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Abstract of Praxis

Renewable Energy Implementation Analysis and Recommendations
to Meet District of Columbia’s Renewable Portfolio Standard (RPS)
Expansion Act

Due to federal mandates, there is an increasing demand to
advance renewable energy in the District of Columbia (D.C.) to
deliver power. Utilities must find ways to achieve objectives while
avoiding costly alternative compliance payments. In 2016, the
District of Columbia’s Renewable Portfolio Standard (RPS) Expansion
Act made significant amendments expanding renewable energy
source requirements to 50% by 2032 and solar requirements to 5%
by 2032, while current utility renewable energy percentages are at
4% and solar is at ~0.1%. With the RPS mandate, utilities will need
to improve and enhance facilitation of the interconnection of
renewable energy within the power delivery system. This study will
focus on the evaluation and implementation of various renewable
energy systems in the District of Columbia. The main objective is to
analyze the best feasible options available to meet RPS targets. If
electricity suppliers are unable to meet requirements, suppliers must
pay both renewable energy credits (RECs) and alternative compliance
fees (ACFs) and the financial burden of compliance will ultimately be
passed on to customers of the electricity suppliers. This study will

also review and present the cost-effective means of REC’s can be
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used for RPS compliance and results will provide policymakers a
better understanding of how to address renewable energy

requirements locally in the District.
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Chapter 1: Introduction
1.1 Background

The District of Columbia (D.C.) Council’s Renewable Portfolio
Standard (RPS), enacted in 2005, applies to all retail electricity sales in
the District and provides percentages and number of benchmarks that
utilities must meet for renewables. In 2011, the RPS was amended,
increasing solar requirements from 0.4% to 2.50% by 2023. In 2016, the
RPS Expansion Act made significant amendments expanding the RPS
renewable resources to 50% by 2032 and the solar requirements to 5%
by 2032 (See Figure 1-1 for percentages through 2032). With this,
utilities will need to improve and enhance facilitation of the
interconnection of renewable energy within the power delivery system. If
electricity suppliers are unable to meet requirements, suppliers must
buy renewable energy credits (RECs) and/or pay alternative compliance
fees (ACFs), $500/MWh, and the financial burden of compliance will

ultimately be passed on to customers of the electricity suppliers.

D.C. RPS Expansion Act of 2016
RPS Percentages through 2032

60.00%
40.00%
20.00%

0.00%
2005 2010 2015 2020 2025 2030 2035

Total RPS Requirement Solar Carve-out Requirement

Figure 1-1: RPS Percentages through 2032



1.2 Objective

To meet renewable energy mandates, this study will focus on the
evaluation and implementation of various renewable energy systems in
the District of Columbia. The main objective is to analyze the best
feasible options available to meet RPS targets. Research objectives will
include assessing systems and comparing alternatives of reaching 50%
renewable energy resources and 5% solar requirements by 2032 in
Washington, D.C. Additionally, the research will review local conditions
for renewable energy resources in Washington, D.C. and determine a
catalog of options to advance renewable energy resources in Washington,
D.C. by 2032.

1.3 Research Questions

To meet research objectives, several research questions will be kept at
the forefront of the analysis:

1. What are the current thresholds in DC for renewable energy?

2. What RPS systems are practical given the geography of DC?

3. What challenges exist with renewable energy requirements for
electric utilities while maintaining safe reliable, and affordable,
electric service?

As the RPS requirements have evolved, differing analysis has been

conducted on the subject. This research will help compare renewable

energy systems for achieving RPS percentages in Washington, D.C.



1.4 Research Approach

The research approach to assessing current RPS included detailed
literature review and analysis of policies, reports, case studies, and
financial model analysis of available data. Additionally, informational
interviews were conducted with industry experts both locally in D.C. and
nationwide to assess how RPS goals are affecting them, how they are
assessed and how they respond.

1.5 Hypothesis

This study hypothesizes that renewable energy resource requirements of
50% and solar requirements of 5% in Washington, D.C. by 2032 may be
achievable with the implementation of a number of RPS qualifying
resources include solar, wind, biomass, hydro, and geothermal.

1.6 Significance

This research is significant to the challenges faced by utilities and
policymakers today. In developing roadmaps for reaching RPS goals,
challenges exist. There are many factors to consider in determining the
right mix of renewable energy systems to achieve RPS requirements by
2032. Aspects such as solar radiation options, average wind speed,
maximum apparatus heights, laws enacted to prevent interference with
FAA/EPA regulations, etc., can hinder electricity suppliers from

achieving renewable energy systems in the District.



1.7 Scope and Limitations

The research and analysis are conducted with information that is
available publicly for use. Renewable energy data was obtained for this
research from numerous sources including federal laboratories/agencies,
District of Columbia Public Service Commission, U.S. Department of
Energy, leading industry case studies, local utility public reports, and
utility industry professionals. Proprietary utility modeling methodology
and location hosting capacity and the analysis of the information could
not be assessed at this time due to the confidentiality of Critical
Energy/Electric Infrastructure Information (CEII). This research is
intended to lay the ground-work for grid modernization steps to fill the
gap identified in the limited and premature renewable systems
implementation in the District of Columbia.

1.8 Document Organization

This research contains five chapters. Chapter one introduces the
research, provides a brief overview of the history of RPS in the District of
Columbia, and where research stands today. Chapter two provides a
literature review of the various analysis conducted and case studies of
renewable energy systems implemented nationwide. The examination
from the literature review will be the ground-work for the methods
employed in the research. Chapter three will present the methodology
used to examine feasibility to obtain the RPS goals. Chapter four will

provide an overview of the statistical results of the research, and describe



the challenges encountered and the obstacles that were addressed and
overcome. Chapter five will describe the conclusion of the research and
recommendations for future research. Chapter five will also include
experiment success and shortfalls, what might be done differently, and

next steps for future implementations.



Chapter 2: Background and Literature Review
2.1 Overview of Literature Review Sections
The following is an overview of the literature related to the valuation and
implementation of various renewable energy systems in the District of
Columbia, modernizing the electric grid to achieve renewable energy
objectives, and avoiding costly alternative compliance payments (ACP’s)
in relation to renewable energy percentage requirements in the District of
Columbia to deliver reliable power.

The literature review is structured to provide a background of RPS
eligible resources, RPS target comparisons across the U.S., challenges
with meeting RPS requirements, District of Columbia/Potomac Electric
Power Company (Pepco) current state, RPS evaluation methods explored
by others, and case studies of systems implemented in leading RPS
technology states and neighboring states. The literature review will
provide the guidance to effectively understand resources, challenges,
potentials, and plausible system implementation and analysis.

Data was obtained for this research from numerous sources
including federal laboratories, District of Columbia Public Service
Commission, U.S. Department of Energy, leading industry case studies,
local utility public reports, and utility industry professionals. The
following are some of the chief sources used to conduct this research:

1) District of Columbia Public Service Commission (DCPSC)

2) U.S. Energy Information Administration (EIA)



3) Department of Energy & Environment (DOEE)
4) Database of State Incentives for Renewables & Efficiency
(DSIRE)

5) Electric Power Research Institute (EPRI)

6) National Renewable Energy Laboratory (NREL)

7) Lawrence Berkeley National Laboratory (LBNL)

8) Solar Energy Industries Association (SEIA)

9) Potomac Electric Power Company (Pepco)

10) Greentech Media (GTM) Research
2.2 Renewable Systems Explained
In 2016, the RPS Expansion Act made significant amendments
expanding the RPS resources to 50% by 2032 and the solar requirements
to 5% by 2032. RPS qualifying resources include solar, wind, biomass,
hydro, and geothermal. The following section provides a brief
description of each system.

2.2.1 Solar

Solar energy is converting sunlight into electricity. Solar

technologies include solar photovoltaic (PV) and solar thermal to

produce energy. Solar PV uses the sunlight to create energy

through the movement of electrons. Solar thermal uses the sun’s

radiation for heating purposes in homes and other buildings (EIA,

20170).



2.2.2 Wind Power

Wind power is using the earth’s daily wind cycles to generate
electricity. Wind is the result of the earth’s irregular surfaces and
sun’s uneven heating of the surface. Wind turbines are used to
connect power to the grid or as stand-alone applications
(Energy.gov, 2017).

2.2.3 Biomass

Biomass is energy created through the processing of plant and
animal waste. Biomass can include wood waste, agricultural waste,
food /yard waste, or sewage that is burned to produce fuel for
generating electricity. For example, black liquor is a biomass and a
by-product of wood and paper mills where processing residue is
used to generate energy by burning in recovery furnaces (EIA,
2017¢).

2.2.4 Hydro Power

Hydro power is converting the flow of water resources into
electricity. Through the use of a dam, diverting structure, or
current device, hydroelectric is created by the flow of a body of
water to turn turbines and generate power. Hydropower is the
most prevalent renewable resources in the U.S. (Energy.gov, 2017).
2.2.5 Geothermal

Geothermal is heat energy generated from the earth. Energy is

harnessed through the use of geothermal reservoirs of hot water



available below the earth’s surface. Wells are drilled down a mile-

or-greater below the surface to access steam and hot water that

can be used for generating electricity, heating and cooling, or direct
use. Geothermal reservoirs are most commonly located in western

United States (Energy.gov, 2017).

2.3 RPS Targets in the United States

Renewable Portfolio Standards are seen across the nation. They are state
laws mandating utilities to meet, or target, minimum thresholds of
renewable energy in their portfolio. Utilities subject to the RPS policies
can meet the standard by generating, or buying, the required renewable
energy themselves or through the purchase of renewable energy credits
(REC’s) from renewable energy owners (DSIRE, 2017).

Between 2016 and 2030, RPS mandates will drive renewable
energy capacity to grow two-fold by increasing output from ~200 terawatt
hours (TWh) to ~400TWh. Currently, the bulk of utilities satisfy RPS
requirements through wind energy. Figure 2-1 shows a comparison of
renewable energy resources used in regions across the U.S. to comply

with RPS requirements. (Roberts, 2016a).
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Figure 2-1: Renewable Energy RPS Compliance Mix in U.S.
(Roberts, 2016a)

Of all the states, California leads in renewable energy usage and
accounts for 40 percent of the capacity goal alone. California’s current
RPS requirements are to meet 50% renewables by 2030. Figure 2-2
shows the projected growth in RPS demand across the U.S. (Roberts,

2016a).

Figure 2-2: Projected U.S. RPS Demand (Roberts, 2016a)
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The most significant increases in RPS targets in 2016 were from

the following three states:
e Oregon — RPS requirements increased to 50% by 2040. Previously
2%.
¢ Rhode Island - RPS requirements increased to 38.5% by 2035.
Previously 14.9% by 2019.
e District of Columbia — RPS requirements increased to 50% by
2032. Previously 20% by 2020 (Roberts, 2016a).

Today, twenty-nine states and the District have RPS policies in place
with nineteen, including the District, specifying solar carve-out for
locally-based solar requirements. Collectively, these RPS policies cover
~55% of the total U.S. retail electricity supply and will require an
additional 60 gigawatts (GW) of renewable energy production by 2030
(Golden, 2016). Figure 2-3 provides governing RPS requirements today in

the U.S.
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i 15% by 2021 | V: 75% by 2032
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_ 7 existin a number of U.5. states, and both
= |  mandatory RPS policles and non-binding goals

e \\ ; existamong U.S. terrtories (American Samoa,
* ’ |HI: 100% by 2045 | .F  Guam, Puerto Rico, US Virgin Islands).

Figure 2-3: RPS Requirements by State (LBNL, 2017)
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2.4 Renewable Portfolio Standard in the District
The District has mandated their RPS resource energy mix will require
50% of its electricity come from renewable sources by 2032, of that at
least 5% specifically from solar energy locally. Only four states (CA, NY,
OR, & HI) have set equal, or higher, RPS requirements. Given D.C.’s
small population and comparatively small footprint (~70 square miles),
D.C. consumes less electricity than all but six states (MA, NH, RI, VT,
AK, & HI). However, given D.C.’s urban presence and large commercial
sector, D.C. is one of the top 10 states by per capita electricity
consumption (EIA, 2017a).
A comparison of the District's RPS requirements to nearby states is
found in Figure 2.4.
RPS Targets: District of Columbia & Nearby States
60%
50%

40%

30%

20%
10% I I
O
A : é\@

Figure 2-4: RPS Targets: District of Columbia and Nearby States
With the implementation of the 2016 RPS amendments, the

District also set aside funds in a Solar for All initiative to help meet the

12



solar carve-out requirements. With Solar for All, the District plans to
install solar systems on ~6,000 low-income homes a year and reach
100,000 homes by 2032. Solar for ALL funding will be provided annually
through the DOEE’s Renewable Energy Development Fund, currently set
at $13M. Based on the 5% carve-out for locally-based solar, it would be
enough power generated to power 225,000 D.C. homes. Today, solar
energy is D.C.’s primary renewable resource (EIA, 2017a).

Given D.C.’s current pool of renewable resources in the city limits,
most of the recent year RPS compliance requirements were met through
the purchase of REC’s, specifically outside of DC. While there are many
qualifying technologies such as geothermal, solar (both thermal and
electric), wind, biomass, landfill gas, marine, fuel cells, and hydroelectric,
D.C.’s chief REC’s came from biomass, wind, and solar. Given land
constraints in the District, solar came exclusively from rooftop solar
panels as no utility-scale solar exists today (Hilderbrand, 2017).

Reviewing 2016 RPS compliance reports submitted to the District
of Columbia Public Service Commission (DCPSC), the overall retail sales
in the District was around 11.2 million megawatt hours (MWh). REC’s
were used to meet a majority of RPS requirements while alternative
compliance payments (ACP’s) were also made. Due to the shortage of
solar capacity in the District, solar REC’s were the costliest ($470/MWh),
one of the highest in the country, and accounted for $47 million in RPS

compliance payments which over time will continue to rise. While D.C.

13



based solar is rising, currently at S5SMW capacity, it is still well below the
current capacity needed (7O0MW) to meet RPS requirements. Of note,
solar capacity did rise from 34MW in 2015 (DCPSC, 2017d). Figure 2-5
shows the current solar capacity progress and goals as reported by DC

Public Service Commission.
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Figure 2-5: DC Solar Capacity Progress & Goals (DCPSC, 2017d)
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2.5 RPS Projection Challenges
Constellation Energy Resources (2016) has pointed to issues with the
current RPS framework and pointed to a brief assessment completed by
the Public Service Commission (PSC) of DC. “The PSC found that in
2014, energy suppliers paid over $21M to purchase RECs and over $6M
for ACPs. According to the PSC, in 2015 those same energy suppliers
paid only $18M for RECs but almost $20M for the additional costs
associated with the ACP. Under the current law, the PSC estimates
customers will pay upwards of $330M in both RECs and ACPs between
now and 2032. If the proposed legislation is passed into law, that
number could be as high as $1.5B, according to the PSC” (DCPSC,
2016).

DC Public Service Commission has expressed doubts in meeting
RPS mandates, specifically around the solar carve-out, “The challenge for
the DC solar market is that the amount of physical space needed to meet
all solar requirements is limited given the geography of the District.
Currently, the projected requirements of the amended bill far exceed
what is expected to be built over the time period of this proposed
legislation” (DCPSC, 2016). Figure 2-6 represents current solar RPS
capacity, currently at SSMW capacity, well below the current capacity
needed (7OMW). Figure 2-7 represents the projections of alternative

compliance fees associated with solar carve-out from 2017-2032.

15
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Figure 2-6: Solar RPS Capacity in the District (DCPSC, 2016)

*B21-650: "Renewable Portfolio Standard Expansion Amendment Act of 2016" - Effect on District Ratepayers - Solar Carve Out

YEAR % in Carve-out | Current ACF |Proposed % Carve-out] Proposed ACF Cost Current Cost Proposed Increase

2017 0.980%, 50.35 0.980% 50.50) 536,169,350) 551,670,500 515,501,150
2018] 1.150% 50.30] 1.150% 50.50) 536,380,250) 560,633,750 524,253,500
2019 1.350% 50.20] 1.350% 50.50) 528,471,500 5§71,178,750 542,707,250
2020] 1.580% 50.20) 1.580% 50.50) 533,322,200 583,305,500 549,983,300
2021 1.850% 50.15 1.850% 50.50) 529,262,375) 597,541,250 568,278,875
2022 2.175%, 50.15 2.175% 50.50) 534,403,063] $114,676,875 580,273,813
2023 2.500%, 50.05 2.500% 50.50) 513,181,250) $131,812,500] 5118,631,250
2024 2.500%, $0.05 2.600% 50.40) 513,181,250 $109,668,000| 596,486,750
2025 2.500%, 50.05 2.850% 50.40) 513,181,250 $120,213,000] 5107,031,750
2026) 2.500%, 50.05 3.150% 50.40) 513,181,250) $132,867,000] 5119,685,750
2027 2.500%, 50.05 3.450% 50.30) 513,181,250) $109,140,750| 595,959,500
2028 2.500%, 50.05 3.750% 50.30) 513,181,250) $118,631,250) 5105,450,000
2029 2.500%, 50.05 4.100% 50.20) 513,181,250 586,469,000 $73,287,750
2030] 2.500%, 50.05 4.500% 50.20) 513,181,250) 594,905,000 581,723,750
2031 2.500%, 50.05 4.750% 50.10] 513,181,250) 550,088,750 536,907,500
2032 2.500%, 50.05 5.000% 50.10] 513,181,250) 536,169,350 522,988,100

Cumlative Cost $329,821,238 $1,468,971,225 $1,139,149,988

Figure 2-7: RPS Solar Carve-Out ACF Effects on Rate Payers through

2032 (DCPSC, 2016)

DCPSC has further voiced concerns that, while compliance with

RPS requirements rests with the specific utility providers, the payments

associated directly affect ratepayers as the expenses will essentially be
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passed on. With regard to the shortfall in available solar capacity, this
almost ensures solar REC’s pricing will remain high for the near future
and will affect utility rates for ratepayers. DCPSC projects between 2017
to 2032, solar REC’s and solar ACF’s would cost customers upwards of
$1.5 billion (DCPSC, 2016).

Department of Energy & Environment’s Clean Energy DC plan
(2016) details initiatives in D.C. around renewables and presents
potential models that could result in advancements in renewable energy
while ultimately falling short, ~32% renewables overall, of the 50%
renewable threshold outlined. Figure 2-8 represents DOEE’s projected
threshold for RPS compliance and Figure 2-9 provides a summary of
renewable energy utilization and estimated supply requirements by
DOEE. These figures show that while there are a number of potential
initiatives that can be implemented, threshold still falls well short of RPS

requirements.
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Figure 2-8: Projected Utilization of Renewable Energy as Result of DOEE

Recommended Actions (DOEE, 2016).

Renewable Energy Utilization Wedge Renewable Energy Utilization in 2032 Estimated generation
capacity required in 2032
million kBtu percentage of total (MW)*
energy use

Neighbourhood-Scale Renewable Energy ~ 924** I 0.8% 37+

PPA for Standard Offer Service 7.746 - 11.1% 563-1,448

Renewable Portfolio Standard 12,652 -‘l 8.2% 920-23645

RPS Local Solar Requirements 1.406 20% 362

Figure 2-9: Summary of Renewable Energy Utilization and Estimated
Supply Requirements by DOEE (DOEE, 2016).
2.6 Potomac Electric Power Company (Pepco)
Potomac Electric Power Company (Pepco) is the standard offer service
provider for electricity in the District. Prior to the Retail Electric
Competition and Consumer Protection Act of 1999, Pepco was vertically

integrated and provided power generation and power delivery,
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transmission, and distribution, to customers in the District. Additional
influence from Federal Energy Regulatory Commission (“FERC”) Order
No. 888 issued in 1996, required Pepco and other electric companies
open up their power delivery system to allow third-party energy providers
to utilize electric companies’ infrastructure there-by opening retail
electricity supply markets and increase competition. With these
enactments, Pepco was legally separated from generation sales by the
DCPSC and relinquished its generation assets (DCPSC, 2017d). Today,
Pepco owns and operates power delivery infrastructure specifically across
~640 square miles in MD/DC, of which 70 square miles are in the
District (Pepco, 2017a). DCPSC Staff recently stated that while the
restructuring act does prohibit Pepco from selling electricity produced by
any generation source Pepco owns, Pepco may use renewable energy to
support Pepco's operation of their power delivery system so long as they
meet the District's zoning requirements and are not sold for customer
use (DCPSC, 2017d).

In order to respond to RPS mandates, Pepco is procuring energy
from eligible renewable resources and purchasing renewable energy
credits (REC’s) in accordance with the RPS programs enacted. In the
District of Columbia, Pepco meets RPS mandates through the use of
REC’s and reported 4.4% renewable energy delivery mix in 2012, 4.0%
renewables in 2014, 4.3% renewables in 2015, and 4.5% renewables in

2016 (Environmental Information for Standard Offer Service Provided by
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Pepco). Figure 2-10 shows the current energy source portfolio mix for
Pepco.

ENERGY SOURCE (FUEL MIX)
JANUARY 1, 2016 - DECEMBER 31, 2016

Coal 34.3%
Gas 26.3%
Nuclear 34.7%
Qil 0.2%
Unspecified Fossil 0.0%

Renewable Energy

Captured Methane Gas (0.3%
Geothermal 0.0%
Hydroelectric 1.1%
Solar 0.5%
Solid Waste 0.1%
Wind 2.2%
Wood or other Biomass 0.3%
Unspecified Renewable 0.0%
Total 100%
Renewable energy resource subtotal: 4.5%

Figure 2-10: Pepco Energy Source Mix (Pepco, 2016a)

Valuable insight with Pepco, District of Columbia, and
recent/similar challenges faced in the industry as well a number of other
articles around renewable energy sources, models, and analysis needs
were found on industry--leading research sites such as Greentech Media
(GTM) Research and Utility Dive. Several articles were located on Pepco’s
current renewable energy status and issues that can come with
renewable energy. David Velazquez, Pepco CEO, pointed out, “Our

revenues of course decline (with grid defection) and I think that’s why I
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think we need to work with regulators and customers to come up with
rate structures that allows the grid to remain in place” (Shallenberger
2016). Utilities, like Pepco, are also looking at how they can answer
challenges with incorporating renewable energy at a larger scale. Next
steps to determining feasible options should include more details on
system costs and locational analysis of various points of each utility’s
system to identify where distributed energy resources (DERs) might be
best suited and potentially better than traditional grid investments
(Walton, 2016).

2.6.1 Pepco Restricted Distribution Maps

In an effort for third parties to assess the feasibility of
incorporating solar PV and other renewables, Pepco has developed a
distribution feeder hosting capacity map for analysis of location
implementation limits. This interactive map provides region-specific data
where renewable interconnections are restricted and/or unavailable.
Figure 2-11 shows an example of the interactive site for use along with

the corresponding legend of available feeder capacities.
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Figure 2-11: Solar - Radial Distribution Feeder Hosting Capacity
PHI (Pepco, 2017d)

2.6.2 Pepco Interconnection Challenges

With renewable energy on the grid, there are corresponding reverse
power flows that can alter the stability of Pepco’s power delivery system.
Pepco restricts these two-way flows were ever the system is not designed
to accommodate or where protection and control systems do not exist to
allow for such. Elements of Pepco’s system that may not allow for the
reverse power flows include voltage regulators, distribution power
transformers, network protectors, and feeder terminals. A great deal of
planning and associated system improvements are required to support
renewable operations on the grid that could otherwise lead to voltage
variations that can cause damage to customer equipment and operating
problems on the grid (Pepco, 2017a). Additional inherent challenges with

renewable integration in Pepco’s D.C. service territory include land
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constraints, homeowners to renter ratio, historic preservation and zoning
limitations, system uncertainty, and funding/incentive instability
(DCPSC, 20174d).

Ultimately, the challenge for Pepco and others will be how to
increase renewable energy resources while addressing challenges of
maintaining the operations of the power delivery system. With regulatory
penalties associated with frequency and duration of outages, utilities
must be mindful of what systems are implemented and which provide the
most reliable and affordable benefits to their customers (Hilderbrand,

2017).

2.7 Utility Renewable Challenges

Taking a closer look at the renewable energy integration challenges, one
can look at system architecture challenges as well. As these RPS
requirements continue to increase and evolve, the electric grid must also
follow suit and modernize to accommodate. Utilities must now analyze
how these renewable energy sources may threaten existing infrastructure
and mitigate risks that could threaten loss of the grid and poor electric
performance. Solar and wind energy fluctuations will now conflict with
existing large conventional generation sources that have provided steady
power for the grid (Unger, 2016). With advanced metering infrastructure
(AMI) on the system, more data analytics of system stabilities can be

dispatched to understand potentials and thresholds of the varying
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systems better and provide framework for mitigating renewable
variability risks (Trabish, 2016c).

Utilities have long had in place a need for system planning. Electric
transmission and distribution system planners help determine grid
vulnerabilities and system needs to ensuring reliability and resiliency. To
effectively support renewable resources such as wind and solar, bulk
application will require effective transmission system planning and
corresponding transmission infrastructure improvements to facilitate
their delivery while avoiding potential stranded assets.

Many renewable energy applications on the system are still
relatively new and unproven. With the variability of wind and solar,
planners will have to carefully assess how localized congestion may affect
reliability issues on the system while allowing enough capacity to utilize
more reliable and dispatchable resources as well. Thus, large high
voltage transmission improvements will be needed in order to effectively
facilitate the delivery of large-scale wind, solar, and other utility-scale
renewables while also maintaining corridors for conventional systems
(Clements, 2016). Also, worth noting, the existing electric grid backbone
for most of the country was designed many years ago before renewables
and was not necessarily designed to account for two-way power flows.
The fluctuations in demand and supply create challenges for system
reliability and real challenges in the assessment of feasible renewable

energy resource mixes. Finally, fossil fuel and nuclear-based generations,
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which in the past operated at full capacity, will be taxed in responding to
these variable renewable resources (Trabish, 2016b).

2.7.1 Duck Curve Effect

On the other end of the spectrum, challenges exist with excessive
amounts of power generated at peak from solar and wind present issues
on the grid and should be considered in system design. Particularly out
west in states like California, solar farms are generating more power than
demanded driving electric prices to net zero, or below, at peak or even up
to $1,000/MWh when renewables are ramping down and requiring
peaker plants to accommodate. One avenue of combating these
variations has been the notion of battery storage. However, the cost-
effectiveness of battery storage has not been proven yet with some
reports indicating average costs around $285-$581/MWh in comparison
to $155-$227/MWh for gas peaker plants. These are real-time issues
states like California are attempting to mitigate and address periods of
excess power coming on the system, which happened 178 days in 2016
(Sweet, 2017). The challenge of addressing variable renewable energy
(VRE) requires new transmission infrastructure to bring in and out
variations on the system and attempt to normalize the overall grid.
Modeling of these impacts on the grid is still in the early stages,
incomplete and will change with emerging solutions and market

demands (Roberts, 2017).
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Specifically, wind and solar are not like conventional power
generators. Solar and wind energy cannot be turned on and off and
cannot be dispatched like conventional systems. Because of this, grid
operators continuously have to adjust inputs on the grid to accommodate
input. These variations on the system due to high levels of variation in
wind and solar generation is known as the duck curve in electricity load.
Figure 2-12 depicts the duck curve related to wind and solar inputs on a
given day.

28,000
24,000 1
24,000 1

22,000

& 20000
[~
F3
E 18,000
i ramp need
~13,000 MW
4,000 in three hours
2,000
0,000
4 Som dom Tom 12pm Tom o Pom

Figure 2-12: Duck Curve Showing VRE and Overgeneration Risk

(Roberts, 2016Db)

As depicted, you can see when more solar and wind energy pushes
the system during peak daylight hours, demand can be variably different

and vice versa at night when the sun is setting and demand is
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increasing. According to California Independent System Operator
(CAISO), symptoms of the duck curve include short steep rises requiring
the ability to quickly respond by bringing on or shutting down
conventional generation and periods of energy oversupply (Golden, 2016).
With large transmission network systems, utilities can mitigate these
issues by moving excess generation to other sites to help flatten the
curve. Additionally, the other strategy is battery storage that could allow
excess generation to be stored during daylight hours and put back on the
system during peak demands. Ultimately, large transmission
interconnections could assist wind variations and storage could assist
with high levels of solar generation (Roberts, 2016b). While battery
storage implementation is still in the early adopter phase, some have
suggested electric vehicles (EV’s) as a means to assist with these
fluctuations. Particularly, the flexibility to charge EV’s during high VRE
periods then releases energy back onto the grid during high demand
(Trabish, 20164a). In reality, addressing these challenges will require a
holistic planning approach to the grid and locational evaluations of
renewable energy inputs related to flexibility of the system, storage
needs, ability to export excess, respond to short steep shifts in load, and

capabilities to utilize EV’s to balance fluxes with VRE’s (Golden, 2016).
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2.8 Evaluation Methods

To maintain reliability of the grid, critical evaluations must be completed
on each renewable resource planning to be implemented on the grid.
Specifically, each resource is reviewed and their potential to provide
support services, such as load balancing and voltage and frequency
regulations (SEPA, 2016). Another metric considered is load carrying
capacity factor (LCCF). LCCF is a numerical value of a renewable energy
resource to its effectiveness to reduce peak load at specific locations with
specified load profiles. LCCF is very similar to capacity factor but geared
to assessing the locational applications within the grid. Another factor to
assess is the load shape of a given renewable resource. Depending on
selection, there are daily and seasonal variations that affect solar and
wind while other resources may perhaps be less influx and more
dispatchable. Regarding flexibility of the resource, utilities must assess
how long a given resource will be available each day and how long it
takes to ramp up or down to meet demand along with associated notice
to proceed. Operating constraints must also be weighed around
capabilities around location, size, and available times of input to delivery
power. For instance, rooftop solar provides very little assurance in
meeting peak demand late in the day (Trabish, 2016b).

Pepco has been actively considering evaluations means for
incorporating renewables on its system. Pepco notes they complete

technical evaluations for every interconnection on their power delivery
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system, looking at limits of resources, generation profiles, restrictions on

the system, and hosting capacity (Pepco, 2016b).

Several sources were found evaluating renewables through the use
of lifecycle cost which included upfront capital cost, O&M, and
retirement costs. Agencies such as NREL, DOEE, and EIA, have used
financial modeling to indicate the most cost-effective means of
implementing renewable energy in the U.S. With financial modeling,
utilities and policymakers can better assess the cost-benefit parameters
for their given service territories. See appendix C for sample of financial

information available from EIA.

2.9 Case Studies
In reviewing the feasibility of renewable resources, it is best to analyze
systems and strategies being implemented across the U.S. for possible
frameworks to reflect on. The following provides an overview of such
implementations seen across local states as well as states with high
penetration of renewables.

2.9.1 New York

New York is turning towards non-wire alternatives in an effort to
defer large capital investment by soliciting help from third-party
providers for grid solutions around solar, storage, demand management,
and microgrids. New York is also examining data points around their

system for possible interconnection of utility-scale renewables. Currently,
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New York has evaluated over 400 renewable interconnection studies and
determined two leading candidates to implement, a 2 MW solar PV farm
and a 450kW farm waste bio-digester (Walton, 2016).

2.9.2 California

California has been a leader in pushing renewable energy targets.
Currently, RPS goals have been pushed to 50% renewables by 2030, up
from 33% by 2020. There are several investor-owned utilities that must
meet these mandates including Pacific Gas & Electric, Southern
California Edison (SCE), and San Diego Gas & Electric.

2.9.2.1 Southern California Edison (SCE)

Southern California Edison recently requested $2.1 billion in
capital expenditure with the California Public Utilities Commission
(CPUC) towards projects to increase grid modernization expenditures
between 2018 and 2020 to facilitate renewable energy and enhance the
reliability of their system. Southern California Edison has also been
conducting locational value studies of renewables to pilot projects to
provide safe and reliable power while meeting RPS requirements
(Maloney, 2016).

To address issues with wind and solar overgeneration, some of
SCE’s recent projects have been the implementation of battery storage to
assist in flattening the duck curve. At their Mira Loma substation, a
massive project with 400 Tesla new Powerpack 2 was installed and one of

the first to use new battery pack technologies for utility-scale projects.
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With a capacity of 20MW/80MWh, Mira Loma substation can house

enough energy to provide power to 2,500 households for an entire day or

15,000 houses for several hours. With 15 million customers on SCE’s

system, the battery storage project would be used to charge during off-

peak hours and then deliver during peak hours to support reliability and

reduce dependency of conventional peaker plants (Lambert, 2017).
2.9.2.2 San Diego Gas & Electric (SDG&E)

In San Diego, SDG&E recently completed a 3S0MW/120MWh
battery storage project provided by AES Energy Storage at their
Escondido substation. This project marked the largest lithium-ion
battery storage system in the world (SD&E, 2017).

2.9.2.3 Pacific Gas & Electric (PG&E)

PG&E is credited with being one of the cleanest energy companies
in the U.S. In 2016, PG&E delivered ~33% of its energy from renewables
including solar, wind, geothermal, hydro, and biomass (PG&E, 2017). To
facilitate these renewables and mitigate duck curve effects, PG&E as also
implemented battery storage to mitigate the risks. Recently, PG&E began
the Browns Valley project to furnish battery storage through 22 Tesla
powerpack batteries that store .5MW and provide power to supply 380
homes at a given moment. While not as big as some of SCE or SDG&E
installations, PG&E notes batteries have been much quicker to bring
online in recent years at target location much quicker than building

conventional peaker plants in years past (Baker, 2017).
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2.9.3 Illinois

In Illinois, its new Clean Energy initiative is set to build 3,000MW
of solar and 1,300MW of wind over the next decade. Additionally, energy
reduction targets of 21.5% in ComEd’s service territory and 16 percent in
Ameren’s service territory are expected (Kenworthy, 2016).

2.9.4 Arizona

In Arizona, Exelon subsidiary Constellation and Mohave Electric
Cooperative completed a 13.8MW, 84 acres, solar project recently in Fort
Mohave, Arizona. The project joins another SMW solar project that was
completed in 2015 in Fort Mohave to help generate 38,000MWh of
electricity a year. As with most renewable installations, third-party
provider Constellation will own and operate the system and Mohave
Electric has completed a purchase power agreement to use the electricity
over the next 30 years (Power Engineering, 2017).

2.9.5 Delaware

Nearby in Delaware, Pepco Holdings subsidiary Delmarva Power
has partnered with Delaware State University to create a Renewable
Energy Education Center to help increase clean energy in the state and
meet the state’s RPS requirements of 25% renewables by 2025. The
center will work to baseline the state’s current energy usage and analyze
renewable potentials and infrastructure improvement needs. The center
was funded by grants established the merger commitments of the Exelon

Pepco Holdings merger (Milligan, 2017).
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2.9.6 Virginia

In Virginia, Dominion Virginia Power has established three new
solar PV farms that include 235,000 solar panels and produce S6 MW
capacity, enough to power 14,000 homes (Tolliver, 2017). Additionally, in
2016, Dominion installed an 80MW facility located on 1,000 acres in
Accomack County. This facility was established at Amazon’s request to
fuel their offices with 100% renewables (Kobbell, 2016). Overall in
Virginia, there is more than 400MW of solar PV operating capacity.
Dominion Energy’s current solar portfolio includes more than 25
facilities that serve 100,000 homes and businesses around the state.
Virginia also plans to bring on another 5,200MW of solar over the next
25 years (Dominion, 2017).

2.9.7 Maryland

In Maryland, it was recently announced the completion of
Maryland’s first net-zero school. Wilde Lake Middle School in Howard
County will generate the same amount of energy as it uses. This facility
includes 2,000 solar panels with 1,400 panels on the roof and 600 on the
ground (Slowey, 2017). Also in the academic setting, solar parking lots
were installed at the Community College of Baltimore County (CCBC).
Constellation Energy recently installed 5.1MW of solar PV capacity to
help supply 27% of CCBC’s power (Wheeler, 2015).

On the residential side, more homeowners are looking into means

of running renewable energy systems to supply their homes. With tax
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credits, rebates, and incentives, it is allowing homeowners to pursue
geothermal and solar residential systems that run between $25,000 to
$30,000 to purchase. These systems can help reduce electric bills by
more than half and allow customers to recoup costs within 10 years with

rebates and credits (Bleiweis, 2016).

While some residential customers may be hesitant to pay the steep
prices to invest in their own renewable systems, the state has established
a Community Solar Pilot program that may be better suited. Maryland’s
Community Solar Pilot program will provide upwards of 193MW of solar
on the system with a large number of projects ranging in 2MW or less.
These community solar projects will be located in service territories
where subscribers live and will become available in the coming years

(Hilderbrand, 2017).

2.10 District of Columbia Initiatives

In the District, there are a number of initiatives and pilot programs being
established to implement renewable energy. For instance, D.C. Water’s
Blue Plains microgrid project will house 7W of solar by December 31,
2018, as part of the Exelon Pepco merger commitments. Also, as part of
Exelon Pepco merger commitments, Exelon will solicit offers to purchase
100MW of wind generation within PJM’s service territory (DCPSC,

2017d).
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For the government sector, the District announced in December
2016 that it plans to add another 11.4MW of solar generation that will
increase the city’s generation capacity by 70%. These solar panels will sit
on city-owned buildings and parking lots and provide 3.5% of the
Department of General Services’ (DGS) total power needs (Government
Technology and Emergency Management, 2017). In 2015, the District
signed the largest ever municipal wind PPA to provide 35% of the local
government’s energy needs from wind farms in Pennsylvania. Under the
PPA, DGS has purchased 46 MW of wind capacity that will supply the
District with 125,000MWh of electricity a year, enough to power 12,000
District homes annually. Since 2012, the District government offices
have purchased 100% of its power through REC’s (DC.gov, 2015).

Elsewhere, the Washington Redskins have also implemented solar
PV systems to assist with clean energy. In 2011, the Redskins installed
8,000 solar panels with a capacity of 2MW on their parking lots that
generate 24,5000MWh of electricity a year (DOEE, 2015). In comparison,
the largest solar energy installation in the District is located on the roof
of the DOEE’s Forrestal headquarters building and produces 230MWh of
electricity a year (EIA, 2017a). Most installations in the District are
relatively small in comparison with rural areas due to land constraints.
Commercial facilities are attempting to reduce their carbon footprint
such as the Phyllis Wheatley YMCA complex in D.C. that has mounted

32kW of solar capacity its building’s roof (EERE, 2017).
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2.10.1 Modernizing the Energy Delivery System for Increased

Sustainability (MEDSIS) Initiative

In June 2015, the DCPSC opened a proceeding for the purposes of
examining and identifying systems and policies to facilitate modernizing
the energy delivery systems for increased sustainability (MEDSIS) and
making the grid more reliable, cost-effective, and interactive (DCPSC,
2017b). The MEDSIS initiative grew out of response to intervenors’
request to Pepco’s rate case and Notice of Construction request for a new
substation in 2015. With the MEDSIS initiative, DCPSC staff is soliciting
input from an array of stakeholders regarding ways to modernize the grid
and establish energy efficiency solutions in the District. Figure 2-13

depicts the District of Columbia’s existing energy system.
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Figure 2-13: The District of Columbia’s Energy Systems
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To-date, the DCPSC has noted that while other states, like New
York and California, have taken similar approaches to modernization
next steps, they have not found a grid modernization model that could be
imported wholesale (Maloney, 2017). Due to land constraints in the
District, there isn’t enough land available for large-scale renewable
projects, so the DCPSC is interested looking into DER’s and microgrids to
address aging distribution systems with modern technologies including
rooftop solar and energy efficiency upgrades (Hiberbrand, 2017). As a
result of the Exelon Pepco merger, DCPSC has a $21.5M in funding to
support pilot projects in the near future to support modernization efforts.
With MEDSIS, DCPSC is attempting to examine issues around system
planning, regulatory models, and rate design that will need to be
addressed to proliferate more renewables on the grid. DCPSC does
caution the cost-effectiveness of such measures and points to ratepayers
in Hawalii that are now paying three times what District ratepayers pay
due to their renewable energy requirements (DCPSC, 2017b).

Notably, the Office of People’s Counsel (OPC), has voiced there is
very little established around consumer protection in DCPSC MEDSIS
initial reports so far. Specifically, around consumer complaints with solar
companies failing to explain PPA’s or leasing agreements for residential
installations thoroughly. Moreover, the inflating estimates of residential

solar installs and interconnection fees and lead times. DOEE has also
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mentioned DCPSC’s MEDSIS initiative lacks vision of a modern system
and fails to lay out a roadmap to modernize (Ciampoli, 2017).

2.11 District of Columbia’s Renewable Opportunities / Potentials
To understand potential thresholds for various systems, feasibility
analysis has been completed by DOEE, SEIA, and NREL in determining
D.C. specific system integration. Potential solar data located on DOEE’s
Mapdwell Solar System database list opportunities for the District to
meet approximately 2,000MW of solar, ~20% of their current annual
energy demand. Figure 2-14 depicts current statistics for the District’s
solar potentials and Figure 2-15 depicts the interactive map available to

assess each roof’s ultimate capacity in the District.
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Figure 2-14: District of Columbia’s Full Statistics (Mapdwell, 2017)
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Figure 2-15: DOEE’s Mapdwell Solar System Interactive Map (Mapdwell,

2017)

Current large-scale solar projects completed around the District can

be found on Solar Energy Industries Association (SEIA) website as shown

in Figure 2-16. 2016 Facts around the District’s current solar industry

are also provided by SEIA as followed:

Solar Installed: 25.6 MW (9.0 MW in 2016)

National Ranking: 37th (36th in 2016)

State Homes Powered by Solar: 2,792

Solar Jobs and Ranking: 1,180 (33rd in 2016)

Solar Companies in State: 148 companies total; 4
Manufacturers, 27 Installers/Developers, 117 Others

Total Solar Investment in State: $84.46 million ($18.96 million
in 2016)

Price Declines: 64% over last 5 years

Growth Projections and Ranking: 100 MW over next 5 years
(ranks 40th) — Figure 2-17 depicts growth projections.
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Figure 2-17: Forecasted Solar Installations Outlined (SEIA, 2017)
The DOEE published a report in 2015 on the renewable energy
potentials in the District of Columbia and examined inputs on the
geography from an NREL renewable energy potential study conducted in
2012 as well as conducted by their own outside consultants GDS
Associates (DOEE, 2015). The following table shown on Figure 2-18

provides the results of the potentials conducted by their consultants and
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provided by NREL. Note, some variations between GDS and NREL exist.
For instance, on solar, where DOEE/GDS factored in constraints
associated with shading, rooftop obstructions, and generalizations of

availability.

TABLE 1-1: Technical Potential for Renewable Energy Technologies in the District of Columbia (Generation Potential)

GDS- Megawatt Hour MREL- Megawatt Hour GDS Megawatt NREL- Megawatt
(MWh) (MWh) (vwv)
Rooftop Photovoltaics 1,488,767 2,490,000 1,196 2,000
Urban Utility Scale
) §,000 8,000 <1,000 <1,000
Photovoltaics
Onshore Wind 0 0 0 0
Offshore Wind MA A A A
Geothermal
658,000 698,000 =1,000 <1,000
(Deep Earth)
Geothermal Heat
30 A <1,000 A
Pump
Hydro 5475 <1,000 0125 <1,000
Biomass 84,649 66,000 115 <1,000

Figure 2-18: Renewable Energy Generation Potentials in the District
(DOEE, 2015)

2.12 Summary

This literature review focused on the background of different types of
RPS eligible resources, goals and challenges across the U.S., systems
implemented, and local potentials within D.C. This chapter also
discussed previous research done in RPS analysis and impacts to
utilities and ratepayers. While knowledge gaps exist in determining

feasible means in meeting RPS goals in the District, the next chapter will
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present details on how utilities and policymakers can focus their efforts
in meeting RPS requirements. Understanding these details is important

to avoid costly alternative compliance payments in the future.

Though studies have quantified renewable energy resource
potentials, analysis have yet to be done to identify avenues for meeting
RPS requirements with resources in, or surrounding, D.C. The next
chapter will introduce research methodology and identify independent

variables used in the development of the financial impact models.
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Chapter 3: Methods

3.1 Research Methodology

To accurately assess the feasibility of meeting RPS goals in the district,
the literature review provided key inputs to use and the framework for
assessing. Additionally, utility industry expert questionnaires were
conducted to better understand what tools and techniques are utilized
and best used in meeting RPS goals. This research will introduce the
methodologies used to assess RPS goals and present the findings of

industry questionnaires.

In order to examine feasible renewable energy source options to
achieve renewable energy objectives, the primary resources that were
used to conduct the following analysis came from National Renewable
Energy Laboratory (NREL), U.S. Energy Information Administration (EIA),
and District of Columbia Public Service Commission. Data collected was
normalized for energy and environmental data specific to the District of
Columbia and translated to MWh for the purpose of measuring power
and cost for accurate variance comparisons and to reduce data
redundancy. By analyzing the cost and suitability of renewable and
alternative energy sources through financial modeling, this methodology
will pose the feasibility of reaching RPS targets locally in the District as

well as outside of the District using Renewable Energy Credits (REC’s).
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The levelized cost for renewable energy resources will be examined
with its components by combining data collected through NREL, EIA,
and DCPSC, in order to fully understand appropriate investment criteria
and offer recommendations for selection of cost-effective, resilient and
scalable alternative energy portfolio. Available renewable energy
generators and REC payments will be assessed to discern feasibility of

compliance resources external to the District.

Assumptions for the analysis included utilizing the current
electricity demand in the District as a steady state. To determine MWh’s
needed to meet compliance through 2032, 2016 retail sales of 11.286
million MWh will be used as the baseline given load has been relatively
consistent over the last few years and significant increases or decreases
are not projected (DCPSC, 2017d). Financial modeling conducted is
based on current markets and utilize current costs of applications
without predictions of large variances in the near and distant future.
3.2 Utility Industry Expert Input
Questionnaires were also conducted with industry experts from across
the U.S. Questions were designed to better understand RPS goals,
compliance, evaluation methods, challenges, and opportunities faced
around the country. Utility professional input was obtained from the
following companies and a sample of responses provided below:

» Energy Northwest

» Idaho Power
» National Renewable Energy Laboratory (NREL)
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VVVY

1)

2)

3)

Pacific Gas & Electric
PJM

Salt River Project
Seattle City Power Light

What renewable energy goals/RPS targets do you have?

> “No RPS goals beyond our current resource mix”

> “15% by 2020.”

> “State of Washington — 15% by 2020. For Energy Northwest, we
are developing demand voltage reduction programs for our
members. This is demand side management.”

> “50% by 2030. Trending potentially up to 100% by 2050.”

> “None — PJM Transmission Owners (TO’s), aka investor-owned
utilities (IOUs), are required to meet individual state
requirements.”

> “N/A. We are 100% hydro.”

> “20% by 2020.”

> “PJM covers 13 states and Washington DC. Most, if not all, have
a RPS renewable goal/target or requirement.”

How do you evaluate the renewable energy system options?

> “Our pricing is such we continue to get more than we can use.
We have investigated end of feeder solar/battery for voltage control
versus reconductor.”

> “Cost to integrate. Environmental impacts. Least cost for base
resources. Location. Transmission capacity needs.”

> “1. Applicability (in WA State solar insolation is 18% capacity
factor so not so good). Also, no geothermal in WA. 2. Cost —
including state and federal incentives.”

> “Based on variety of factors including price, proximity to
transmission interconnection, size, and type of renewables.”

> “PJM Transmission Owners perform this function.”

> “Availability, costs, design and construction reviews, maturity,
customer preference.”

> “PJM treats all resources in a nondiscriminatory manner.
However, wind and solar eligible to be granted reduced capacity
rights, i.e. 13% wind, 38% solar of max capable output.”

How do you determine which are feasible, i.e. conduct feasibility
analysis?

> “Cost basis balanced with need to R&D.”
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4)

S)

6)

> “Impact on rates. Ability to integrate. Available transmission.
Length to build relative to need.”

> “Typically by pilot and demonstration projects.”

> “PJM TO responsibility.”

> “Cross functional teams weighing in on pros and cons.”

> “Conduct feasibility study, impact study, and facility study.
Feasibility study is high level. Impact is full range of studies.
Facility is primarily better cost estimate to interconnect.”

Where do you find the data to conduct analysis?

> “Varies. We are conducting a pilot for alternatives to reconductor
for end of feeder voltage issues.”

> “Integrated Resource Planning (IRP) team does this. Generating
Availability Data System (GADS). Electric Power Research Institute
(EPRI).”

>” EIA (US Energy Information Administration) is an excellent
source. Other energy sources include Electric Power Research
Institute (EPRI), Pacific Northwest National Laboratory (PNNL), and
National Renewable Energy Laboratory (NREL). Also, we have our
own pilot projects. We also use information from vendors and
contractors.”

> “PJM TO responsibility.”

> “Industry networking, research groups, and vendors.”

> “PJM requires entities to provide all generator data. PdJM
interconnect has detailed procedures for developing base case for
system studies.”

What does your data look like and how do you use it?

“Not sure. In development.”

“Don’t know. In development.”

“This is a good question for R&D labs and universities.”
“N/A”

“PJM TO responsibility.”

“N/A”

“All data is complete to conduct load flow, short circuit and
stability analysis.”

V V.V V V VYV

How do you measure /model the solutions?

> “Not sure how we model them, still in development, we are
looking to pilot some alternatives. Solar and battery specific.’
> “Production cost model (AURORA).

Energy/capacity /Transmission adequacy (e.g. loss of load,
probability.)

)
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> “Models are developed by Engineers based on empirical data.
Empirical data comes from basic research (either public or
private).”

> “Modeling required for facilities > 20MW.”

> “Integrated Planning Model (IPM)”

> “Any impacts of generation interconnection are addressed by
Transmission owner solution and the generation customer is
responsible to pay for the upgrades and interconnection facilities.”

7) What are the metrics you use? Cloud coverage, snowfall,
solar/wind maps, height/zoning restrictions, etc.?

> “All of the examples play into capacity factors ability to site and
deliver.”

> “All of these — See #4 for sources.”

> “Forecasting contracted out to vendor in Germany. Wind and
solar forecasting. Trending/forecasting available to System
Operators.”

> “All the same criteria used to study the system for annual load
growth are used for generator interconnection.”

8) What are the renewable energy sources you use? How do they
compare against solar?

> “Hydro, biomass, geothermal. Reliable in some cases (hydro)
dispatchable wind and solar require regulating capacity relative to
total penetration.”

> “Wind /Hydro (from Pacific Northwest) Wind has better capacity
factor and new hydro is not feasible.”

> “Solar is not big in WA state due to poor insolation factors. Wind
is much better. Tidal power in Puget Sound has huge potential.
Also, we are big on demand response.”

> “Solar, wind, geothermal, small hydro, biomass, etc.”

> “Wind, solar, biomass, and hydro resources are a small portion
of PUJM capacity.”

> “Solar, wind, hydro, geothermal, biomass.”

> “PJM resources include wind, solar, hydro, landfill, and

biomass.”
9) If one is the preferred vs. others, how do you model to test the
assertion?
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10)

11)

> “Portfolio least cost and feasible.”

> Much of the modeling has already been done by R&D labs and
universities. Also, proprietary research by manufacturers.”

> “PJM TO’s perform this analysis.”

> “No preference.”

How do you address concerns with duck curve issues or peak
demand needs?

> “We do not have a method to address economics but can curtail
solar and wind for reliability when in an over generation situation.”
> “Cost integration.”

> “Duck curve is currently only a phenomenon in California. Peak
demand in WA is addressed by simple cycle gas turbines.”

> “Not accustomed. Basically, managing the grid demand with
California Independent System Operator (CAISO) and generation.”
> “Not enough solar in PJM footprint to result in a duck curve
condition.”

> “Peaker plants.”

> “Not yet a problem but PJM requires each generation customer to
provide meteorological data to develop forecasts of output.”

Additional insights? Owner vs. third-party owned? Overcoming
challenges?

> “Other than the feeder voltage pilots, all solar and wind are third-
party owned.”

> “1. California is currently an experiment in progress. It may or
may not wind up like Germany (high prices for power — now
burning more fossil fuel since they decommissioned nuclear). 2.
Because WA state power prices are so low, many independent
power producers (IPP’s) can no longer recover fixed costs which is a
huge problem.”

> “Most of our renewables are third party through power purchase
agreement (PPA’s).”

> “Current focus: forecasting accuracy and metering visibility of
non-capacity behind the meter (BTM) resources.”

> “We will typically put out an request for proposal (RFP) for larger
MW plants. Managing interconnection process has been a
challenge.”

> “The study process can take a long time and PJM and TO’s must
validate results.”
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3.2.1 Expert Questionnaire Summary

Based on the questionnaires conducted, RPS goals and challenges
vary greatly from state to state and no wholesale application was
determined to be available for implementing. Many utility evaluation
models are still in the developmental stages and most respondents
indicated price comparison modeling to be the underlying factor for
selection. Respondents indicated a mix of renewable energy resources on
their system with no single resource identified as the leading resource.
Due to the early stages of renewable energy system implementation,
many respondents did not express insoluble challenges beyond solar and
wind not being dispatchable resources and low capacity ratings. Upon
completion of questionnaires and literature review, financial modeling
was determined to be the best method for determining RPS requirement
feasibility and resource portfolio mix and was used to analyze RPS locally
in the District as well as outside of the District using renewable energy
credits (REC’s). By using financial modeling, we can determine the most

optimal energy portfolio mix and most cost prudent avenues.

3.3 Renewable Implementation in the District

To assess the feasibility of renewable energy in the District, potentials
were derived from NREL’s renewable energy potential technical report
published in 2012, shown in appendix B, and the levelized cost of energy

and capacity factors for each renewable system published in EIA’s
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annual energy outlook report in 2017. Table 3-1 shows the utmost

potentials for the District indicated by NREL.

Table 3-1: Technical Potentials for Renewable Energy System in the

District (NREL, 2012).

Renewable Energy System Megawatt Hours (MWh)
Urban Utility Scale Photovoltaics 8,000
Rural Utility Scale Photovoltaics 0

Rooftop Photovoltaics 2,490,000
Concentrating Solar Power 0
Onshore Wind 0
Offshore Wind 0
Biomass 66,000
Geothermal 698,000
Hydropower (<1,000 MWh) 1,000
Total Generation Potential 3,263,000

Based on renewable energy generation potentials in the District
provided by NREL, there is a potential to meet up to 3.264 million MWh
of energy through the use of renewables (NREL,2012). This could equate
to ~29% renewable energy in the District based on 11.286 million MWh
annual demand, while falling significantly short of the 50% renewable
RPS requirements. The values presented by NREL have also factored in
capacity factors in their output and are not necessarily nameplate
capacity ratings. For instance, based on the solar PV’s capacity factor of
0.25 provided by EIA, systems installed would need to have a nameplate
capacity rating four times higher than projected potential output. Table

3-2 shows capacity factors for renewable energy systems in EIA’s annual
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energy outlook report for 2017 and the calculated nameplate capacity
needed to meet technical potentials.
Table 3-2: Rated Capacity Needed to Meet Technical Potentials in

the District.

Renewable Energy System Megawatt Hours (MWh) ::ZZTZ gaa::z?c:?:eMWh)
Urban Utility Scale Photovoltaics 8,000 25% 32,000

Rooftop Photovoltaics 2,490,000 25% 9,960,000
Biomass 66,000 83% 79,518
Geothermal (Enhanced Deep Earth) 698,000 90% 775,556
Hydropower (<1,000 MWh) 1,000 60% 1,667

Total Generation Potential 3,264,000 - 10,848,740

Nameplate Capacity(MWh) = (1/Capacity Factor) x Technical Potential MWh’s (3-1)

To determine the prudency and cost-effectiveness of renewable
systems implementation, the levelized cost of electricity (LCOE) can be
used to compare each system’s cost competitiveness. The LCOE of each
system has been developed by the EIA as a measure of each generation
technologies’ cost competitiveness. The LCOE represents the MWh cost of
constructing and maintaining a generation system over its lifecycle which
includes capital, fuel, operation and maintenance, and financing costs.
The LCOE of a system is subject to changes based on incentives, local
state and federal tax credits, and fluctuations in fuel prices. Table 3-3
shows the LCOE values representative of technical potentials in the
District and the calculated costs per MWh annually.

Table 3-3: Levelized cost of electricity (LCOE) of Technical Potentials in

the District.
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Renewable Energy System Megawatt Hours (MWh) (Sg;;:w;)c OE I“(:It:\;;;:&ﬁ Costs
Urban Utility Scale Photovoltaics 8,000 $85.0 $680,000
Rooftop Photovoltaics 2,490,000 $85.0 $211,650,000
Biomass 66,000 $102.4 $6,758,400
Geothermal (Enhanced Deep Earth) 698,000 $46.5 $32,457,000
Hydropower (<1,000 MWh) 1,000 $66.2 $66,200

Total Generation Potential 3,264,000 - $251,611,600

Total LCOE Cost(MWh/YR) = System LCOE ($/MWh) x Technical Potential MWh’s
3.4 Renewable Generation Outside the District .
To meet RPS goals given constraints in DC, utilities are allowed to meet
requirements through REC’s from generators outside of the District. As
of April 2017, there were 5,342 eligible renewable generators approved by
the DCPSC that meet compliance with the District’s RPS renewable
goals, see appendix A for screenshot sample of list. For solar carve-out
compliance, there were 5,164 solar systems eligible with 2,879 systems
located in the District. Of note regarding local solar carve-out, solar
systems built prior to 2011 around the District were acceptable to use for
solar RPS requirements as part of the Distributed Generation

Amendment Act of 2011 and all solar installed after 2011 would need to

be located in the District to comply (DCPSC, 2017c)

In determining current renewable thresholds, potentials, and
associated REC payments, DCPSC RPS compliance report for 2016 was
utilized. Information obtained through the report included price of
reported REC compliance (Table 3-4), number and capacity of renewable

generators certified for RPS compliance (Table 3-5 & Table 3-6), REC’s
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submitted for 2016 RPS compliance (Table 3-7), and PJM Resource Mix

(Table 3-8).

Average Price of Reported Compliance RECs

2008 2009 2010 2011 2012 2013 2014 2015 2016

Tier| Resoume

Black Liquor $0.64 $1.30 $0.90 5194 5274 §2.18 $1.81 5120 $1.09

Methane from Landill Gas $0.84 5082 $1.51 $1.42 5222 §2.51 $2.46 §2.84 $2.44

Wind 5124 5047 NA 5267 5237 $2.36 5205 52.15 5187

Wood Waste $074 5060 5067 $158 82711 §2.40 s207 §162 $126

Nonsolar Tier | (out-ofstate solar) NA NA NA NA NA NA NA §1.00 $2.18
Solar Carve-Out NA 542690 $35180 $300.16 §32759 $364.75 541650 $436.12 $47718
Tier [l Resource

Hydroeledric $0.55 5059 $0.41 5050 $0.60 §1.12 $1.13 5052 $0.49

Black Liquor NA NA NA NA NA NA NA NA $2.20

Wood Waste NA NA NA NA NA NA NA NA $1.75

Municipal Solid Waste $07 5066 5078 5043 5060 NA NA NA NA

¥ A REC represents one megawatt-hour of electricity attributable to a particular renewable resource.
Prior to 2014, not all of the electricity suppliers fully reported their REC prices. Recent solar REC (“SREC™)

prices from the Flett Exchange are trading around $470 per REC.

Table 3-4: Average Price of Reported Compliance REC’s (DCPSC, 2017d)

Mumber of Renewable Generators Certified for the District's RPS Program by Fuel Type and Location
(as of April 7, 2017)

Table 3-5: Number of Renewable Generators Certified for the District’s

Methane from
landfill or
waste water Solar Y Solar
Biomass | Hydroelectric treatment Solar PV {NSTI) Thermal ‘Wind Tota

District of Columbia 1 2,769 110 2,880
Alabama 2 2
Delaware 2 149 1 152
Georgia 3 1 4
lowa 1 2 3
Illinois 2 22 7 14 45
Indiana 15 42 10 &7
Kentucky 2 6 55 1 1 &5
Maryland 1 2 227 2 10 242
Michigan 1 a ] 10
Missouri 1 3 5 12
North Carolina a4 1 78 78 161
New Jersey 3 g
New York 1 28 1 30
Ohio 2 1 2 123 1 4 3 141
Pennsylvania 4 8 812 16 & 946
Tennessee 1 1
Virginia -] 9 13 373 120 521
Wisconsin 1 1 11 13
West Virginia 6 24 6 3 39

Taotal 19 30 74 4,817 12 347 43 5,342

Mote: Biomass incodes black liquor and wood/'wood waste.

RPS Program (DCPSC, 2017d)
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Capacity (MW} of Renewable Generators Certified for the District's RPS Program by Fuel Type and Location
{as of April 7, 2017)

[
Methane from
landfill or
waste water Solar PV Solar
Biomass | Hydroelectric | treatment Solar PV | (NSTI) | Thermal | Wind Total

District of Columbia 10.0 28.6 5.2 43.8
Alabama 137.3 137.3
Delaware 7.4 1.2 0.0 8.6
Georgia 284.4 38.7 323.1
lowa 2.0 201.7 203.6
Illinois 17.8 114.4 0.5 1,614.2 1,746.8
Indiana 47.2 0.2 1,482.4 1,529.8
Kentucky 148.0 18.4 0.2 141 0.0 180.6
Maryland 65.0 494.0 1.7 0.0 0.0 560.7
Michigan 103.0 33.0 0.0 136.0
Missouri 5.6 19.3 305.0 329.9
North Carolina 215.2 5.0 1.7 0.2 222.2
New Jersey 0.2 0.2
New York 34.8 0.4 0.0 35.2
Ohio 109.3 47.4 8.0 1.2 0.0 0.0 412.0 577.9
Pennsylvania 467.5 72.2 10.3 0.0 371.0 921.0
Tennessee 50.0 50.0
Virginia 398.7 147.2 94.1 2.2 0.4 642.6
Wisconsin 44.6 9.1 0.1 53.8
West Virginia 194.6 0.1 0.0 462.1 656.9

Total| 1,340.3 1,627.6 415.3 48.7 74.1 5.9 4,848.3 8,360.2

Note: Biomass includes black liquor and wood/wood waste.

Table 3-6: Capacity of Renewable Generators Certified for the District’s

RPS Program (DCPSC, 2017d)

Renewable Energy Credits Submitted for 2016 Compliance

No. of RECs | Share of Tier

Tier | Resource
Black Liquor 183,749 13.6%
Methane from Landfill Gas 189,345 14.0%
Wind 451,607 33.5%
Wood Wastz 414 275 30.7%
MNorn-Solar Tier | (out-of-state solar) 47 400 3.5%
Solar Cane-Cut 62173 4 6%
Total Tier | and Solar Canve-Cut 1,348 549 100.0%%

Tier |l Resource
Hydroelectric 205,670 92 0%
Black Liquor 4 867 2.2%
Wood Waste 12,935 5.8%
Municipal Solid Waste - 0.0%
Total Tier |l 223472 100.0%

Tofal Tier |, Solar Care-0ut, and Tier || 1,572,021

Table 3-7: Renewable Energy Credits Submitted for 2016 Compliance

(DCPSC, 2017d)
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PJM System Fuel Mix

2016

Fuel Share
Coal 34.26%
Nuclear 34.70%
Natural Gas 26.34%
Oil 0.20%
Hydroelectric 1.04%
Other Renewable 3.42%
Captured Methane Gas (Landfill or Coal Mine) 0.32%
Geothermal 0.00%
Solar PV 0.13%
Municipal Solid Waste 0.52%
Wind 2.23%
Wood, other biomass 0.23%
Total Renewable Resources 4.46%
Total 100.00%

Source: PIM-EIS GATS

Table 3-8: PJM System Fuel Mix (DCPSC, 2017d)

To visualize the current list of eligible renewable energy providers,
Figure 3-1 was created to show the types of resources available from

each state and listed MW amounts.

D.C. Eligible RPS Providers by State (MW) Capacity
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Figure 3-1: D.C. Eligible RPS Providers by State (MW) Capacity



Utilizing the available list of 5,342 renewable energy generators
eligible for RPS compliance through DCPSC, Table 3-9 was generated
using the summation of eligible generators to provide the current
available MWh nameplate capacities.

Table 3-9: DC RPS Eligible (MWh) Rated Capacity Available

RPS Eligible (MWh) Grand Total
Black Liquor 221,409
Black Liquor, Wood Waste 2,121,453
Hydroelectric 3,564,356
Methane from landfill 887,607
Methane from waste water treatment 21,900
Solar PV 277,458
Solar PV (NSTI) 162,308
Solar Thermal 12,964
Wind 10,617,777
Grand Total 18,317,319

Taking into account the information listed with DCPSC was MW
rated capacity, normalizing the data to include capacity factors from EIA
was completed to show the true amount of MWh available for REC RPS
eligible compliance as shown on Table 3-10.

Table 3-10: DC RPS Eligible (MWh) Normalized Capacity Available

RPS Eligible (MWh) Grand Total E:Z?:rity :\:;\rlm"zed Py
Black Liquor 221,409 83% 183,769.47

Black Liquor, Wood Waste 2,121,453 83% 1,760,805.99
Hydroelectric 3,564,356 59% 2,102,970.28
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Methane from landfill 887,607 83% 736,713.81
Methane from waste water treatment 21,900 83% 18,177.00
Solar PV 277,458 24% 66,589.94
Solar PV (NSTI) 162,308 24% 38,954.03
Solar Thermal 12,964 20% 2,592.71
Wind 10,617,777 59% 6,264,488.43
Grand Total 18,317,319 ) 11,175,062

Normalized Capacity (MWh) = (1/Capacity Factor) x RPS Eligible MWh  (3-3)
Based on the available eligible RPS renewable generators currently
registered with DCPSC, the District has the potential to meet up to
11.175 million MWh of renewable energy, or ~99% of its total 11.286
million MWh annual demand, utilizing REC’s. Factoring in cost of REC’s
per MWh, Table 3-11 shows REC costs for each renewable energy system

and the projected annual total costs of meeting 99% renewables.

Table 3-11: DC RPS Eligible (MWh) REC Costs

RPS Eligible (MWh) 2:;;?:3?:”Wh) $ per MWh/REC | Total REC Costs
Black Liquor 183,769 $1.09 $200,309
Black Liquor, Wood Waste 1,760,806 $1.26 $2,218,616
Hydroelectric 2,102,970 $0.49 $1,030,455
Methane from landfill 736,714 $2.44 $1,797,582
Methane from waste water treatment 18.177 S2.44 $44,352
Solar PV 66,590 $477.18 $31,775,387
Solar PV (NSTI) 38,954 $2.18 $84,920
Solar Thermal 2,593 $2.18 $5,652
Wind 6,264,488 $1.87 $11,714,593
Grand Total 11,175,062 $48,871,866

Total REC Costs = Normalized Capacity x REC Cost per MWh (3-4)
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Of all the RPS resources, solar carve-out REC’s are the highest to
buy due to supply and demand. Figure 3-2 shows a comparison of the
average price of REC’s by resource and Figure 3-3 shows the amount of
MWh’s needed annually for RPS resources and solar carve-out
requirements. Projected annual cost for RPS compliance through REC’s

will be detailed in the next chapter.

Average REC Price per RPS Resource Type

$600.00
$500.00 $477.18
$400.00
$300.00
$200.00
$100.00

$0.00 50.49 $1.26 $1.87 $2.18 $2.44

Figure 3-2: Average REC Price per RPS Resource Type

58



Renewable Energy Annual RPS Compliance
Requirements (MWh's)
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Figure 3-3: Renewable Energy Annual RPS Compliance Requirements

(MWh's)
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Chapter 4: Results and Analysis
4.1 Renewable Implementation in the District

As noted in Chapter 3, based on the analysis of renewable energy
generation potentials in the District, there is an utmost potential to meet
up to 3.264 million MWh of energy through the use of renewables which
equates to ~29% renewable energy in the District based on 11.286
million MWh annual demand, shown in Figure 4-1. With RPS goals of
50% by 2032, this is well short of the desired goals alone. Moreover, the
current renewable capacity for District-based generation is only at
~44MW or ~96 thousand MWh which is equal to less than ~0.01% of
demand. This is a steep hill to climb over the coming years and while
pilot projects may lead to increased District based renewable generation,
the more probable means of reaching RPS goals is through the use of

REC’s.

RPS Technical Potential Capacities (MWh)
in District of Columbia

ANNUAL LOAD DEMAND 11,286,000
TOTAL GENERATION POTENTIAL | 3,264,000
HYDROPOWER (<1,000 MWH) 1,000
GEOTHERMAL 698,000
BIOMASS 66,000

ROOFTOP PHOTOVOLTAICS 2,490,000

URBAN UTILITY SCALE PHOTOVOLTAICS 8,000

4,000,000 8,000,000 12,000,000
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Figure 4-1: RPS Technical Potential Capacities (MWh) in District of
Columbia

4.2 Renewable Generation Outside the District

As noted in Chapter 3, with 5,342 renewable energy generators currently
eligible for RPS compliance through DCPSC, the District is able to
achieve 11.175 million MWh of energy through the use of REC’s and
reach ~99% renewable energy utilization of the 11.286 million MWh
annual demand by means of REC’s, shown in Figure 4-2. While RPS
targets only need to meet 50% renewables by 2032, there is an
abundance of REC’s available of which utilities can competitively select
from. Ultimately, utilities will select the most cost-effective means while
taking into account the reliability of the electric grid.

To meet 50% renewables, the target amount of 5.643 million MWh
must be achieved. Of the REC’s available, wind alone could meet these
needs with already 6.264 million MWh obtainable. However, the most
cost-effective means of achieving 50% renewable compliance would be
through a portfolio with the use of hydro, biomass (black liquor, wood
waste), and wind. Figure 4-3 shows projected REC cost payments by year
not including solar carve-out. This figure was derived by taking the
annual RPS compliance percentages compared to annual load demand
and the feasible cost effective eligible RPS generators to meet
requirements. Ultimately, the biggest cost bearing of meeting RPS targets

will be around the 5% solar carve-out compliance with REC prices close
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to $500/MWh. Figure 4-4 shows projected REC cost payments by year

with solar carve-out requirements. Today, only 66.5 thousand MWh are

obtainable and meeting the 5% target, equal to 564.3 thousand MWHh, is

the biggest vulnerability the District must improve on to avoid paying

costly alternative compliance fees.

Normalized RPS Eligible Resource Capacity (MWh)
Outside District of Columbia

ANNUAL LOAD DEMAND
RPS ELIGBLE TOTAL
WIND

SOLAR THERMAL

SOLAR PV (NSTI)

SOLAR PV

METHANE FROM WASTE WATER...

METHANE FROM LANDFILL
HYDROELECTRIC

BLACK LIQUOR, WOOD WASTE
BLACK LIQUOR

11,286,000

11,175,062
6,264,488.43

2,592.71

38,954.03

66,589.94

18,177.00

736,713.81

2,102,970.28

1,760,805.99

183,769.47

4,000,000.00  8,000,000.00 12,000,000.00

Figure 4-2: Normalized RPS Eligible Resource Capacity (MWh) Outside

District of Columbia
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RPS Compliance Using Cost Effective REC Resources
(Solar Carve-Out Not Included)
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Figure 4-3 RPS Compliance Using Cost Effective REC Resources

(Solar Carve-Out Not Included)

RPS Compliance Using Cost Effective REC Resource
(With Solar Carve-Out)
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Figure 4-4 RPS Compliance Using Cost Effective REC Resources
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Chapter 5: Discussion/Conclusion

5.1 Conclusion

The research conducted allowed for the analysis of potential thresholds
for RPS compliance and financial modeling of resources mixes in and
around the District. Today, there are already more than enough
renewable energy generators outside the District that can provide REC’s
to exceed the 2032 RPS target goal of 50% renewables. However, the 5%
solar carve-out target requires significant steps to achieve the RPS goal
while utilities and regulators face challenges related to system stability,
technical capacity to appropriately model load flows, lack of operational
control with solar, and lack of holistic ability to forecast. The research
methods applied can allow utilities and policymakers to effectively decide
which avenues are feasible and cost effective to focus implementation
efforts towards meeting Renewable Portfolio Standard Expansion
Amendment Act of 2016 (B21-0650).

5.2 Recommendation

Solar generation in the District should be kept at the forefront of
analysis. Given the ability to meet 50% renewable thresholds, the solar
carve-out portion will take collective efforts from all stakeholders to
achieve. With LCOE costs for solar PV at $85/MWh, SREC’s at
$477/MWh, and ACF’s at $500/MWh, the biggest cost adverse factor for
RPS requirements is solar carve-out compliance. For considerations to

increase these values, the use of solar PV may need to be implemented in
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nonconventional ways. One way a neighboring utility, Public Service
Electric and Gas Company (PSE&G) in New Jersey, is keeping up with
renewable goals is with the installation of solar panels on distribution
utility poles. Under PSE&G’s solar for all initiative, they have installed
solar panels on utility poles across their service territory to generate up
to 40MW of solar energy (MacKenzie, 2014). Each solar panel installed
can produce 200W of electricity and given Pepco’s 641 miles of overhead
distribution, could mean up to 32,050 poles where installation could
increase generation potential resulting in an additional 6.5MW of
generation. Additional avenues to consider for increased solar
penetration in the District is solar street lighting. With 70,000
streetlights in the District, installation of solar panels could be an
additional 14MW on the system. A commitment to increasing the amount
of solar power through the use of viable rooftops, parking lots, utility
poles, and brownfield areas is paramount to meeting the solar carve-out
requirements.

5.3 Limitations

This analysis was conducted with information that is available publicly
for use. Proprietary utility modeling methodology and location hosting
capacity and the analysis of the information could not be assessed at this
time due to the confidentiality of Critical Energy/Electric Infrastructure
Information (CEII). While this research was intended to assist with laying

the ground-work for grid modernization steps in the District, locational
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assessments will be needed to effectively vet renewable systems
implementation in the District.
5.4 Future Work
Simply put, a holistic approach to integrating renewables and ensuring
system reliability and resiliency is required. The DCPSC should
establish regular working group sessions to develop methodology for
assessing the locational value of renewables in the District. Today, there
does not exist a methodology that can be imported in wholesale for grid
modernization and locational valuation modeling across the U.S. is still
in development and not yet ready for extensive use. To truly integrate
renewables in a locational basis in the District, it will take increased
advances in technical capabilities to aggregate grid capital investments
and system forecasting for the city as a whole. A successful program will
establish cost and benefit location values means for integrating
renewables into the District’s electric grid and accuracy of hosting
capacities will be key to fruition of utmost renewable potentials. Pilot
projects will be the first step towards modeling and evaluating various
resources prior to system-wide analysis and implementation and
establishing meaningful decision-making metrics that will likely evolve
with implementation outcomes.

Throughout much of the U.S., utilities are mandated to provide
Integrated Resource Plans to assess their energy portfolio and provide

cost-effective and reliable electric service. However, the District is not
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mandated and should consider implementing in order to meet the needs
of policymakers and customers. Challenges with modernizing the grid
and integrating intermittent renewable resources such as wind and solar,
pose uncertainties and risks to the electric backbone of the city. Without
proper planning to meet these uncertainties and risks, renewable
integration will be held back and underutilized systemically in

maintaining the grid reliability core functions.

67



References

Baker, David. 2017. “Tesla Plugs Big Batteries into PG&E’s Electric
Grid.” SFGate. http:/ /www.sfgate.com /business/article/Tesla-
plugs-big-batteries-into-PG-E-s-electric-10936052.php

Bleiweis, Jon. 2016. “More Baltimore County Homeowners are
Embracing Alternative Energy Systems.” The Baltimore Sun.
http:/ /www.baltimoresun.com/news/maryland/baltimore-
county/catonsville/ ph-ca-at-home-energy-1214-20161215-
story.html

Clements, Allison. 2016. “Small Power, Big Grid Part 3 - DERs and
Transmission System Planning.” AltEnergyMag.
http:/ /www.altenergymag.com/article/2016/11 /small-power-big-
grid-part-3--ders-and-transmission-system-planning /25023 /

Constellation Energy Resources. 2016. “Proposed Amendment to District
of Columbia Renewable Portfolio Standards.” Constellation Energy.
http:/ /blogs.constellation.com/energy4business/proposed-
amendment-dc-rps

Council of the District of Columbia. 2016. “B21-0650 - Renewable
Portfolio Standard Expansion Amendment Act of 2016.” DC
Council.

http://lims.dccouncil.us/Legislation/B21-0650

68



Database of State Incentives for Renewables & Efficiency. 2016.
“Renewable Portfolio Standard — Program Overview” DSIRE.
http:/ /programs.dsireusa.org/system/program/detail /303

DC.gov. 2017. “Mayor Bowser Announces Groundbreaking Wind Power
Purchase Agreement.” DC.gov.
https://mayor.dc.gov/release/mayor-bowser-announces-
groundbreaking-wind-power-purchase-agreement

Department of Energy & Environment. 2016. “Clean Energy DC: The
District of Columbia Climate and Energy Plan.” DOEE.
http://doee.dc.gov/sites/default/files/dc/sites/ddoe/publication/
attachments/Clean_Energy_DC_2016_final_print_single_pages_10
2616_print.pdf

Department of Energy & Environment. 2015. “Energy Efficiency, Demand
Response, and Renewable Energy Potential Studies.” DOEE.
https://doee.dc.gov/publication/energy-efficiency-demand-
response-and-renewable-energy-potential-studies

Department of Energy & Environment. 2017. “Energy in the District.”
DOEE. https://doee.dc.gov/energy

District of Columbia Public Service Commission. 2016. “Comments of the
Public Services Commission of the District of Columbia to the
Committee of Transportation and the Environment on B21-412,
“Solar Energy Amendment Act of 2015” and B21-650 “Renewable

Portfolio Standard Expansion Amendment Act of 2016”.” DCPSC.

69


http://programs.dsireusa.org/system/program/detail/303

http://cdn2.hubspot.net/hubfs/298813/2016/2016_Blog Images
/PSC_Comments_on_RPS_5-26-16.pdf?t=1480690412073

District of Columbia Public Service Commission. 2016. “DCPSC
Comment on the B21-650, “Renewable Portfolio Standard
Expansion Amendment Act of 2016”.” DCPSC.
http://cdn2.hubspot.net/hubfs /298813/2016/2016_Blog Images
/PSC_Comments_on_RPS_5-26-16.pdf?t=1480690412073

District of Columbia Public Service Commission. 2017a. “List of Eligible
Renewable Generators.” DCPSC.
https:/ /www.dcpsc.org/PSCDC/media/PDFFiles/Electric/Eligible
_Renewable_Generators_List.xls

District of Columbia Public Service Commission. 2017b. “Modernizing
the Energy Delivery System for Increased Sustainability (MEDSIS).”
DCPSC. http:/ /www.dcpsc.org/medsis

District of Columbia Public Service Commission. 2017c. “Renewable
Energy Portfolio Standard Program.” DCPSC.
http:/ /www.dcpsc.org/ Utility-
Information/Electric/Renewables.aspx

District of Columbia Public Service Commission. 2017d. “Report on the
Renewable Energy Portfolio Standard for Compliance Year 2016.”

DCPSC. http:/ /www.dcpsc.org/getmedia/ 1806a06a-51de-4d4d-

aaS5a-e0cdd0517ecb/ReportREPS2017_050117.aspx

70



Dominion. 2017. “Dominion Energy Acquires Virginia Solar Facility;
Plans to Purchase Another.” Dominion.
http:/ /www.prnewswire.com/news-releases /dominion-energy-
acquires-virginia-solar-facility-plans-to-purchase-another-
300482622 .html?lipi=urn%3Ali%3Apage%3Ad_flagship3_messagin
g%3BWbwoOxLSTEyBIsXJDjEjgA%3D%3D

Electric Power Research Institute. 2017. “EPRI - Distributed Energy
Resources.” EPRI http://www2.epri.com/Our-
Work /Pages/Distributed-Electricity-Resources.aspx

Energy.gov. 2017. “Energy Sources.” Energy.gouv.
https:/ /www.energy.gov/science-innovation/energy-sources

Golden, Matt. 2016. “What It Will Take for California to Hit 50%
Renewables. (Yes, It’s Complicated).” Greentech Media.
https:/ /www.greentechmedia.com/articles/read/all-hands-on-
deck-required-to-hit-50-renewables-in-california?

Hilderbrand, Van. 2017. “Status of Distributed Generation in Maryland
and the District of Columbia.” Miles & Stockbridge.
http:/ /www.milesstockbridge.com/environment-
energyblog/posts/status-distributed-generation-maryland-and-
district-columbia/

Kenworthy. 2016. “Trump Can't Thwart Illinois' Clean Energy Plans.”

Chicago Business.

71



http:/ /www.chicagobusiness.com/article/20161220/OPINION/16
1219880 /trump-cant-rain-on-illinois-clean-energy-parade

Lambert, Fred. 2017. “Tesla Quietly Brings Online its Massive — Biggest
in the World — 80 MWh Powerpack Station with Southern
California Edison.” Electrek.
https://electrek.co/2017 /01 /23 /tesla-mira-loma-powerpack-
station-southern-california-edison/

Lawrence Berkeley National Laboratory (LBNL). 2017. “U.S. Renewables
Portfolio Standards 2017 Annual Status Report.” LBNL.
https://emp.lbl.gov/sites /default/files/2017-annual-rps-
summary-report.pdf

Lazar, Jim. 2016. “Teaching the “Duck” to Fly.” Regulatory Assistance
Project (RAP). http:/ /www.raponline.org/wp-
content/uploads/2016/05/rap-lazar-teachingtheduck2-2016-feb-
2.pdf

Lopez, A., Roberts, B., Heimiller, D., Blair, N., & Porro, G. 2012. “U.S.
Renewable Energy Technical Potentials: A GIS-Based Analysis.”
NREL. https://www.nrel.gov/docs/fy12osti/51946.pdf

MacKenzie, Pamela. 2014. “PSE&G completes utility-pole solar
installation.” Mycentraljersey.com.
http:/ /www.mycentraljersey.com/story/news/local/2014/08/01/

pseg-completes-utility-pole-solar-installation/ 13484883/

72



Maloney, Peter. 2017. “American Public Power Association - Grid
modernization gets a closer look in the nation’s capital.” American
Public Power Association (APPA).
http:/ /www.publicpower.org/Media/daily/ArticleDetail.cfm?ItemN
umber=47465

Maloney, Peter. 2016. “Southern California Edison Proposes $2.1B Capex
for DER Integration.” American Public Power Association (APPA).
http:/ /www.utilitydive.com /news/southern-california-edison-
proposes-21b-capex-for-der-integration /425696 /

Mapdwell. 2016. “Mapdwell Solar System - Washington, DC Solar
Mapping.” DOEE - Mapdwell.
https://www.mapdwell.com/en/solar/dc

MDV-SEIA. 2017. “MDV-SEIA.” MDV-SEIA. http://mdvseia.org/

Milligan, Christi. 2017. “Grant from Delmarva Power and Exelon
launches DSU's renewable energy education center.” Delaware
Business Times. ttp:/ /www.delawarebusinesstimes.com/grant-
delmarva-power-exelon-launches-dsus-renewable-energy-
education-center/

National Renewable Energy Laboratory (NREL). 2010. “Guide to
community solar covers.” NREL.

http:/ /www.nrel.gov/docs/fy11osti/49930.pdf

73



National Renewable Energy Laboratory (NREL). 2016. “High-Penetration
PV Integration Handbook for Distribution Engineers.” NREL.
http:/ /www.nrel.gov/docs/fy160sti/63114.pdf

National Renewable Energy Laboratory (NREL). 2017. “Learning About
Renewable Energy.” NREL.
https:/ /www.nrel.gov/workingwithus/learning.html

National Renewable Energy Laboratory (NREL). 2012. “U.S. Renewable
Energy Technical Potentials: A GIS-Based Analysis.” NREL.
https:/ /www.nrel.gov/docs/fy120sti/51946.pdf

Office of Energy Efficiency and Renewable Energy (EERE). 2017. “EERE
Success Stories Projects Map.” EERE.
https://energy.gov/eere/eere-success-stories-projects-map

Pacific Gas & Electric (PG&E). 2017. “PG&E Renewable Energy Deliveries
Grow; GHG-Free Portfolio Is Nearly 70 Percent.” PG&E.
https:/ /www.pge.com/en/about/newsroom/newsdetails/index.pa
ge?title=20170316_pge_renewable_energy_deliveries_grow_ghg-

Potomac Electric Power Company (Pepco). 2017a. “Complying with
Renewable Portfolio Standards.” Pepco.
http:/ /www.pepcoholdings.com/library/templates/interior.aspx?p
ageid=529

Potomac Electric Power Company (Pepco). 2017b. “Connecting Your

System to the Grid - Pepco.” Pepco.

74



http:/ /www.pepco.com/library/templates/Interior.aspx?Pageid=64
42458635&LangType=1033

Potomac Electric Power Company (Pepco). 2013. “District of Columbia -
Pepco Fact Sheet.” Pepco.
http:/ /www.pepco.com /uploadedFiles /wwwpepcocom /PepcoDCFa
ctSheet.pdf

Potomac Electric Power Company (Pepco). 2015. “Environmental
information is for Pepco customers - 2014.” Pepco.
http:/ /www.pepco.com /uploadedFiles /wwwpepcocom /Content/Pa
ge_Content/2015/Pepco%20DC%20Env.pdf

Potomac Electric Power Company (Pepco). 2016a. “Environmental
information is for Pepco customers - 2015.” Pepco.
http:/ /www.pepco.com /uploadedFiles /wwwpepcocom/Content/Pa
ge_Content/my-
home/Pay_Your_Bill/Pepco%20Fuel%20Mix%20DC%204.16.pdf

Potomac Electric Power Company (Pepco). 2017c. “Environmental
information is for Pepco customers - 2016.” Pepco.
http:/ /www.pepco.com /uploadedFiles /wwwpepcocom/Content/Pa
ge_Content/my-
home/Pay_Your_Bill/Pepco%20Fuel%20Mix%20DC%20Insert%20
4.17.pdf

Potomac Electric Power Company (Pepco). 2017d. “Hosting Capacity

Map.” Pepco. http:/ /www.pepco.com/Hosting-Capacity-Map.aspx

75



Potomac Electric Power Company (Pepco). 2016b. “Interconnection of
Distributed Energy Resources - Report.” Pepco.
http:/ /www.atlanticcityelectric.com /uploadedFiles /wwwatlanticcit
yelectriccom /Content/Page_Content/GPC/PHI%20Interconnection
%200f%20Distributed%20Energy%20Resources.pdf

Potomac Electric Power Company (Pepco). 2016c¢c. “Renewable Energy -
Pepco.” Pepco. http:/ /www.pepco.com/community-
commitment/renewable-energy/

Power Engineering. 2017. “Constellation and Mohave Electric
Cooperative Complete 13.8-MW Solar Project.” Power Engineering.
http:/ /www.power-eng.com/articles/2017/01 /constellation-and-
mohave-electric-cooperative-complete-13-8-mw-solar-project.html

Roberts, David. 2017. “Is 100% Renewable Energy Realistic? Here’s What
We Know.” Vox. http:/ /www.vox.com/energy-and-
environment/2017/4/7/15159034/100-renewable-energy-studies

Roberts, David. 2016a. “State Renewable Energy Mandates are Producing
Enormous Benefits.” Vox.
http://www.vox.com/2016/1/12/10756028 /state-renewable-
energy-mandates-benefits

Roberts, David. 2016b. “The key to tackling climate change: electrify
everything.” Vox.

https:/ /www.vox.com/2016/9/19/12938086//electrify-everything

76



San Diego Gas & Electric (SDG&E). 2017. “SDG&E Spurs Energy Storage
Innovation With Flow Battery Technology.” PR Newsuwire.
http:/ /www.prnewswire.com/news-releases/sdge-spurs-energy-
storage-innovation-with-flow-battery-technology-300425175.html

Shallenberger, Krysti. 2016. “One massive merger later, Pepco's CEO
eyes 5 rate cases and grid modernization.” Utility Dive.
http:/ /www.utilitydive.com /news /one-massive-merger-later-
pepcos-ceo-eyes-5-rate-cases-and-grid-modernizat /429317 /

Slowey, Kim. 2017. “MD's first net-zero energy school opens its doors.”
Better Buildings - US Dept of Energy.
https:/ /betterbuildingssolutioncenter.energy.gov/news/mds-first-
net-zero-energy-school-opens-its-doors

Smart Grid.gov (DOE). 2015. “Pepco District Columbia Smart Grid
Project 2015.” Smart Grid.gov (DOE).
https:/ /www.smartgrid.gov/files /Pepco-District-Columbia-Smart-
Grid-Project-2015.pdf

Smart Electric Power Alliance (SEPA). 2016. “SEPA releases new
‘Distributed Energy Resources Capabilities Guide.” SEPA.
https:/ /sepapower.org/knowledge /sepa-releases-new-distributed-
energy-resources-capabilities-guide/

Solar Energy Industries Association (SEIA). 2017. “Washington DC
Solar.” SEIA. https:/ /www.seia.org/state-solar-policy /washington-

dc-solar

77



Sweet, Cassandra. 2017. “How California Utilities Are Managing Excess
Solar Power.” Wall Street Journal.
https:/ /www.wsj.com /articles /how-california-utilities-are-
managing-excess-solar-power-1488628803
Tolliver, Lee. 2017. “Dominion Adds Three Solar Panel Fields to its Power
Grid Environment.” The Virginian-Pilot.
http:/ /pilotonline.com/news/local/environment/dominion-adds-
three-solar-panel-fields-to-its-power-grid /article_10eaS5ae3-6a29-
50bc-87c0-402092932666.html
Trabish, Herman. 2015. “Assessing the Costs and Benefits of Distributed
Energy to the Grid of the Future.” Utility Dive.
http:/ /www.utilitydive.com /news /assessing-the-costs-and-
benefits-of-distributed-energy-to-the-grid-of-the-f/402515
Trabish, Herman. 2016a. “How California Utility Regulators Are Turning
Electric Vehicles into Grid Resources.” Utility Dive.
http:/ /www.utilitydive.com /news /how-california-utility-
regulators-are-turning-electric-vehicles-into-grid-r/430314/
Trabish, Herman. 2016b. “Learning by Doing: How Utilities Are
Answering the Distributed Energy Resources Challenge.” Utility
Dive. http:/ /www.utilitydive.com /news /learning-by-doing-how-
utilities-are-answering-the-distributed-energy-resou/415089/
Trabish, Herman. 2016c¢. “The DER pivot: Grid Edge Forum illustrates

utility shift toward a distributed grid.” Utility Dive.

78



http:/ /www.utilitydive.com /news/the-der-pivot-grid-edge-forum-
illustrates-utility-shift-toward-a-distribut /421343 /

Tweed, Katherine. 2016. “5 Emerging Trends That Drove the Utility
Industry in 2016.” Greentech Media.
https://www.greentechmedia.com/articles /read/5-emerging-
trends-that-drove-the-utility-industry-in-2016

Unger, David. 2016. “Report Offers Roadmap For Overhaul of U.S.
Electrical Grid.” Midwest Energy News.
http:/ /midwestenergynews.com/2016/12/16/report-offers-
roadmap-for-overhaul-of-u-s-electrical-grid/

U.S. Energy Information Administration. 2017a. “District of Columbia
State Energy Profile.” EIA. https:/ /www.eia.gov/state/?sid=DC

U.S. Energy Information Administration. 2017b. “Levelized Cost and
Levelized Avoided Cost of New Generation Resources in the Annual
Energy Outlook 2017.” EIA.
https:/ /www.eia.gov/outlooks/aeo/pdf/electricity_generation.pdf

U.S. Energy Information Administration. 2017c. “Renewable Energy
Explained.” EIA.
https:/ /www.eia.gov/energyexplained /index.cfm?page=renewable_
home

U.S. Geological Survey (USGS). 2017. “U.S. Geological Survey (USGS)
Maps, Imagery, and Publications.” USGS.

https:/ /www2.usgs.gov/pubprod/maps.html

79



Walton, Robert. 2016. “DER providers push for more cost data as New
York utilities issue distribution plans under REV.” Utility Dive.
http:/ /www.utilitydive.com /news/der-providers-push-for-more-
cost-data-as-new-york-utilities-issue-distribut/422310/

Wheeler, Timothy. 2015. “Solar Goes to School: Power-generating Panels
Cover Community College Parking Lots.” The Baltimore Sun.
http:/ /www.baltimoresun.com/news/maryland/politics /bal-solar-
goes-to-school-pv-arrays-in-parking-lots-help-power-community-

college-20151029-story.html

80



A-1 Screenshot Sample of List of D.C. Eligible Renewable Generators

(DCPSC, 2017a)

Appendix

ertifl

Humber

Renewable
Fuel Type

2562 Conowingo Facility 20034199 | DC-144985-WAT-Il | 2/21/2014 Hydroelectric 474 MD
5937 Safe Harbor, Units 1-12 1111177111”112' DC-07032WAT-I 22002007 Hydroelectric 417.1 PA
307 Blue Creek 89532803 | DC-124406-WND-l | 8/16/2012 Wind 304 oH
3121 Cayuga Ridge NONZ2331 | DC-124409-WND-l | 7/18/2012 Wind 300 IL
S905 Ned Power Mount Storm 90222801 DC-09065- WD 211/2009 Wind 264 WV
2597 Wildcat Wind Farm | BSIT2B0L, | o isasaswnD-l | 1/27/201 Wind 2025 N

89272802
2111 Headwaters Wind Farm Facility 89992801 | DC-155426-WND-I | 4/15/2015 Wind 200 N
3101 Century Wind Farm NON34425 | DC-124426WND-I | 8/21/2012 Wind 200 1A
3285 Meadow Lake Wind Farm 89502801 | DC-114222-WND-I | 10/7/2011 Wind 199.7 I
39752821-
%8 Fowler Ridge Il Wind Farm, Units 1-4 89752823, | DC-114323-WND-1 | 1/19/2012 Wind 1995 N
NON41483
3482 Top Crop Wind Farm, Phase |1 86622802 | DC-112506-WND-I 2/3/2011 Wind 198 IL
c928 Old Trail Wind Farm 36522802 | DC-08041-WND 11912008 Wind 198 I
5930 Righ Trai Wind Farm 56022801 DC-07038-W/ND-| 711612007 Wind 193 I
2668 International Paper Savannah Mill Facility NON77708,NON | DC-134838-BLC-II, 12/12/2013 Black Liguor, 154 GA
77707 DC-134838-WDS-11 Wood Waste
1270 Fowler Ridge IV Wind Farm Facility 89752841 | DC-166296-WND-| | 6/21/2016 Wind 150 N
1308 Lost Creek Wind Facility NONS0143 | DC-166277-WND-I §/7/2016 Wind 150 Mo
3193 Camp Grove Wind Farm 86872801 | DC-124337-WND-I | 2/10/2012 Wind 150 IL
443 Farmers City Wind Facility NON35055 | DC-177152-WND-I | §/21/2017 Wind 146 Mo
818 Benton County Wind Farm Facility NON79132 | DC-166795-WND-I 1/4/2017 Wind 1305 N
2245 Narrows Facility NON91870 | DC-145297-WAT-1I 1/5/2015 Hydroelectric 1088 NC
3282 Meadow Lake Wind Farm 111 89592803 | DC-114225-WND-l | 10/7/2011 Wind 1035 N
549 Escanaba Paper Mil NON34060 Dc-gzg1 :EJ'[?S:_"I" PC oeimooe ‘BEE'; ';'g:;tre 103 M
30z Locust Ridge |1 31032802 | DC-124408-WND-| | §/21/2012 Wind 102 PA
3284 Top Crop Wind Farm, Phase | 86622801 | DC-114223-WND-l | 10/7/2011 Wind 102 IL
3100 West Point Facility NON3azge | DC12440ZBLOAL 8/7/2012 Black Liguor, 101 VA
DC-124402-WD5-11 Wood Waste
574 Paulding Wind Farm 111 Facility MSET73032803 | DC-176892-WND-1 | 2/27/2017 Wind 100.8 oH
3230 Beech Ridge Energy Center 50960101 | DC-114296-WND-1 | 12/22/2011 Wind 1005 WY
16 Meadow Lake Wind Farm V LLC Facility DC-177556-WND-I | 11/27/2017 Wind 100 I
3081 Grand Ridge Energy 86662801 | DC-124442-WND-| | g/21/2012 Wind %9 IL
388 Fowler Ridge |11 Wind Farm 89752803 | DC-114324-WND-l | 1/19/2012 Wind %9 I
3283 Meadow Lake Wind Farm 11 89592802 | DC-114224-WND-l | 10/7/2011 Wind %9 I
3281 Meadow Lake Wind Farm IV 89592804 | DC-114226WND-l | 10/7/2011 Wind %87 I
3261 AES Laurel Mountain 50822802 | DC-114247-WND-l | 12/2/2011 Wind 576 WY
- DC-06020-6LG, D] Black Liquor,
5945 Chilicathe Mil NON34058 Py 9/512006 e e 28 OoH
2867 Domtar Hawesville Mill NONzoga1 | DC124359°BLOL 1/4/2013 Black Liguor, 88 Ky
DC-124559-WD5-11 Wood Waste
2457 MeadWestvaco Mahrt Mill NONg1s73 | DC143043BLOL 4/22/2014 Black Liguor, 875 AL
DC-145043-WD5-11 Wood Waste
5944 Fittsylvania Station MSETS6430101 |_DC-06024-WDS-1 S/29/2006 VWood Waste &3 VA
2840 GSG Wind Fadility 359321;)21-;35330 DC-134680-WND-1 §/4/2013 Wind 80 IL
5929 PIl Allegheny Ridge 1 WF 53022801 DC-07040-WND 812612007 Wind 20 PA
5938 Gauley 89504101 DC-07031WAT 13002007 Rydroelectric 80 W
5942 Covington Pulp and Paper Mil NON34057 Dagggi‘?‘}ggﬁ D 2008 ‘B‘Eg"‘j ';'g:;tre 80 VA
324 Highland North Wind Farm 53082802 | DC-124403-WND-I 7/2/2012 Wind 75 PA
3210 Claytor, Units 1-4 BR108100- | o jigzoswATn | 1/10/2012 Hydroelectric 748 VA
89104104
2z Providence Heights Wind 86452802 | DC-124405-WND-l | 7/18/2012 Wind 72 IL
2667 International Paper Rome Mill Facility NONT7TAZNON | DC-134838-BLQCL |, 100 Black Liguor, 70.4 GA
77710 DC-134839-WD5-11 Wood Waste
Sges Luke Paper Company NON34029 | _DC-08003-BLG 51912006 Black Liquor & WD
2982 Piedmont Green Power Facility NONS777L | DC-124543-WDs-1l | 12/17/2012 | Wood Waste 50 GA
3083 Spurlock Power Station DC-124442-WDE-11 9/21/2012 Wood Waste 60 KY
2650 Crescent Ridge Faciliy DC-134912-WND-I | 12/13/2013 Wind 54.45 IL
2838 Mendota Hills Wind Facility 86463101 | DC-134681-WND-I §/4/2013 Wind 517 IL
3229 Grand Ridge Il Energy Center 86662802 | DC-114287-WND-1 | 12/22/2011 Wind 51 It
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B-1 Estimated Technical Potentials for Renewable Energy Resources

(NREL, 2012)
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Figure 2. Total estimated technical potential for urban utility-scale photovoltaics in the
United States

Table 2. Total Estimated Technical Potential for Urban Utility-Scale Photovoltaics by State2

Alakama 416 20 35,851 Montana 127 B 11,37
Alaska 2 =1 166 Nebraska 142 7 12,954
Arizona 1,096 53 121,306 Newads 225 11 24,854
Arkansas 332 16 28,961 New Hampshire 44 2 3,790
Califarnia 2,321 111 246,008 New Jersey 527 25 44,307
Coborado EEdd 13 43,471 Maw Mmoo G 31 1,35
Connecticut 101 5 7717 New York GE3 33 52,803
Delaware 190 E) 14,856 North Carolina TEI 38 6,345
District of Columbia =1 =1 ! MNorth Dakata 57 3 4,871
Florkda 830 A 12,787 Ohio 1.190 57 86,495
Georgia 506 24 43,167 Ok lahorra 534 26 50,041
Hawaii 35 2 3,725 Oregon 7 13 25,783
Idaha 5l 12 23,135 Pennsylvania 754 36 56,162
Mllinais 1,325 &4 103,552 Rhvad Island 24 1 1,748
Indiana 1274 Bl 98,315 South Carclina Jsa 19 33,835
bowa Er ) 15 27,082 South Dakota 51 2 4,574
Eansas 317 13 31,706 Tennessee 395 28 50,243
Eentucky 335 15 26,515 Texas 3,014 154 264,684
Louisiana 675 32 55,659 Utah 293 14 30,492
Maina A0 2 3216 Mermont 2 1 1,632
Maryland 370 18 28,551 Wirginia 326 16 27,451
Massachusetts 118 11 17,470 Washington 402 19 33,690
Michigan ] 34 50,845 West Virginla a2 2 3024
BinneEseta 219 a0 33,370 Wisoonsin T8 35 54,939
MWiss!ssippl 318 13 26,350 Wyoming 73 4 7,232
Missouri Ere 18 30,5499 U5, Toral 25,369 1,218 2,231,694

* Mon-excluded land was assumed to be available to support development of more than one

technology.
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Figure 3. Total estimated technical potential for rural utility-scale photovoltaics in the

United States

Table 3. Total Estimated Technical Potential for Rural Utility-Scale Photovoltaics by State2

State State

Alabama 22,058 2,115 3,706,839 Montana 91,724 2403 8,187,341
Alaska 187,608 9,005 5,262,976 Nebraska 101,457 a870| 9,266,757
Arizona 107,231 5,147 11,867,694 Nevarda 77.751 3,732| 814,454
Arkansas 57,239 2,747 4,986,389 New Hampshire 741 36 57,364
California 53,549 2,010 8,855.917 New Jersey 5,232 251 439,774
Colorade 50,045 4514 10,238,084 New Mexico 147,652 1087 16,318,543
Connecticut 256 12 19,628 New Tork 19,294 926 1,492,566
Delaware 3,483 167 172,333 North Carolina 45,892 2,347 4,232,790
District of Colurnbia o ) () Marth Dukata 114,228 5483 9,734,228
Florida 58,597 2,813 5,137,347 Ohio 49,908 2,396 3628182
Geargia 74,343 3,088 5,452,183 Oklakoma 33,641 4,783 9,341,920
Hawail 431 21 38,033 Oregon 39,267 1885 3,740,479
idaha 42,613 2,045 1,036,848 Pennsylvania 7,430 357 553,356
lingis 103,524 4,969 8,050,985 Rhode Island 184 [ 13,635
Indiana 62,851 3,019 4,876,186 South Carolina 32,399 1555 2,754,973
lowa 83,763 4,021 5,964,159 South Dakata 111,350 5,345 10,008,873
Kansas 134,596 5,960 13,500,149 Termessee 26,396 1.267| 2,225,990
Kentucky 13,319 1,119 1,823,977 Texas 425,230 20411 38993582
Louisiana 49,875 2,394 4,114,605 Utah 49,797 2,390| 5,184,878
Maine 13,723 59 1,100,327 Vermont 733 35 54,728
Maryland 7973 373 585,949 wirginia 22,378 1074]  1mEz.467
Massachusatts 1,074 52 82,205 \Washington 20,759 996 1,728,151
Wichigan 71,741 3,444 5,215,540 West Virginia 129 35 52,694
Minnesata 135,627 6,510 10,792,814 Wisconsin 66,788 3,206]  5042,259

59,597 2,880 4,981,252 Wyoming 59,454 280]  m727224
Missouri 65,767 3,157 5,335,269 U.S, Total 3,186,955 152,974 | 280,613,217

* Non-excluded land was assumed to be available to support development of more than one

technology.
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Figure 4. Total estimated technical potential for rooftop photovoltaics in the United States

Table 4. Total Estimated Technical Potential for Rooftop Photovoltaics by State?®

Alabama 13 15,476 Montana 2 2,194
Alaska 1 FA, Mebraska 4 5,337
Arizona 15 23,736 MWevada 7 10,767
Arkansas 7 BAES Mew Hampshire i 2,299
California G 106,411 New Jarsay 14 15,768
Colorada 12 16,162 HNew Mexico 4 5,513
Connecticut 6 h,616 Mew York 25 28,780
Delaware 2 1,185 Morth Carolina 23 23420
District of Celumbia 2 2,450 Morth Dakota 4 1,917
Flarida aa 63,927 Ohio 7 30,064
Georgia 25 31,116 Oklahoma ] 12,443
Hawail 3 MA Uregan £ 8,323
Idaho 3 4,051 Fennsylvania 20 22,215
Winois 26 30,086 Fhode lkland 2 1,711
Indianz 15 17,151 South Caralina 12 14,413
lowa 7 8,646 South Dakota 2 2,083
Kansas 7 £962 Tennesser 16 19,685
Kentucky 11 12,312 Texas &0 78717
Lowisiana 12 14,368 Utah [ 7,514
Maine 2 1,443 erment 1 1,115
Maryland 13 14,850 Virginia 19 22,267
Magtachugotts 10 11,723 Waghingtan 13 13,599
Michigan 12 23528 ‘Wist Virginia 4 4,220
Minnesota 12 14,322 ‘Wisconsin 12 13,939
Mizslssippl 7 B,614 Wyaming 1 1,551
bissouri 13 16,160 U.5. Total 664 #18,733

* Mon-excluded land was assumed to be available to support development of more than one

technology.
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Figure 5. Total estimated technical potential for concentrating solar power in the

United States

Table 5. Total Estimated Technical Potential for Concentrating Solar Power by State?

State Kna? W awh
Alabarma [ [+] [] Montana 16,939 557| 1,540,288
Alaska [ o o Mebraska 53,305 1,753 4,846,020
Arizona 107,239 3,528 11544334 Nevada 77,760 2558 | 8,295,753
Arkansas 1 0 ] MNew Hampshire 0 0 0
California E2.B6l 2,726 8,490,916 Mawi Jersey 0 ] 1]
Colorado 24,173 30%3|  9,154,504 New Mexico 147,748 4.860( 16,812,349
Connecticut a 1] 1] New York 0 1] 1]
Delaware 0 [+] ] Morth Carelina 0 ] ]
District of Columbia 0 ] 1] Marth Dakota 396 13 36,050
Florida 4 [+] 354 Ohio {0 1] 1]
Georgia 0 0 ] Oklahoma 55113 1813 5068036
Hawaii 168 [ 15,370 Cregon 30,927 1,017 2,812,126
Haho 38,523 1,267| 3502877 Pennsylvania 4 ] 0
Mllinais [ [¢] [1] Rhode 1dard 0 [1] [1]
Indiana 0 [+] ] South Caralina 0 0 0
lowa 0 [ 1] South Dakota 17,922 SO0 1,629,660
Kansas E7.698 2885 7.974.256 Tennessee 1] ] 1]
Kentucky 0 0 o Texas 135,398 T743| 22,786,750
Louisiana [4 o [ ULah 49,799 1,638| 5,067,547
Maine [ [+] ] Vermont 0 1] ]
Maryland [ [#] 4 Virginia 1] 1] 1]
Massachusetts 0 4] 0 Washington 1778 59 161,713
Michigan 0 o 1] West Virginia [ o 1]
Minnesota i1 0 [ Wisconsin Y 1] 0
Mississippi 0 0 o Whyming 59457 1,956  5,406407
Mlissouri a s} o L5, Total 1,157,209 38,066 | 116, 146,245

* Mon-excluded land was assumed to be available to support development of more than one

technology.
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Figure 6. Total estimated technical potential for onshore wind power in the United States

Table 6. Total Estimated Technical Potential for Onshore Wind Power by Statea

State k' | Gw GWh State ' | Gw

Alakamia 4 <1 283 Montana 138,801 944

Alaska 98,663 493 1,373,433 Mebraska 183,600 918 3,011,253
Arirana 2,181 11 26,036 Nevada 1440 7 17,709
Arkansas 1,840 £ 22,892 New Hampshire 427 2 5,706
Calitarnia 6,822 34 9,862 New Jersey 5 <1 317
Coborado 14,444 387 1,096,036 Meaw Moo Jg.4l7 492 1,393,157
Connecticut 5 =1 B2 Mew York 5,156 s 63,565
Delaware 2 <l 22 Morth Carolina 162 <1 2,037
District of Columbia ] ] [+] Morth Dakata 154,033 770 2,537,325
Florida <l <1 <1 Ohio 10,924 55 129,143
Georgia 26 <l 323 Ciclabarma 102,364 517 1,521,652
Hawaii 494 2 1787 Cregon 420 27 68,767
bdaha 3,615 18 44,320 Pennsylvania BEL 3 8,231
Wlingis 49,576 250 549,458 Rhade Island k) <1 130
Indiana 29,645 143 177,604 Souwth Carclina 37 <1 428
bowea 114,143 En 1,713588 South Dakota 176,432 282 2,901,858
Eansas 130,474 852 3,101,576 Tennessee B2 =1 7B
Eentucky 12 <1 147 Texas 350,306 L302| 5551400
Louisiana B2 <]l 935 Utah 1,621 13 31,552
Maine 2,250 11 28,743 Mermont 550 2 7,796
Maryland 207 1 3,632 Wirginia 359 ] 4,589
Massachusatts 206 1 2,827 Washington 3,696 18 47,350
Michigan 11,808 59 143,508 West Wirginia an 2 4,452
Binnesata G854 485 1426525 Wisoensin 20,751 104 255,166
Mississippl [} 1] @ Wyoming 110,415 552 1,653,857
Mlissauri 54,871 74 589,519 U.5, Toral 2,190,952 10,955 | 32,784,004

* Mon-excluded land was assumed to be available to support development of more than one

technology.
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Figure 7. Total estimated technical potential for offshore wind power in the United States

Table 7. Total Estimated Technical Potential for Offshore Wind Power by State2

BT o o own | State ow ___awh

Alakama o [ 1] Rontana MA MA Ma
Alaska NA NA MA MNebrasks MR M MA
Arizona MA WA ha Nevada W& M MA
Arkansas NA MA M& New Hampshire BS1 3 14,478
Calitarnia 130,567 G55 7,663 580 New Jersey 20,387 102 429, EDE
Colorado NA NA NA New Mexico MA MNA MA
Connecticut 1,434 7 26,545 MNew York 29,215 146 614,780
Delaware 3,008 15 60,654 North Caralina 61,204 06| 1,269,627
District of Columbia MA NA MA MNorth Dakata A LY MNA
Florida 1,930 10 34,684 Ohio 8,361 42 170,561
Geargia 11,726 59 220,807 O latorma NA M A
Hawaii 147,389 137 2,836,735 Oregon 45,002 225 262,723
kdahg Mo LY A Pennsylvania 1,135 B 23,571
Mingis 3,174 16 66,070 Rhode Island 4,193 21 89,115
Indiana o =1 1EE South Caralina 26,643 133 542,218
bovwea A NA A South Dakota LY M M
Kansas MA MA M Tennessee MAy M M
Eentucky A WA L) Trxas 54,289 71 1,401,063
Louiziana B8,123 341 1,200,699 Utah M M WA
Blaine 29,484 147 631,850 Vermant MA A MA
Maryland 10,382 52 200,852 Wirginia 17,815 29 361,054
Massachusatts 36,815 184 789,344 Washington 24,193 121 188,025
Michigan &4.515 423 1,739,801 West Virginia M M MA
Blinneiota 5,843 29 100,455 Wisoonsin 16,132 81 217,755
Wkssissippl 643 3 10,172 WYOmIng M M A
Missouri NA MA, MA U.5. Total 844,703 4,223 | 16,975,802

*Non-excluded land was assumed to be available to support development of more than one

technology.
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Figure 8. Total estimated technical potential for biopower in the United States

Table 8. Total Estimated Technical Potential for Biopower by State?

Alabama 2 12,727 Maontana <1 5,072
Alaska <1 575 Mebraska 2z 17,023
Arizana <1 1,925 Mevada <1 514
Arkansas 2 15,444 Mew Hampshire <1 1,243
California 4 27,919 MNew Jersey <1 3,523
Colorade <1 4,138 Mew Mexico <1 945
Connecticut <1 08 Mew York 1 8,503
Delaware <l 828 North Caroling 2 16,650
District of Columbia <1 =3 Morth Dakota 1 8,216
Florida 2 13,358 Ohio 2 14,372
Georgia 2 16,803 Oklahama <1 5,084
Hawail 1 724 Oregon 2 14,684
Idaho <1 5,958 Pennsylvania 2 13,446
lllingis 4 31,960 Rhode Island =1 618
Indiana 2 17,920 south Carcling 1 8,413
lowa 4 28,928 south Dakota 1 8,613
Kansas 2 12,857 Tennessee 1 2,080
Kentucky 1 8,322 Texas 3 21,976
Lauisiana 2 14,873 Utah <1 62
Maine <1 4,398 Vermaont <1 695
Maryland <1 3,329 WVirginia 1 10,365
Massachusetts <1 2,149 Washington 2 13,826
Michigan 2 11,897 West Virginia <1 2,688
Minnesota 3 21,391 Wisconsin 2 13,295
Mississippi 2 15,287 Wyoming =<1 553
Missouri 2 13,986 .5, Total 62 488,326

? Mon-excluded land was assumed to be available to support development of more than one
technology. All biomass feedstock resources considered were assumed to be available for
biopower use; competing uses, such as biofuels production, were not considered.

88



Thousands of
Gigawatt Hours
[ L}

B

T

Figure 9. Total estimated technical potential for hydrothermal power in the United States

Table 9. Total Estimated Technical Potential for Hydrothermal Power by Stated

Alabama <1 =1 Mantana =1 5,548
Alaska 2 15,437 Mebraska <1 <1
Arizona 1 8,330 Mevada [ 45,321
Arkansas <1 <1 Mew Hampshire <1 <1
California 17 130,921 Hew Jersey <1 <1
Colorado 1 8,954 Mew Mexico 2 12,933
Connacticut <1 <1 New Yark <1 <1
Delaware <1 <1 North Caraling <1 <1
District of Columbia <1 <1 Morth Dakota <1 <1
Flerida 1 <1 Ohio 1 <1
Georgia <1 <1 Oklahoma <1 <1
Hawail 3 20,632 Drsgcn 2 18,200
Idaho 2 17,205 Pennsylvania <1 <1
Minais <1 <1 Rhode |sland <1 <1
Indiana <1 <1 South Carolina <1 <1
lowa 1 <] South Dakota <1 <]
Kansas <1 <1 Tennessee <1 <1
Kentucky <1 <1 Texas <1 <1
Louisiana <1 <1 Utah 2 12,982
Maingz <1 <] Vermant <1 <1
Maryland <1 <1 irginia <1 <1
Massachusetts <1 <1 Washingtan <1 2,547
Michigan «] «]l West Virginia «] «]l
Minnesota =1 =1 Wisconsin =1 =1
Missizsippi =1 =1 Wy oming =1 1,373
Missouri <1 <1 .5, Total 38 308,156

* Non-excluded land was assumed to be available to support development of more than one
technology.
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Figure 10. Total estimated technical potential for enhanced geothermal systems in the
United States

Table 10. Total Estimated Technical Potential for Enhanced Geothermal Systems by Stated

Alabama 68 535,490 Mcntana 209 1,647,304
Alaska A A Mebraska 118 927,996
Arizana 157 1,238,148 MNevada 160 1,262,175
Arkansas 80 628,622 Hew Hampshire 13 104,314
California 170 | 1,344,179 New Jersey 4 35,230
Colorado 159 | 1,251,658 Mew Mexico 180 1,417,978
Cannecticut 7 56,078 New York 48 375,401
Delaware 3 22,813 Morth Carolina 33 420,741
District of Columbia <1 698 Morth Dakota 104 820,226
Florida 47 374,161 Chie 63 495,922
Georgia 45 353,206 Cklahoma 99 T79,667
Hawaii A M Cregon 116 914,105
Idaho 126 993,257 Pennsylwania 42 327,341
llinois 6 676,056 Rhade Island 1 11,492
Indiana 55 434,258 South Caralina 46 364,105
lowa 7 606,390 South Dakota 117 521,973
Eansas 126 SB9.676 Tennessee 54 428,380
Eentucky 61 484,659 Texas 384 3,030,251
Louisiana 61 484,271 Utah 118 939,381
Malne 48 37075 Vermont 5 35,017
Maryland 11 86,049 Virginia 37 290,737
Massachusetts 12 92,227 Washington 71 563,024
Michigan 58 457,850 West Virginia 33 261,376
Minnesota A7 369,785 Wisconsin a2 647,173
Missizsippi 71 559,056 Wyoming 136 1,070,07%
Missouri 106 535,445 L5, Tatal 3976 | 31,344,696

* Mon-excluded land was assumed to be available to support development of more than one

technology.
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Figure 11. Total estimated technical potential for hydropower in the United States

Table 11. Total Estimated Technical Potential for Hydropower by State3

State 1 State
Alabarma 2415 <1 4,103 Martans &850 3 14,547
Alaska 3,053 5 13,678 Mebraska 2,880 <1 3,142
Arizona 1,958 <1 1,303 Mevada 1,489 <1 Bas
Arkansas 3,268 1 6,093 New Hampshire 810 <1 1,741
California 9,652 7 30,024 MNew Jersey 402 =1 543
Colorado 5,060 2 7,789 New Mexizo 1,610 =1 1,363
Connecticut 559 =1 922 Mew York 4,819 2 E,711
Delaware 25 =1 31 Morth Caralina 2,131 =1 3,037
District of Columbia 2 <1 <1 MNorth Dakota 572 <l 347
Florida 493 <1 682 Chio 1.791 <1 3,046
Georgia 2,100 <1 1,988 Cklahoma 2,824 <1 3,016
Hawaii 437 =1 2,602 Oregon 7,993 4 18,184
Idaho 6,706 4 18,758 Pennsylvania 4,466 2 E, 368
llinais 1,330 1 4,883 Rhode lland 1 =1 59
Indiana 1,142 <1 2,394 South Carolina 889 =1 1,889
lowa 2,358 <1 2,818 South Dakota 1.711 <l 1,047
Kansas 3,201 1 2,508 Tennessee 2,610 1 5.745
Kentucky 1,384 <1 4,255 Tiekias 4,366 <1 3,006
Louisiana 334 =1 2473 Urah 3,504 =1 3,528
Maine 1373 =1 3916 Vermont 1.207 =1 1,710
Maryland 491 <1 B14 Virginia 2601 =1 3,657
Massachusatts 560 <1 1,197 Washingtan 7310 [ 27,249
Michigan 1942 <1 1,181 West Wirgnia 1.711 1 4,408
Minnesota 1,351 <1 1.255 Wisconsin 1.863 1 2,287
Mlississippi 1,536 =1 2,211 Wyoming 2,B42 1 4,445
Missour 5,088 2 7,198 LS, Total 128,126 &0 256,953

* Mon-excluded land was assumed to be available to support development of more than one

technology.
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C-1 LCOE & Capacity Factors for Renewable Energy Resources (EIA,

2017b)

U.5. Capacity-Weighted! Average LCOE (2016 $/MWh) for Plants Entering Service in 2022

Variable
Capacity Levelized o&m Total Levelized  Total LCOE
Factor Capital Fixed (including  Transmission System Tax including
Plant Type (%) Cost O&M fuel) Investment LCOE Credit? Tax Cradit
Dispatchable Technologies
Coal 30% with carbon sequestration®
Coal 90% with carbon sequestration®
Natural Gas-fired
Conventional Combined Cycle 87 14.0 14 42.0 11 58.6 58.6
Advanced Combined Cycle 87 14.0 13 37.5 1.0 53.8 53.8
Advanced CC with CCS
Conventional Combustion Turbine 30 36.8 6.6 54.3 3.0 100.7 100.7
Advanced Combustion Turbine 30 22.8 26 58.8 3.0 87.1 87.1
Advanced Nuclear 90 70.8 126 11.7 1.0 96.2 96.2
Geothermal 90 29.2 13.3 0.0 1.5 44.0 -2.9 41.1
Biomass 83 47.2 15.2 34.2 1.2 97.7 97.7
Neon-Dispatchable Technologies
Wind — Onshore 41 39.8 13.1 0.0 29 55.8 -11.6 443
Wind — Offshore
Solar PV* 25 59.8 10.1 0.0 3.8 73.7 -15.6 58.1
Solar Thermal
Hydroelectric 60 54.1 3.1 5.2 1.5 63.9 63.9

The capacity-weighted average is the average levelized cost per technology, weighted by the new capacity coming online in each region.
The capacity additions for each region were based on additions in 2018-2022. Technologies for which capacity additions are not expected
do not have a capacity-weighted average, and are marked as “NB" or not built.

2The tax credit component is based on targeted federal tax credits such as the production or investment tax credit available for some
technologies. It only reflects tax credits available for plants entering service in 2022. Not all technologies have tax credits, and are
indicated as "NA" or not available. The results are based on a regional model and state or local incentives are not included in LCOE
calculations. See text box on page 2 for details on how the tax credits are represented in the model.

*Due to new regulations (CAA 111b), conventional coal plants cannot be built without CCS because they are required to meet specific CO,
emission standards. Two levels of CCS removal are modeled, 30% and 90%. The coal plant with 30% removal is assumed to incur a 3
percentage-point adder to its cost-of-capital to represent the risk associated with higher emissions from a plant of that design.

4Costs are expressed in terms of net AC power available to the grid for the installed capacity.

*As modeled, hydroelectric is assumed to have seasonal storage so that it can be dispatched within a season, but overall operation is
limited by resources available by site and season.

Source: U.S. Energy Information Administration, Annual Energy Outlook 2017, January 2017, DOE/EIA-0383(2017).
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