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1 EXECUTIVE SUMMARY

Background

DTE Energy staff and GDS Associates, Inc. (GDS) worked together to complete this 2016 study of natural
gas energy efficiency potential for the DTE Energy service area. This energy efficiency potential study
provides a roadmap for policy makers and identifies the energy efficiency measures having the greatest
potential energy savings and the measures that are the most cost-effective. In addition to technical and
economic potential estimates, the development of achievable potential estimates for a range of feasible
energy efficiency measures is useful for program planning and modification purposes. Unlike achievable
potential estimates, technical and economic potential estimates do not include customer acceptance
considerations for energy efficiency measures, which are often among the most important factors when
estimating the likely customer response to new programs. For this study, GDS produced the following
estimates of energy efficiency potential:

O Technical Potential
O Economic Potential
O Achievable Potential

— Achievable Potential Scenario #1: Based on Utility Cost Test (UCT) cost-effectiveness screening,
incentives for program participants set at 50% of incremental measure costs and no budget
constraints

— Achievable Potential Scenario #2: Based on UCT cost-effectiveness screening, incentives for
program participants set at 50% of incremental measure costs and energy efficiency program
annual budgets constrained to 2% of projected annual DTE Energy natural gas revenues

Definitions of the types of energy efficiency potential are provided below.

Technical Potential is the theoretical maximum amount of energy use that could be displaced by
efficiency, disregarding all non-engineering constraints such as cost-effectiveness and the willingness of
end-users to adopt the efficiency measures. It is often estimated as a “snapshot” in time assuming
immediate implementation of all technologically feasible energy saving measures, with additional
efficiency opportunities assumed as they arise from activities such as new construction.

Economic Potential refers to the subset of the technical potential that is economically cost-
effective as compared to conventional supply-side energy resources. Both technical and economic
potential are theoretical numbers that often assume immediate implementation of efficiency measures,
with no regard for the gradual “ramping up” process of real-life programs. In addition, they ignore
market barriers to ensuring actual implementation of efficiency. Finally, they only consider the costs of
efficiency measures themselves, ignoring any programmatic costs (e.g., marketing, analysis,
administration) that would be necessary to capture them.

Achievable Potential is the amount of energy use that efficiency can realistically be expected to
displace assuming different market penetration scenarios for cost effective energy efficiency measures.
An aggressive scenario, for example, could, provide program participants with payments for the entire
incremental cost of more energy efficient equipment. This is often referred to as “maximum achievable
potential.” Achievable potential takes into account real-world barriers to convincing end-users to adopt
cost effective energy efficiency measures, the non-measure costs of delivering programs (for
administration, marketing, data and reporting tracking systems, monitoring and evaluation, etc.), and
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the capability of programs and administrators to ramp up program activity over time.® Achievable
potential is a subset of economic potential.

This potential study evaluates two achievable potential scenarios:

1) Scenario #1| For the first scenario, achievable potential represents the amount of energy use
that efficiency can realistically be expected to displace assuming incentives equal to 50% of the
incremental measure cost and no cap on total annual energy efficiency program expenditures. Cost-
effectiveness of measures was determined with the UCT.

2) Scenario #2| The second scenario is a subset of Achievable Scenario #1 (based on UCT cost-
effectiveness screening). While scenario #1 assumed no cap on total annual energy efficiency
program expenditures, Achievable Scenario #2 assumed a spending cap of approximately 2% of
projected annual DTE Energy natural gas revenues. According to Michigan Public Act 295 of 2008,
natural gas and electric utilities are not permitted (without specific approval from the Commission)
to spend more than 2.0% of annual retail revenues for programs implemented to comply with
Michigan’s energy optimization performance standard.

The purpose of this energy efficiency potential study is to provide a foundation for the continuation of
utility-administered natural gas energy efficiency programs in the DTE Energy service area and to
determine the remaining opportunities for cost-effective natural gas energy efficiency savings for the
DTE Energy service area. This detailed report presents results of the technical, economic, and achievable
potential for natural gas energy efficiency measures in the DTE Energy service area for two time periods:

O The ten-year period from January 1, 2016 through December 31, 2025
O The twenty-year period from January 1, 2016 through December 31, 2035

All results were developed using customized residential, commercial and industrial sector-level potential
assessment analytic models and DTE Energy-specific cost-effectiveness criteria including the most recent
DTE Energy specific avoided cost projections for natural gas. To help inform these energy efficiency
potential models, up-to-date energy efficiency measure data were primarily obtained from the following
recent studies and reports:

1) October 2015 Michigan Energy Measures Database (MEMD)

2) Energy efficiency baseline studies conducted by DTE Energy

3) 2009 U.S. Energy Information Administration (EIA) Residential Energy Consumption Survey (RECS)
4) 2007 American Housing Survey (AHS)

5) 2003 EIA Commercial Building Energy Consumption Survey (CBECS)?

The above data sources provided valuable information regarding the current saturation, costs, savings
and useful lives of natural gas energy efficiency measures considered in this study.

The results of this study provide detailed information on energy efficiency measures that are the most
cost-effective and have the greatest potential natural gas savings for the DTE Energy service area. The
data used for this report were the best available at the time this analysis was developed. As building and
appliance codes and energy efficiency standards change, and as energy prices fluctuate, additional
opportunities for energy efficiency may occur while current practices may become outdated.

Study Scope

1 These definitions are from the November 2007 NAPEE “Guide for Conducting Energy Efficiency Potential Studies”
2 This is the latest publicly available CBECS data released by the Energy Information Administration (EIA).
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The study examines the potential to reduce natural gas consumption through the implementation of
energy efficiency technologies and practices in residential, commercial, and industrial facilities in the
DTE Energy service area. This study assesses natural gas energy efficiency potential in the DTE Energy
service area over twenty years, from 2016 through 2035.

The main objective of this study was to evaluate the natural gas energy efficiency technical, economic
and achievable potential savings for the DTE Energy service area, based upon cost-effectiveness
screening with the UCT benefit/cost test. As noted above, the scope of this study distinguishes among
three types of energy efficiency potential; (1) technical, (2) economic, and (3) achievable potential. The
definitions used in this study for energy efficiency potential estimates were obtained directly from a
2007 National Action Plan for Energy Efficiency (NAPEE) report.® Figure 1-1 below provides a graphical
representation of the relationship of the various definitions of energy efficiency potential.

Figure 1-1: Types of Energy Efficiency Potential*

Not Technically Technical Potential
Feasible

Not Technically Not Cost- Economic Potential
Feasible Effective

Market & . .
Not Technically Not Cost- Adoption Achievable Potential
Feasible Effective Barriers

Limitations to the scope of study: As with any assessment of energy efficiency potential, this study
necessarily builds on a large number of assumptions and data sources, including the following:

O Energy efficiency measure lives, measure savings and measure costs

The discount rate for determining the net present value (NPV) of future savings

Projected penetration rates for energy efficiency measures

Projections of DTE Energy specific natural gas avoided costs

Future changes to current energy efficiency codes and standards for buildings and equipment

OOoOoa0o

While the GDS Team has sought to use the best and most current available data, there are many
assumptions where there may be reasonable alternative assumptions that would yield somewhat
different results. Furthermore, while the lists of energy efficiency measures examined in this study
represent the most commercially available measures, these measure lists are not exhaustive.

With respect to non-energy benefits of energy efficiency programs, GDS did not place a value on
reductions in power plant emissions of CO, or other emissions.

Finally, there was no attempt to place a dollar value on some difficult to quantify benefits arising from
installation of some measures, such as increased comfort or increased safety, which may in turn support

® National Action Plan for Energy Efficiency, “Guide for Conducting Energy Efficiency Potential Studies”, November 2007.
4 Reproduced from "Guide to Resource Planning with Energy Efficiency” November 2007. US EPA. Figure 2-1.
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some personal choices to implement particular measures that may otherwise not be cost-effective or
only marginally so.

Summary of Results

This study examined several hundred natural gas energy efficiency measures in the residential,
commercial and industrial sectors combined.

The data in Figure 1-2 below shows that cost-effective natural gas energy efficiency resources can play a
significantly expanded role in DTE Energy’s energy resource mix over the next ten and twenty years. For
the DTE Energy service area overall, the achievable potential for natural gas savings based on the UCT
cost-effectiveness test screening is 13.6% of forecast MMBtu sales for 2025, and 19.6% of forecast
MMBtu sales in 2035.

Figure 1-2: Natural Gas Energy Efficiency Potential Savings Summary

60.0%

48.3% m 10-Yr Savings (2025)

50.0%

43.7%

= 20-Yr Savings (2035)

40.0%

30.0%

20.0%

10.0%

MMBtu Savings in 2025 and 2035 as a % of
Forecasted Sales

0.0%

Technical Potential Economic Potential UCT Achievable Potential UCT Constrained Achievable

Table 1-1 and Table 1-2 present additional detail, providing the energy efficiency savings potential for all
scenarios over a period of and 10 and 20 years, respectively.
Table 1-1: Summary of Technical, Economic and Achievable Natural Gas Energy Savings for 2025

Constrained
Achievable
(UCT)

Achievable
Potential
(UCT)

Economic
Potential
(UCT)

Technical

End Use Potential

Natural Gas Savings as % of Sales Forecast

Savings % - Residential 43.6% 35.1% 12.7% 4.6%
Savings % - Commercial 43.9% 38.7% 16.5% 8.1%
Savings % - Industrial 41.7% 20.7% 17.2% 8.5%
Savings % - Total 43.7% 35.8% 13.6% 5.5%
T e

Savings MMBtu - Residential 49,972,671 40,188,718 14,511,239 5,312,355
Savings MMBtu - Commercial 16,180,324 14,261,672 6,078,410 2,983,129
Savings MMBtu - Industrial 529,264 262,883 218,040 108,003
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End Use
Savings MMBtu - Total

Technical
Potential

66,682,259

Economic

Potential
(UCT)

54,713,273

Achievable
Potential
(UCT)

20,807,688

Constrained
Achievable
(UCT)

8,403,487

Table 1-2: Summary of Technical, Economic and Achievable Natural Gas Energy Savings for 2035

End Use

Technical
Potential

Natural Gas Savings as % of Sales Forecast

Economic
Potential
(UCT)

Achievable
Potential
(UCT)

Constrained
Achievable
(UCT)

Savings % - Residential 49.7% 38.7% 18.7% 9.1%
Savings % - Commercial 44.5% 39.3% 22.1% 12.1%
Savings % - Industrial 41.7% 20.7% 19.8% 11.5%
Savings % - Total 48.3% 38.7% 19.6% 9.9%

Savings MMBtu - Residential 59,125,302 46,074,300 22,307,589 10,844,287
Savings MMBtu - Commercial 17,294,774 15,259,641 8,566,066 4,706,903
Savings MMBtu - Industrial 529,264 262,883 251,267 145,393

Savings MMBtu - Total 76,949,340 61,596,824 31,124,921 15,696,583

The ten-year and twenty-year budgets and acquisition costs for the achievable potential scenarios for
natural gas energy efficiency savings are shown in Table 1-3.

GDS is providing the information on the projected acquisition per first year unit of energy saved in order
to provide program planners and decision-makers with the expected cost to utilities to acquire the
natural gas savings for the two achievable potential scenarios examined in this report. It is important for
program planners and other decision-makers to have a good understanding of the cost to utilities to
acquire these levels of natural gas energy efficiency savings.

Table 1-3: Achievable Potential Scenarios; Budgets and Acquisition Costs Per Unit of Energy Saved — Natural
Gas Savings (Budgets Are Not in Present Value Dollars)

Acquisition Cost  Acquisition Cost

All Sectors Combined

10 - Year EE
Budget

20-Year EE
Budget

Per First Year
MMBtu Saved -
10 years

Per First Year
MMBtu Saved -
20 years

Achievable UCT — No budget
constraint

$641,588,995

$1,323,528,053

$25.84

$26.18

Constrained UCT

$246,995,206

$627,506,534

$24.86

$25.74

Table 1-4 and Table 1-5 present the annual utility budgets, in total and by sector, required to achieve the
natural gas energy efficiency savings levels in each of the two achievable potential scenarios. These
tables also present annual information on the percent of annual utility revenues needed each year to
fund acquiring the energy efficiency savings levels for each achievable potential scenario.

Table 1-4: Annual Natural Gas Energy Efficiency Program Budgets Associated with the Achievable UCT
Scenario (in millions)
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% of Annual

Residential Commercial Industrial Total Budgets Revenue
2016 $37.7 $8.4 $0.4 $46.4 4.7%
2017 $41.1 $8.4 $0.4 $49.9 5.0%
2018 $45.2 $8.5 $0.4 $54.1 5.2%
2019 $48.9 $8.6 $0.4 $57.8 5.2%
2020 $52.6 $8.6 $0.4 $61.6 5.1%
2021 $56.4 $8.7 $0.4 $65.5 5.1%
2022 $60.2 $8.8 $0.4 $69.4 5.2%
2023 $64.1 $10.4 $0.4 $74.9 5.4%
2024 $68.0 $10.5 $0.5 $78.9 5.4%
2025 $71.9 $10.6 $0.5 $83.0 5.4%
2026 $59.2 $7.8 $0.2 $67.2 4.2%
2027 $59.2 $7.8 $0.2 $67.2 4.0%
2028 $58.1 $8.3 $0.2 $66.6 3.9%
2029 $58.9 $8.6 $0.2 $67.7 3.8%
2030 $57.9 $10.3 $0.2 $68.4 3.7%
2031 $59.1 $16.1 $0.4 $75.6 3.8%
2032 $58.0 $16.3 $0.4 $74.7 3.6%
2033 $57.7 $14.8 $0.4 $72.9 3.3%
2034 $57.5 $15.0 $0.5 $72.9 3.1%
2035 $56.7 $15.1 $0.5 $72.2 2.9%

Table 1-5: Annual Natural Gas Energy Efficiency Program Budgets Associated with the Constrained UCT
Scenario (in millions)

% of Annual

Residential Commercial Industrial Total Budgets Revenue
2016 $15.8 $3.6 S0.2 $19.6 2.0%
2017 $16.3 $3.7 $0.2 $20.1 2.0%
2018 $16.9 $3.8 S0.2 $20.9 2.0%
2019 $18.1 $4.0 $0.2 $22.4 2.0%
2020 $19.5 S4.4 S0.2 S24.1 2.0%
2021 $20.7 S4.6 $0.2 $25.5 2.0%
2022 $21.7 $4.8 S0.2 $26.7 2.0%
2023 $22.7 $5.0 $0.2 $27.9 2.0%
2024 $23.7 S5.2 S0.3 $29.2 2.0%
2025 $24.9 $5.5 $0.3 $30.6 2.0%
2026 $26.2 S5.7 S0.3 $32.2 2.0%
2027 $27.2 $5.9 S0.3 $33.4 2.0%
2028 $28.1 $6.1 S0.3 $34.5 2.0%
2029 $29.2 $6.3 $0.3 $35.8 2.0%
2030 $30.4 $6.6 S0.3 $37.3 2.0%
2031 $32.1 $7.0 S0.3 $39.4 2.0%
2032 $33.9 $7.3 S0.4 S41.6 2.0%
2033 $35.9 $7.8 S0.4 $44.0 2.0%
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% of Annual

Residential Commercial Industrial Total Budgets Revenue
2034 $37.9 $8.2 S0.4 $46.5 2.0%
2035 $40.1 $8.7 S0.4 $49.2 2.0%

Energy Efficiency Potential Savings Detail By Sector

Note that Sections 5, 6 and 7 of this report include additional detail about the natural gas energy
efficiency savings potential in the DTE Energy service area by 2035.

Cost-Effectiveness Findings

This study examines the two achievable potential scenarios presented in this study. This potential study
concludes that significant cost-effective natural gas energy efficiency potential remains in the DTE
Energy service area. Table 1-6 and Table 1-7 show the preliminary present value benefits, costs and
benefit-cost ratios for these two scenarios.

Table 1-6: UCT Benefit-Cost Ratios for Achievable Potential Scenarios For 2016 to 2025 Time Period

UCT
Benefit/Cost

UCT Net

Achievable Potential Scenarios NPV $ Benefits NPV $ Costs Ratio Benefits
Achievable UCT — Scenario #1 $553,747,610 $423,567,579 1.31 $130,180,031
Constrained UCT — Scenario #2 $222,436,585 $164,510,156 1.35 $57,926,429

Table 1-7: UCT Benefit-Cost Ratios for Achievable Potential Scenarios For 2016 to 2035 Time Period
UcT

Benefit/Cost

UCT Net

Achievable Potential Scenarios
Achievable UCT - Scenario #1

NPV $ Benefits
$852,050,531

NPV $ Costs
$622,160,694

Ratio
1.37

Benefits
$229,889,837

Constrained UCT - Scenario #2

$389,670,965

$272,605,086

1.43

$117,065,879

In addition, GDS did calculate UCT benefit/cost ratios for each individual energy efficiency measure
considered in this study. Only measures that had a UCT benefit/cost ratio greater than or equal to 1.0
were retained in the economic and achievable potential savings estimates. It is important to note that
energy efficiency measures for low income households do not necessarily need to be cost-effective in
the DTE Energy service area. However, for consistency in this report, GDS has excluded all non-cost
effective measures from estimates of economic and achievable potential energy efficiency savings.

Report Organization
The remainder of this report is organized as follows:

Section 2: Glossary of Terms defines key terminology used in the report.

Section 3: Characterization of Natural Gas Consumption provides an overview of the Energy
natural gas service area and a brief discussion of the historical and forecasted natural gas energy sales
by sector.

Section 4: Potential Study Methodology details the approach used to develop the estimates of
technical, economic and achievable potential savings for natural gas energy efficiency savings.
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Section 5: Residential Natural Gas Energy Efficiency Potential Estimates provides a breakdown
of the residential sector technical, economic, and achievable natural gas energy efficiency savings.

Section 6: Commercial Natural Gas Energy Efficiency Potential Estimates provides a breakdown
of the commercial sector technical, economic, and achievable natural gas energy efficiency savings.

Section 7: Industrial Natural Gas Energy Efficiency Potential Estimates provides a breakdown of
the industrial sector technical, economic, and achievable natural gas energy efficiency savings.
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2 (GLOSSARY OF TERMS

The following list defines many of the key energy efficiency terms used throughout this energy efficiency
potential study.

Achievable Potential: The November 2007 NAPEE “Guide for Conducting Energy Efficiency Potential
Studies” defines achievable potential as the amount of energy use that energy efficiency can realistically
be expected to displace assuming the most aggressive program scenario possible (e.g., providing end-
users with payments for the entire incremental cost of more efficient equipment). This is often referred
to as maximum achievable potential. Achievable potential takes into account real-world barriers to
convincing end-users to adopt efficiency measures, the non-measure costs of delivering programs (for
administration, marketing, tracking systems, monitoring and evaluation, etc.), and the capability of
programs and administrators to ramp up program activity over time. For purposes of this study, two
achievable potential scenarios were included: the first is an achievable potential scenario which
assumes incentives are set to 50% of the incremental or full measure cost; the second assumed a
spending cap of approximately 2% of utility revenues.

Administrative Costs: Costs incurred by the utility that do not include incentives paid to the customer
(i.e.: program administrative costs, program marketing costs, data tracking and reporting, program
evaluation, etc.). These costs may also be referred to as ‘non-incentive’ costs.

Applicability Factor: The fraction of the applicable housing units or businesses that is technically
feasible for conversion to the efficient technology from an engineering perspective (e.g., it may not be
possible to install CFLs in all light sockets in a home because the CFLs may not fit in every socket in a
home).

Acquisition Costs: The cost of energy savings associated with energy efficiency programs, generally
expressed in costs per first year MMBtu saved (S/MMBtu) in this report.

Avoided Costs: There are two main categories of avoided costs: energy-related and capacity-related.
Energy-related avoided costs refer to market prices of energy, fuel costs, natural gas commodity prices,
and other variable costs. Capacity related avoided costs refer to infrastructure investments such as
power plants, transmission and distribution lines, and natural gas transmission and distribution pipelines
and gas storage facilities.

Base Case Equipment End-Use Intensity: The energy used per customer per year by each base-
case technology in each market segment. This is the consumption of the energy using equipment that
the efficient technology replaces or affects.

Base Case Factor: The fraction of the market that is applicable for the efficient technology in a given
market segment. For example, for residential domestic water heating, this would be the fraction of all
residential customers that have a gas water heater in their household.

Coincidence Factor: The fraction of connected load expected to be “on” and using electricity
coincident with the electric system peak period.
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Cost-Effectiveness: A measure of the relevant economic effects resulting from the implementation
of an energy efficiency measure or program. If the benefits are greater than the costs, the measure is
said to be cost-effective.

Cumulative Annual: Refers to the overall annual savings occurring in a given year from both new
participants and annual savings continuing to result from past participation with energy efficiency
measures that are still in place. Cumulative annual does not always equal the sum of all prior year
incremental values as some energy efficiency measures have relatively short useful lives and, as a result,
their energy savings drop off over time.

Commercial Sector: Comprised of non-manufacturing premises typically used to sell a product or
provide a service, where electricity and natural gas are consumed primarily for lighting, space cooling
and heating, office equipment, refrigeration and other end uses. Commercial business types are
described in Section 5 — Methodology.

Economic Potential: The November 2007 NAPEE “Guide for Conducting Energy Efficiency Potential
Studies” refers to the subset of the technical potential that is economically cost-effective as compared
to conventional supply-side energy resources as economic potential. Economic potential ignores market
barriers to ensuring actual implementation of efficiency and only consider the costs of efficiency
measures themselves, ignoring any programmatic costs (e.g., marketing, analysis, administration,
evaluation) that would be necessary to capture them.

End-Use: A category of equipment or service that consumes energy (e.g., lighting, refrigeration,
heating, process heat, cooling).

Energy Efficiency: Using less energy to provide the same or an improved level of service to the
energy consumer in an economically efficient way. Sometimes “conservation” is used as a synonym, but
that term is usually taken to mean using less of a resource even if this results in a lower service level
(e.g., setting a thermostat lower or reducing lighting levels).

Free Rider: Participants in an energy efficiency program who would have adopted an energy efficiency
technology or improvement in the absence of a program or financial incentive.

Incentive Costs: A rebate or some form of payment used to encourage electric and natural gas
consumers to implement a given demand-side management (DSM) technology.

Incremental: Savings or costs in a given year associated only with new installations of energy
efficiency measures happening in that specific year.

Industrial Sector: Comprised of manufacturing premises typically used for producing and processing
goods, where electricity and natural gas is consumed primarily for operating motors, process cooling
and heating, and space heating, ventilation, and air conditioning (HVAC). Industrial business types are
described in section 5 — Methodology.

Measure: Any action taken to increase energy efficiency, whether through changes in equipment,
changes to a building shell, implementation of control strategies, or changes in consumer behavior. In
some cases, bundles of technologies or practices may be modeled as single measures.
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MMBtu: A measure of power, used in this report to refer to consumption and savings associated with
natural gas consuming equipment. One British thermal unit (symbol Btu or sometimes BTU) is a
traditional unit of energy equal to about 1055 joules. MMBtu is defined as one million BTUs.

MW: A unit of electrical output, equal to one million watts or one thousand kilowatts. It is typically used
to refer to the output of a power plant.

MWHh: One thousand kilowatt-hours, or one million watt-hours. One MWh is equal to the use of
1,000,000 watts of power in one hour.

Participant Cost: The cost to the participant to participate in an energy efficiency program.

Portfolio: Either a collection of similar programs addressing the same market, technology, or
mechanisms; or the set of all programs conducted by one energy efficiency organization or utility.

Program: A mechanism for encouraging energy efficiency that may be funded by a variety of sources
and pursued by a wide range of approaches (typically includes multiple energy efficiency measures).

Remaining Factor: The fraction of applicable units that have not yet been converted to the electric or
natural gas energy efficiency measure; that is, one minus the fraction of units that already have the
energy efficiency measure installed.

Replace-on-burnout: An energy efficiency measure is not implemented until the existing technology
it is replacing fails or burns out. An example would be an energy efficient water heater being purchased
after the failure of the existing water heater at the end of its useful life.

Retrofit: Refers to an efficiency measure or efficiency program that seeks to encourage the replacement
of functional equipment before the end of its operating life with higher-efficiency units, or the
installation of additional controls, equipment, or materials in existing facilities for purposes of reducing
energy consumption (e.g., increased insulation, low flow devices, lighting occupancy controls,
economizer ventilation systems).

Savings Factor: The percentage reduction in electricity or natural gas consumption resulting from
application of the efficient technology. The savings factor is used in the formulas to calculate energy
efficiency potential.

Technical Potential: The theoretical maximum amount of energy use that could be displaced by
energy efficiency, disregarding all non-engineering constraints such as cost-effectiveness and the
willingness of end-users to adopt the energy efficiency measures.

Utility Cost Test: The UCT measures the net benefits of the energy efficiency program for a region or
service area as a whole from the utility’s perspective. Costs included in the UCT are the utility’s costs to
design, implement and evaluate a program. The benefits included are the avoided utility costs of energy
and capacity.
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3 CHARACTERIZATION OF NATURAL GAS CONSUMPTION IN DTE

ENERGY’S SERVICE TERRITORY

This section provides up-to-date forecast information on natural gas consumption, consumption by
market segment and by energy end use, and natural gas customers in DTE Energy’s natural gas service
territory. Developing this information is a fundamental part of any energy efficiency potential study. It is
necessary to understand how energy is consumed in a utility service area or region before one can
assess the energy efficiency savings potential that remains to be tapped.

3.1 Michigan Natural Gas Utilities

There are multiple utilities that provide natural gas to Michigan customers. According to data from the
Michigan Public Service Commission, Michigan has 10 natural gas utilities. The two largest electric
utilities are DTE Energy Company (DTE) and Consumers Energy. These two utilities provide
approximately 84% of natural gas delivery in the State.

Figure 3-1 shows the DTE natural gas service area in Michigan. On the left, the DTE natural gas service
area is shown relative to other natural gas utilities in Michigan. On the right, the DTE natural gas service

area is shown relative to the DTE Energy Company.

Figure 3-1: Michigan Natural Gas Utility Service Territories
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3.2 Residential, Commercial and Industrial Sector Baseline Segmentation
Findings

This section provides detailed information on the breakdown of DTE residential, commercial and
industrial sector natural gas sales in the DTE Energy service territory by market segment and end use.

3.2.1 Natural Gas Sales Forecast by Sector for the DTE Energy Service Area

PREPARED BY GDS ASSOCIATES, INC.
12 |



Figure 3-2 and Table 3-1 show historical and forecast natural gas sales by sector (in MMBtu) for the DTE
service area for the period 2016 to 2035. GDS coordinated with DTE Energy to develop forecast sales
that exclude the impacts of future DSM programs. Preparation of a forecast of natural gas sales that
excludes such impacts is important in order to ensure that the methodology used in this study to
estimate potential savings is based on levels of natural gas sales before the implementation of future
energy efficiency programs.

Figure 3-2: DTE Energy Forecast of Annual Natural Gas Sales (MMBtu)5
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The DTE Energy forecast of annual natural gas sales shown in Figure 3-2 above highlights that the
Company expects future MMBtu sales to remain at 2016 levels for the next two decades. The residential
sector is forecast to have the largest share of annual MMBtu sales, followed by the commercial and
industrial sectors.

Table 3-1: DTE Energy Projected Natural Gas MMBtu Sales by Sector for 2016 to 2035

Residential Sales Commercial Sales Industrial Sales Total Sales
Year (MMBtu) (MMBtu) (MMBtu) (MMBtu)
2016 112,438,984 37,672,410 1,312,202 151,423,596
2017 111,678,756 37,263,299 1,299,123 150,241,178
2018 111,628,742 37,112,546 1,287,652 150,028,940
2019 111,572,950 36,962,003 1,276,349 149,811,302
2020 112,088,348 37,008,405 1,266,447 150,363,200
2021 112,596,991 36,779,551 1,265,378 150,641,920
2022 113,098,931 36,706,769 1,265,883 151,071,584
2023 113,594,218 36,719,268 1,266,568 151,580,054
2024 114,082,902 36,786,632 1,267,834 152,137,368

5 Excludes the transportation sector
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Residential Sales Commercial Sales Industrial Sales Total Sales

(MMBtu) (MMBtu) (MMBtu) (MMBtu)
2025 114,565,033 36,875,488 1,268,064 152,708,586
2026 115,040,661 36,916,689 1,267,295 153,224,644
2027 115,509,833 37,055,317 1,268,146 153,833,297
2028 115,972,600 37,314,733 1,269,034 154,556,367
2029 116,429,010 37,618,018 1,269,690 155,316,718
2030 116,879,110 37,892,852 1,269,607 156,041,569
2031 117,322,950 38,081,243 1,270,096 156,674,289
2032 117,760,575 38,233,251 1,270,406 157,264,232
2033 118,192,034 38,392,367 1,270,052 157,854,453
2034 118,617,373 38,593,276 1,269,848 158,480,497
2035 119,036,639 38,846,755 1,269,572 159,152,967

3.2.2 Natural Gas Consumption by Market Segment

Figure 3-3 shows the estimated breakdown of 2014 commercial sector annual natural gas consumption
by building type for the DTE Energy commercial sector. The Office market sector (22%) contributed the
largest share of commercial natural gas consumption in 2014, followed by the Other (23%) category and
Education buildings (15%). Figure 3-4 shows a similar estimate of sales by industrial market segment for
the industrial sector. In the industrial sector breakdown, Automobile Manufacturing (45% of 2014
annual industrial natural gas sales) is the largest sector, followed by Primary Metals (24%) and Rubber
and Plastics (7%).

Table 3-2 and Table 3-3 provide additional detail regarding the 2014 MMBtu market segment
breakdown of DTE’s commercial and industrial natural gas sales.

Figure 3-3: DTE Energy 2014 Commercial Natural Gas Consumption by Market Segment
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Figure 3-4: DTE Energy 2014 Industrial Natural Gas Consumption by Market Segment
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Table 3-2: 2014 DTE Energy Commercial Sector Natural Gas Consumption by Market Segment
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2014 DTE Commercial Sector Natural

Percent of Total Commercial Sector

Market Segment Gas Consumption (MMBtu) Sales
Warehouse 2,699,647 7%
Retail 4,005,545 10%
Grocery 1,165,403 3%
Office 8,348,472 22%
Lodging 2,247,629 6%
Health 2,491,705 6%
Restaurant 2,904,473 7%
Education 6,008,318 15%
Other 8,934,754 23%
Total 38,805,946 100%

Table 3-3: 2014 DTE Energy Industrial Natural Gas Consumption by Market Segment

2014 Industrial Natural Gas

Market Segment Consumption (MMBtu) Natural Gas Share
Automobiles 639,616 45%
Primary Metals 339,684 24%
Plastics & Rubber 93,998 7%
Fabricated Metal 86,392 6%
Machinery 68,884 5%
Nonmetallic Mineral 48,075 3%
Petroleum 40,326 3%
Wood 37,312 3%
Food & Agriculture 36,595 3%
Chemicals 24,540 2%
Misc. 8,180 1%
Printing 6,745 0%
Textile Mill Products 4,736 0%
Total 1,435,081 100%

3.2.3 Natural Gas Consumption by End-Use

Table 3-4 shows the breakdown of DTE 2014 natural gas energy consumption by commercial market
segment by end use. Table 3-5 and Table 3-6 show the same end-use energy breakdown for the
industrial sector by market segment. Space Heating is the largest end use for the commercial sector
(80% of commercial sector natural gas consumption), followed by water heating at (14%). As for the
industrial sector, Process Heat represents the largest end use, followed by facility HVAC and CHP/Other.
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Table 3-4: Breakdown of DTE Commercial Natural Gas Sales by Market Segment and End-Use

Warehouse Retail Grocery Office Lodging Health Restaurant Education
Space Heating 96% 84% 78% 93% 33% 63% 34% 83% 90% 80%
Water Heating 4% 9% 6% 6% 63% 35% 30% 16% 5% 14%
Cooking 0% 7% 15% 1% 5% 3% 36% 1% 6% 6%
Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

Table 3-5: Industrial Natural Gas Consumption by End Use (Table 1 of 2)

Nonmetallic
Automobiles Primary Metals Plastics & Rubber  Fabricated Metal Machinery Mineral Petroleum
Process Heat 43% 82% 36% 65% 43% 90% 66%
Facility HVAC 43% 11% 40% 27% 52% 7% 12%
CHP and Other® 14% 8% 24% 7% 4% 3% 22%
Total Industrial 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Table 3-6: Industrial Natural Gas Consumption by End Use (Table 2 of 2)

Food & Agriculture Chemicals . Printing Textile Mill Products
Process Heat 65% 36% 43% 27% 48% 38%
Facility HVAC 18% 34% 18% 53% 39% 38%
CHP and Other 18% 29% 39% 20% 13% 25%
Total Industrial 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

6 CHP and other minor non-process/non-HVAC end uses are shown as a percentage of total natural gas sales, but there is no energy efficiency potential associated with this end-use group
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4 POTENTIAL STUDY METHODOLOGY

This section describes the overall methodology GDS utilized to develop the natural gas energy efficiency
potential study for DTE Energy. The main objective of this energy efficiency potential study is to quantify
the technical, economic and achievable potential for natural gas energy efficiency savings in the DTE
natural gas service area. This report provides estimates of the potential MMBtu natural gas savings for
each level (technical, economic and achievable potential) of energy efficiency potential.

This document describes the general steps and methods that were used at each stage of the analytical
process necessary to produce the various estimates of energy efficiency potential. GDS did not examine
delivery approaches for energy efficiency programs as this task was not included in the scope of work
for this study.

4.1 Overview of Approach

GDS used a bottom-up approach to estimate energy efficiency potential in the residential sector.
Bottom-up approaches begin with characterizing the eligible equipment stock, estimating savings and
screening for cost-effectiveness first at the measure level, then summing savings at the end-use and
service area levels. In the commercial and industrial sectors, the GDS team utilized the bottom-up
modeling approach to first estimate measure-level savings and costs as well as cost-effectiveness, and
then applied cost-effective measure savings to all applicable shares of the natural gas load. Further
details of the market research and modeling techniques utilized in this assessment are provided in the
following sections.

4.2 Forecast Disaggregation for the Commercial and Industrial sectors

For the commercial sector, the baseline natural gas energy forecasts for the DTE service area were
disaggregated by combining sales breakdowns by business type provided by DTE Energy with regional
energy use estimates by business type available from the EIA’ The forecasts were then further
disaggregated by end use based on end use consumption estimates for the East North Central Region
(Michigan, Wisconsin, Ohio, Indiana, Illinois). The disaggregated forecast provided the foundation for
the development of energy efficiency potential estimates for the commercial sector. The commercial
sector, as defined in this analysis, is comprised of the following business segments:

Warehouse

Retail

Grocery

Office

Lodging

Healthcare

Restaurant

Institutional, including education
Other

OO0OO0OoO0ooOoooao

For the industrial sector, the baseline natural gas forecast was disaggregated by industry type and then
by end use. The industry type breakdowns are based on DTE electric sales by market segment data,
since DTE was not able to provide such a breakdown for natural gas sales. Further disaggregation by end
use is based on data from the EIA’s 2010 Manufacturing Energy Consumption Survey. The disaggregated
forecast data provides the foundation for the development of energy efficiency potential estimates for
the industrial sector.

72003 EIA Commercial Building Energy Consumption Survey (CBECS), East North Central and Midwest Regions.
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Commercial and industrial baseline energy consumption data was advanced to 2016 and future years
based upon the observed historical trend in DTE Energy’s nonresidential consumption and the forecast
of natural sales for DTE’s commercial and industrial sectors.

End use natural gas energy consumption estimates were calculated for the following end use categories
for specific manufacturing segments:

o Direct Uses - Process
— Process heating (e.g., kilns, furnaces, ovens, strip heaters)

o Direct Uses — Non-Process
— Facility heating, ventilation and air conditioning

o CHP and Other®

It was not necessary to develop a disaggregated residential sales forecast because a bottom-up
approach was used for the residential sector.

4.3 Measure List Analysis
4.3.1 Measure List Development

Energy efficiency measures considered in the study include measures in the 2015 MEMD, as well as
other energy efficiency measures based on GDS’ knowledge and current databases of natural gas end-
use technologies and energy efficiency measures in other jurisdictions. The study includes measures and
practices that are currently commercially available as well as emerging technologies. Emerging
technology research was focused on measures that are either commercially available but currently not
widely accepted, or are not currently available but expected to be commercialized over the analysis
timeframe.®

In total, GDS analyzed 156 measure types. Many measures required multiple permutations for different
applications, such as different building types, efficiency levels, and replacement decision types. GDS
developed a total of 1,729 measure permutations for this study, and tested all measures for cost-
effectiveness using the UCT. The parameters for cost-effectiveness under the UCT are discussed in detail
later in this section of the report. Approximately 75% of the measures had a measure UCT benefit-cost
ratio of 1.0 or higher.*®

Table 4-1: Number of Measures Evaluated

Total # of Measure

# of Measures Permutations # with UCT 21
By Sector
Residential 19 256 122
Commercial 77 693 486
Industrial 60 780 686
Total 156 1,729 1,294

8 No energy efficiency potential was associated with CHP and other small non-process/non-HVAC end uses

9 For example, an ENERGY STAR criteria was recently established for clothes dryers. High efficiency clothes dryers were included as an
emerging technology (these measures are also in the MEMD), even though the commercialization of high efficiency clothes dryers has not
become widespread.

10 The residential included some low income-specific measures with a UCT ratio less than 1.0 in the economic and achievable potential
analysis. Low income-specific measures with a UCT ratio of 0.50 or greater were retained in the residential analysis of economic and
achievable potential. This approach recognizes that low-income measures and programs may not always be cost-effective, but are offered by
utilities to generate savings and address equity concerns.
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A complete listing of the energy efficiency measures included in this study is provided in the Appendices
of this report.

4.3.2 Measure Characterization

A significant amount of data is needed to estimate the MMBtu savings potential for individual energy
efficiency measures or programs across the residential and non-residential sectors in the DTE Energy
service area. GDS used DTE Energy or Michigan-specific data wherever it was available and reflective of
recent updates. Considerable effort was expended to identify, review, and document all available data
sources.’* This review has allowed the development of reasonable and supportable assumptions
regarding: measure lives; measure costs (incremental or full costs as appropriate); measure natural gas
savings; and saturations for each energy efficiency measure included in the final list of measures
examined in this study. This study addresses natural gas efficiency potential, but electric savings have
been analyzed to the extent that some measures yield both electric and natural gas savings. Only the
natural gas portion of the costs and savings of these measures are addressed in this assessment of
natural gas energy efficiency potential.*?

Costs and savings for new construction and replace on burnout measures are calculated as the
incremental difference between the code minimum equipment and the energy efficiency measure. This
approach is utilized because the consumer must select an efficiency level that is at least the code
minimum equipment when purchasing new equipment. The incremental cost is calculated as the
difference between the cost of high efficiency and standard efficiency (code compliant) equipment.
However, for retrofit or direct install measures, the measure cost was considered to be the “full” cost of
the measure, as the baseline scenario assumes the consumer would not make energy efficiency
improvements in the absence of a program. In general, the savings for retrofit measures are calculated
as the difference between the energy use of the removed equipment and the energy use of the new
high efficiency equipment (until the removed equipment would have reached the end of its useful life).

Savingsl Estimates of annual measure savings as a percentage of base equipment usage were
developed from a variety of sources, including:

O 2016 MEMD

O Secondary sources such as the American Council for an Energy-Efficient Economy (ACEEE),
Department of Energy, EIA, ENERGY STAR® savings calculators, Air Conditioning Contractors of
America, and other technical potential studies and Technical Reference Manuals (TRMs)

O Program evaluations conducted by DTE Energy

Measure Costsl Measure costs represent either incremental or full costs, and typically also include
the incremental cost of measure installation. For purposes of this study, nominal measure costs were
held constant over time.

When available, GDS obtained measure cost estimates from the MEMD. For measures not in the
database, GDS referenced the following data sources:

O Secondary sources such as ACEEE, ENERGY STAR, and other technical potential studies and TRMs
00 Retail store pricing (such as web sites of Home Depot and Lowe’s) and industry experts
O DTE program evaluation reports

11 The appendices and supporting databases to this report provide the data sources used by GDS to obtain up-to-date data on energy
efficiency measure costs, savings, useful lives and saturations.
12 Flectric savings were analyzed as part of the electric energy efficiency potential study completed for DTE Energy.
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Measure Lifel Represents the number of years that energy-using equipment is expected to operate.
Useful life estimates have been obtained from the following data sources:

MEMD

Manufacturer data

Savings calculators and life-cycle cost analyses

Secondary sources such as ACEEE, ENERGY STAR, and other technical potential studies
The California Database for Energy Efficient Resources (DEER) database

Evaluation reports

GDS and other consultant research or technical reports

OO0OO0OO0OO0OoOaOo

Baseline and Efficient Technology Saturations| In order to assess the amount of natural gas
energy efficiency savings still available, estimates of the current saturation of baseline equipment and
energy efficiency measures, or for the non-residential sector the amount of energy use that is associated
with a specific end use (such as HVAC) and percent of that energy use that is associated with energy
efficient equipment are necessary. Up-to-date measure saturation data were primarily obtained from
the following recent studies:

2013 DTE Energy Commercial Baseline Study

2011 Michigan Residential Baseline Study conducted by the MPSC
Energy efficiency baseline studies conducted by DTE Energy

2011 Michigan Commercial Baseline Study conducted by the MPSC
2009 EIA Residential Energy Consumption Survey (RECS)

2007 American Housing Survey (AHS)

2010 EIA Manufacturing Energy Consumption Survey

2003 EIA Commercial Building Energy Consumption Survey (CBECS)

OOOoOooooao

Further detail regarding the development of measure assumptions for energy efficiency in the
residential and non-residential sectors are provided in this report in later sections. Additionally, as noted
above, the appendices of the report provide a comprehensive listing of all energy efficiency measure
assumptions and data sources.

4.4 Potential Savings Overview

Potential studies often distinguish between several types of energy efficiency potential: technical,
economic, and achievable. However, because there are often important definitional issues between
studies, it is important to understand the definition and scope of each potential estimate as it applies to
this analysis. The first two types of potential, technical and economic, provide a theoretical upper bound
for energy savings from energy efficiency measures. Still, even the best designed portfolio of programs is
unlikely to capture 100% of the technical or economic potential. Therefore, achievable potential
attempts to estimate what may realistically be achieved, when it can be captured, and how much it
would cost to do so. Figure 4-1 below illustrates the three most common types of energy efficiency
potential.
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Figure 4-1: Types of Energy Efficiency Potential3
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4.5 Technical Potential

Technical potential is the theoretical maximum amount of energy use that could be displaced by
efficiency, disregarding all non-engineering constraints such as cost-effectiveness and the willingness of
end users to adopt the efficiency measures. Technical potential is only constrained by factors such as
technical feasibility and applicability of measures. Under technical potential, GDS assumed that 100% of
new construction and burnout measures are adopted as those opportunities become available (e.g., as
new buildings are constructed they immediately adopt efficiency measures), while retrofit opportunities
are replaced incrementally (10% per year) until 100% of homes (residential) and stock (commercial and
industrial) are converted to the efficient measures over a period of 10 years. ™

In instances where technical reasons do not permit the installation of the efficient equipment in all
eligible households or nonresidential facilities an applicability factor is used to limit the potential. The
alternative technologies are then utilized to meet the remaining market potential. The applicability
factor was also used to delineate between two (or more) competing technologies for the same end use.
In the technical potential estimate, priority was given to measures that produced the most savings.™

In developing the overall potential natural gas savings, the analysis also accounts for the interactive
effects of measures designed to impact the same end-use. For instance, if a home or business were to
install energy efficient heating and cooling equipment, the overall space heating and cooling
consumption in that home would decrease. As a result, the remaining potential for energy savings
derived from duct sealing or other building shell equipment would be reduced.

4.5.1 Core Equation for the Residential Sector

The core equation used in the residential sector energy efficiency technical potential analysis for each
individual efficiency measure is shown below.

Equation 4-1: Core Equation for Residential Sector Technical Potential

13 Reproduced from “Guide to Resource Planning with Energy Efficiency” November 2007. US EPA. Figure 2-1.

14 Low-income direct install measures were assumed to occur at a rate of 5% annually over the entire 20-year study timeframe.

15 For estimates of economic and achievable potential, priority was generally assigned to measures that were found to be most cost-effective,
according to the UCT Test.
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Technical Base Case
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Efficient { Households . End Use - Share Ve Factor. e Factor

Measure Intensity

Where:

O Total Number of Households = the number of households in the market segment (e.g. the number
of households living in detached single-family buildings)

O Base Case Equipment End-use Intensity = the natural gas used per customer per year by each base-
case technology in each market segment. In other words, the base case equipment end-use intensity
is the consumption of the natural gas-using equipment that the efficient technology replaces or
affects.

O Saturation Share = this variable has two parts: the first is the fraction of the end-use natural gas
energy that is applicable for the efficient technology in a given market segment. For example, for
residential water heating, the saturation share would be the fraction of all residential natural gas
customers that have natural gas water heating in their household; the second is the share of market
for a given end-use (i.e. Natural gas water heating) that is applicable for the efficient technology that
has not yet been converted to an efficient technology.

O Applicability Factor = the fraction of the applicable units that is technically feasible for conversion to
the most efficient available technology from an engineering perspective (e.g., it may not be possible
to install CFLs in all light sockets in a home because the CFLs may not fit in every socket).*®

O Savings Factor = the percentage reduction in natural gas consumption resulting from the application
of the efficient technology.

4.5.2 Core Equation for the Commercial Sector
The core equation utilized in the commercial sector technical potential analysis for each individual
efficiency measure is shown below.

Equation 4-2: Core Equation for Commercial Sector Technical Potential

eddh il "W Base Case §F"Y Remaining %Y Converlible [ Savings
Sales by b an p a0
Factor ’ Factor ’ Factor : Factor
Industry Type

Technical
Potential of

Efficient
Measure

Where:

O Total end-use sales by commercial sector and by building type = the forecasted natural gas sales
level for a given end use (e.g., space heating) in a commercial or industrial industry type (e.g., office
buildings or fabricated metals).

O Base Case factor = the fraction of end-use energy applicable for the efficient technology in a given
commercial sector type. For example, for space heating, this would be the fraction of all space
heating MMBtu in a given building or industry type that is associated with gas furnaces.

O Remaining factor = the fraction of applicable MMBtu sales associated with equipment not yet
converted to the natural gas energy efficiency measure; that is, one minus the fraction of the
industry type with energy efficiency measures already installed.

16 In instances where there are two (or more) competing technologies for the same end use, an applicability factor aids in determining the
proportion of the available population assigned to each measure. In estimating the technical potential, measures with the most savings are
given priority for installation. For all other types of potential, measures with the greatest UCT ratio are assigned installation priority.
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O Convertible factor = the fraction of the equipment or practice that is technically feasible for
conversion to the efficient technology from an engineering perspective (e.g., it may not be possible
to install a heat recovery water heater at all sites.)

O Savings factor = the fraction of natural gas consumption reduced by application of the efficient
technology.

4.5.3 Core Equation for the Industrial Sector

Estimating energy efficiency potential for the industrial sector can be more challenging than it is for the
residential and commercial sectors because of the significant differences in the way energy is used
across manufacturing industries (or market segments). For example, the auto industry uses energy
differently than a plastics manufacturer uses energy. Further, even within a particular industrial
segment, energy use is influenced by the particular processes utilized, past investments in energy
efficiency, the age of the facility, and the corporate operating philosophy.

Recognizing the variability of energy use across industry types and the significance of process energy use
in the industrial sector, GDS employed a top-down approach that constructed an energy profile based
on local economic data, national energy consumption surveys and any available Michigan studies related
to industrial energy consumption.

The core equation for estimating technical potential in the industrial sector analysis for each measure is
provided below:

Equation 4-3: Core Equation for Industrial Sector Technical Potential

Technical

Potential of [Pecneve 4 Base Case g Remaining Convertible Savings
i Sales by ) 4 .
Efficient Factor Factor Factor ' Factor
Industry Type

Measure

Where:

O Total end-use sales by industry type = the forecasted natural gas sales level for a given end use
(e.g., space heating) by industrial industry type (e.g., fabricated metals, automobile manufacturing,
paper and allied products, etc.).

O Base Case factor = the fraction of end-use energy applicable for the efficient technology in a given
industry type. For example, with process boilers, this would be the fraction of all process MMBtu in
a given industry type that is associated with process boilers.

O Remaining factor = the fraction of applicable sales associated with equipment not yet converted to
the natural gas energy-efficiency measure; that is, one minus the fraction of the industry type with
energy-efficiency measures already installed.

O Convertible factor = the fraction of the equipment or practice that is technically feasible for
conversion to the efficient technology from an engineering perspective (e.g., it may not be possible
to install stack economizers on all boilers.)

O Savings factor = the fraction of energy consumption reduced by application of the efficient
technology.

4.6 Economic Potential

Economic potential refers to the subset of the technical potential that is economically cost-effective
(based on screening with the UCT Test) as compared to conventional supply-side energy resources. GDS
has calculated the benefit/cost ratios for this study according to the cost-effectiveness test definitions
provided in the November 2008 NAPEE guide titled “Understanding Cost Effectiveness of Energy
Efficiency Programs”. Both technical and economic potential are theoretical numbers that assume
immediate implementation of energy efficiency measures, with no regard for the gradual “ramping up”
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process of real-life programs. In addition, they ignore market barriers to ensuring actual implementation
of energy efficiency. Finally, they typically only consider the costs of efficiency measures themselves,
ignoring any programmatic costs (e.g., marketing, analysis, administration, program evaluation, etc.)
that would be necessary to capture them.

Furthermore, all measures that were not found to be cost-effective based on the results of the measure-
level cost-effectiveness screening were excluded from the economic and achievable potential. Then
allocation factors were re-adjusted and applied to the remaining measures that were cost effective

4.6.1 Utility Cost Test

The UCT examines the costs and benefits of an energy efficiency program from the perspective of the
entity implementing the program (utility, government agency, nonprofit, or other third party). GDS set
incentives at 50% of measure costs when calculating the UCT. When conducting screening at the
measure level, GDS only included utility costs relating to the equipment cost. For program or portfolio
screening, GDS included all costs incurred by the utility. Overhead costs include the utility’s
administration, marketing, research and development, evaluation, and measurement and verification
costs. Incentive costs are payments made to the utility’s customers to offset purchase or installations
costs. The benefits from the utility perspective are the savings derived from not delivering the energy to
customers

4.6.2 Financial Incentives for Program Participants

There are several reasons why an incentive level of 50% of measure costs (and not 100% of measure
costs) was assumed for the three achievable potential scenarios examined for this study:

1) First, an incentive level of 50% of measure costs assumed in this study for the two achievable
potential scenarios is a reasonable target based on the current financial incentive levels for program
participants used by DTE Energy for their existing energy efficiency programs.

2) Second, GDS has reviewed other energy efficiency potential studies conducted in the US. The
incentive levels used in several studies reviewed by GDS as well as actual experience with incentive
levels in other states confirm that an incentive level assumption of 50% or below is commonly
used.”” GDS also notes that the majority of energy efficiency programs offered by the New York
State Energy Research and Development Authority offer no incentives to consumers. The results of
recent literature searches conducted by GDS indicates that many utilities and public benefits
program administrators set incentives in the range of 20% to 50% of measure increment cost.'® GDS
is not aware of utilities of public benefits program administrators that set incentives to participants
at 100% of incremental cost in practice.

3) Third, and most important, the highly recognized 2004 National Energy Efficiency Best Practices
Study concluded that use of an incentive level of 100% of measure costs is not recommended as a
program strategy.'® This national best practices study concluded that it is very important to limit
incentives to participants so that they do not exceed a pre-determined portion of average or
customer-specific incremental cost estimates. The report states that this step is critical to avoid
grossly overpaying for energy savings. This best practices report also notes that if incentives are set
too high, free-ridership problems will increase significantly. Free riders dilute the market impact of
program dollars.

17 GDS October 25, 2013 survey of financial incentives used in energy efficiency programs implemented by Consumers Energy, DTE Energy,
Ameren-lllinois, Efficiency Maine, Wisconsin Focus on Energy, and Xcel Energy (Minnesota).

181d.

19 See “National Energy Efficiency Best Practices Study, Volume NR5, Non-Residential Large Comprehensive Incentive Programs Best
Practices Report”, prepared by Quantum Consulting for Pacific Gas and Electric Company, December 2004, page NR5-51.

PREPARED BY GDS ASSOCIATES, INC.
25 ]



4) Fourth, financial incentives are only one of many important programmatic marketing tools. Program
designs and program logic models also need to make use of other education, training and marketing
tools to maximize consumer awareness and understanding of energy efficient products. A program
manager can ramp up or down expenditures for the mix of marketing tools to maximize program
participation and savings. The February 2010 NAPEE Report titled “Customer Incentives for Energy
Efficiency Through Program Offerings” states on page 1 that “Incentives can be used in conjunction
with other program strategies to achieve market transformation, whereby there is a lasting change
in the availability and demand for energy-efficient goods and services.” On page 11 of this report it
is stated that “Well-designed incentives address the key market barriers in the target market.
Financial incentives are designed to be just high enough to gain the desired level of program
participation. In some cases, financial incentives can be bundled with financing, information, or
technical services to reach program participation and energy savings goals at lower total program
cost than using financial incentives alone.”

4.7 Achievable Potential

Achievable potential was determined as the amount of energy that can realistically be saved assuming
an aggressive program marketing strategy and with three scenarios. Achievable potential takes into
account barriers that hinder consumer adoption of energy efficiency measures such as financial, political
and regulatory barriers, and the capability of programs and administrators to ramp up activity over time.
This potential study evaluates three achievable potential scenarios:

1) Scenario #1: For the first scenario, achievable potential represents the amount of energy use that
efficiency can realistically be expected to displace assuming incentives equal to 50% of the
incremental measure cost and no spending cap. Cost-effectiveness of measures was determined
with the UCT. The long-term market penetration for Scenario #1 was estimated based on the
utilities paying incentives equal to 50% of measure costs. Year-by-year estimates of achievable
potential for the period 2016 to 2035 were estimated by applying market penetration curves to this
long-term penetration rate estimate. In general, these curves were developed based on willingness
to pay data collected through survey research. Although this simplifies what an adoption curve
would look like in practice, it succeeds in providing a concise method for estimating achievable
savings potential over a specified period of time.

2) Scenario #2: The second scenario is a subset of Achievable Scenario #1 (based on UCT screening).
While scenario #1 assumed no spending cap on efficiency measures, Achievable Scenario #2
assumed a spending cap of approximately 2% of utility annual natural gas revenues. Revenues are
apportioned across each customer sector to prevent cross-subsidization of energy efficiency savings.
GDS has not attempted to define specific program plans. Instead the market adoption assumptions
from Achievable Scenario #1 have been scaled down to fit within the spending parameters.

While many different incentive scenarios could be modeled, the number of achievable potential
scenarios that could be developed was limited to two scenarios due to the available budget for this
potential study®.

For new construction, energy efficiency measures can be implemented when each new home or building
is constructed, thus the rate of availability will be a direct function of the rate of new construction. For
existing buildings, energy efficiency potential in the existing stock of buildings will be captured over time
through two principal processes:

2 Neither of the two scenarios are considered a “maximum” achievable scenario, assuming 100% incentives. The achievable potential
scenarios included in the report assume 50% incentives, approximating the level of incentives currently offered by DTE.
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1) As equipment replacements are made normally in the market when a piece of equipment is at the
end of its effective useful life (referred to as “replace-on-burnout” or “turnover” vintage).

2) At any time in the life of the equipment or building (referred to as “retrofit” or “early replacement”
vintage).

For the replace-on-burnout measures, the opportunity to replace existing equipment with high
efficiency equipment is when equipment fails beyond repair or if the consumer is in the process of
building or remodeling. Using this approach, only equipment that needs to be replaced in a given year
will be eligible to be upgraded to energy efficient equipment.

For the retrofit measures, savings can theoretically be captured at any time; however, in practice, it
takes many years to retrofit an entire stock of buildings, even with the most aggressive of energy
efficiency programs.

4.7.1 Market penetration methodology

GDS assessed achievable potential on a measure-by-measure basis. In addition to accounting for the
natural replacement cycle of equipment in the achievable potential scenario, GDS estimated end-use
specific maximum adoption rates that reflect the presence of possible market barriers and associated
difficulties in achieving the 100% market adoption assumed in the technical and economic scenarios.
The methodology utilized to forecast participation within each customer sector is described below.

4.7.1.1 Residential

As noted earlier in the report, there are approximately 256 residential measure permutations included
in this study. Due to the wide variety of measures across multiple end-uses, GDS employed varied,
measures and end-use-specific maximum adoption rates versus a singular universal market adoption
curve. These long-term market adoption estimates were based on publicly available DSM research
including market adoption rate surveys and other utility program benchmarking.”* GDS relied on one
additional source for this study compared to the 2013 study.? This added reference point strengthened
the market adoption estimates while also affirming that the estimates used in the 2013 study were
reasonable. GDS acknowledges that reliance on additional studies and alternate methods could produce
different estimates of achievable potential.

For the majority of residential measures, the analysis assumes that increased incentives and reduced
participant costs will also reduce the simple payback period of energy efficiency measures. As incentives
increase and payback periods decline, maximum market adoption rates will increase. Table 4-2 below
provides the maximum market adoption rates used for the residential sector.

Table 4-2: Market Adoption Rates End Use - Residential Sector

End Use Initial Year Adoption Rate Ultimate Adoption Rate
Appliances 21% 55%
Water Heating 21% 49%
HVAC Shell 21% 38%
HVAC Equipment 21% 49%
Cross-Cutting 21% 49%

2 Massachusetts Multifamily Market Characterization and Potential Study Volume 1. May 2012. Cadmus Group. & Appliance Recycling
Program Process Evaluation and Market Characterization. Volume I. CALMAC Study ID# SCE0337.01. September 2012. Cadmus.

222014 Pennsylvania Statewide Act 129 Residential Baseline Study - April 2014. Submitted by GDS Assaciates Inc. in partnership with Nexant
Inc., Research Into Action, and Apex Analytics.
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End Use Initial Year Adoption Rate Ultimate Adoption Rate
Low Income 80% 80%

Once the long-term market adoption rate was determined, GDS estimated the time interval required to
reach the ultimate maximum adoption rate. For this study GDS assumed that each measure would reach
the ultimate adoption rate after 10 years. The low-income sector is assumed to have an initial year
adoption rate of 80% which is equal to the ultimate adoption rate. The high starting point recognizes
that participation should be expected to be high with 100% incentives being offered for low-income
measures. The overall penetration of low-income measures is constrained to the extent that it is
assumed that it will take 20 years to reach all of the customers in this sector.

One caveat to this approach is that the ultimate long-term adoption rate is generally a simple function
of incentive levels and payback. There are many other possible elements that may influence a
customer’s willingness to purchase an energy efficiency measure. For example, increased marketing and
education programs can have a critical impact on the success of energy efficiency programs.
Additionally, other perceived measure benefits, such as increased comfort or safety as well as reduced
maintenance costs could also factor into a customer’s decision to purchase and install energy efficiency
measures. Although these additional elements are not explicitly accounted for under this
incentive/payback analysis, the estimated adoption rates and penetration curves provide a concise
method for estimating achievable savings potential over a specified period of time.

4.7.1.2 Non-Residential

The non-residential approach for estimating market adoption rates is very similar to the residential
sector approach. GDS employed varied, measures-specific maximum adoption rates versus a singular
universal market adoption curve. These long-term market adoption estimates were based on the
following survey results reported in the 2010 DTE Electric and Natural Gas Potential Study.? That study
reported the adoption factors by end-use and incentive level shown in Table 4-3 below.

Table 4-3: Adoption Factors by Equipment and Incentive Level

| Equipment Type 50% 75% 100%
AC / HVAC 62% 68% 74%
Energy Management System 59% 67% 74%
Food Service 63% 69% 75%
Water Heating 68% 74% 80%
Overall 64% 69% 75%

GDS used the data shown above to estimate long term market penetration for commercial and
industrial (process) measures based on the assumed incentive level stated as a percent of incremental
cost.

GDS assumed two different paths to achieving long term market penetration, one for full cost measures
such as insulation and another for incremental cost measures such as energy efficient fluorescent
lighting. The participation for the maximum achievable cost effective savings was allocated equally at 5%
per year across the full twenty years for replace on burnout/new construction incremental cost

23 Assessment of Nonresidential Electric and Natural Gas Energy Efficiency Potential (2010-2029), Prepared for DTE Energy by The Cadmus
Group, Inc.
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measures. The retrofit measures, in keeping with the rate of participant achievement of the previous
study, were allocated at 10% per year for the first ten years of the study.

As with the residential approach, the non-residential market penetration methodology uses the
relationship between incentives and program participation as a concise quantitative method for
estimating achievable savings potential over a specified period of time. While there are many other
elements that may influence a business customer’s willingness to install an energy efficiency measure,
such as access to capital, corporate 