy intensity by 20% per 
year (SMLC 2011; Rogers et al. 2013). We assume these savings occur for both electricity use 
and natural gas use. The baseline case assumes savings will occur in 80% of the industrial 
sector with a rate of participation starting at 10% of firms and increasing gradually over 
time (starting at a 0.5% increase in 2017, increasing by 1.5% per year in 2020 and thereafter). 
The savings for each plant are phased in over four years and continue until 2040, after 
which they decay over five years. The policy case assumes the same rate of participation 
occurs three years earlier.  

Consumer costs include an initial cost to manufacturers to implement advanced controls 
(based on an estimated two-year simple payback) and ongoing costs for subscriptions for 
software service and maintenance (20% of initial investment annually). We also assumed a 
federal program cost of $15 million over three years, an equal local program cost, and no 
financing. 

Industrial Assessment Centers (S.720, Sec. 202) 

We assumed Section 202 will improve the implementation of energy savings 
recommendations resulting from audits completed by the Department of Energy’s 
Industrial Assessment Center (IAC) program. As of 2014, the IACs conduct approximately 
500 energy audits per year, providing recommendations to manufacturers to help them 
identify opportunities to improve productivity, reduce waste, and save energy. Using data 
from the IAC database (Rutgers 2015) hosted by Rutgers University, we estimated the 
energy saved per average audit per year. With reauthorization, increased coordination, and 
expedited Small Business Administration loans facilitated by Section 202, we assumed IACs 
will continue to conduct the same number of audits, but manufacturers will implement 
more recommendations and achieve greater energy savings based on a 50% net increase in 
the implementation rate of measures. Consumer costs are the investments made by small 
and medium-sized manufacturers to implement recommendations made by IACs. We 
assumed an average simple payback of 1.2 years. We also assumed a $2.5 million increase in 
federal appropriations each year. 

Section 202 would also improve workforce training for students from participating IAC 
universities. Indirect savings resulting from improvements in the training of the next 
generation of energy engineers were difficult to attribute and were not included in our 
assumptions.  

UTILITIES 

Energy Efficiency Standard (EERS) (S.1063) 

S.1063 sets energy savings requirements for electric and natural gas utility efficiency 
programs; existing programs and programs under state-level EERS qualify. We 
conservatively assumed the 2030 savings targets (20% of electricity and 12% of gas) would 
remain in place.  
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We estimated that 86% of electricity sales are covered under the provision, based on 2009 
EIA data, and that current state-level EERS would achieve incremental (new) savings of 
0.7% of covered US electric use each year (Barbose et al. 2013), of which the AEO 
incorporates 0.5% incremental savings each year (EIA 2015b). We then assumed sufficient 
additional incremental savings each year to meet the provision’s annual savings targets 
(including savings from earlier measures) on a national basis, except that we capped total 
incremental savings at a rate that increases to 2.5% over five years. We did the analysis 
separately for residential buildings, commercial buildings, and industry. We assumed an 
average measure lifetime of 10.6 years in all economic sectors (Molina 2014), with straight-
line decay of savings as the wide variety of programs can result in a wide range of measure 
lifetimes. We also assumed the same cost in each sector, with a program cost of $0.24 per 
incremental kilowatt-hour, and a customer cost 1.41 times the program cost ($0.34/kWh) 
(Molina 2014). We assumed that 30% of the program cost would be financed (five years at 
the utility bond rate from AEO 2015) and 20% of the customer cost (at mortgage terms for 
residential and commercial terms for commercial and industrial customers). 

The analysis for natural gas savings is similar. We estimated that 94% of natural gas sales 
would be covered under the law, that the AEO projection includes 0.18% incremental 
savings each year, based on recent reported savings levels, and that absent a federal EERS 
states would achieve that level. We assumed added savings to meet the targets, but with a 
cap rising to 1.5% incremental savings. We assumed an average measure lifetime in all 
sectors of 16.1 years, again with straight-line decay. We assumed a program cost of 
$39/MMBtu, customer cost of 1.41 times program cost, and the same financing as for 
electricity measures (Molina 2014). 
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Appendix D. Methodology of the Macroeconomic Model 

To evaluate the macroeconomic impacts of energy efficiency policies, we used the 
proprietary Dynamic Energy Efficiency Policy Evaluation Routine (DEEPER) model. The 
model has a 20-year history of use and development, though it was more recently renamed 
“DEEPER.” 

The DEEPER Modeling System is a 15-sector quasi-dynamic input-output (I/O) model of 
the US economy. Input-output models use economic data to study the relationships among 
producers, suppliers, and consumers. They are often used to show how interactions among 
all three impact the macro-economy. DEEPER draws upon trade information from the 
IMPLAN Group LLC (IMPLAN 2015), energy use data from the AEO, and employment and 
labor data from the Bureau of Labor Statistics. The model functions as laid out in the flow 
diagram in figure D1. 

 

Figure D1. The DEEPER model 

DEEPER results are driven by adjustments to energy service demands and alternative 
investment patterns resulting from projected changes in policies and prices between 
baseline and policy scenarios. The inputs are the changes in spending on efficiency 
measures and energy bills of residential, commercial, and industrial consumers, and of 
government; in program spending, revenue, and production of utilities; in investments in 
manufacturing, services, and multiple construction sectors, and in financial services. The 
end result is a net change between the reference and policy scenarios in jobs, income, and 
value added (the market value of all final goods and services), which is measured as gross 
domestic product (GDP).  

Like all economic models, DEEPER has strengths and weaknesses. It is robust in comparison 
with some I/O models because it can account for price and quantity changes over time and 
is sensitive to shifts in investment flows. It also reflects sector-specific labor intensities 
across the US economy. However, it is important to remember when interpreting results for 
the DEEPER model that the results rely heavily on the assumptions for the individual 
policies, and like any prediction of the future, they are subject to uncertainty. 

More details on the DEEPER model are available in previous papers (Young et al. 2013). 
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