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CHAPTER | 1

INTRODUCTION

Background

The Tennessee Valley Authority (TVA) has contracted with Global Energy Partners (Global) to
conduct a potential study to assess 20-year potentials for energy efficiency (EE) and demand
response (DR). TVA has an aspirational goal to lead the southeast in energy efficiency, and
believes this leadership can be accomplished through the development and implementation of
action plans for EE, DR, and end-use generation. This potential study will provide information to
assist TVA in meeting that goal.

Toward this end, Global conducted a detailed, bottom-up assessment of the TVA market to
deliver forecasts of energy use and peak demand, as well as forecasts of energy and peak-
demand savings achievable through energy efficiency and demand response programs. The 20-
year potentials study addresses the residential, small commercial, large commercial, and
industrial sectors. Results of this task are discussed in two volumes, one for energy efficiency
and one for demand response, as described below in the report organization.

Global also compared the results of the potential savings to those from existing regional potential
studies that are specific to the Southeast and other select studies. This analysis, which appears
in both the energy efficiency and demand response reports, also compares these potential
studies with regard to methodology, assumptions, approaches, estimated baselines, technical
performance, adoption, and program/regulatory context.

This document is Volume 1: Executive Summary, an overview of the entire energy efficiency
and demand response analysis. The other volumes are:

o Volume 2, Energy Efficiency Potential

e Volume 3, Demand Response Potential

Objectives
Key objectives for the study include:

s Conduct a 20-year bottom-up energy efficiency potential study to determine the potential for
specific energy efficiency measures to reduce the consumption and peak demand of
electricity in the TVA service territory.

e Conduct a demand response potential study to determine the potential for reduction in peak
demand through demand response programs.

o Compare the potential study results with other national and regional studies, including details
regarding assumptions used to develop each of the studies.

Definitions of Potential

In this study, we estimate the potential for energy efficiency savings. The savings estimates
represent gross savings' developed into three types of potential: technical potential, economic
potential, and achievable potential. Technical and economic potential are both theoretical limits
to efficiency savings. Achievable potential embodies a set of assumptions about the decisions

! savings in “gross” terms instead of “net” terms means that the baseline forecast does not include naturally occurring efficiency. In
other words, the baseline assumes that energy efficiency levels remain fixed as they are today. This rule holds true except in cases
where enactment of future codes and standards were on the books before January 2011, e.g., the effects of the EISA 2007 lighting
efficiency standard.

Global Energy Partners ' 1-1
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TVA Energy Efficiency Potential Study, Volume 1 introduction

consumers make regarding the efficiency of the equipment they purchase, the maintenance
activities they undertake, the controls they use for energy-consuming equipment, and the
elements of building construction. For this reason, we developed a range of achievable potential.
These levels are described below.

FTechnical potentialis defined as the theoretical upper limit of energy efficiency potential. It
assumes that customers adopt all feasible measures regardless of their cost. At the time of
equipment failure, customers replace their equipment with the most efficient option available. In
new construction, customers and developers also choose the most efficient equipment option.
Examples of measures that make up technical potential in the residential sector include:

o Ductless mini-split air conditioners with variable refrigerant flow
e Ground source (or geothermal) heat pumps
o LED lighting

Technical potential also assumes the adoption of every available other measure, where
applicable. For example, it includes installation of high-efficiency windows in all new construction
opportunities and air conditioner maintenance in all existing buildings with central and room air
conditioning. The retrofit measures are phased in over a number of years, which is longer for
higher-cost measures.

Economic potential represents the adoption of all cost-effective energy efficiency measures.
In this analysis, the total resource cost (TRC) test, which compares lifetime energy and capacity
benefits to the incremental cost of the measure, is applied. Economic potential assumes that
customers purchase the most cost-effective option at the time of equipment failure and also
adopt every other cost-effective and applicable measure.

Achievable - High potentialtakes into account expected program participation resulting from
ideal implementation conditions and customer preferences for energy-efficient technologies and
demand response programs. Achievable - High establishes a maximum target for the EE savings
that a utility can hope to achieve through its EE programs and involves incentives that represent
a substantial portion of the incremental cost combined with high administrative and marketing
costs.

Achievable - Low potential represents a lower bound on Achievable potential. It reflects
limited DSM budgets and significant barriers to customer acceptance.

1-2 www.geplic.com



CHAPTER | 2

ENERGY EFFICIENCY POTENTIAL

Analysis Approach

To perform the energy efficiency analysis, Global used a bottom-up analysis approach as shown
in Figure 2-1. We took the following steps:

1.

Held a meeting with the project team to refine the objectives that were identified in the TVA
RFP. This resulted in a work plan for the study.

Performed a market characterization to describe sector-level electricity use for the
residential, commercial, and industrial sectors for the base year, TVA 2009. (Note that all
years referred to in this report are TVA fiscal years). This included using utility data and
secondary data from sources such as the American Community Survey (ACS) and the Energy
Information Administration (EIA).

Utilized TVA primary market research (such as TVA’s 2010 residential market saturation
survey) and secondary sources to understand how customers in the Tennessee Valley
currently use electricity. Combining this information with the market characterization, we
developed energy market profiles that describe energy use by sector, segment, and end use
for 2009.

Developed a baseline electricity forecast by sector, segment, and end use for 2012 through
2032. Results presented in this volume are through 2030.

Identified and analyzed energy-efficiency measures appropriate for the Valley.

Estimated four levels of energy-efficiency potential, 7echnical, Economic, Achievable - High,
and Achievable - Low.

Reviewed the current programs offered by TVA in light of the study findings to make
strategic program recommendations for achieving savings.

The results from these steps are presented in the remainder of this chapter. Details are provided
in Volume 2.

Global Energy Partners ’ 2-1
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Figure 2-1 Overview of Analysis Approach
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Market Characterization

The Tennessee Valley Authority (TVA) is the largest electric utility in the U.S. on the basis of
energy sales, with annual sales of 174 billion kWh in 2010.2 TVA serves as the wholesale provider
for 155 power distributors and directly serves 59 industrial and federal facilities. Its service
territory, with an approximate area of 80,000 square miles, encompasses more than 9 million
people in seven southeastern states. It includes nearly the entire state of Tennessee as well as
portions of Alabama, Georgia, Kentucky, Mississippi, North Carolina, and Virginia. Major cities are
Memphis, Nashville, Knoxville, Huntsville, and Chattanooga. The top industries in the service
territory are chemical products, primary metals, paper products, and food products.

Total electricity use for the residential, commercial and industrial sectors for TVA in 2009 was
146,118 GWh.? As shown in Figure 2-2, the largest sector is residential, accounting for 42%, or
62,246 GWh. The remaining use is split between the commercial and industrial sectors, at 39,561
GWh and 44,311 GWh respectively.

2 http://www.tva.com/abouttva/index.htm

3 Energy given “at-the-meter,” i.e., does not include line losses. Also, totals do not include outdoor lighting, federal customers, or a
small number of DSI customers as specified by TVA project management.
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Figure 2-2 Sector-Level Electricity Use, 2009
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Figure 2-3 presents the end-use shares of residential electricity use for each housing type. Here,
the single family segment is shown as a segment average as well as broken out into single family
all-electric homes and single family other homes. The TVA territory has a large number of all-
electric homes, roughly half of the single family homes in the Valley, with comparatively larger

consumption in heating, water heating, and cooking.

Figure 2-3 End-Use Shares of Total Electricity Use by Housing Type, 2009
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Figure 2-4 shows the breakdown of annual commercial electricity usage by end use. Cooling and
lighting are the largest end uses in the commercial sector, accounting for over half of total usage.

Global Energy Partners
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Refrigeration and ventilation are the next largest end uses. Each of the remaining end uses accounts
for 5% or less of total usage.

Figure 2-4 Commercial Electricity Consumption by End Use, 2009
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Figure 2-5 shows how the major industrial segments in the Valley used electricity in 2009.
Machine drives dominate all segments, though process heating is more prevalent in the primary
metals segment.

Figure 2-5 Industrial Electricity Use by End Use and Segment, 2009
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Baseline Forecast

Prior to developing estimates of energy-efficiency potential, a baseline end-use forecast was
developed to quantify how electricity is used by end use in the base year and what the
consumption is likely to be in the future in absence of new utility programs and naturally
occurring efficiency. The baseline forecast serves as the metric against which energy efficiency
potentials; technical, economic, and achievable, are measured. The baseline forecast we
developed for TVA was consistent with its official forecast from October 2011.

Figure 2-6 through Figure 2-8 present the baseline end-use forecasts for the residential,
commercial and industrial sectors. Referring to Table 2-1 and Figure 2-9, electricity use across all
three sectors is expected to increase by 24% between the base year, 2009, and 2030, for an
average annual growth rate of 1.0%.

o The residential sector has the highest growth, with a 33% increase (1.4% annual growth
rate) over the forecast horizon.

e The commercial sector has a dip in the short term and then recovers after 2015. Overall, it
has the slowest growth at 0.6% per year on average.

s The industrial sector shows a steady increase in use throughout the forecast period with an
average growth rate of 0.9% per year.

Figure 2-6 Residential Baseline Forecast by End Use
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Energy Efficiency Potential

Figure 2-7 Commercial Baseline Electricity Forecast by End Use
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Figure 2-8 Industrial Baseline Electricity Forecast by End Use
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Table 2-1  Baseline Forecast Summary
% Avg.
Sector 2009 2012 2015 2020 2025 2030 ? growth
Change
rate
Residential 62,246 61,936 62,932 66,440 73,613 82,830 33% 1.4%
Commercial 39,561 38,176 37,587 39,026 41,485 44,718 13% 0.6%
Industrial 44,311 46,394 48,173 50,777 52,364 53,412 21% 0.9%
Total 146,118 146,505 148,692 156,243 167,462 180,959 24% 1.0%
2-6
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Energy Efficiency Potential

Figure 2-9 Baseline Forecast Summary

GWh

Annual Use,

200,000

180,000

160,000

140,000

=
N
o
o
c
(=]

£ Residential
100,000
Commercial

80,000 2 Industrial
60,000
40,000

20,000

3

o
o
o
o~

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
202

2024
2025
2026
2028
2029
2030

Energy Efficiency Measures

The first step of the energy efficiency measure analysis was to identify the list of all relevant
energy efficiency measures that should be considered for the TVA potential assessment. Sources
for the measure assumptions were drawn from TVA's Measurement Manual and latest program
evaluation results, Globals building modeling tool BEST, and Global’s other measure databases
from previous studies and program work.

The measures are categorized into two types according to the LoadMAP* taxonomy: equipment
measures and non-equipment measures:

Equipment measures, or efficient energy-consuming pieces of equipment, save energy by
providing the same service with a lower energy requirement. An example is the replacement
of a standard efficiency refrigerator with an ENERGY STAR model. For equipment measures,
many efficiency levels are available for a specific technology that range from the baseline
unit (often determined by code or standard) up to the most efficient product commercially
available. For instance, in the case of central air conditioners, this list begins with the federal
standard SEER 13 unit and spans a broad spectrum of efficiency, with the highest efficiency
level represented by a SEER 21 unit.

Non-equipment measures save energy by reducing the need for delivered energy but do
not involve replacement or purchase of major end-use equipment (such as a refrigerator or
air conditioner). An example would be a programmable thermostat that is pre-set to run the
air conditioner only when people are home. Non-equipment measures fall into one of the
following categories:

« Building shell (windows, insulation, roofing material)

« Equipment controls (thermostat, occupancy sensors)

- Equipment maintenance (cleaning filters, changing setpoints)

- Whole-building design (natural ventilation, passive solar lighting)

o Lighting retrofits (included as a non-equipment measure because retrofits are
performed prior to the equipment’s normal end of life)

* Global's Load Management Analysis and Planning™ tool

Global Energy Partners
An EnerNOC Company
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» Displacement measures (ceiling fan to reduce use of central air conditioners)

- Commissioning and retrocommissioning
Table 2-2 summarizes the number of equipment and non-equipment measures evaluated for
each sector.

Table 2-2  Number of Measures Evaluated

Residential Commercial Industrial Total Number

of Measures
Equipment Measures Evaluated 102 126 85 313
Non-Equipment Measures Evaluated 42 52 74 168
Total Measures Evaluated 144 178 159 481

Energy Efficiency Potential Results

Table 2-3 and Figure 2-10 summarize the energy-efficiency savings for the different levels of
potential relative to the baseline forecast. Figure 2-11 displays the energy-efficiency forecasts.

o Achievable - Low potential forms a lower point on the range of achievable potential.
Across all sectors, this metric is 3,256 GWh in 2015 and increases to 19,093 by 2030. This
represents 2.2% of the baseline forecast in 2015 and 10.6% in 2030. By 2030, Achievable -
Low offsets 55% of the growth in the baseline forecast.

e Achievable - High potentialforms the upper bound on the range of achievable potential.
It is 7,494 GWh in 2015, which represents 5.0% of the baseline forecast. By 2030, the
cumulative savings are 35,781 GWh, 19.8% of the baseline forecast, for an annual average
of just over 1% per year. By 2030, Achievable — High completely offsets growth in the
baseline forecast.

o Fconomic potential, which reflects the savings when all cost-effective measures are taken,
is 12,418 GWh in 2015. This represents 8.4% of the baseline energy forecast. By 2030,
economic potential reaches 44,821 GWh, 24.8% of the baseline energy forecast.

o Technical potential, which reflects the adoption of all energy efficiency measures
regardless of cost-effectiveness, is a theoretical upper bound on savings. In 2015, energy
savings are 15,347 GWh, or 10.3% of the baseline energy forecast. By 2030, technical
potential reaches 57,244 GWh, 31.6% of the baseline energy forecast.

Table 2-3  Summary of Energy Efficiency Potential

2012 2015 2020 2025 2030
Baseline Forecast {GWh) 146,505 148,692 156,243 167,462 180,959
Energy Savings (Cumulative GWh)
Achievable - Low 811 3,256 7,963 13,420 19,093
Achievable - High 2,417 7,494 15,337 25,215 35,781
Economic 4,481 12,418 21,658 33,091 44,821
Technical 5,349 15,347 27,545 42,822 57,244
Energy Savings {% of Baseline)
Achievable - Low 0.6% 2.2% 5.1% 8.0% 10.6%
Achievable - High 1.7% 5.0% 9.8% 15.1% 19.8%
Economic 3.1% 8.4% 13.9% 19.8% 24.8%
Technical 3.7% 10.3% 17.6% 25.6% 31.6%
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Figure 2-10 Summary of Achievable Potential Energy Savings
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Table 2-4 summarizes the range of achievable potential by sector. The residential sector
accounts for the largest portion of the savings, about half of the Achievable - Low potential,
followed by the commercial and then the industrial sectors.
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TVA Energy Efficiency Potential Study, Volume 1 - Energy Efficiency Potential

Table 2-4  Achievable Energy Efficiency Potential by Sector (GWh)

| 202 | 2015 200 | 2025 | 2030

Achievable - Low Savings (GWh)

Residential 384 1,444 3,216 5,652 8,307
Commercial 228 985 2,613 4,163 5,557
Industrial 199 826 2,134 3,604 5,229
Total 811 3,256 7,963 13,420 19,093
Achievable - High Savings (GWh)

Residential 1,107 3,356 6,445 10,961 15,759
Commercial 660 2,181 4,693 7,419 10,130
Industrial 651 1,957 4,199 6,835 9,892
Total 2,417 7,494 15,337 25,215 35,781

Figure 2-12 focuses on the range of residential achievable potential in 2015 and 2030.

o Lighting equipment replacement accounts for the highest portion of the savings in the near
term as a result of the efficiency gap between advanced incandescent lamps and CFL lamps.

o Water heating accounts for large savings in the long term because heat pump water heaters
are found to be cost-effective.

o Electronics, appliances, and space conditioning measures also contribute significantly to the
savings.

Figure 2-12 Residential Achievable Potential by End Use in 2015 and 2030
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Figure 2-13 compares the range of potential in 2015 and 2030 for the commercial sector. Not
surprisingly, interior lighting delivers the highest achievable savings throughout the study period.
In 2015, exterior lighting is second, office equipment is third, and ventilation and cooling are
next highest in terms of Achievable - Low potential. In 2030, though interior lighting still
provides the greatest Achievable - Low potential, cooling is the second greatest source of
savings, followed by refrigeration and exterior lighting.
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Figure 2-13 Commercial Achievable Potential Savings by End Use in 2015 and 2030

12,000
8 Caaling
10,800 o
Y EiHeating
£
g B Cooling/Heating
a 8,000
E #entilation
w
E 6,000 i Water Heating
_g B Food Preparation
% 4.000 & Refrigeration
% Interior Lighting
2,000
2 Exterior Lighting
o = , B Office Equipment
2015 2015 2030 2030 i iscellansous
Achievable  Achievable  Achievable  Achievable
Low High Lowy High

Figure 2-14 illustrates the range of achievable potential savings by end use in 2015 and 2030 for
the industrial sector, reinforcing the dominance of the machine drive (motors) category. The
specific measures that account for the largest savings in the industrial segment are:

o Integrated plant energy management: 45 MWh and 392 MWh of Achievable — Low
potential in 2015 and 2030 respectively

e Fan and pump system measures, which include system optimization, energy
management, and equipment upgrades: 135 GWh and 1,425 GWh of Achievable ~ Low
potential in 2015 and 2030 respectively

Figure 2-14 Industrial Achievable Potential Savings by End Use in 2015 and 2030

12,000
g 10,000 e E Cooling
2 B Heating
2 5,000
S Cooling/Heating
E 6,000 Ventilation
g Interior Lighting
"é 4,000 7 Exterior Lighting
E & Motors
2,000 @ Process Heating
Mizcellaneous
D T T
2015 2015 2030 2030
Achievable Achievable Achievable Achievable
Low High Low High
Global Energy Partners ) 2-11

An EnerNOC Company



TVA Energy Efficiency Potential Study, Volume 1 Energy Efficiency Potential

EE Program Recommendations

The results of the EE assessment reveal that TVA has significant potential for energy efficiency
resources over the next two decades. Our analysis has shown that TVA can realize an achievable
range of reductions between 10.4% and 19.4% of the baseline forecast in 2030 with the
measures represented in this report.

TVA's energy-efficiency programs are off to a strong start, with a comprehensive suite of
programs currently moving from the planning phase to the implementation phase. Based on this
study, Global provides the following recommendations to preserve and augment that momentum.

General Recommendations

e Coordinate distributor layer between TVA and end-user: As a wholesaie provider for
155 power distributors, TVA's business landscape poses unique challenges for the
administration of energy efficiency programs. Because of this arm’s-length relationship with
end users, TVA does not have the same level of information about customers as other
utilities. TVA will need to coordinate closely with its power distributors. To facilitate better
coordination, TVA should consider the hiring and training of dedicated personnel to serve as
liaisons with the distributors.

o Maintain transparent stakeholder process: To date, TVA has been transparent and
aboveboard with internal and external stakeholders. Continuing to involve stakeholders and
cultivating a mutual understanding of continuous improvement is of paramount importance
to the future success of programs. We recommend an open and transparent stakeholder
process with regular touchpoints and workshops. Suggested workshop topics are: technical
resource manual with deemed measure databases; evaluation, measurement, and verification
protacols; emerging technologies; innovative program strategies; periodic reviews of
program results; and sharing success stories from individual power distributors or customers.

e Create internal EF targets: TVA should continue to evolve and formulate its specific
objectives regarding energy efficiency by creating targets and goals. Global recommends
targets that fall within the range of achievable potentials identified in this study.

o Aggressively pursue lighting savings in the near-term: Lighting represents a bulk of
the low-hanging fruit in the near term, with significant untapped potential in all sectors.
Programs have not yet aggressively targeted lighting, beyond a limited CFL giveaway effort.
Working upstream with trade allies and retailers will likely yield significant savings. In
particular, as the EISA standards take effect, educational programs and coordination with
retailers can help customers move beyond EISA-compliant lamps to more efficient CFL and
LED technologies.

o Create targeted marketing messages: Energy prices in the Valley are cheaper than the
national average. Correspondingly, the customer base does not have a long history of
exposure to marketing and education regarding energy and sustainability issues like other
jurisdictions around the nation. As a result, customers have not been strongly driven to
consider energy efficiency measures, and awareness and adoption will be lower than national
averages at first. Targeted marketing and education efforts should be developed with
messages that speak to the customer base and cultivate shared attitudes.

o Expand knowledge of the customer base: TVA's pre-existing data regarding the
customer base is minimal. Opportunities should be explored to expand this knowledge base.
Not only will this information be valuable for program efforts, the results can be shared with
distributors, many of whom are too small to conduct surveys on their own. Surveys should
collect data in all sectors on end use equipment saturations, customer attitudes, and
measure penetration.

2-12 ) www gepllc.com



TVA Energy Efficiency Potential Study, Volume 1 Energy Efficiency Potential

Residential Recommendations

Pursue CFLs: Significant, cost-effective potential is available with CFLs, in spite of the
forthcoming EISA standards that will reduce their per-unit savings compared to the new
baseline. Also, TVA should focus strong attention on specialty CFL programs, as these bulbs
are not addressed in the EISA standard.

Focus on all-electric homes: The prominence of all-electric homes, roughly 50%, has
many implications for program design. Audit programs with direct install measures are one
mechanism for reaching these customers. New construction incentives can help to boost the
penetration of heat pumps, heat pump water heaters (HPWH), and advanced construction
designs.

Pursue heat pump water heaters: Heat pump water heaters offer significant potential,
but educational efforts, for trade allies as well as homeowners, will be required to achieve
this potential. Consider bundling HPWH with the existing and established space conditioning
heat pump program to take advantage of the gains the heat pump programs have made in
acquainting trade allies and targeted participants with heat pump technology.

Commercial and Industrial Recommendations

Pursue lighting savings: Strongly pursue lighting savings to accelerate the phase out of
T12 fluorescent lighting. In particular, program efforts can help intercept building operators
before they make purchase and stocking decisions that could lead to the hoarding of T12
lamps.

Create customized, multi-year plans for large, complex customers. For large enough
customers, large success can be obtained with strategic energy management (SEM)®
initiatives over longer time horizons. This means a larger tracking and time commitment, but
many jurisdictions are finding this to be a more effective method than a “one and done”
installation and rebate approach. These relationships involve personalized plans,
identification of metrics, goal-setting, technical assistance, and attention from account
executives.

Focus program efforts on motor controls and system optimizations: Low-cost
retrofits can have significant, low-cost energy impacts with minimal disruption (and often
times improvement) of business processes.

5 Sometimes called Continuous Energy Improvement (CEL).
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CHAPTER 3

DEMAND RESPONSE POTENTIAL

Analysis Approach

The analysis approach for estimating demand response potential is, by necessity, different from
the approach used for energy efficiency. Energy efficiency can occur outside of utility programs
to the extent that it is naturally occurring or technology driven; but can be enhanced and
enabled by utility programs. Demand response, however, does not exist without a utility
program. A program-by-program analysis is therefore at the core of a demand-response potential
study. The basic steps used to perform this assessment are as follows:

1.

Characterize the market. The first step is to segment the market into the reievant
customer segments. The first level of segmentation is by sector: residential and C&I
customers. Within residential customers, we further segment the population by describing
housing types and presence of end uses (such as single family homes with central air
conditioning (CAC) and electric water heating). For C&I customers, the next level of
segmentation is based on the maximum demand values, typically following utility rate
schedules.

Identify baseline forecast. The second step is to identify what the peak demand forecast
will be, absent any DR programs, for both summer and winter in the TVA service territory.

Define relevant DR options. The next step is to identify applicable DR options for each
customer segment. DR options include direct load control (DLC), curtailable, demand
reduction, capacity reduction, load shifting, pricing, and voltage reduction programs. Each of
these options is mapped to the applicable customer segments. For some options, such as
DLC, specific end uses can be controlled and they are identified. Also, enabling technologies,
such as programmable communicating thermostats (PCT) are identified by customer
segment.

Owtline DR program participation hierarchy. For each customer segment that has more
than one DR option, the next step is to define the participation hierarchy. This accounts for
program overlaps and ensures that cross-participation in DR events and double counting
does not take place.

Develop program parameters. Program parameters include participation rates, number of
participants equipped with enabling technology, unit load reduction impacts, attrition rates,
and DR event participation rates. Cost data are also developed for the analysis, including
program development costs, customer marketing and recruitment costs, technology costs,
customer incentives, operation and maintenance (O&M) costs, and program administrative
costs.

Estimate preliminary potential and assess cost-effectiveness. The final step is to
estimate the load reduction potential associated with each of the DR options by customer
segment, and also at the aggregate level across programs and segment. Utility-provided

avoided capacity costs are used to assess benefits from DR programs

Develop estimates of achievable potential. The final step is to estimate the load
reduction potential associated with each of the DR options by customer segment, and also at
the aggregate level across programs and segment. Achievable potential takes into account
expected participation rates as well as cost-effectiveness of the program. For this study, we
estimate a range of achievable potential:
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o  Achievable —~ High assumes higher participation rates that resuit from application of
industry best practices in program design, higher budget limits for implementation, and
does not incorporate the results of the cost effectiveness screen. Therefore, Achievable
— High represents the upper bound of savings, regardless of cost.

o  Achievable — Low assumes lower levels of participation as a result of limited budgets for
program implementation and includes only those programs that pass the cost-
effectiveness screen. Therefore the Achievable - Low represents a more realistic picture
of DR potential given barriers to participation and cost constraints.

Unlike the energy-efficiency analysis, we do not consider technical or economic potential for
demand response.
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Matrix of Demand Response Options
For this study, a broad set of demand response options that combines traditional and emerging
approaches was identified. They fall into eight groups: direct load control programs, curtailable
programs, demand and capacity reduction programs, dynamic pricing programs, aggregator
managed programs, load shifting programs, voltage regulation programs, and fast-DR. Table 3-1
translates the eight groups into eleven specific options by customer segment and identifies the
enabling technology options and targeted end uses for each.

Table 3-1

Relevant DR Options Matrix

Demand Response Potential

Demand Response Option

Brief Description

Eligible Customer
Segments

Targeted End Uses

Residential Direct Load
Control

Traditional DLC program utilizing
either load control switches or
programmable thermostats

Single Family residential
customers with CAC, Water
Heating, or Space Heating

CAC, Water Heating,
Space Heating

C&I Direct Load Control

Traditional DLC program utilizing
either load control switches or
programmable thermostats

Small C&I customers with
CAC, Water Heating, or
Space Heating

CAC, Water Heating,
Space Heating

Capacity Reduction

Voluntary load nomination
program with capacity credits and
energy credits

Small C&I, Medium C&l,
Large C&I, Extra Large C&l
(except 5&60 MR, >
500kw), Direct Serve

Customer Specific

Demand Reduction

Voluntary load nomination
program with energy credits

Extra Large C&I, Direct
Serve

Customer Specific

Curtailable

Contractual commitment to
reduce load to a pre-specified
level; capacity credits and non-
performance provisions apply

Extra Large C&l, Direct
Serve

Customer Specific

Dynamic Pricing

Voluntary time-variant pricing
tariff (i.e., CPP)

Residential, Small C&l,
Medium C&I, Large C&l,
Extra Large C&l, Direct
Serve

All

Fast DR

Load reduction with response time
less than 10 minutes, suitable for
providing ancillary services

All

Customer Specific

Third Party Aggregated

Represents primarily the existing
TVA program

Medium C&l, Large C&lI,
Extra Large C&l

Customer Specific

Represents TVA's Distributor

Residential, Small C&l,

Distributor Aggregated Aggregated Dermand Response Medium C&I, Large C&lI, Customer Specific
(DADR) Program Extra Large C&I
Represents TVA’s ‘Residential and . .

Load Shifting Commercial Shift and Store Residential, Small C&1, Customer Specific

Program

Medium C&i

Voltage Regulation

Represents TVA's Conservation
Voltage Regulation (CVR) and
Dispatchable Voltage Regulation
(DVR) Programs

Residential, Small C&lI,
Medium C&I

Not applicable
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Load Impacts

Table 3-2 presents the load reductions per program participant (or unit impacts). Where current
TVA DR programs exist, unit impacts are benchmarked to the values observed in those
programs. Where there are no existing programs, unit impacts are based on the FERC study’s
Expanded Business as Usual (EBAU) scenario for Tennessee and values from Global’s other
recent potential studies.®

Table 3-2 Load Reduction Impact Assumptions’

Small Medium Large Xlarge Direct

DR Option Unit of Impact Residential cal cai cal cal Serve

kW load reduction per

ACDLC
customer {summer)

1.0 kW 1.0 kW

kW load reduction per

- 1.0 kW 1.0 kW
customer {winter)

Space Heating DLC

kW load reduction per

0.5 kW 0.5 kw
customer

Water Heating DLC

Per Customer %Impact

. . 0
Capacity Reduction w/ tech 12%
0,
Capacity Reduction a;:)ct:ithomer #lmpact 5% 12% 39% 100%* | 100%*
Zggfeg::::‘(; Per Customer %Impact 40% 40% 40%
Distributor ‘ 0 o o o o o
Aggregated Per Customer % Impact 30% 30% 40% 40% 40%
Demand Reduction Per Customer %Impact 100%* 100%*
[+
Dynamic Pricing Sve/rtgﬁ;tomer %lmpact 349% 15% 14% 14% 100%* | 100%*
~ [+
Dynamic Pricing :Ie/';ct‘:iomer slmpact 17% 5% 9% 9% 100%* | 100%*

Fast DR Per Customer Summer 30% 30% 39% 39% 100%* | 100%*
%Impact w/ tech

Per Customer Winter
F R o, o o
ast D %Impact w/ tech 30% 30% 39%

Load Shifting Per Customer %impact 20% 25% 25%

Curtailable Per Customer %Impact 100%* 100%*

¢ Global has conducted numerous studies of DR potential in the last five years. We checked our input assumptions and analysis results
against the results from these other studies which include AmerenUE, Los Angeles Department of Water and Power, and the State of
New Mexico, and Avista Utilities.

7 Gray shaded boxes indicate that a DR option is not applicable for that sector.

Xlarge and Direct serve % impacts are applied to eligible MW rather than eligible customers.

Impacts with asterisk (*) indicate programs for which 100% represents the expected interruptible load.
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Demand Response Potential Results
Demand response has the potential to reduce peak demand by 1,504 MW to 1,520 MW in 2012.
The achievable potential increases to a range of 3,870 MW to 4,579 MW in 2030.°

Table 3-3 presents the overall summary of demand response potential for the two cases. Figure
3-1 presents this information graphically. The primary observations are:

o Insummer of 2012, achievable potential reduces peak demand by approximately 5%. This
starting point takes into account the achievements in 2011 from TVA's current DR program
portfolio.

e By summer of 2030, the achievable potential reduces peak demand by 10% to 12%. This level of
savings represents an offset in growth of between 53% and 63%.

¢ In winter of 2012, achievable potential reduces peak demand by approximately 4%.

o By winter of 2030, the achievable potential reduces peak demand by 8% in the low case and 9%
in the high case which represents an offset in growth of between 71% and 80%.

Table 3-3  Summary of Demand Response Savings for TVA

2012 2015 2020 2025 2030
Peak Forecast (MW) 31,036 32,074 34,031 36,234 38,353
Achievable - Low (MW) 1,504 2,137 3,245 3,662 3,870
Summer | Achievable - High (MW) 1,520 2,301 3,872 4,331 4,579
Achievable - Low (% of baseline} 5% 7% 10% 10% 10%
Achievable - High (% of baseline} 5% 7% 11% 12% 12%
Peak Forecast (MW) 32,886 31,252 33,145 35,284 37,390
Achievable - Low (MW) 1,353 1,782 2,618 3,030 3,199
Winter | Achievable - High (MW) 1,363 1,881 2,985 3,422 3,616
Achievable - Low (% of baseline) 4% 6% 8% 8% 8%
Achievable - High (% of baseline} 4% 6% 9% 9% 9%

Figure 3-1 Summary of Demand Response Potential for TVA
Achievable - Low ‘ Achievable - High

800 51
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% Summer  BWinter & Summer B Winter
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4,000
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8 Fast DR is not included in the total potential estimates presented here. As discussed in more detail in Volume 3, Fast-DR events are
considered distinct from traditional DR events. Customers can dual enroll in Fast DR and any other customer based dispatchable DR
program, therefore the impacts associated with DR cannot be added to the total potential.
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Potential Estimates by DR Program Type
Table 3-4and Table 3-5 show the range of achievable potential for each program type in both
summer and winter. The primary observations from the analysis are:

e Capacity reduction has, by far, the largest contribution to the overall potential from all DR
programs, with a 33% share in the total achievable potential in the high case in 2030. The
achievable potential for this program represents a migration from the curtailable program to the
capacity reduction program by 2016.°

e The Curtailable program is phased out completely by the year 2016 as all participants migrate
into the Capacity Reduction option. In our experience, this trend is common in the industry as
many utilities move away from emergency response programs and toward programs that can be
integrated into wholesale markets based on economic dispatch models.

o While the total potential attributable to DLC varies widely from 645 MW and 17% in the low case
to 1,174 MW and 26% in the high case DLC remains the second largest contributor to overall
potential. The key difference between estimates of potential in the high and low case is the
participation rates. The high case assumes an effective participation of 23.1% while the low case
assumes an effective participation of 11.3%. DLC potentiaf also varies from summer to winter;
this is a result of the saturation of central air conditioning in the Tennessee Valley being higher
than the saturation of electric heat.

e The Voltage Reduction programs also contribute substantially to the overall potential with CVR
contributing 14% and DVR contributing 4% to overall potential.

o Savings from the Third Party Aggregated program come in fourth with an 11% share of the total
potential in 2030. When combined with the Distributor Aggregated Program, which is very similar
to the Third Party Program, the two programs represent 16% of the total potential in 2030.

o Savings from the Dynamic Pricing program are moderate with a total contribution of about 4% in
2030. Under a voluntary scenario, we assume a very conservative participation rate, which limits
the potential of this program type.

o Load shifting has the smallest contribution to overall potential with about a 2% contribution in
2030.

® This migration is representative of the migration of customers from TVA's current SMR and 60MR programs to the new Reserve
Preservation program which falls within the capacity reduction program option for this study.
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Demand Response Potential

Table 3-4  Summary of Summer MW Savings by Program for TVA

DR Program Type 2012 2015 2020 2025 2030
Direct Load Control Achievable - Low 11 136 575 610 645
Achievable - High 19 249 1,048 1,111 1,174
Curtailable Achievable - Low 530 37 0 0 0
Achievable - High 530 37 0 0 0
Capacity Reduction Achievable - Low 441 1,086 1,283 1,369 1,452
Achievable - High 447 1,117 1,360 1,453 1,543
Third Party Aggregator Ach?evable - L(?W 395 518 520 522 523
Achievable - High 395 518 520 522 523
Distributor Aggregator Achievable - Low 61 86 129 134 139
Achievable - High 62 96 173 181 188
Demand Reduction Ach?evable - L(?w 16 68 73 77
Achievable - High 16 68 73 77
Dynamic Pricing Achievable - Low 29 132 161 191
Achievable - High 2 33 141 171 203
Conservation Voltage Achievable - Low 46 121 320 543 576
Regulation Achievable - High 46 121 320 543 576
Dispatchable Voltage Achievable - Low 16 42 112 190 202
Regulation Achievable - High 16 42 112 190 202
. Achievable - Low 1 13 50 53 56
Load Shifting Achievable - High 2 20 75 80 84
All Programs Achievable - Low 1,504 2,084 3,190 3,656 3,861
Achievable - High 1,520 2,249 3,817 4,324 4,570
Table 3-5  Summary of Winter MW Savings by Program for TVA
DR Program Type 2012 2015 2020 2025 2030
. Achievable - Low 5 62 259 275 290
Direct Load Control - -
Achievable - High 9 115 481 510 539
Curtailable Achievable - Low 507 34 0 0 0
Achievable - High 507 34 0 0 0
Capacity Reduction Achievable - Low 410 999 1,170 1,248 1,325
Achievable - High 415 1,021 1,226 1,309 1,391
Third Party Aggregator Achievable - Low 313 399 400 402 403
Achievable - High 313 399 400 402 403
Distributor Aggregator Achievable - Low 50 75 132 138 144
Achievable - High 51 89 193 203 213
Demand Reduction Achievabie - Low 1 16 68 73 77
Achievable - High 1 16 68 73 77
Dynamic Pricing Achievable - Low 2 31 141 172 205
Achievable - High 2 35 149 181 216
Conservation Voltage Achievable - Low 47 115 300 502 524
Regulation Achievable - High 47 115 300 502 524
Dispatchable Voltage Achievable - Low 17 40 105 176 183
Regulation Achievable - High 17 40 105 176 183
. Achievable - Low 1 11 42 45 47
Load Shifting Achievable - High 1 16 62 66 70
Achievable - Low 1,353 1,782 2,618 3,030 3,199
All Programs
Achievable - High 1,363 1,881 2,985 3,422 3,616
Global Energy Partners 3-7
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Demand Response Potential

Figure 3-2 and Figure 3-3 show the range of achievable potential by customer class. The
residential class has the largest contribution to overall potential at 41% in 2030 for the high
achievable case. This is primarily due to participation in the DLC program option. Large C&I and
Direct Serve come in second and third in overall contribution to potential, with 14% and 21%
respectively, with their contribution being concentrated heavily in the capacity reduction
program. Large, Medium C&I contribute 12% and 9% to overall potential respectively. Small C&I
has the smallest contribution with 4%.

Figure 3-2 Achievable — Low Potential by Customer Class
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Figure 3-3 Achievable — High Potential by Customer Class
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Summary of Cost-Effectiveness Analysis Results

Table 3-6 presents a summary of the cost-effectiveness results based on the TRC test for all
programs.® The cost effectiveness tests were performed using a bottom up approach that
employs cost assumptions based on secondary information and industry best practices.! The
analysis was performed in this manner in order to provide TVA with realistic annual costs that
can be passed on to distributors including: equipment costs, incentive costs, administrative, and
marketing costs'?. The results of the TRC test analysis show that the overall portfolio of DR
programs is cost-effective.” The cost-effectiveness assessment is done for the Achievable - High
level.

The most cost effective programs are Curtailable, Capacity Reduction, Demand Reduction,
Dynamic Pricing and Fast DR. Curtailable has the highest B/C ratio due to a shortened program
life of three years. Demand Reduction, Capacity Reduction, and Dynamic Pricing are also highly
cost effective. These programs have lower administrative costs, and fewer equipment costs than
the other non-aggregated programs. The voltage regulation programs are also considered cost
effective, however it is important to note that costs for these programs are based solely on the
incentive payment that TVA pays to the distributors. All equipment and implementation costs are
assumed to be covered by that incentive and additional external (rate-based) costs and benefits
to the distributor are not captured. The remaining programs; DLC, Third Party and Distributor
Aggregated, and Load Shifting, are all cost effective with B/C ratios ranging from 1.05 to 1.31.

Table 3-6  Results of Cost-Effectiveness Screening (B/C ratios)

DR Option Summer Winter
DLC 2.07 2.02
Curtailable 18.15 17.22
Capacity Reduction 5.89 5.29
Third Party Aggregated 1.24 1.24
Distributor Aggregated 1.05 1.05
Demand Reduction 3.94 3.93
Dynamic Pricing 3.23 3.40
Fast DR 4.19 3.80
Conservation Voltage Regulation 1.60 1.60
Dispatchable Voltage Regulation 1.60 1.60
Load Shifting 1.31 1.09

DR Program Recommendations

The results of the DR assessment reveal that TVA has significant potential for demand response
resources over the next two decades. Our analysis has shown that it is economically feasible for
TVA to realize up to 11% reductions in summer peak and 9% reductions in winter peak by 2030
if it moves forward with the DR options represented in this report.

TVA’s demand response programming efforts have a strong basis with large C&I customers in the
field today. Moreover, a comprehensive suite of new programs is currently emerging from the
planning phase and entering the implementation phase. In light of this study, Global provides the
following recommendations to preserve and augment that momentum.

10 cost effectiveness results by program and customer segment are included in Appendix B.

Y Cost effectiveness inputs and assumptions are included in Appendix A.

12 while utility incentives are not included in the TRC test as costs, we provide estimates of incentives that could reasonably be
assumed for each program in the appendix.

Y3 The $/kW payment for the Distributor aggregated program was adjusted from the $63/kW year in the TVA provided program data
sheet to $55/kW year in order for the program to pass the economic screen. The Distributor Aggregated program was not cost
effective given our assumptions in the analysis at the higher incentive rate. Payments from the utility to aggregators for both the 3
Party Aggregated and Distributor Aggregated programs are included as implementation costs in the TRC analysis.
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Expand programs to include smaller customers: TVA's current DR programs total
approximately 1,300 MW of DR, which indicates that the potential for future success with
new DR programs is very high. The majority of the currently installed DR capacity is
concentrated in the Large, X-Large, and Direct Serve customers. Targeting the largest
customers first is an excellent strategy for utilities as they begin their DR efforts, however, as
portfolios mature it becomes necessary to target other customer segments such as
residential and small and medium C&I.

Focus efforts on programs with the largest potential: DLC and Capacity Reduction are
the DR programs with the largest opportunity for savings among end-users. DLC is a
program that can be targeted to residential and small commercial customers and has been
shown to be very successful given the right combination of technology and incentives.*
Capacity reduction is gaining ground on the west coast as a highly favorable program with
commercial and industrial customers. Customers particularly like the monthly capacity
payments they receive all year long and the flexibility to determine their own reduction bid.
Marketing efforts to expand DR program participation to the smaller customers should focus
on DLC and capacity reduction.

Voltage regulation programs need carefully designed incentives: Voltage reduction
has significant potential to reduce demand on the distribution side. This is a unique program
in that it involves infrastructure improvements to optimize and reduce voltage levels without
affecting the power quality ultimately distributed to end users. Sufficient incentives will be
needed to encourage distributors to participate in this program and therefore more
information on the cost of specific voltage regulation technologies will need to be gathered.

Coordinate distributor layer between TVA and end user: Because TVA is a wholesale
provider, maintaining a cohesive DR message to end users may be challenging, especially as
DR programs focus on residential and small C&I customers. We recommend dedicated
resources to ensure that TVA programs are marketed and implemented consistently across
distributors.

Create internal DR targets: TVA should continue to evolve and formulate its specific
objectives regarding demand response by creating targets and goals. Global recommends
targets that fall within the range of achievable potentials identified in this study.

Consider limiting the number of programs: TVA has a longer list of DR programs than
many utilities do. TVA may consider limiting the number and type of DR programs to
facilitate distributor and end-user understanding. Customers are often overwhelmed by too
many options when it comes to utility programs, and many utilities with a large number of
programs are now focused on reducing or bundling programs to make participation simpler
for customers. We recommend focusing on those programs with the highest potential:
capacity reduction in the C&I sectors, DLC in the residential sector, and voltage reduction for
the distributors.

Provide market-friendly customer incentives: Most customers are willing to offer their
loads for participation in demand response programs if the utility is willing to compensate
them for any inconvenience that they may realize due to the temporary service interruption.
While incentive strategies must be structured in a way that ensures economic viability for the
program, we have found that there is significant room to expand customer incentives while
still maintaining cost-effectiveness.

Provide enabling technology incentives: Enabling technology has been shown to
improve the reliability of DR resources and to maximize load reduction in DR programs. It is
therefore crucial to provide incentives to customers for adopting enabling technology in order
to automate response to DR events.

4 Southern California Edison, NV Energy, Florida Power & Light, and others all have very successful DLC programs with participation
rates of 20% or more.
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COMPARISON OF PREVIOUS POTENTIAL STUDIES

Analysis Approach
Previous studies of energy efficiency potential for the Valley and for the southeast region have
produced a range of results. The objectives of this task are as follows:

e Develop a detailed report comparing the results of Task 1 to regional potential studies that
are specific to the southeast.

e Consider the methodology, assumptions, approaches, estimated baselines, technical
performance, adoption, and program/regulatory context of the studies.

o Create a matrix to enable side by side comparison of the studies.

List of Studies Considered
The reports Global reviewed are listed below.

o EPRI National — Assessment of Achievable Potential from Energy Efficiency and Demand Response
Programs in the U.S. (2010-2030)

e EPRI TVA — Assessment of Achievable Potential from Energy Efficiency and Demand Response
Programs for the Tennessee Valley Authority (2010-2030)

e Georgia Tech — Meta-Review of Efficiency Potential Studies and Their Implications for the South

o Georgia Tech — Energy Efficiency in the South, a meta-study

e McKinsey — Unlocking Energy Efficiency in the U.S. Economy

o SEEA — Fnergy Efficiency in Appalachia "How Much More is Available, at What Cost, and by When?”
o REPP — Powering the South: A Clean & Affordable Energy Plan for the Southern United States

e PA Consulting — 7ennessee Valley Authority: Energy Efficiency and Demand Response Plan 2008

e  ACEEE — North Carolina’s Energy Future: Flectricity, Water, and Transportation Efficiency

e FERC — A National Assessment of Demand Response

e MISO — The Midwest ISO Study (includes estimates of DR for regions within the Eastern
Interconnection)

The review of these studies considered each study’s analysis approach, the key input
assumptions and sources for these assumptions, the relevant baseline, and the regulatory
context. This report compares and contrast the studies listed above and the Global study for TVA
with regard to these considerations.

This executive summary provides an at-a-glance overview of the comparison, with high-level
conclusions and commentary. At the end of Volume 2, we examine each of the energy-efficiency
studies in detail and compare them side by side with this Global study. In turn, at the end of
Volume 3, we do the same for the demand-response studies.

Global Energy Partners k 4-1
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Comparison Summary

Table 4-1 and Table 4-2 present a matrix of key elements from each of the studies considered in
this task to provide a high-level overview.

Table 4-1  Energy Efficiency Studies at a Glance

Year . 10-yr Savings15 20-yr Savings
Source Area Released Type of Potential Estimate Estimate
Economic 13.9% 24.8%
21.7 TWh 44.8 TWh
This Study: . . 9.8% 19.8%
Global TVA TVA 2011 Achievable (High) 15.3 TWh 35.8 TWh
. 5.1% 10.6%
Achievable (Low) | o & ryyp 19.1 TWh
Economic 12.2% 13.4%
EPRI Natlo.na!, Sou.thern 2009 MAP 10.0% 11.1%
South Region region
RAP 4.4% 8.1%
Economic 10% 10%
EPRI-TVA TVA 2010
RAP 4.6% 6.9%
Meta-Review of Southern MAP 1.18% per year
South EE Studies- . 2009
Georgia Tech region RAP 0.88% per year
EE in the South- southern 2010 | Program potential | 12% 16%
Georgia Tech region
McKinsey Study U.s. 2009 NPV-positive 23%
. lachia- .
EE in Appalachia Appalachian 2009 | Program potential | 11% 24%
SEEA region
Powering the SERC and Clean Power Plan o o
South-REPP FRCC regions 2002 potential 13.5% 22.9%
TVA- PA Consulting | TVA 2008 Program potential | 11.7 TWh 19.5 TWh
North Carofina North Medium program | 14.9%
tudy- ACEEE Caroli 2010
Study- arolfina High program 20.4%

The most directly comparable studies to the Global TVA study are the EPRI National Study and
EPRI's 2010 study of the TVA service territory. These both use a similar bottom-up modeling
approach.

The most dissimilar studies are the REPP “Powering the South” study, because of its age, and the
McKinsey study because of its different definitions and methodologies, as discussed in Volume 2.

As far as baseline forecasts, the assumptions used in the various studies are all relatively similar.
Except for the REPP study mentioned above, all the baseline forecasts are relatively recent and

15 10-year and 20-year savings are approximations. Because several studies start one or two years earlier or later, they do not fit in
these categories exactly, but this simplification is made for comparison purposes.

4-2 www.gepllic.com
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include the effects of the EISA lighting standards. However, Global’s baseline forecast includes
the appliance and equipment standards that were adopted in 2010, which was a major year for
new standards. This has the most significant impact in the residential sector.

Overall, Global's savings estimates are higher than either of the EPRI studies. They are in line
with the other studies to the extent they are comparable. Direct comparison from study to study
should be made mindfully, taking into account the caveats and considerations spelled out in the
EE and DR Volumes.

Table 4-2 Demand Response Studies at a Glance

Year . 10-yr Savings | 20-yr Savings
Source Area Released Type of Potential Estimate Estimate
. . 11% 12%
This Study: Achievable (High) 3.86GW 4.6 GW
TVA 2011
Global TVA Achievable (Low) 10% 10%
chievable (Low 3.2 6w 3.96w
Economic 20%
FERC National . N
Assessment of DR u.s. 2009 Achievable 14%
Expanded BAU 9%
MISO 7.6% 7.6%
2010 .
MISO Assessment Eastern Program potential
. 11.1% 10.8%
Interconnection

The more limited landscape of DR potential studies shows a fair amount of convergence on the
range of achievable potentials. There is less complexity and variation in the way that DR
potentials are analyzed. With the exception of some differences in definition of potentials in the
FERC National study, these three studies are relatively comparable.

(W3]
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EXECUTIVE SUMMARY

Over the past decade, the Commonwealth of Virginia has experienced a rapid increase in its demand
for electricity due in large part to economic and population growth, particularly in Northern Virginia.
This rapid increase in Virginia's demand for electricity could negatively impact the Commonwealth’s
future economic growth by causing further increases in utility prices and the potential for decreased
reliability. Energy efficiency and demand response have the potential to moderate these impacts
while at the same time improving the economic health of the Commonwealth.

Energy efficiency and demand response are the lowest-cost resources available to meet this growing
demand and the quickest to deploy for near-term impacts (see Figure ES-1).

Figure ES-1. Estimates of Levelized Cost of New Energy Resources
12

10

Levelized Cost {cents/kWh)
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(a) Cycle

As can be seen in Figure ES-2, ACEEE estimates a suite of energy efficiency policies and programs
that could save 10,000 GWh of electricity, or meet 8% of Virginia's electricity needs in 2015. By 2025,
savings grow to 28,000 GWh, or 19% of Virginia's electricity needs in 2025, in our medium policy
scenario.

Policy Recommendations
ACEEE suggests that policymakers consider the following suite of eleven policy recommendations:

Energy Efficiency Resource Standard (EERS)
Expanded Demand Response Initiatives

Combined Heat and Power (CHP) Supporting Policies
Manufacturing Initiative

State Facilities Initiative

Local Government Facilities Initiative

Building Energy Codes

Appliance and Equipment Efficiency Standards
Research, Development & Deployment (RD&D) Initiative
10 Consumer Education and Outreach

11. Low-Income Efficiency Programs

CoNOkON =
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Figure ES-2. Share of Projected Electricity Use
Met by Energy Efficiency Policies — Medium Scenario
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These recommendations draw from the best practice policies currently implemented throughout the
country. The EERS represents the core of these policies, providing a foundation upon which the
manufacturing initiative, government facilities, appliance standards, and building codes can be
layered to fully achieve the goals. Energy efficiency can also reduce peak demand in Virginia, which
occurs during the summer on days when electricity needs are highest (see Figure ES-3).

In addition, we find that a suite of demand response (DR) recommendations, which focuses on
shifting energy from peak periods to off-peak periods and cutting back electricity needs on days with
the highest needs, is a critical component of reducing peak demand in Virginia. Figure ES-3 presents
the combined effects of energy efficiency and demand response on peak reductions in a medium
case policy scenario.

Figure ES-3. Estimated Reductions in Summer Peak Demand through
Energy Efficiency and Demand Response — Medium Scenario
(2025 peak reduction = 8,400 MW, or 26%)
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ACEEE also considered a more aggressive suite of policies that would increase energy savings to
39,000 GWh in 2025, meeting 27% of Virginia's electricity needs in that year. Combined, the high
scenario suite of energy efficiency policies plus the potential for demand response can reduce peak
demand by nearly 11,000 MW in 2025, or a 36% reduction in peak demand.

Economic and Jobs Impacts

The energy savings from these efficiency policies can cut the electricity bills of customers by a net
$500 million in 2015. Net annual savings grow nearly five-fold to $2.2 billion in 2025. While these
savings will require some public and customer investment, by 2025 net cumulative savings on
electricity bills will reach $15 billion. To put this into context, an average household will save a net $5
on its monthly electricity bill by 2015 and $20 per month by 2025. These savings are the result of two
effects. First, participants in energy efficiency programs will install energy efficiency measures, such
as more efficient appliances or heating equipment, therefore lowering their electricity consumption
and electric bills. In addition, because of the current volatility in energy prices, efficiency strategies
have the added benefit of improving the balance of demand and supply in energy markets, thereby
stabilizing regional electricity prices for the future.

Investments in efficiency have the additionai benefit of creating new, high-quality “green-collar” jobs in
the Commonwealth and increasing both wages and Gross State Product (GSP). Our analysis shows
that energy efficiency investments can create nearly 10,000 new jobs in Virginia by 2025 (see Table
ES-1), including well-paying trade and professional jobs needed to design and install energy
efficiency measures. These new jobs, including both direct and indirect employment effects, would be
equivalent to almost 100 new manufacturing plants relocating to Virginia, but without the public costs
for infrastructure or the environmental impacts of new facilities.

Table ES-1. Economic Impact of Energy Efficiency Investments in Virginia

Macroeconomic Impacts 2015 2025
Jobs (Actual) 675 9,820
Wages (Million $2006) 63 583
GSP (Million $2006) 202 882

Conclusions

The Commonwealth of Virginia finds itself at a juncture with respect to its energy future. The state can
either continue to depend solely upon conventional energy resource technologies to meet its growing
needs for electric power as it has for more than a century, or it can chose to slow—or even reduce—
future demand for electricity by investing in energy efficiency and demand response. As this
assessment documents, there are plenty of cost-effective energy efficiency and demand response
opportunities in the state. However, as this report also discusses, these opportunities will not be
realized without changes in policies and programs in the state. We suggest a wide array of energy
efficiency and demand response policies and programs that have proven successful in the past, and
can meet 90% of the increase in the state's electricity needs over the next 18 years, and 120% of the
increase in peak demand. These policies and programs are already proving themselves in other
states, delivering efficiency resources and reducing consumer electric expenditures. And, these
policy and programs can accomplish this at a lower cost than building new generation and
transmission, while at the same time creating nearly 10,000 new, high-quality "green collar" jobs by
2025.

These policy and program suggestions should not be viewed as prescriptive, but as the starting point
for a dialog among stakeholders on how to realize the efficiency resource that is available to the
state. ACEEE's suggestions are based on our review of existing opportunities and stakeholder
discussions, and reflect proposals that we think are politically plausible in the state. Clearly there are
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other policies and programs, some of which we suggest in our aggressive scenario, which could be
implemented to realize even more of the available energy efficiency resource.

Also, we do not suggest that these recommendations will meet all of the state's future energy needs.
While energy efficiency is perhaps the only new energy resource that is available near term and that
can make an important contribution in the longer term, the state will need additional resources to
meet the remainder of the new load and to replace older, dirtier power plants in the coming years.
Most importantly, energy efficiency can buy time for a robust discussion about what other resource
choices—both conventional and alternative—the state makes in the future.

vi
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GLOSSARY

ENERGY POLICY AND ORGANIZATIONS

(ASHRAE) American Society of Heating, Refrigerating and Air-Conditioning Engineers: Organization of
over 50,000 professionals in the air-conditioning, heating, refrigerating and ventilating fields. Support
the integration of increased energy efficiency in building design via technological enhancements of
these systems (hitp://www. ashrae.ora/).

Avoided Costs: The marginal costs incurred by utilities for additional electric supply resources. Used by
utilities to evaluate the cost-effectiveness of energy efficiency programs.

(EERS) Energy Efficiency Resource Standard: A simple, market-based mechanism to encourage more
efficient generation, transmission, and use of electricity and natural gas. An EERS consists of electric
and/or gas energy savings targets for utilities. All EERS include end-user energy saving improvements
that are aided and documented by utilities or other program operators. Often used in conjunction with a
Renewable Portfolio Standard (RPS). (See ACEEE's fact sheet for state details:
hitp://aceee.orglenerqy/ state/policies/2pgEERS. pdf.)

(EISA 2007) Energy Independence and Security Act of 2007: Law covering issues from fuel economy
standards for cars and trucks to renewable fuel and electricity to training programs for a “green collar’
workforce to the first federal mandatory efficiency standards for appliances and lighting.

ENERGY STAR®: A joint program of the U.S. Environmental Protection Agency and the U.S. Department of
Energy helping residential customers save money and protect the environment through energy-efficient
products and practices (hitp://www.energystar.gov/). Includes appliance efficiency standards and new
building codes.

(EPAct) Energy Policy Act: Law directing U.S. energy policy; first passed in 1992 and major revisions were
passed in 2005 and 2007.

(ESCO) Energy Service Company: Provides designs and implementation of energy savings projects. The
ESCO performs an in-depth analysis of the property, designs an energy-efficient solution, installs the
required elements, and maintains the system to ensure energy savings.

(ESPC) Energy Service Performance Contracting: A financing technique that uses cost savings from reduced
energy consumption to repay ESCO's (see above) for the cost of installing energy conservation
measures and other services.

(FEMP) Federal Energy Management Program: U.S. Department of Energy program “works to reduce the
cost and environmental impact of the Federal government by advancing energy efficiency and water
conservation, promoting the use of distributed and renewable energy, and improving utility management
decisions at Federal sites” (hitp://www1.eere.energy.gov/femp/about/index.htmi).

(FERC) Federal Energy Regulation Commission: Federal agency that “regulates and oversees energy
industries in the economic, environmental, and safety interests of the American public” (www.ferc.org).

(IRP) Integrated Resource Plan: A comprehensive and systematic blueprint developed by a supplier,
distributor, or end-user of energy who has evaluated demand-side and supply-side resource options
and economic parameters and determined which options will best help them meet their energy goals at
the lowest reasonable energy, environmental, and societal cost (hitp://www.energycentral.com/
centers/knowledyge/alossary/home.cfm).

(LIHEAP) Low-Income Home Energy Assistance Program: A federally funded program intended to assist
low-income households that pay a high proportion of household income for home energy, primarily in
meeting their immediate home energy needs.

(NERC) North American Electric Reliability Corporation: NERC’s mission is to improve the reliability and

security of the bulk power system in North America. To achieve that, NERC develops and enforces
reliability standards; monitors the bulk power system; assesses future adequacy; audits owners,

vii
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operators, and users for preparedness; and educates and trains industry personnel. NERC is a self-
regulatory organization that relies on the diverse and collective expertise of industry participants. As the
Electric Reliability Organization, NERC is subject to audit by the U.S. Federal Energy Regulatory

GENERAL REPORT TERMINOLOGY

Additionality: A framework for evaluating whether projects are deserving of offset credits in climate change
mitigation strategies. If a project would have been undertaken and financially attractive regardless of
incentives of any kind, then offering incentives to the project is said to yield no “additionality.” The
standard thinking is that financial incentives/offset credits should be offered only to projects that would
not have happened but for the offering of credits.

Cumulative Savings: Sum of the total annual energy savings over a certain time frame.

Demand Side Management (DSM): Programs that focus on minimizing energy demand by influencing the
quantity and use-patterns of energy consumption by end users, as opposed to supply side
management, which focuses on investments in system infrastructure.

Energy Efficiency: The implementation of programs and policies that minimize the consumption of energy
resources while stimulating economic growth,

Incremental Annual Savings: Energy savings occurring in a single year from the current year programs and
policies only.

Percent Turnover: Percentage of technology replaced on burnout with more efficient technology. Does not
include retrofits.

Potential: amount of energy savings possible
- Achievable Potential: Potential that could be achieved through normal market forces, new state
building codes, equipment efficiency, and utility energy efficiency programs
- Economic Potential Potential based on both the Technical Potential and economic
considerations (e.g., system cost, avoided cost of energy)
- Technical Potential: Potential based on technological limitations only (no economic or other
considerations)

Replace-on-Burnout: The act of waiting until a technology’s end of life before replacing it with a more energy-
efficient technology. Cost basis is the incremental cost of choosing a more efficient technology over a
less efficient one. Incremental cost usually means incremental equipment cost with no labor cost; that
is, there is no labor cost or it is the same in both cases and thus a zero-sum.

Retrofit Measure: The act of replacing a technology with a more energy-efficient technology before its end of
life. Cost basis is the full cost of the new technology, including instaliation.

Total Annual Savings: Energy savings occurring in a single year from the current year programs and policies
and counting prior year savings. Sum of all Incremental Annual Savings.

INDUSTRY and BUILDINGS TECHNOLOGY

(CHP) Combined Heat and Power: method of using waste heat from electrical generation to offset traditional
process or space heating. Also called cogeneration (cogen).

Electricity Use Feedback: System that monitors home/building electricity use and provides real time feedback
to occupants. This allows occupants to increase energy efficiency.

ENERGY STAR® New Homes: 15% electricity savings over a comparable size home.

HVAC: Heating, ventilation, and air conditioning system.

(NAICS) North American Industry Classification System: 6-digit code used to group industries by product.

viii
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UTILITY TERMS
Coincidental Peak: The sum of two or more peak loads that occur in the same time interval.

Coincidental Peak Factor: The ratio of annual peak demand savings (kW) from an energy efficiency measure
to the annual energy savings (kWh) from the measure; also called Coincidence Factor.

Demand Response: The reduction of customer energy usage at times of peak usage in order to help address
system reliability, reflect market conditions and pricing, and support infrastructure optimization or
deferral. Demand response programs may include dynamic pricing/tariffs, price-responsive demand
bidding, contractually obligated and voluntary curtailment, and direct load control/cycling.

Deregulation: Allows a rate payer to choose other electricity providers over a local provider. Deregulation
efforts vary from reducing to completely eliminating a local monopoly on electricity.

Distributed Energy Resource: Electrical power generation or storage located at or near the point of use, as
well as demand-side measures

Distributed Generation: Electric power generation located at or near the point of use.
Distributed Power: Electrical power generation or storage located at or near the point of use.

Electricity Distribution: Regulating voltage to usable levels and distributing electricity to end-users from
substations

Electricity Generation: Converting a primary fuel source (e.g., coal, natural gas, or wind) into electricity.

Electricity Transmission: Transport of electricity from the generation source to a distribution substation,
usually via power lines.

Henry Hub: The market price for natural gas is by convention set at the Henry Hub (which is a physical location
in southern Louisiana where a number of pipelines from the Guif of Mexico originate). Futures and spot
market contracts for delivery of gas are traded on the New York Mercantile Exchange (NYMEX) with
regional wholesale prices set at key hubs where pipelines originate or come together. These prices are
set relative to the Henry Hub price with adders for transportation and congestion.

(I0U) Investor-Owned Utility: Also known as a private utility, 1OU's are utilities owned by investors or
shareholders. 10U’s can be listed on public stock exchanges.

(ISO) Independent System Operator: Entity that controls and administers nondiscriminatory access to electric
transmission in a region or across several systems, independent from the owners of facilities.

Levelized Cost: The level of payment necessary each year to recover the total investment and interest
payments at a specified interest rate over the life of the measure.

Peak Demand: The highest level of electricity demand in the state measured in megawatts (MW) during the
year.

Peak Shaving: Technologies or programs that reduce electricity demand only during peak periods (frequently
combined with "valley filling" policies that shift consumption to periods of low demand. The combination
is referred to as load shifting.)

PJM: PJM Interconnection is a Regional Transmission Organization that coordinates the movement of wholesale
electricity in all or parts of Delaware, lllinois, Indiana, Kentucky, Maryland, Michigan, New Jersey, North
Carolina, Ohio, Pennsylvania, Tennessee, Virginia, West Virginia, and the District of Columbia.

Power Pool: Two or more inter-connected electric systems planned and operated to supply power in the most
reliable and economical manner for their combined load requirements and maintenance programs.
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Renewable Generation: Electric power generation from a renewable energy source such as wind, solar,
sustainably harvested biomass, or geothermal.

(RTO) Regional Transmission Organization: An independent regional transmission operator and service
provider that meets certain criteria, including those related to independence and market size. Controls
and manages the transmission and flow of electricity over large areas.

(REC) Rural Electric Cooperative: REC's are nonprofit, cooperative utilities that provide electricity to rural
areas and are owned by all customers of that utility.

Transformer: Electrical device that changes the voltage in AC circuits from high-voltage transmission lines to
low voltage distribution lines.

Wholesale Competition: A system in which a distributor of power would have the option to buy its power from a
variety of power producers, and the power producers would be able to compete to sell their power to a
variety of distribution companies.

Wholesale Electricity: Power that is bought and sold among utilities, non-utility generators, and other wholesale
entities, such as municipalities.

Wholesale Power Market: The purchase and sale of electricity from generators to resellers (that sell {o retail
customers) along with the ancillary services needed to maintain reliability and power quality at the
transmission level.
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INTRODUCTION

Over the past decade, the Commonwealth of Virginia has experienced a rapid increase in its demand
for electricity. Significant economic and population growth has been a primary driver of this rise in
demand, particularly in the Northern Virginia region, which has historically been home to two of the
fastest growing counties in the nation. The impact of population growth on electricity demand is
compounded by the fact that electricity consumption per customer has risen dramatically in the past
several decades. Today the average residential customer consumes in Virginia about 14,000 kWh
per year, 25% more than the national average, and the average commercial customer uses 50%
more electricity than it did in 1990 (EIA 2007b). This rapid increase in Virginia's demand for electricity
could impact the Commonwealth's future economic growth. As demand outstrips electric supplies,
the added strain on the grid during peak times, particularly in Northern Virginia could result in
reliability problems as early as 2011 (DMME 2007), and result in price increases and greater price
volatility. As this report will demonstrate, energy efficiency and demand response have the potential
to moderate these impacts while simultaneously improving the economic health of the
Commonwealth.

Energy efficiency and demand response are the least-cost resources available to meet this growing
demand and the quickest to deploy for near-term impacts. While energy efficiency focuses on
reducing overall electricity consumption, demand response is essential to reducing electric load at
those peak times of Virginia's electricity needs. Not only is demand for electricity growing in the
Commonwealth, but rapidly increasing fuel and electricity prices are being felt by consumers and
straining household budgets. Recently, an 18% electricity rate increase was approved for Dominion
Virginia to recover rising fuel costs (SCC 2008a) and Appalachian Power (APCo) has similarly
requested an increase in its fuel rate. Both price increases are in advance of rate caps coming off in
December of 2008, which are expected to further raise prices. Unlike supply-side energy resources,
efficiency and demand response are the only resources that can actually begin to reduce customer
electric bills by reducing overall consumption. These clean energy resources are not only important to
consumers and electric reliability in the Commonwealth, but they also can be vital to the economy.
Investing in efficiency also creates new “green collar” jobs in fields such as construction and
technology development and deployment.

A growing consensus is emerging that the Commonwealth must do more to realize this clean energy
resource. And because the energy policy choices Virginia makes now will define its energy future for
years to come, it is important that policymakers and consumers be aware of the policy options
available to them.

The goal of this study is to inform policymakers and stakeholders of the opportunities for energy
efficiency and demand response in Virginia, and to suggest policies the Commonwealth could
implement to tap into these clean energy resources. Our results are designed to help educate
policymakers and the public at large about the importance of energy efficiency and demand
response, and to facilitate policy development in Virginia for the next several years by identifying
policy and technical opportunities for achieving major energy efficiency savings and benefits.

This report is organized into the following sections:

« Background: Reviews the electricity market in Virginia, including recent actions and future
opportunities regarding enerqy efficiency and demand response.

« Project Overview and Methodology: Provides a context for ACEEE's work with state-level
energy efficiency and demand response potential studies and an overview of both the project
approach and analysis methodology.

! Loudoun County and Prince William County (DMME 2007).
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« Reference Case: Discusses the reference case electricity, peak demand, and price forecasts
used in this analysis.

- Energy Efficiency Resource Assessment: Estimates the cost-effective potential, from the
customer’s perspective, for increased energy efficiency in the state’s residential, commercial,
and industrial sectors by 2025 through the adoption of specific energy-efficient technology
measures. The resource assessment goes beyond what the state can achieve through
penetration of specific programs and policies.

« Energy Efficiency Policy Analysis: Outlines the recommended policies for Virginia to adopt
fo tap into the energy efficiency resource potential. This section presents the electricity and
peak demand impacts from energy efficiency, the associated costs, and an evaluation of
program costs using two cost-effectiveness tests (TRC and the Participant cost tests). Also
included in this section is an estimation of carbon dioxide emissions impacts.

« Demand Response Analysis: Estimates the potential for increased demand response in
Virginia and makes specific recommendations to the Commonwealth.

« Macroeconomic Impacts: Estimates the impact of energy efficiency policies on Virginia’s
economy, employment, and energy prices.

BACKGROUND

Virginia Electricity Market

The Commonwealth of Virginia briefly experimented with utility deregulation starting in 1999, but the
competition that deregulation was expected to create failed to materialize. Legislation introduced in
2007 ended the state's commitment to deregulation, although the replacement system offered a
"hybrid" alternative to the regulation that existed prior to 1999. Through this system, utilities are still
subject to rate caps but are also guaranteed a rate of return, allowing them to borrow money in order
to finance projects such as building new capacity to meet demand (DMME 2007).

Electricity consumption in Virginia grew at an average annual rate of 2.0% over the 2000-2007 period
of deregulation (EIA 2007b). As can be seen in Figure 1, electricity generation in the Commonwealth
has remained below the level of demand, meaning that Virginia is a net importer of 30-40% of its
electricity. All but a small portion of Virginia in the southwest is part of the PJM Interconnection, a
regional transmission organization in the Mid-Atlantic that provides reliability planning, manages a
wholesale power market, and manages long-term regional electric transmission planning. In general,
the price of power is greater in the PJM market than that generated in-state, so a greater reliance on
imported power is likely to increase the price of electricity.

Retail rate caps set in place as part of Virginia's regulatory process are set to expire at the end of
2008, which will open the door to higher electricity prices as rising fuel costs make it increasingly
difficult for utilities to recover their operating costs. Dominion Virginia Power has already been
granted an 18% rate increase for higher fuel costs by state regulators as of June 2008, and
Appalachian Power Company (APCo) is awaiting approval for a rate-adjustment clause (see Figure 2
for a map of these electric service territories).

There are several major generation and transmission projects in the Commonwealth aimed at
meeting growing demand. Construction of a coal-fired generation plant in southwestern Wise County
began in June 2008 and is slated to be finished in four years. This facility, called the Virginia Hybrid
Energy Center, will be capable of producing 585 MW of electricity when it comes online in 2012, In
November 2007, the Nuclear Regulatory Commission (NRC) granted Dominion an Early Site Permit,
though the company still requires additional licenses from both the NRC and the State Corporation
Commission (SCC) to construct a third generating unit at its North Anna nuclear facility located in
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Louisa County. The new unit would add 1,520 MW of capacity to the facility, which is already capable
of generating 1,786 MW, though commercial operation would not start until 2016 at the earliest. Also,
Dominion owns a 600 MW Natural Gas Combined Cycle Generator plant in Buckingham County set
to open in 2011 (Dominion 2007). There are two major transmission projects proposed that would
affect the Commonwealth. Dominion and TrAlLCo—a subsidiary of Allegheny Power—have
proposed a 500 kV, 65-mile overhead transmission line stretching from Pennsylvania to Loudoun
County with the purpose of serving future demand in Northern Virginia and other Mid-Atlantic states.
Additionally, in 2007 PJM approved the construction of PATH-Allegheny's 250-mile, 765 kV
transmission line extending from American Electric Power's (AEP) John Amos substation in St.
Albans, West Virginia, to AEP's Bedington, northeast of Martinsburg, Maryland. Another 50 miles of
twin-circuit 500 kV transmission lines will connect the Bedington substation to a new substation near
Kemptown, southeast of Frederick, Maryland, which will be owned by Allegheny Power. This project
is slated for completion in 2012.

Figure 1. Electricity Sales and Generation in Virginia, 2000-2007
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Figure 2. Electric Service Territories in Virginia
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In 2006, Virginia generated 74,237 GWh of electricity (see Figure 1 and Figure 3). The majority of
this in-state generated electricity came from coal-fired power plants (46%) and nuclear (37%). By
comparison, the national average mix of electricity generation is 49% from coal and 19% from nuclear
(EIA 2007b). In the same year, the state consumed 106,721 GWh of electricity, making the state a
net importer of about 30% of its total electricity consumption (see Figure 1).

Figure 3. 2006 Virginia Electricity Generation by Fuel Type
Total Generation: 74,237 GWh
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Electricity is delivered in Virginia to consumers by three types of providers: investor-owned utilities
(IOUs), rural electric cooperatives (coops), and municipal electric suppliers. As can been seen in
Figure 4, of the three types of providers, IOUs dominate the sales in the state (87%), with Dominion
securing a 67.5% market share. Cooperatives and municipal utilities account for the remaining 13%
of electricity sales.

Figure 4. Electricity Deliveries (GWh) by Supplier in 2006
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The failure of restructuring to introduce competition into Virginia's electricity market has perpetuated
its vertical integration. The vast majority of electricity services (99.9%) are bundled; a negligible
amount (<1.0%) is delivered to a third party for distribution.

Role of Energy Efficiency and Demand Response

Virginia utilities are proposing several projects to meet the Commonwealth’s increasing demand for
electricity, as discussed above. The proposed investments in new generation and transmission have
thus far not been complemented bx notable efforts to expand the state's demand-side efficiency
policies. In fact, Virginia ranked 38" out of the 50 states in ACEEE's 2006 state energy efficiency
scorecard (Eldridge et al. 2007).

Recently, Virginia has taken steps towards a more pro-active focus on demand-side management.
Recognizing that adding new capacity cannot completely satisfy the state's future electricity needs,
Governor Timothy Kaine inserted an enactment clause into the March 2007 electricity restructuring
legislation (S.B. 1416) stating that the Commonwealth shall have a goal of reducing electricity
consumption by 10% (of 2006 consumption) by 2022 and directed the State Corporation
Commission to conduct a proceeding to evaluate the stated goal and submit its findings and
recommendations to the Governor and the General Assembly. The November 2007 SCC report
states that the staff believes that the 10% electricity consumption reduction goal set forth by the
General Assembly is attainable by 2022, though it suggests further exploration into the programs
needed to achieve the goals and the cost-effectiveness of the programs (SCC 2007).

At the utility level, Dominion has recently introduced programs that aim to increase the prevalence
and success of demand-side management within the state. In January 2008, the Virginia utility
commission approved Dominion's implementation of nine pilot programs whose goal is to evaluate
customer acceptance of various DSM programs (SCC 2008b). Through these programs, Dominion
plans to address the potential for energy conservation, customer education, demand response, and
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load management to curtail electricity consumption within its service territory. In June 2008, Dominion
introduced an aggressive energy conservation and demand reduction plan that includes the
installation of "smart grid" technology, which Dominion will introduce to its Virginia customers pending
Commission approval. Dominion estimates that these programs will shave electricity demand and
consumption by 850 MW and 2,788 MWh by 2015, providing a significant step towards achieving
Governor Kaine's goal of a 10% reduction (Dominion 2008).

In leading states, energy efficiency is meeting 1 to 2% of the state's electricity consumption each year
(Nadel 2007; Hamilton 2008) at a cost of less than 3¢ per kWh (Kushler, York and Witte 2004),
compared with a utility-avoided cost of about 6 to 8¢ per kWh in Virginia (see Figure 10).2 States
across the country, including California, Connecticut, Massachusetts, Minnesota, New York, and
Vermont, are realizing the benefits of energy efficiency today, and have enacted policies and
programs that effectively tap into their energy efficiency resources. Results from these states show
that energy efficiency represents an immediate low cost, low risk strategy to help meet the state’s
future electricity needs (York, Kushler, and Witte 2008). In contrast, new supply options—either
traditional or renewable—now cost significantly more, as is suggested in Figure 5.

Figure 5. Cost of New Energy Resources
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Together, energy efficiency and demand response can delay the need for expensive new supply in
the form of generation and transmission investments (Elliott et al. 2007; 2007b), thus keeping the
future cost of electricity affordable for the state and freeing up energy dollars to be spent on other
resources that expand the state's economy. In addition, a greater share of the dollars invested in
energy efficiency go to local companies that create new jobs compared with conventional electricity
resources, where much of the money flows out of state to equipment manufacturers and energy
suppliers.

2 The avoided cost analysis does not take into account a cost of carbon that would be imposed under a federal
cap and trade program. If we assume a cost for carbon, which most experts predict, avoided costs to utilities
could range from 8 to 10 cents per kWh.
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Barriers to Energy Efficiency and Demand Response

While experience has demonstrated that energy efficiency and demand response resources are cost-
effective and achievable, we have learned that they will not occur without specific policy interaction
due to pre-existing market barriers. These barriers include:

» Awareness of energy efficiency opportunities—as one industrial manager characterized i,
“you have to know what fruit looks like if you are going to harvest the low-hanging fruit”
(Johnson 2008).

e Principal-agent barrier where the person making the efficiency investment does not benefit
from the energy savings (e.g., a landlord installing efficient lighting when the tenant reaps the
energy bill savings).

¢ Regulatory barriers (e.g., regulation may discourage utilities from investing in energy
efficiency because they cannot fully recover their costs or make an attractive return on their
DSM investments).

¢ Financial hurdles—the “Warren Buffet problem” that the private sector is inclined to do one
large deal rather than lots of small deals, and energy efficiency is by its nature smalil and
dispersed.

+ Expanding demand response is a challenge since most consumers don't understand demand
resources and its benefits, and that it requires both utility and customer investments in new
infrastructure

Proactive legislative initiatives and policies are thus required to overcome these barriers and allow
energy efficiency and demand response resources to be realized to their full potential.

PROJECT APPROACH AND METHODOLOGY
Overail Project Context: Why We Chose Virginia

For a number of years, ACEEE has published state clean energy scorecards, the first editions ranking
utility-sector energy efficiency program spending and performance data, and more recently with a
comprehensive ranking of state energy efficiency policies identifying exemplary programs and
policies within several energy efficiency policy categories. The 2007 edition of the Scorecard was the
first edition of this more comprehensive approach and the policy categories included:

Spending on Utility and Public Benefits Energy Efficiency Programs
Energy Efficiency Resource Standards (EERS)

Combined Heat and Power (CHP)

Building Energy Codes

Transportation Policies

Appliance and Equipment Efficiency Standards

Tax Incentives

State Lead by Example Programs

DN N =

in the 2007 Scorecard, ACEEE noted that the top tier states, as shown in Figure 6, needed little or no
help to continue to improve their energy efficiency programs and policies. Rather it was the middle
tier of states, which are moving more slowly towards better energy efficiency programs but have
started the process, that offered the best opportunity to encourage a quicker transition to greater
energy efficiency. In ACEEE's 2007 Scorecard, Virginia ranked # 38 as shown on the map and was,
therefore, considered a middle tier state.
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Figure 6. 2007 State Scorecard Results
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Recent interest by Virginia's Governor Tim Kaine and his administration has resuited in legislation
directing various state agencies to review and consider new energy efficiency policies to reduce the
state’s growing energy demand. Some utilities, such as Dominion, are beginning to explore demand-
side management through pilot programs. Due to this increased interest in energy efficiency and
Virginia's growing energy demand (especially in the northern region of the state), ACEEE determined
that the state might benefit from an analysis of how energy efficiency and complementary demand
response initiatives could work in a cost-effective manner to fill the expected energy demand gap.

Stakeholder Engagement

ACEEE did not presume to know what energy policies would work best in Virginia. Talking to a broad
range of stakeholders was an essential part in tailoring our proposal to fit the unique needs of the
Commonwealth. Engaging the many interest groups in Virginia was a significant undertaking. We
endeavored to meet in person with as many different sectors as possible in order to get the feedback
required to better understand Virginia's specific energy structure and needs. We met with many of the
environmental groups; the Governor's staff; the Virginia Manufacturing Association membership;
utility companies including Dominion, Appalachian Power, and the Virginia Association of Electric
Cooperatives; the State Commonwealth Commission; and various other interested organizations in
the state. We also called various legislators’ offices and representatives of the low income
communities for their input.

We shared the draft report of this study with representatives of all of these stakeholders for their
review, and their comments have been incorporated in this report as appropriate. A final follow up
with stakeholders included presentations of the reports results at the Virginia Manufacturers Forum in
Richmond on September 17", meetings with environmental organizations on the 18", and finally a
presentation at the Governor's Commonwealth of Virginia Energy and Sustainability Conference held
in Richmond from Sept. 17" through 19".
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Analysis

The remainder of the report presents a description of the analysis methodology and results in the
following order:

.

Reference Case: In addition to the extensive stakeholder phase of this study, the first step in
conducting an energy efficiency and demand response potential study for Virginia was to
collect data and to characterize the state's current and expected patterns of electricity
consumption over the study time period (2008-2025). In this section, we describe the
assumed reference forecasts for electricity, peak demand, electricity supply prices, and
avoided costs based on available data that ACEEE has been able to collect and projections
developed by Synapse Energy and Economics, as presented in Appendix A.1.

Energy Efficiency Resource Assessment: Following the Reference Case section is the
energy efficiency resource assessment, which examines the overall potential in the state for
increased cost-effective electricity efficiency using technologies and practices of which we
are currently aware (see Figure 7). Cost-effectiveness is evaluated from the customer’s
perspective (i.e., a measure is deemed cost-effective if its cost of saved energy is less than
the average retail rate of electricity). We review specific, efficient technology measures that
are technically feasible for each sector; analyze costs, savings, and current market
share/penetration; and estimate total potential from implementation of the resource mix. The
technology assessment is reported by sector (i.e., residential, commercial, and industrial) and
includes an analysis of potential for expanded CHP, which was prepared by ICF International.
An important caveat for the reader o note is that we review only existing technologies and
practices that have reasonable market share but do not consider emerging technologies and
practices with very low market share or that have yet to emerge. Therefore, potential for
increased efficiency is likely higher throughout the study time period given the likelihood that
some emerging technologies will be commercialized and become cost-effective. See
Appendix C for a detailed methodology of the resource potential analysis by sector.

Energy Efficiency Policy Analysis: For this analysis, we developed suites of energy
efficiency policy recommendations based on successful models implemented in other states
and in consultation with stakeholders in Virginia. This analysis assumed a reasonable
program and policy penetration rate, and therefore is less than the overall resource potential
(see Figure 7). We drew upon our resource assessment and evaluations of these policies in
other states to estimate the electricity savings and the investments required to realize the
savings. The cost-effectiveness of the recommended programs and policies are evaluated
using the TRC test and the Participant test. We also estimate the reductions in peak demand
that would occur as a result of these energy efficiency policies and programs. See Appendix
B for detailed results.

Demand Response (DR) Analysis: The Demand Response Analysis, prepared by Summit
Blue Consulting, assesses current demand response activities in Virginia, uses benchmark
information to assess the potential for expanded activities in Virginia, and offers policy
recommendations that could foster DR contributing appropriately to the resource mix in
Virginia that could be used to meet electricity needs. Potential load reductions are estimated
for a set of DR programs that represent the technologies and customer types that span a
range of DR efforts, and are in addition to the demand reductions resulting from expanded
energy efficiency investments. The demand response policy analysis is presented in
Appendix D.

Macroeconomic Impacts: Based on the electricity savings, program costs, and investment
results from the policy analysis, we ran ACEEE's macroeconomic model, DEEPER, to
estimate the policy impacts on jobs, wages, and gross state product (GSP). For a more
detailed discussion of DEEPER and the macroeconomic analysis, see Appendix F.
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Figure 7. Levels of Energy Efficiency Potential Analysis
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REFERENCE CASE

The first task in developing an energy efficiency and demand response potential assessment is to
determine a reference case forecast of energy consumption, peak demand, and electricity prices in
the state in a "business as usual” scenario. In this section we report the reference case assumptions
for the analysis time period, 2008-2025. See Appendix A for more detailed information on the
reference case assumpiions.

Electricity (GWh) and Peak Demand (MW)

We base our forecast of electricity consumption growth on PJM's 2008 annual load forecast through
2022, using only its service territories in Virginia to derive weighted-average growth rates for Virginia.
We then apply this overall forecast to actual 2007-year electric sales data by sector for Virginia (EIA
2007b) and adjust sector-specific growth rates using Annual Energy Outlook sector growth rate ratios
for the South Atlantic region (EIA 2007c). Using this methodology, and extending the forecast
through 2025 to cover the study period of this analysis, total electricity consumption in the state is
projected to grow in the reference case at an average annual rate of 1.4% between 2008 (the
analysis base year) and 2025, and 1.2%, 2.0%, and 0.2% in the residential, commercial, and
industrial sectors, respectively. Actual electricity consumption in the residential, commercial, and
industrial sectors in 2007 was 110,924 GWh (EIA 2007b), and in the reference case grows to 126,833
GWh by 2015 and 144,195 GWh by 2025 (see Figure 8 and Appendix A).

We derive a peak demand (MW) forecast for Virginia from the electricity forecast described above
and assume a 55% load factor, based on PJM load data for Dominion in 2007. Using this
methodology, we estimate a 2008 peak demand of about 26,000 MW, rising to nearly 33,000 MW in
2025 and an average annual growth rate of 1.4%.

Utility Avoided Costs

At ACEEE's request, Synapse Energy Economics developed simplified, high-level projections of utility
production and avoided marginal costs. We then used these results in ACEEE's analysis to estimate
the cost-effectiveness of energy efficiency measures and assess the macroeconomic impacts. The
avoided cost estimates are based upon a number of simplifying and conservative assumptions that
the stakeholder group considered reasonable for the purpose of this high-level policy study. These
simplifications include use of a single annual average avoided energy cost to evaluate the economics
of energy efficiency measures rather than different avoided energy cosis for energy efficiency
measures with different load shapes. In a further conservatism, we did not include a cost of
compliance with anticipated greenhouse gas emissions regulations. As a result, the production and

10
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avoided cost estimates used should be viewed as unrealistically low. A detailed discussion of the
assumptions and avoided cost estimates can be found in Appendix A.2.

Figure 8. Electricity Forecast by Sector in the Reference Case
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Figure 9. Virginia Peak Demand Forecast
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Because the level of energy efficiency and demand response measures assessed in this study
significantly change the requirements for future resources, we developed two sets of production and
avoided costs projections. The first case reflects the market conditions that would be anticipated in
the reference case. The second case reflects the medium energy efficiency policy case discussed
below. As would be anticipated, the policy case produced modestly lower avoided resource costs
than the reference case, as can be seen in Figure 10. As a further conservatism in our analysis, we
used this second, lower set of costs in valuing the savings that resulted from the analyzed policies
and programs.

11
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Figure 10. Estimates of Average Annual Avoided Resource Costs
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It is important to note that because these projections represent a highly stylized representation of
costs, we suggest that a more detailed assessment of costs be undertaken as part of the
Commonwealth's energy planning process that can reflect the locational and temporal variation
across the state and throughout the year.

Retail Price Forecast

ACEEE also developed a possible scenario for retail electricity prices in the reference case. Readers
should note the important caveat that ACEEE does not aim to predict what electricity prices in Virginia
will be in either the short or long term. Rather, our goal is to suggest a possible scenario, and to use
that scenario to estimate impacts from energy efficiency on electricity customers in Virginia.

Table 1 shows 2007 electricity prices in Virginia (EIA 2008a) and our estimates of retail rates by
customer class over the study time period. This price scenario is based on three key factors. First,
we use the average generation cost of electricity in Virginia over the time period from the analysis
done by Synapse Energy Economics (discussed above). Next, we use estimates of retail rate adders
(the difference between generation costs and retail rates, which accounts for transmission and
distribution costs) from the Annual Energy Outlook for the Southeastern Electric Reliability Council
(SERC) (EIA 2007c). Finally, we estimate expected near-term increases due to fuel adjustments by
investor-owned utilities and expectations of rate caps expiring in December 2008. More details on the
methodology and assumptions used to develop these projections are presented in Appendix A.2.

Table 1. Retail Electricity Price Forecast Scenario in Reference Case (cents per kWh in 2006$)

2007* 2010 2015 2020 2025 Average
Residential 8.5 10.1 10.0 10.1 10.5 10.0
Commercial 6.3 9.1 8.9 9.1 9.4 8.9
Industrial 4.9 6.8 6.8 6.9 7.2 6.8
Average 6.9 8.8 8.7 8.9 9.2 8.7

Note: These figures are in real, 2006-year dollars and therefore do not take into account inflation.
* Actual rates (EIA 2008a), converted to 2006%

12
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ENERGY EFFICIENCY COST-EFFECTIVE RESOURCE ASSESSMENT

This section presents results from our assessment of cost-effective energy efficiency resources in
residential and commercial buildings, the industrial sector, and combined heat and power (CHP).
Cost-effectiveness of more efficient technologies is determined from the customer's perspective (i.e.,
a measure is deemed cost-effective if its cost of saved energy is less than the average retail rate of
electricity for a given customer class). More detailed information on methodology and results is given
in Appendix C. Table 2 presents a summary of energy efficiency potential by sector in 2025. This
assessment includes only existing technologies and practices. We anticipate that new and emerging
technologies and market learning will significantly increase the cost-effective efficiency resource
potential by 2025.

Table 2. Summary of Cost-Effective Energy Efficiency Potential in Virginia by Sector (2025)

Sector Efficiency As % of Electricity
: Potential (GWh) Consumption in 2025
Residential 14,328 26%
Commercial 19,191 28%
Industrial 5152 25%
Combined Heat & Power 5,700 6%*
Total 44,371 31%

* Note: As percentage of commercial and industrial sectors combined.
Residential Buildings

To examine the cost-effective potential for energy efficiency resources in Virginia’s residential sector,
we considered a scenario with widespread adoption of cost-effective energy efficiency measures
during the 18-year period from 2008 to 2025. We evaluated 34 efficiency measures that might be
adopted in existing and new residential homes based on their relative cost-effectiveness. An upgrade
to a new measure is considered cost-effective if its levelized cost® of conserved energy (CCE) is less
than 10 cents per kWh saved, which is the average retail residential electricity price in Virginia over
the study time period (see Table 1). However, the substantial majority (85%) of the total efficiency
potential has a levelized cost of 8 cents per kWh saved or less and 41% of the measures have a cost
of 3 cents per kWh or less. For the sum of all measures, we estimate a levelized cost of less than 4
cents per kWh saved (see Table 3).* See Appendix C.1 for a detailed methodology and specific
efficiency opportunities and cost-effectiveness for residential buildings (Table C.1). Also shown in
Appendix C.1 is a characterization of a typical household in Virginia and the resulting energy bill
savings from implementation of the efficiency measures described below.

% Levelized cost is a level of investment necessary each year to recover the total investment over the life of the
measure.
4 Assuming a 5% real discount rate.
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Table 3. Residential Energy Efficiency Potential and Costs by End-Use

End-Use Savings Savings % of Effic!ency Weighted Levelized Cost of
(GWh) (%) Potential Saved Energy ($/kWh)

HVAC 5,940 11% 41% $ 0.043
Water Heating 1,695 3% 12% $ 0.074
Lighting 2,939 5% 21% $  (0.003)
Refrigeration 447 1% 3% $ 0.060
Appliances 76 0% 0.5% $ 0.078
Furnace Fans 1,005 2% 7% $ 0.035
Plug Loads 900 2% 6% $ 0.021
Electricity Use Feedback 376 1% 3% $ 0.022
Existing Homes 13,378 24% 93% $ 0.034
New Homes 949 2% 7% $ 0.054
All Electricity 14,328 26% 100% $ 0.036

We estimate an economic potential for efficiency resources of 14,328 GWh in the residential sector
over the 18-year period of 2008-2025, a potential savings of 26% of the reference case electricity
consumption in 2025 (Table 3). Existing homes can reduce electricity consumption by 24% through
the adoption of a variety of efficiency measures (see Appendix C, Table C.1). While newly
constructed homes built today can readily achieve 15% energy savings (ENERGY STAR® new
homes meet this level of efficiency), we also estimate that new homes can reach 30% to 50% energy
savings cost-effectively. We estimate that new residential homes can yield electricity savings of
about 949 GWh by 2025, or 7% of total potential savings in the residential sector.

In the residential sector, significant savings from electricity efficiency resources are realized through
improved housing shell performance (e.g., insulation measures, duct sealing and repair, reduced air
infiltration, and ENERGY STAR windows) and more efficient heating, ventilation, and air conditioning
(HVAC) equipment and systems.® HVAC equipment, air distribution, efficient furnace fans, and load
reduction measures account for 48% of potential savings.

Substantial savings are also attributed to improvements in lighting systems and water heating
(including both more efficient water heaters as well as water-consuming appliances). As a fraction of
total savings potential in the residential sector, lighting constitutes 21% and water heating 12% of
potential savings (see Figure 11). There is considerable potential for efficiency resources in both
existing and new homes in Virginia to be realized simply by replacing household incandescent light
bulbs with more efficient compact fluorescent light bulbs (CFLs). Measures to reduce hot water loads
(such as high-efficiency clothes washers, low-flow showerheads, and water heater jackets and pipe
insulation) can yield additional savings for households with electric water heaters. The use of more
efficient water heaters, particularly advanced technologies such as heat-pump water heaters, can
further reduce electricity used for water heating.

More efficient household appliances can also yield significant savings. Our analysis shows the
savings potential of replacing existing refrigerators, clothes washers, and dishwashers with units that
are better than minimum ENERGY STAR models (Consortium for Energy Efficiency “Tier 2" in most
cases), or by having builders install these more efficient models in new homes. Another 6% of the
total savings potential can be attributed to reducing the power consumption of electronic devices that
use considerable amounts of energy in standby mode. We include a measure for reducing television
power consumption in active mode, which is based on ENERGY STAR's Draft 2 Specification
revision. These measures are among the most cost-effective in the residential sector. The balance of
potential savings comes from installing a real-time energy use feedback mechanism. Although

5 Savings from air-conditioners assume a baseline of 13 SEER equipment, which is the recently updated federal
standard.
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involving a behavioral component, in-home monitors, which allow residents to track how much
electricity their house is using, have been documented to result in significant and persistent savings.

Figure 11. Residential Energy Efficiency Potential in 2025 by End-Use in Virginia

Total: 14,328 GWh
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Commercial Buildings

We examined thirty-six energy efficiency measures in the commercial buildings sector to determine
the potential for electricity resources from energy efficiency. Thirty-three of these measures are
applicable to existing buildings, and each of these measures was categorized by end-use: HVAC;
water heating; refrigeration; lighting; office equipment; and appliances/other. An upgrade to a new
measure is considered cost-effective if its levelized cost of conserved energy (CCE) is less than 8.9
cents per kWh saved, which is the average retail commercial electricity price in Virginia over the study
time period (see Table 4). In addition we examined savings for new buildings that are 15%, 30%, and
50% better than current energy code. To calculate the potential from each of these measures, we
first gathered information on baseline electricity consumption in Virginia commercial buildings, and
then characterized new measures by collecting data on savings, costs, lifetime of the measure, and
the percent of buildings for which the measure is applicable. See Appendix C.2 for a detailed
description of the methodology. Table 4 and Figure 12 show results for energy efficiency potential in
commercial buildings by 2025. Results by specific measure are shown in Appendix C.2. We estimate
that by 2025, Virginia can reduce its commercial building electricity consumption by 28% at a
levelized cost of about $0.018 per kWh saved.®

The largest share (44%) of the resource potential is in lighting, which includes measures such as
replacing incandescent lamps, fluorescent lighting improvements, and lighting control measures such
as daylight dimming systems and occupancy sensors. The second largest share comes from HVAC
measures: reduced HVAC loads; improved heating and cooling systems; and HVAC equipment
control measures (21% of resource potential). Measures to reduce HVAC loads include low-e
replacement windows, duct testing and sealing, and roof insulation. Equipment upgrades include
high-efficiency unitary air conditioners and heat pumps for smaller buildings and high-efficiency

® Assuming a 5% real discount rate.
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chillers and systems for larger buildings. Measures to further increase HVAC efficiency through
controls include energy management systems and whole-building retrocommissioning.

Table 4. Commercial Energy Efficiency Potential and Costs by End-Use

Savings Savings % of Efficiency Weighted Levelized
End-Use Potential in Potential in Resource Cost of Saved Energy
2025 (GWh) 2025 (%) Potential ($/kWh)
Existing Buildings
HVAC 3,993 5.9% 21% $ 0028
Water Heating 228 0.3% 1% $ 0.033
Refrigeration 796 1.2% 4% $ 0017
Lighting 8,878 13% 46% $ 0.011
Office Equipment 1,935 2.8% 10% $ 0003
Appliances and Other 13 0.0% 0% $ 0101
Subtotal 15,843 23% 83% $ 0.015
New Buildings 3,348 4.9% 17% $ 0.031
Total 19,191 28% 100% $ 0.018

New, high-performance commercial buildings built today can cost-effectively reduce electricity
consumption by 15 to 50% compared to building energy codes. As shown in Table 4, we estimate
that efficient new buildings can reduce total electricity consumption by about 4.9% in 2025, which
represents 17% of the total potential.

Figure 12. Commercial Energy Efficiency Potential in 2025 by End-Use in Virginia
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Industry

The industrial sector is the most diverse economic sector, encompassing agriculture, mining,
construction and manufacturing. Because electricity use and efficiency opportunities vary by
individual industry—if not individual facility, it is important to develop a disaggregated forecast of
industrial electricity consumption. Unfortunately this energy use data is not available at the state
level, so ACEEE has developed a method to use state-level economic data to estimate disaggregated
electric use. This study drew upon national industry data to develop a disaggregated forecast of
economic activity for the sector. We then applied electricity intensities derived from industry group
electricity consumption data reported and the value of shipments data to characterize each sub-
sector's share of the industrial sector electricity consumption (see Figure 13). Despite changes in
economic activity and changes in energy intensity, there were few significant intra-sectoral shifts in
energy consumption. As the figure shows, the largest industrial electricity consumers are the
chemical, paper, and beverage/tobacco industries. Agriculture, mining, and construction are
relatively minor electricity consumers compared to many other states, so they are not a major focus of
this study.

Figure 13. Estimated Electricity Consumption for the Largest Consuming Industries in Virginia
in 2008
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We examined 18 electricity saving measures, 10 of which were cost effective considering Virginia's
average industrial electric rate of $0.068 /kWh. These measures were applied to an industry specific
end-use electricity breakdown. Table 5 shows results for industrial energy efficiency potential by
2025.
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This analysis found economic savings from these cross-cutting measures of 3,726 million kWh or
18% of industrial electricity use in 2025 at a levelized cost of about $0.02 per kWh saved. This
analysis did not consider process-specific efficiency measures that would be applied at the individual
site level because available time, funding, and data did not allow this level of analysis. However,
based on experience from site assessments by the U.S. Department of Energy and other entities, we
would anticipate an additional economic savings of 5-10%, primarily at large energy-intensive
manufacturing facilities. So the overall economic industrial efficiency resource opportunity is on the
order of 23-28%. Therefore, the total economic potential for the industrial sector in 2025 would be
about 5,152 GWh.
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Table 5. Industrial Energy Efficiency Potential and Costs by Measure

% of Weighted
Savings Savings Efficiency Levelized Cost of
Potential in Potential in Resource Saved Energy
Measures 2025 (GWh) 2025 (%) Potential ($/kWh)
Sensors & Controls 75 0.4% 2% $0.01
Energy Information Systems 199 1.0% 5% $0.06
Duct/Pipe insulation 663 3.2% 18% $0.05
Electric Supply 618 3.0% 17% $0.01
Lighting 310 1.5% 8% $0.02
Total Motors 866 4.2% 23% $0.03
Total Compressed Air 311 1.5% 8% $0.00
Pumps 468 2.3% 13% $0.01
Fans 133 0.6% 4% $0.02
Refrigeration 84 0.4% 2% $0.00
Total 3,726 18% 100% $0.02

Combined Heat and Power

CHP provides substantial increases in overall fuel efficiencies by generating both thermal and electric
power from a single fuel source. This co-generation approach bypasses most of the thermal losses
inherent in traditional thermal electricity generation, where half to two-thirds of fuel input is rejected as
waste heat. By combining heat and power in a single process, CHP systems can produce efficiencies
of 70% or greater (Elliott and Spurr 1998).

For this report, Energy and Environmental Analysis (EEA), a division of ICF International, undertook
an assessment of the cost-effective potential for CHP in Virginia. EEA identified about 322 MW from 9
operating CHP plants currently operating in the state.” The addition potential was estimated by
assessing the electricity end-uses at existing industrial, commercial, and institutional sites across the
Commonwealth and also considering sites that will likely be built in the future. These facilities would
replace a thermal system (usually a boiler) with a CHP system that also produces power and that is
primarily intended to replace purchased power that would otherwise be required at the site. Detailed
information from this analysis is provided in Appendix E.

An additional application of CHP considered by this analysis is in the production of power and cooling
though the use of thermally activated technologies such as absorption refrigeration. This application
has the benefit of producing electricity to satisfy onsite power requirements and displacing electrically
generated cooling, which reduces demand for electricity from the grid, particularly at periods of peak
demand (see Elliott and Spurr 1998).

Three levels of potential for CHP were assessed (see Appendix E for detailed results):

o Technical potential represents the total capacity potential from existing and new facilities that
are likely to have the appropriate physical electric and thermal load characteristics that would
support a CHP system with high levels of thermal utilization during business operating hours.

o Economic potential, as shown in Table 6, reflects the share of the technical potential capacity
(and associated number of customers) that would consider the CHP investment economically
acceptable according to a procedure that is described in more detail in Appendix E.

o  Cumnulative market penetration represents an estimate of CHP capacity that will actually enter
the market between 2008 and 2025. This value discounts the economic potential to reflect
non-economic screening factors and the rate that CHP is likely to actually enter the market.

" This estimate excludes "qualifying facilities" under Public Utility Regulatory Policy Act 1978, Sec. 210. For a
expanded discussion, see Elliott and Spurr (1998).
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This potential is described in the energy efficiency policy scenarios, which are shown in the

next section of the report.

Table 6. Economic Potential for CHP in Virginia by System Size

50-500 | 500-1000 | 15 | 520 | >20 | AllSizes
kW kW Mw | Mw | mw

Economic 202 58 313 | 78 733 | 1,384

Potential
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Examples of Energy Efficiency Programs

While an EERS target is independent of specific programs, there are many program designs that have proven successful
over the past three decades. We present several of these program types below, along with specific examples of
successful implementations that are drawn from ACEEE's report Compendium of Champions: Chronicling Exemplary
Energy Efficiency Programs from across the U.S. (York, Kushler, and Witte 2008).

Commercial/lndustrial Lighting Programs: Provide recommendations and incentives to businesses to
increase lighting efficiency. Aiming to expedite the adoption of new technologies and decrease end-user's
energy costs, the programs focus on marketing the most advanced lighting products and encourage greater
efficiency in system design and layout. Xcel Energy’s Lighting Efficiency program reached 4,346 participants,
saving a total of 273 GWh during the years 2002-2006.

Commercial/Industrial Motor and HVAC Replacement Programs: Encourage the marketing and adoption of
higher efficiency motors and HVAC equipment by offering rebates to distributors and end-users of qualifying
equipment, Through monetary incentives and energy efficiency education, program advocates are shifting
market tendencies away from a focus on initial equipment cost and toward an environment where lifecycle cost
is increasingly considered by consumers. During 2006, Pacific Gas & Electric's Motor and HVAC Distributor
Program saved a total of 16.55 GWh of electricity by offering $3.9 million in rebates.

Commercial/lndustrial New Construction Programs: Focus on training, educating, and providing financial
incentives for architects, engineers, and building consultants to implement energy saving measures and
technologies. By offering both prescribed and customizable incentive packages, these programs are able to
influence a wide range of projects, which have in turn had the effect of raising the standards for energy efficiency
in normal building practices. With its four distinct, yet combinable project “tracks,” Energy Trust of Oregon, Inc.'s
Business Energy Solutions: New Buildings program offers qualifying projects incentives of up to $465,000 each,
which saved approximately 46.8 GWh of electricity and 1.2 million therms of natural gas through the end of
2007.

Commercial/lndustrial Retrofit Programs: With programs ranging from energy efficiency audits to financial
assistance to even providing detailed engineering installation plans, Commercial/Industrial Retrofit Programs are
designed to help implement cost-effective energy efficiency measures during new construction, expansion,
renovation, and retrofit projects in commercial buildings. Programs focus on long-term energy management,
peak load reduction, load management, technical analysis, and implementation assistance in order to give
building owners and operators a better understanding of the energy related costs of, and potential savings for,
their commercial buildings. Rocky Mountain Power and Pacific Power created approximately 100 GWh of gross
electricity savings in Washington and Utah with their Energy FinAnswer and FinAnswer Express programs.

Residential Lighting and Appliances: Headed by utility companies and energy nonprofits alike, Residential
Lighting and Appliances Programs advocate the adoption of ENERGY STAR light bulbs, light fixtures, and home
appliances through the use of rebates, marketing campaigns, advertising, community outreach, and retailer
education. Lighting programs have focused on establishing and maintaining a customer base for compact
fluorescent bulbs, in addition to fostering relationships between manufacturers and retailers in order to lower
costs to the consumer. Appliance programs have sought to educate consumers on the long-term benefits of
replacing aging, inefficient refrigerators, freezers, air conditioning units, and other large appliances with
ENERGY STAR models, while providing an incentive to upgrade older models through rebates offered both for
recycling old units and purchasing new ones. By selling 1.3 million CFLs during 2006 through its Energy Star
Residential Lighting Program, Arizona Public Service anticipates saving a total of 360 GWh of electricity during
the lifetime of the light bulbs. Additionally, the California Statewide Appliance Recycling Program recycled
46,828 aging appliance units in 2007, a measure that saved 33.3 GWh of electricity in 2006.

(Continued on next page)
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(Continued from previous page)

* Residential Mechanical Systems Programs: Provide rebates and other financial incentives to contractors
trained to properly install and service high-efficiency air conditioning, heat pumps, and geothermal heat-pump
technologies. In addition to encouraging the purchase of energy-efficient appliances, these programs help to
verify that existing equipment is appropriately installed and tuned in accordance with manufacturers’
specifications, in order to optimize energy savings. Long Island Power Authority's Cool Homes Program has
helped to introduce approximately 40,000 high-efficiency central cooling systems into the market, creating 29
GWh of annual electricity savings in 2006.

s  Residential New Homes Programs: Provide incentives to builders who construct energy-efficient homes that
achieve long-term, cost-effective energy savings. By addressing efficiency during the construction of homes and
apartments, builders are able to maximize the financial and environmental benefits of efficient insulation,
windows, air ducts, and appliances. Furthermore, ENERGY STAR certification provides developers with
additional marketing strategies to attract buyers and renters. Some Residential New Homes programs also offer
assistance to builders in developing efficiency objectives, and to potential buyers in locating efficient homes.
With 100 participating residential builders and over 2,300 homes built to date, Rocky Mountain Power's Energy
Star New Homes Program saved 3.4 GWh of electricity during 2008.

o Residential Retrofit Programs: With an emphasis on large scale systematic retrofits, Residential Retrofit
Programs are designed to reduce electric and natural gas consumption and peak-time demand of residential
buildings. Financial incentives, low-interest financing, and training are offered to residents and customers
interested in assessing and improving their energy efficiency. From weatherization and duct sealing to
installation of new technologies, proponents of Residential Retrofit Programs direct their efforts both to buildings
with the highest energy usage and constituents with the greatest financial need. Since its inception in 1993,
Vermont Gas Systems, Inc.'s HomeBase Retrofit Program has installed over 1,600 kWh in energy saving
measures, contributing to over 77,000 Mcf of natural gas savings.

o Low-Income Programs: Seek o educate and assist qualifying participants in acquiring appropriate home
weatherization, energy-efficient lighting and appliances, and other efficiency improvements. By helping limited
income households increase their energy efficiency and reduce energy consumption, these programs in turn
minimize long-term energy costs to customers. Through its Appliance Management Program and Low-Income
Services, National Grid has reached over 40,000 customers, creating 42 GWh of annual energy savings.

ENERGY EFFICIENCY PoOLICY ANALYSIS

In this section, we outline three policy scenarios: a low, medium, and high case for energy efficiency
policy and program implementation. Each scenario is comprised of a suite of energy efficiency
policies and programs that are suggested for implementation or extension in Virginia and would begin
to tap into the available energy efficiency resource potential described above. The more aggressive
the scenario, the more the state takes advantage of its available, cost-effective resource potential.
The three scenarios are shown in the matrix below (see Table 7) and the results of the scenarios are
discussed next, including the estimated electricity and peak demand savings, and finally costs and
electricity bill savings. Then we provide more detailed descriptions of the policies and assumptions
under each policy scenario. For the recommended programs or supporting policies that aren't easily
quantified in terms of energy impacts, we summarize what the efforts could look like but do not
estimate energy impacts.
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Table 7. Matrix of Energy Efficiency Policies and Programs in Low, Medium, and High Level Case Scenarios

Scenario One:
Low Case

Scenario Two:
Medium Case

Scenario Three:
High Case

Energy Efficiency i
Resource Standard (EERS)

10% (of 2006 electricity use) by 2022

15% (of 2006 electricity use) by 2022;
extend 1% per year target to 2025
(relative to prior-year sales)

19% (of 2006 electricity use) by 2022;
extend 1.5% per year to 2025 (relative to
prior-year sales)

Demand Response **

Low participation (10-20%) and
curtailment (15-20%) rates and low
(30%) backup generation potential

Medium participation (20-30%) and
curtailment (20-30%) rates and medium
(40%) backup generation potential

High participation (30-40%) and
curtailment (25-40%) rates and high
(50%) backup generation potential

Combined Heat & Power Supporting
Poilicies

No supporting policies

Some incentives and removal of
disincentives toward CHP

Expanded incentives and removal of
disincentives toward CHP

Manufacturing Initiative

Limited activities

Expanded state manufacturing initiative

More aggressive state manufacturing
initiative combined with economic
development incentives

State Facilities

Current ESCO initiative

Expanded ESCO initiative

More aggressive ESCO initiative

Local Government Facilities

Current modest effort

Extend ESCO model to local level

More aggressive ESCO initiative

Building Energy Codes

IECC 2006 and ASHRAE 2004; update
to IECC 2009

Adopt [ECC 2012 (or 30% beyond IECC
2006)

Same as Scenario Two plus
50% by 2020

Appliance Efficiency Standards

Federal standards from EISA 2007,
DOE revises standards to minimize
lifecycle costs (LCC)

Same as Scenario One plus
additional state standards

Same as Scenario Two

Energy Efficiency RD&D Initiative

None

None

Energy efficiency RD&D initiative

Consumer Education and Outreach***

SCC-directed initiative

Expanded SCC-directed initiative

Same as Scenario Two

Low-Income Efficiency Programs***

Current policies

Expanded low-income programs

Same as Scenario Two

CHP and manufacturing initiative are included in the EERS.
**The assessment of demand response potential is covered in the next chapter and in Appendix D.
*** These policies/programs are included in the policy recommendations, though ACEEE does not estimate costs and electricity impacts.
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Energy Efficiency Policy Scenario Results

This section describes results for each of the energy efficiency policy scenarios, including estimated
electricity savings and peak demand impacts from efficiency in 2015 and 2025. Descriptions of the
policies and recommendations are provided next and more detailed results are shown in Appendix B.
The demand response potential, impacts on peak demand, and policy recommendations are covered
in the next section of the report and in Appendix D.

Scenario 1—Low Case Energy Efficiency

The estimated electricity savings under the low case scenario are shown by policy/program in Table
8. Under this scenario, Virginia sets a savings target, or EERS, of 10% (of 2006 electricity
consumption) by 2022, which is equivalent to a savings of about 11,000 GWh. Accounting for
savings from building code upgrades and federal appliance standards under this low case scenario,
Virginia is estimated to reduce forecasted electricity consumption in 2025 by 12% and reduce peak
demand by 11%. Estimated summer peak demand reductions are shown by sector in Table 9. This
scenario represents total electricity savings equivalent to about 38% of the cost-effective resource
potential identified in ACEEE's analysis.

Table 8. Low Scenario: Summary of Electricity Savings by Policy or Program

Total Savings
Annual Electricity Savings by Policy (GWh) | 2015 2025 in 2025 (%)
Energy Efficiency Resource Standard (EERS) 4,791 10,656 7%
Building Energy Codes 379 1,354 1%
Appliance Efficiency Standards (Federal) 2,147 4,741 3%
Total Savings 7,317 | 16,750 12%
Adjusted Electricity Load Forecast (GWh) 119,516 | 127,445
Savings (% Reduction in Reference Case) 6% 12%

Table 9. Low Scenario: Summary of Summer Peak Demand Reductions by Sector (MW)

Total Savings
Sector 2015 | 2025 in 2025 (%)
Residential 644 | 1479 5%
Commercial 751 | 1,735 5%
Industrial 176 391 1%
Total 1,572 | 3,606 11%
% Reduction in Reference Case | 5.5% | 11.0%

Scenario 2—Medium Case Energy Efficiency

In the medium scenario, Virginia meets a more aggressive energy savings target (EERS), adopts
more aggressive building codes, and establishes additional programs and policies to pursue more
energy efficiency in the Commonwealth. Table 10 provides a summary of the annual electricity
savings by policy for 2015 and 2025 and the percent savings relative to the reference case electricity
forecast.

Compared to the total cost-effective energy efficiency resource available in 2025, discussed in the

previous section and shown in Table 2, this policy scenario represents the penetration of about 63%
of the available energy efficiency potential by 2025.
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Table 10. Medium Scenario: Summary of Electricity Savings by Policy or Program (GWh)

Total Savings
Annual Electricity Savings by Policy (GWh) 2015 2025 in 2025 (%)

Energy Efficiency Resource Standard (EERS) 6,477 18,437 13%

CHP Incentives (included in EERS)* 504 1,394 1%

State Manufacturing Initiative (included in EERS)* 850 2,883 2%

State Facilities 205 497 0.3%

Local Government Facilities 409 994 0.7%

Building Energy Codes 595 2,821 2%

Appliance Efficiency Standards (Federal) 2,147 4,741 3%

Appliance Efficiency Standards (State) ' _ 125 425 0%

Total Savings 9,957 27,914 19%
Adjusted Electricity Load Forecast (GWh) 116,876 116,281
Savings (% Reduction in Reference Case) 8% 19%

Savings from these policies are included in the EERS, though we show here their contribution to the savings targets.

Table 11 shows estimated peak demand impacts from improved efficiency in this scenario. In total,
efficiency policies and programs alone are estimated to reduce summer peak demand by 18% by
2025, relative to forecasted peak demand. These “permanent” peak impacts from efficiency are in
addition to peak reductions from demand response efforts, which are discussed in the next section of
the report and in Appendix D.

Table 11. Summary of Summer Peak Demand Reductions from Efficiency by Sector (MW)

Total Savings

Sector 2015 2025 in 2025 (%)
Residential 784 2,153 7%
Commercial 1,194 3,318 10%
industrial 191 577 2%
Total 2,169 ’ 6,048 18%

Scenario 3—High Case Energy Efficiency

The high case scenario represents a more aggressive effort for each of the policies analyzed in the
medium scenario with the addition of a research, development, and deployment (RD&D) initiative. As
shown in Table 12 and 13, under this scenario we estimate electricity savings of about 39,000 GWh
by 2025, or a 27% reduction in forecasted electricity consumption, and a peak demand reduction of
more than 8,000 MW in the same year, equivalent to a 25% reduction in forecasted peak demand.
Again, these “permanent” peak demand reductions from efficiency are in addition to the potential for
peak reductions from demand response. The high case scenario represents the penetration of 88%
of the energy efficiency resource potential by 2025.

24



Energizing Virginia: Efficiency First, ACEEE

Table 12, Scenario 3: Summary of Electricity Savings by Policy or Program

Total Savings
Annual Electricity Savings by Policy (GWh) 2015 2025 in 2025 (%)

Energy Efficiency Resource Standard 7,948 25,748 18%

CHP Incentives (included in EERS) 1,672 3,829 3%

State Manufacturing Initiative (included in EERS) 925 3,467 2%

State Facilities 307 746 1%

Local Government Facilities 614 1,491 1%

Building Energy Codes 424 2,884 2%

Appliance Efficiency Standards (Federal) 2,147 4,741 3%

Appliance Efficiency Standards (State) 125 425 0.3%

Energy Efficiency RD&D Initiative 29 3,083 2%

Total Savings 11,593 39,117 27%
Adjusted Electricity Load Forecast (GWh) 115,240 105,078
Savings (% Reduction in Reference Case) 9% 27%

* Savings from these policies are included in the EERS, though we show here their contribution fo the savings targets.

Table 13. Summary of Summer Peak Demand Reductions by Sector (MW)

Total Savings

Sector 2015 2025 in 2025 (%)
Residential 879 3,006 9%
Commercial 1,322 4,520 14%
Industrial 233 779 2%
Total 2,435 8,306 25%

Discussion of Policies

This section describes each of policies recommended and provides the assumptions used in the
analysis for each scenatrio.

Energy Efficiency Resource Standard

An Energy Efficiency Resource Standard (EERS) is a quantitative, long-term energy savings goal for
utilities or other entities (often coupled with a peak demand reduction target). Currently eighteen
states have adopted some form of an EERS or have established legislation directing a state agency
to set an energy savings target. This approach contrasts with many earlier state-legislated targets
that were set in terms of funding levels or were short term. EERS targets are typically set
independently of specific program, technology, or market targets in order to give utilities maximum
flexibility to find the least-cost path toward meeting the targets (Nadel et al. 2006; ACEEE 2008).

Virginia has been among the leading eighteen states. In the spring of 2007, Governor Timothy Kaine
inserted an enactment clause into the electricity “re-regulation” legislation (S.B. 1416) that directed
the SCC to review a goal of reducing electricity use by 10% (of 2006 consumption) by 2022. The
SCC was directed to review this possible energy savings target and make recommendations to the
General Assembly. Our review of the various documents and interviews with leaders in the state
suggest that some ambiguity exists as to the quantitative value of the savings target and whether the
target is mandatory. The state needs to clarify this target. We also suggest that a companion peak
demand reduction target should be set capturing both the permanent demand reductions from
efficiency as well as the savings from demand response programs, as is discussed later in this report.

For our low case energy efficiency scenario, we assume that the Commonwealth establishes the 10%
goal by 2022 discussed above as a binding target. This target applies to all electric providers—
investor-owned utilities, municipal utilities, and rural electric cooperatives—though we would suggest
that the coops and municipals should have a somewhat lower target because of their customer mix.
Readers should note that a 10% savings of 2006 electricity use is equivalent to savings of about
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11,000 GWh. Relative to 2022 forecasted consumption in the reference case (139,000 GWh) an
11,000 GWh reduction is equivalent only to an 8% reduction. In this low case scenario, savings do
not extend past the 2022 target.

in our medium case energy efficiency scenario, we propose that Virginia sets a binding target of
reducing electricity use 15% (of 2006 consumption) by 2022 and extends it to 2025 at an annual
savings target of about 1% (relative to prior-year sales). Again, readers should note that a 15%
savings target of 2006 electricity consumption (about 16,000 GWh) is equivalent to only a 12%
reduction in forecasted consumption for 2022. By extending the target to 2025, savings grow to more
than 18,000 GWh (see Table 10). In 2025, the EERS savings are equivalent to about a 13%
reduction in reference case electricity consumption.

Savings to meet the EERS goals come from each of the three sectors, and various energy efficiency
programs could contribute savings toward the target. For example, we estimate that the
manufacturing initiative and CHP incentives, which are discussed next, contribute savings of about
3,100 GWh, or 17%, of the total 2025 savings target. These program savings come from a
combination of both commercial and industrial sector efforts, contributing to 28% of the combined
goals for these sectors alone.

Finally, our high case scenario assumes that an EERS sets binding annual savings targets (relative to
prior-year sales) starting at 0.25% in year one, ramping up to 1.5% per year by year six, and
extending to 2025 at the 1.5% per year target. This scenario is equivalent to a 19% savings target (of
2006 electricity consumption) by 2022. Under this scenario, total savings by 2025 reach nearly
26,000 GWh, which is equivalent to an 18% reduction in electricity consumption in the reference
case.

Expanded State Manufacturing Initiatives

Based on discussions with a broad range of stakeholders involved with the manufacturing sector in
Virginia, we propose a government/industrial collaborative we are calling the "Virginia Manufacturing
Initiative." The goal of the initiative would be to address the three key barriers to expanded industrial
energy efficiency identified by the stakeholders: the need for assessments that identify energy
efficiency opportunities; access to industry-specific expertise; and the need for an expansion of the
trained manufacturing workforce with energy efficiency experience.

The initiative would establish Centers of Excellence in the model of the U.S. Department of Energy's
Industrial Assessment Center (IAC)® program, where university engineering students are trained to
conduct energy audits at industrial sites. Centers could be established at the two main technical
universities in Virginia, Old Dominion University (ODU) and Virginia Polytechnic Institute and State
University (Virginia Tech). Expanding beyond the IAC model, these centers would partner with local
community colleges and trade schools to bring their students into the larger network centered around
the local Center of Excellence. These nearby satellite centers would extend training and associated
materials to trade school and community college partners, and offer the opportunity to join the audits
they conduct. The Virginia Philpott Manufacturing Extension Partnership (VPMEP) offers a
connection to other regional educational centers that can provide outreach to manufacturing
companies that might not otherwise be aware of energy efficiency programs.

This system would benefit three key groups: students interested in working in industrial energy
management; businesses that need reliable, knowledgeable, and affordable consultation with regard
to their energy usage; and the educational faciliies and VPMEP outreach efforts that connect
Virginia's manufacturers to the wealth of knowledge and proficiency that resides in the state.

IAC program and implementation results recorded over the last 20 years show that this program
“could identify 10-20% electricity savings per facility and achieve a 50% implementation rate. The

& For more information on the IAC program, visit: htip://iac.rutgers.edu/.
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number of audits per year would ramp up from 50 in the first year to 100 in the second and 200 in the
third year and each following year. We calculate these 200 audits would represent roughly 10% of
manufacturing energy use in Virginia. Because of time lag between the audit and implementation, we
assume that investment and savings for each year would occur over three years, while program costs
would begin in year zero. Program costs for the IAC program are about $1 for every $10 saved by
industry. We factor in another $0.25 per $10 saved to account for additional education costs.

In the high case scenario, we expanded the number of assessments provided by the centers and
complement these program offering with economic development incentives. As in many states,
Virginia offers economic development incentives designed to encourage business owners to make
improvements and invest in their facilities. Investments in energy efficiency count as applicable
investments for many of these programs in Virginia. The Virginia Economic Development Partnership
does look at energy efficiency investments as capital improvements for its purposes, and thus they
are eligible for such incentives. Similarly, the Virginia Small Business Financing Authority, which
helps provide financing for large capital investment projects, also considers efficiency investments as
eligible. These incentives include grants and loans for the capital improvements.

There are complementary policies that could leverage economic development programs to reduce
Virginia's energy consumption:

s The Virginia Department of Housing and Community Development administers the state’s
Enterprise Zones (EZs), which encourage companies to invest in their properties to enhance
their competitiveness, and focuses specifically on economically distressed areas. Businesses
located within EZs can take advantage of the Real Property Investment Grant, which offers a
cash grant of up to $250,000 for investment projects, including investments in energy
efficiency improvements. Since EZs have strong workforce development requirements,
encouraging businesses to participate in their local EZs by making energy efficiency
investments can help create jobs as well.

« These programs can all be leveraged to help Virginia achieve the energy efficiency goals that
might be set by an EERS. Virginia's economic policies are beginning to encourage energy
efficiency: in 2007, the Virginia State Legislature passed a bill (S.B. 1051) allowing buildings
that exceed the state's energy efficiency standards by 30% to be taxed at a lower rate than
typical buildings. Each individual taxing locality must decide whether or not to create a special
tax bracket for these efficient buildings. But to date, it appears that very few have done so.
Virginia could be more aggressive in encouraging efficiency and spreading the word to the
public that such investments are critical to the state’s energy future.

« Designating areas as Energy Improvement Districts (EIDs) are one way that some cities have
steered companies toward the energy efficiency investments that ultimately positively impact
their bottom lines. EIDs can take many forms, but foremost in their design is the provision of
both financial and technical assistance that businesses require as they prepare to think about
making investments in energy efficiency. And some EIDs pool money together from
participating companies to purchase large distributed generation systems and then share the
energy created by the systems, as well.

Prioritizing energy efficiency in economic development schemes makes sense because energy
efficiency can help companies become more profitable and thus increase their levels of employment
and investment. Furthermore, Virginia is a highly business-friendly state, and has an economic
development infrastructure that is strong and well connected to the business community. Using
Virginia's multiple economic development entities to market and/or administer energy efficiency
programs is one way that Virginia can get a head start on helping companies make the efficiency
investments necessary to meet any EERS goals.
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Combined Heat and Power Incentives

Experience over the past decade has shown that if a level playing field is created for CHP, it will
thrive, as has been seen in Texas (Elliott et al. 2007b). ACEEE has identified five factors that
contribute to creating a favorable market for CHP:

« Standard interconnection rules;

o CHP-friendly standby rates;

« CHP financial incentive programs;

- Output-based emissions regulations (OBR); and

» Inclusion of CHP/waste heat recovery in a state RPS or EERS.

While interconnection guidelines are pending in the state (according public documents released by
the Virginia State Corporation Commission’s Division of Economics and Finance), the state otherwise
has not actively supported CHP. This lack of policies effectively discourages CHP because it creates
greater hurdles to deployment and thus adds to the overall project costs and timelines. Currently in
Virginia there are only 9 operating CHP plants totaling 322 MW of capacity (see Appendix E for more
details). We suggest that Virginia undertake a review of regulatory policies and work to encourage the
appropriate authorities to move forward with policies that will foster a friendlier environment for CHP.

There are several areas in which state-level agencies could work to encourage greater CHP
deployment:

1. Interconnection—The first is to establish standard interconnection rules that explicitly outline
the steps required to interconnect CHP systems to the electric grid. According to the Virginia
State Corporation Commission's Division of Economics and Finance, the state is considering
interconnection rules for distributed generation, which often includes CHP. For
interconnection rules to encourage CHP, they typically delineate particular system size
categories, and combine particular review processes and fees that scale up as system sizes
increase. They also explicitly name CHP as an eligible group of technologies, and provide
system owners with a list of simple, transparent steps and easily navigable forms to apply for
interconnection with the local utility. Some states also list specific manufacturers and models
of CHP systems that have been approved for interconnection.

2. Incentives—Secondly, Virginia could develop incentives that encourage the deployment of
distributed generation such as CHP. Some states shape these incentives as favorable
property tax treatment, which are allocated to the portion of the property covered by a CHP
system. Other states provide sales tax incentives based upon the size and output of CHP
systems. These of course help reduce the overall cost of operating a CHP system and thus
work to encourage deployment.

3. Output-Based Emissions Regulations—To encourage CHP deployment, many states also
develop output-based emissions regulations (OBR), as opposed to emissions regulations
based upon fuel input. OBRs take into account the fact that CHP systems produce more
useful energy with their fuel inputs than other systems, and so give credit to the useful
thermal output produced by CHP systems. Total emissions are calculated based upon
system output, as opposed to fuel input. In this way, OBRs encourage CHP deployment.

4. Include CHP in EERS—Finally, states that wish to encourage deployment of CHP and other
forms of clean distributed generation often include these technologies as eligible resources
for their Renewable Portfolio Standards or EERS (discussed above). Allowing highly efficient
CHP systems to explicitly count towards the proposed Virginia EERS would also increase the
deployment of CHP.

These steps, which will lead to regulatory certainty, will reduce the effective cost of CHP projects. In
the medium efficiency policy scenario, we project that these steps will reduce the effective cost of
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CHP projects by $500/kW installed. Based on the market penetration scenario of EEA’s analysis, a
$500/kW incentive can result in additional CHP peak demand capacity of about 240 MW by 2025,
equivalent to 1,400 GWh or a 1% reduction in overall electricity consumption.

CHP also represents a low cost source of efficiency reductions, particularly in the commercial sector.
We thus suggest that utilities be encouraged to participate in encouraging expanded CHP, which
could lead to a $1,000/kW reduction in cost through project funding participation. As a result, we
suggest that we could see 570 MW of peak demand capacity in this scenario with the $500/kW
installed implicit cost reduction. This is equivalent to a 3% reduction in overall electricity consumption
in 2025.

State and Local Facilities

Government facilities represent unique opportunities for Virginia to implement energy-efficient
practices saving the tax payers money while leading by example in advancing efficiency as Virginia's
“first fuel.” The Commonwealth has nearly one hundred facilities that report energy consumption
costs to the Department of Mines, Minerals, and Energy (DMME). Virginia incorporates several
different programs in order to promote efficiency among its agencies, including energy service
performance contracting (ESPC) (Walz 2008).

The Federal Government and a number of other states use ESPCs to implement energy efficiency
projects. An Energy Service Company (ESCO) can serve a number of needs in a project, including:

Identifying and evaluate the energy savings opportunities;

Developing the technical details of the project;

Managing the design, installation, and commissioning;

Arranging financing, though in some case the state may play this role (Birr 2008);
Training staff and provide maintenance services; and

Guaranteeing the savings will cover the project costs (KCC 2008).

The energy savings are used to repay this project cost as shown in Figure 14 (KCC 2008; Birr 2008).
This model has proven highly effective in many places both in terms of delivering energy savings and
in terms of cost effectiveness (Hopper, Goldman, and McWilliams 2005).

Figure 14. Graphical Representation of How an ESPC Project Is Financed
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Source: KCC (2008)
The key to the success of these projects is to bring together a project structure that can facilitate all
aspects of the program, as is the case in Pennsylvania. Under that program, approximately three full-
time equivalent staff supported by an experienced contractor:

1. Pre-qualifies ESCOs that can patticipate in the program;
2. Reviews and negotiates the terms of the ESPC agreements since the government facilities
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do not have the expertise to evaluate either the technical or contractual aspects of these
projects; and

3. Reviews the completed projects to ensure that the projects are performing as agreed to in the
contract.

Pennsylvania has been able to manage almost 50 projects each year, with total program and
administrative costs of less than 2% of project costs (PA-GSA 2008; Birr 2008).

Virginia's EPSC program might be strengthened when compared to leading states such as
Pennsylvania, Kansas, and Colorado, since it reaches only a portion of state facilities. A more robust
structure and additional technical support might also be engaged. State agencies participate in
efficiency programs, so significant additional energy efficiency opportunities still exist that could
increase savings in state facilities. To address these opportunities, we recommend that Virginia
expand its program, modeling the restructured program around the Pennsylvania experience drawing
upon an expert consultant to complement the state agency staff (PA-GSA 2008). We also
recommend that the Commonwealth draw ugpon a national organization that has been formed with
DOE support, the Energy Services Coalition,” which supports state and other entities in implementing
ESPC programs (ESC 2008).

We also suggest that the program be extended to local government facilities. We understand that
local governments can encounter bond rating problems with ESPC contracts because the rating
entities view them as unsecured loans. To address this problem, the state should consider
establishing a bonding authority that would finance these EPSC projects, with the project funding paid
back by the energy savings.

Based on this model, we assume that state and municipal buildings in Virginia can achieve an
average of a 20% reduction in projected 2025 electricity sales, with a 50% participation rate in the
medium case policy scenario. In the high case scenario, we assume a 75% participation rate by
2025. We assume the average investment costs are consistent with the projected efficiency resource
cost for the commercial sector identified in this report and that the program and administrative costs
including evaluation, measurement, and verification are 2% of project cost, somewhat higher than for
the Pennsylvania General Service Administration program (Birr 2008). Under these assumptions, we
estimate savings in the medium case of about 600 GWh by 2015 and about 1,500 GWh by 2025 from
state and local facilities, or a 1% reduction in electricity consumption in 2025. In the high case
scenario, savings grow to 2,200 GWh by 2025, a 1.5% reduction in projected electricity consumption.

Building Energy Codes

Building energy codes are a foundational policy to ensure that efficiency is integrated into new
buildings in Virginia. If efficiency is not incorporated at the time of construction, the new building
stock represents a “lost opportunity” for energy savings because efficiency is otherwise difficult or
expensive to install after a building is built.

In 2008, Virginia will add an estimated 30,000 homes or 1% to its existing housing stock of about 3
million (Economy.com 2008). This is a downturn from recent annual additions of about 2% of the
housing stock (2000-20086), though still represents the largest source of growth in home energy usage
and therefore a critical opportunity for increased energy efficiency in the Commonwealth. New
commercial buildings are expected to be built at a similar pace to residential homes based on
forecasted employment (Economy.com 2008).

Virginia, which recently adopted the International Energy Conservation Code 2006, has already
begun efforts to review the IECC 2009 and is likely to adopt it, going into effect in 2011 (Rodgers
2008). For this analysis, we modeled the following scenarios:

® For more information on the Energy Services Coalition, see hitp://www.energyservicescoalition.org
[about/index.htmt.
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e In our low case scenario, IECC 2009 is adopted in 2009, effective in 2011, reducing energy
usage 15% in new residential and non-residential buildings compared to the 2006 IECC and
ASHRAE 90.1-2004. This scenario would result in savings of about 1% of projected electricity
sales in 2025.

» In our medium case scenario, a second new state code, the IECC 2012, is adopted and goes
into effect in 2015, reducing energy use by 30% from 2006 IECC and ASHRAE 90.1-2004.
The 30% reduction is ASHRAE's savings target for the 90.1-2010 code. A proposal for 30%
savings in residential buildings is now pending before the IECC. Adopting IECC 2012 would
generate about 2,800 GWh of electricity savings, or 2% of projected electricity sales in 2025.

s Our high case scenario builds upon our medium case scenario to include the adoption of a
new state code that becomes effective in 2020, reducing building energy use by 50% relative
to 2006 IECC and ASHRAE 90.1-2004. This would yield savings of nearly 2,900 GWh in
2025.

The new building codes require a commitment by the state to enforce the higher standards. We
assume enforcement of each code starts at 70% compliance in the first year, 80% in second year,
and 90% in the third and subsequent years.

Appliance Efficiency Standards

Lighting and appliance standards, first authorized by Congress in the 1970s and legislated again in
1087, 1992, 2005, and 2007, have become a core energy policy for the United States, setting
performance targets for dozens of common household and business products and systems.
Individual states have played and continue o play an important role in advancing standards for the
nation. In the 1980s, states’ initiative in developing standards in the face of federal inaction led to the
landmark National Appliance Energy Conservation Act of 1987 (NAECA). Since then, state
enactment of standards on products not covered by federal law has led to many new federal
standards.

In the low case scenario, we account only for savings from appliance standards that result from
recent federally legislated appliance standards. These include standards set by the Energy
Independence and Security Act of 2007 (EISA) and those that DOE are directed to establish. ACEEE
estimated savings from about 30 products to determine the reduced electricity consumption attributed
to the implementation of federal appliance standards (ASAP 2008). However, savings will not begin
to accrue until 2010 for the vast majority of these products as the standards are not set to take effect
until that date. Savings from federal appliance standards alone will reduce electricity consumption by
about 2,150 GWh by 2015 and 4,700 GWh by 2025, or 3.3% of electricity sales in 2025.

In the medium and high case scenarios, we examined the additional savings that Virginia could
realize should it choose to implement appliance standards on products beyond those covered by
federal legislation. In estimating savings for these two scenarios, ACEEE analyzes appliance
standards for an additional six products which would reduce consumption by an additional 125 GWh
in 2015 and 425 GWh in 2025, or 0.3% of electricity sales in 2025 (ASAP 2008). In our medium and
high case scenarios, total savings amount to about 2,300 GWh in 2015 and 5,200 GWh in 2025, or
3.6% of forecasted electricity sales in 2025.

Research, Development, and Deployment (RD&D)

Several states support active research, development, and deployment (RD&D) programs designed to
develop technologies appropriate to each state's climate, economy, and other resources. For more
information, see the Association for State Energy Research and Technology Transfer Institutions
(www.asertti.org). In the high case energy efficiency policy scenario, we assume a policy initiative
that establishes a state RD&D entity to undertake Virginia-specific research into energy efficiency
technologies and to help develop energy efficiency jobs and businesses in Virginia. In order to meet
long-term savings goais, RD&D of new technologies is critical to sustain continued improvements in
energy efficiency after currently commercialized technologies and practices are widely adopted.
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Based on successful programs in New York and other states, we estimate that an RD&D effort in
Virginia could reduce electricity consumption by about 3,000 GWh in 2025, or 2% relative to the
reference case.

Consumer Education and Qutreach

The majority of policies discussed in this report will require a few years to come to fruition. To
catalyze efficiency efforts in the state, we recommend that Virginia consider engaging in a public
education initiative to encourage energy-saving practices. The SCC has been directed to look into
providing this service to the public. This could be accomplished through a wide array of media to
promote calls by the governor for investments in energy efficiency and conservation. ACEEE
modeled a program for Florida that was based on an existing short-term public outreach program in
California and found that Florida could save 3% of projected electricity sales and 5% of peak demand
in 2010 with such a program.’® These public action programs are by their nature of limited duration,
being effective for a few years at most. As a result, significant savings were realized in the first few
years but quickly dissipated thereafter. While the direct impacts of these efforts may have limited
long-term impact, sending signals to consumers and supplying them with information about efficiency
programs establishes a solid foundation for the introduction and efficacy of these and other policies.

Public education should also be an integral part of any long-term efficiency program efforts. The
states with the most effective programs typically invest in significant communications efforts, where
leaders including the governor appear prominently in public media. The value of leadership in this
regard cannot be overstated.

Low-Income Efficiency Programs

Addressing the energy needs of low-income households is crucial when implementing efficiency
programs as these households on average spend a greater percentage of their income on energy
relative to their wealthier counterparts. Programs like the Low-Income Home Energy Assistance
Program (LIHEAP) provide households with additional funds they can put towards paying energy bills
or making efficiency improvements to their homes. ACEEE recognizes this need and recommends
that Virginia consider implementing its own low-income assistance programs to assuage these
households' economic concerns, especially in the wake of rising fuel costs.

Although short-term relief is important, funding energy bills without concomitantly promoting and
implementing efficiency measures precludes any long-term benefits, meaning that more state and
local funds will be consumed than is necessary since household energy bills will not fall in the future.
Thirteen percent of Virginians heat their homes with oil and 34% heat their homes with natural gas
(EIA 2003), so these households, especially those occupied by low-income households, are
particularly vulnerable to high fuel costs. Focusing on home weatherization programs provides short-
term and, more importantly, long-term benefits, guaranteeing that future energy bills will drop and
remain low. These programs can also incorporate educational and job training components, which
inform the public on how to maximize their energy savings while giving individuals the knowledge and
skills to take these ideas and diffuse them throughout their communities.

We also recommend introducing programs for middle-income households that do not qualify for low-
income assistance, as high fuel costs have a substantial impact on their economic security as well.
Programs like low cost financing allow households in this income bracket to afford efficiency
improvements, like home weatherization. Locally focused efficiency suites can also have a

% In 2001, California and other Western states used such programs to achieve substantial savings and help
weather their energy crisis with minimum disruptions. For example, an evaluation of the California program
found that it reduced energy use by 6.7% in the summer of 2001 and peak demand by about 11% relative to the
year before (Global Energy Partners 2003). And significant benefits persisted for multiple years, especially as
approximately 60% of the actions involved technology investments with a two-year payback. The Florida
program was conservatively assumed to be only half as effective.
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substantial impact on energy consumption, such as direct installation of energy-efficient products and
the identification of homes requiring large-scale efficiency improvements. We assume that these
types of programs would be part of the state EERS and, therefore, are not counted separately.

Costs and Benefits in Medium Case Energy Efficiency Policy Scenario

In this section, we estimate the costs and benefits of the medium case energy efficiency policy
scenario to determine overall cost-effectiveness. There is no single answer to whether energy
efficiency is cost-effective, but rather there are multiple perspectives analysts take to determine cost-
effectiveness. Here, we examine the medium policy scenario using two cost-effectiveness tests, the
Total Resource Cost (TRC) test and the Participant Cost test. We do not do an equivalent analysis for
the demand response policy scenario, which is discussed in the next section, due to the difficulty in
evaluating the dollar savings benefits to consumers from demand response measures.

The costs needed to run the efficiency policies and programs recommended for the medium scenario
and achieve the estimated electricity savings include both the investments in efficient technologies or
measures and the administrative or marketing costs to run programs and administer policies. The
technology investments might include any combination of incentives paid to customers or direct
customer costs. See Table 14 for a breakdown of the estimated costs in the medium scenario. See
Appendix B for estimates of total costs in the low and high case scenarios.

Table 14. Annual Energy Efficiency Costs in Medium Scenario (Millions of 2006$)

2010 2015 2020 2025
Customer Investments $105 $414 $488 $483
Incentives Paid to Customers $67 $132 $152 $148
Admin/Marketing Costs $16 $30 $35 $36
Total Cosis $187 $575 $676 $668

Note: These costs are undiscounted and shown in real, 2006%.

The chapter on macroeconomic impacts uses these cost assumptions to estimate impacts of the
efficiency policies on the economy, including overall benefits to customers. Here, we report a net
present value (NPV) analysis of costs and benefits to society and to participants. The next two tables
(see Table 15 and Table 16) show results from the TRC test and the Participant Cost Test,
respectively, with a breakdown of total costs and benefits (present value in 2006$) by policy type and
by sector over the study time period (2009--2025). Readers should note that although the study time
period ends in 2025, savings from the efficiency measures persist over the lifetime of each specific
measure. Accounting for these additional savings beyond the study time period would yield additional
benefits and therefore a higher benefit/cost ratio.

The TRC test, as shown in Table 15, evaluates the net benefits of energy efficiency to the region as a
whole. This test considers total costs, including investments in efficiency measures (whether incurred
by customers or through incentives) and administrative or marketing costs. Benefits in the TRC test
are the avoided costs of energy, or the marginal generation costs that utilities avoid by reducing
electricity consumption through energy efficiency. The avoided energy resource costs were
determined by the analysis by Synapse Energy Economics (see Appendix A). The TRC test, which
shows an overall benefit-to-cost ratio of 1.9, suggests a net positive benefit to Virginia as a whole
from implementing these efficiency programs and policies. When accounting for benefits over the
lifetime of the efficiency measures, the ratio increases to 2.6.

The Participant Cost Test, as shown in Table 16, takes the perspective of a customer installing an
energy efficiency measure in order to determine whether the participant benefits. The costs are the
costs to customers for purchasing or installing energy efficiency and the benefits are the savings on
customers’ electricity bills due to reduced consumption plus any incentives paid to the customers.
Again, this analysis only takes into account costs and benefits through 2025, even though customer
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savings on electric bills would continue well past 2025. Even without accounting for the benefits that
persist after measures installed in 2025, the Participant Cost Test yields a positive benefit to
If accounting for savings that persist over the measure

participants, with a 2.4 benefit/cost ratio.

lifetime, this ratio increases to 3.3.

See Figure 15 for a representation of the results using three different discount rates.

Table 15. Total Resource Cost (TRC) Test (2009-2025)

By Policy/Program NPV Costs | NPV Benefits | Net Benefit | B/C Ratio
Energy Efficiency Resource Standard (EERS) | $ 3,468 | $ 6,949 $ 3,481 2.0
CHP Supporting Policies* $ 234 | $ 530 $ 296 2.3
State Manufacturing Initiative* $ 541 | $ 954 $ 413 1.8
State Facilities 3 57 | $ 201 $ 143 3.5
Local Government Facilities $ 114 1 $ 401 $ 287 3.5
Building Energy Codes 3 604 | $ 849 $ 245 1.4
Appliance Efficiency Standards $ 1,393 | $ 2,033 $ 640 1.5
Total $ 5,636 | $ 10,433 $ 4,797 1.9
By Sector NPV Costs | NPV Benefits | Net Benefit | B/C Ratio
Residential $ 2,734 | $ 3,697 $ 963 1.4
Commercial $ 2,092 | $ 5,337 $ 3,246 2.6
Industry $ 811 | $ 1,398 $ 587 1.7
Total $ 5636 | $§ 10433 $ 4,797 1.9
*Note: These two policies are included in the costs and benefits of the EERS.
Table 16. Participant Cost Test (2009-2025)
By Policy/Program NPV Costs | NPV Benefits | Net Benefit | B/C Ratio
Energy Efficiency Resource Standard (EERS) | $ 3,159 | § 9,054 $ 5,895 2.9
CHP Supporting Policies* $ 228 | $ 719 $ 491 3.1
State Manufacturing Initiative* 3 523 | § 781 3 258 1.6
State Facilities $ 56 | $ 224 $ 168 4.0
Local Government Facilities $ 112 | $ 447 $ 335 4.0
Building Energy Codes $ 591 | $ 975 $ 384 1.7
Appliance Efficiency Standards $ 1392 | $ 2,285 $ 894 1.6
Total $ 5310 | $§ 12,985 $ 7,675 2.4
By Sector NPV Costs | NPV Benefits | Net Benefit | B/C Ratio
Residential $ 2547 | $ 5,289 $ 2,742 2.1
Commercial $ 1973 | § 6,493 $ 4,520 3.3
industry $ 790 | $ 1,203 $ 413 1.5
Total $ 5310 | $§ 12,985 $ 7,675 2.4

*Note: These two policies are included in the costs and benefits of the EERS.

34




Energizing Virginia: Efficiency First, ACEEE

Figure 15. Results of TRC and Participant Cost Tests Using Three Discount Rates
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ASSESSMENT OF DEMAND RESPONSE POTENTIAL

This section defines Demand Response (DR), assesses current DR activities in Virginia, uses
benchmark information to assess DR potential in Virginia, and concludes with policy
recommendations that could foster DR contributing appropriately to the resource mix in Virginia that
can be used to meet electricity needs. Potential load reductions from DR are estimated for a suite of
DR programs that represent the technologies and customer types that span a range of DR efforts (as
is discussed below and in Appendix D.

Defining Demand Response

DR focuses on shifting energy from peak periods to off-peak periods and clipping peak demands on
days with the highest demands. Within the set of demand-side options, DR focuses on clipping peak
demands that may allow for the deferral of new capacity additions and enhance operating reserves to
mitigate system emergencies. Energy efficiency focuses on reducing overall energy consumption with
attendant permanent reductions in peak demand growth. Taken together, these two demand-side
options can provide opportunities to more efficiently manage growth, provide customers with
increased options to manage energy costs and represent an important element that can be integrated
into least-cost resource plans.

DR resources are usually grouped into two types: (1) load-curtailment activities where utilities can
“call’ for load reductions; and (2) price-based incentives that use time-differentiated and/or
dispatchable rates to shift load away from peak demand periods and reduce overall peak-period
consumption. Interest in both types of DR activities has increased across the country as fuel input
prices have increased, environmental compliance costs have become more uncertain, and electric
systems face the substantial investment in overall electric infrastructure needed to support new
generation resources.

The summary of DR potential presented in Table 17 focuses on load-curtailment and backup
generation and does not include savings resulting from price-based incentives. Residential load-
curtailment typically involves direct load control (DLC) of air conditioners—although this can also
cover appliances—as well as temperature offsets, which increase thermostat settings for a certain
period of time. Commercial and industrial applications of DR focus on load control of space
conditioning equipment; however, this depends on customer size: self-activated load reductions are
usually more prudent for larger customers. Backup generation for commercial and industrial
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applications involves generators with start-up equipment that allows them to come online with short
notice from utilities, relieving the additional demand on the system during peak hours.

Rationale for Investigating Demand Response

DR alternatives can be implemented to help ensure that a utility continues to provide reliable electric
service at the least cost to its customers. Specific drivers often cited for DR include the following:

e Ensure reliability—DR provides load reductions on the customer side of the meter that can
help alleviate system emergencies and help create a robust resource portfolio of both
demand-side and supply-side resources that meet reliability objectives.

¢ Reduce supply costs—DR may be less expensive per megawatt than other resource
alternatives.

s Manage operational and economic risk through portfolio diversification—DR capability
is a resource that can diversify peaking capabilities. This creates an alternative means of
meeting peak demand and reduces the risk that utiliies will suffer financially due to
transmission constraints, fuel supply disruptions, or increases in fuel costs.

o Provide customers with greater control over electric bills—DR programs would allow
customers to save on their electric bills by shifting their consumption away from higher cost
hours and/or responding to DR events.

e« Address legislative/regulatory interest in DR—Electric utility legislation enacted in April
2007 set a statutory goal for the Commonwealth to save 10% of its total 2006 electricity sales
by 2022 (H.B. 3068 and S.B. 1416, commonly referred to as the electricity “re-regulation”
legislation). While the legislation focuses on an energy consumption goal, the Virginia State
Corporation Commission Energy Efficiency Working Group has stated that reducing peak
demand is also an important consideration (SCC 2008c).

Commonwealth of Virginia—Background

Virginia’'s service territory is characterized by high population and load growth, the majority of which is
attributable to new residents. Since 2000, the Commonwealth has grown in population by 8%,
compared to 6% for the United States as a whole. The impact of population growth on electricity
demand is compounded by the fact that electricity consumption per customer has risen dramatically
in the past several decades. PJM projects that the peak demand for electricity in Dominion’s service
area will grow by almost 1,800 MW in just five years—the equivalent, in PJM's estimation, of adding
one million homes to the system. Dominion’s own studies project it will need 4,000 MW of new
capacity in ten years. This growth will strain Virginia's electric system (Dominion 2008).

Virginia has had some of the lowest electricity rates in the county and, until recent years, has had
adequate capacity to meet the Commonwealth's electricity needs. As a result, interest in energy
efficiency and DR in Virginia has been limited. Current conditions are changing. New capacity and
infrastructure investments are needed. Increasing electricity costs stem from a combination of rising
consumption (necessitating new investment in generation and transmission), increases in fuel costs,
and the potential for additional environmental restrictions. The elimination of price caps and
potentially higher fuel prices will increase the importance of assessing future resources and DR
potential.

Role of Demand Response in Virginia’s Resource Portfolio

The DR capabilities deployed by Virginia utilities can become part of a long-term resource strategy
that also includes resources such as traditional generation resources, power purchase agreements,
options for fuel and capacity, and energy efficiency and load management programs. Objectives
include meeting future loads at lower cost, diversifying the portfolio to reduce operational and
regulatory risk, and allowing Virginia customers to better manage their electricity costs.
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The 2005 Energy Policy Act provisions for Demand Response and Smart Metering has led to a
number of states and utilities piloting and implementing a Smart Grid, sometimes referred to as
Advanced Metering Infrastructure (AMI). Smart Grid is a transformed electricity transmission and
distribution network or "grid" that uses robust two-way communications, advanced sensors, and
distributed computers to improve the efficiency, reliability, and safety of power delivery and use. For
energy delivery, the Smart Grid has the ability to sense when a part of its system is overloaded and
reroute power to reduce that overload and prevent a potential outage situation.

Principal benefits of Smart Grid technologies for DR include increased participation rates and lower
costs. In 2009, Dominion plans to deploy 200,000 smart meters as part of a large demonstration
program of smart grid technology in urban and rural areas of Dominion's service territory. Dominion
expects to improve customer service and business operations through advanced system control, real-
time outage notification, and power quality monitoring. As part of this program, Dominion deployed a
number of smart thermostats for a residential critical peak pricing pilot during the summer of 2008.
Daominion will measure customer responsiveness to changing energy prices and the impact on energy
demand during peak usage periods.

Assessment of Demand Response Potential in Virginia

This assessment indicates that system peak demand can be reduced by approximately 7.2% or 2,209
MW in 2020 with the medium scenario. A more aggressive high scenario would result in a 10.8% or a
3,322 MW reduction in peak demand. These assessments assume that initial DR program designs
are developed in 2009 with implementation starting in early 2010. This provides for a ten-year rollout
of the DR efforts. It is expected that the first two years of implementation after the initial DR program
designs will be used to fine-tune the programs.

Table 17 shows the resulting load shed reduction assessment for Virginia, by sector, for years 2015,
2020, and 2025, and Figure 16 shows the resulting load shed reductions possible for Virginia, by
sector, from year 2010, when load reductions are expected to begin, through year 2025. These
estimates reflect a sustained level of effort, and utilities are recommended to set targets for the high
scenarios. These estimates include assumptions regarding energy and peak demand growth rates,
participation rates, and program design, among others. These assumptions take into account the
increased energy efficiency activities that will be occurring during this same period. The data inputs
and assumptions are discussed in Appendix D. The overall trend in the DR program potential
impacts in Table 17 and Figure 16 indicates that DR MWs grow rapidly through the end of 2018 as
these years represent major implementation efforts. After 2018, the growth in DR MWs roughly
follows the forecasted growth in peak demand.

Table 17. Summary of Potential DR in Virginia, By Sector, for Years 2015, 2020, and 2025 °
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L.ow Scenario Medium Scenario High Scenario

2015 | 2020 | 2025 | 2015 | 2020 | 2025 | 2015 | 2020 | 2025

Residential: Load Shed 143 | 299 | 310 | 238 | 499 | 516 | 333 | 699 | 723
(Mw)
(C,\j"v”\‘/)mem’a': Load Shed 88 | 194 | 213 | 235 | 517 | 567 | 441 | 970 | 1,063

Industrial: Load Shed (MW) | 72 145 147 162 327 | 331 289 582 588

iy P Generaion | 50 | 639 | 698 | 402 | 865 | 930 | 503 | 1,082 | 1,163

Total DR Potential (MW) 605 | 1,288 | 1,367 | 1,038 | 2,209 | 2,345 | 1,566 | 3,332 | 3,537

DR Potential as % of Total
Peak Demand (30,065 21% | 4.2% | 4.2% | 3.6% | 7.2% | 7.2% | 5.4% | 10.8% | 10.8%
MW)

“ See Appendix D for underlying data and assumptions.

Figure 16. Potential DR Load Reduction in Virginia by Sector (MW)

2,500
Q2
& 2,000
3
cg 1,500 % C&I Backup Generation
k= Industrial: Load Shed
'8 1,000 . )
= & Commercial: Load Shed
- 500 # Residential: Load Shed
2
=

2010 2015 2020 2025

Recommendations

Key recommendations for fostering the growth of DR in Virginia are summarized below, with greater
discussion contained in Appendix D. These recommendations are not listed in order of importance
but they include:

1. Appropriate financial incentives for Virginia utilities either for programs administered directly
by the utilities or for outsourcing DR efforts to aggregators.

2. Integrate DR programs with the delivery of EE programs.

3. Implement load reduction programs in he early years used as a shakeout period for program
design and adapt the programs to achieve the projected impacts. This assessment is based
on established technologies and program designs.

4. Implement programs focused on achieving firm capacity reductions. The following programs,
which can be designed within a 12-month period, include:

a. Residential and small business AC direct load control using switches or thermostats
(or giving customers their choice of technology)."

b. Auto-DR programs providing direct load curtailment for larger commercial and
industrial customers.

" This approach is currently being used successfully by LGE Energy.
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c. Callable interruptible programs with manual response to an event notification for
larger commercial and industrial customers where auto-DR approaches are not
acceptable to the customer or technically not feasible.

d. Aggressive enrollment of backup generators in DR programs.

5. Pricing should form the comerstone of an efficient electric market. Daily time-of-use pricing
and day-ahead hourly pricing will increase overall market efficiency by causing shifts in
energy use from on-peak to off-peak hours every day of the year. Another example is "critical
peak pricing," where utilities or system operators utilize an automated system to cut back
electricity consumption amongst their customers in response to periods of unusually high