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Abstract
Evaluating Expected Electric Generation Technology Cost and Risk
Applying Modern Portfolio Theory to North Carolina Electric Power Generation
by
Aaron M. Rodehorst
December 2007

Effortsto diversify electric generation technology and fuel sources have received increased
attention from state and federal policy makers. To what end and at what cost el ectric generation
diversity should be pursued has been a point of contention in North Carolina. The North
Carolina Utilities Commission has declined to adopt the diversity standards expressed in the
2005 Energy Policy Act, but the North Carolina General Assembly and Governor explicitly
stated their intent to diversify electric generation technologies and fuels with the passage and
enactment of Session Law 2007-397. Session Law 2007-397 requires renewable energy to
account for 7.5 percent of electric utilities’ retail sales by January 1, 2018.

This study aims to assess diversification’s role in building least-cost electric generation
portfolios. To gain further insight into potential least-cost electric generation portfolios,
decision-makers can employ modern portfolio theory. Since the 1950s, investors have used
modern portfolio theory to reduce a stock portfolio’s risk through the selection of stocks whose
returns do not move exactly together. Modern portfolio theory has also been applied to real asset
portfolios, and this study uses mean-variance analysis to locate minimum cost el ectric generation
portfolios given historical cost risk and proxy measures.

The results reveal Session Law 2007-397 may create el ectric generation portfolios with lower
expected risk than projected electricity portfolios absent a renewable portfolio standard. Wind
and to alesser degree, new biomass resources, play a pivotal role in expected cost and risk
reduction; they exhibit lower investment cost risk and no or weak positive correlations with coa
and nuclear fuel costs. Natural gas electric generation reduces expected portfolio risk in
particular portfolios, because its fuel cost risk is negatively correlated with coal and nuclear fuel
costs. Existing coa and nuclear electric generation is difficult to replace, because both
electricity sources exhibit low expected cost and risk.
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Applying Modern Portfolio Theory to North Carolina Electric Power Generation Executive Summary

EXECUTIVE SUMMARY

Efforts to diversify electric generation technology and fuel sources have received
increased attention from state and federal policy makers. To what end and at what cost electric
generation diversity should be pursued has been a point of contention in North Carolina. The
North Carolina Utilities Commission has declined to adopt the diversity standards expressed in
the 2005 Energy Policy Act, but the North Carolina General Assembly and Governor explicitly
stated itsintent to diversify electric generation resources with the passage and enactment of
Session Law 2007-397. Session Law 2007-397 requires renewable energy to account for 7.5
percent of electric utilities’ retail sales by January 1, 2018.

This study aims to assess diversification’s role in building least-cost electric generation
portfolios. Traditionally, electric generation technology is assessed on an individual |east-cost
basis. Stand-alone levelized electric generation costs may be appropriate measures for individual
firm decisions, but the North Carolina Utilities Commission does not represent afirm; it is
responsible to both electric utilities and the public. To gain further insight into potential least-
cost electric generation portfolios, decision-makers can employ financial theory to incorporate
levelized generation costs with their associated cost risks. Since the 1950s, investors have used
modern portfolio theory to reduce a stock portfolio’s risk through the selection of stocks whose
returns do not move exactly together. Modern portfolio theory has also been applied to real asset
portfolios, and this study uses mean-variance analysis to locate minimum cost electric generation

portfolios given historical cost risk and proxy measures.
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The North Carolina mean-variance portfolio model calculates expected electric
generation costs using assumptions primarily obtained from La Capra Associates (2006). The
resulting portfolio cost is minimized for a given portfolio risk based on historical cost risk and
correlation estimates calculated from Energy Information Administration data and Berger
(2003). Expected costs are minimized using Microsoft Excel’s internal solver function.

The resultsrevea Session Law 2007-397 may create electric generation portfolios with
lower expected risk than projected electricity portfolios absent a renewable portfolio standard.
Wind and to alesser degree, new biomass resources, play a pivotal rolein expected cost and risk
reduction; they exhibit lower investment cost risk and no or weak positive correlations with coal
and nuclear fuel costs. Natural gas electric generation reduces expected portfolio risk in
particular portfolios, because its fuel cost risk is negatively correlated with coal and nuclear fuel
costs. Existing coal and nuclear electric generation is difficult to replace, because both
electricity sources exhibit low expected cost and risk.

| recognize many variables factor into the North Carolina Utility Commission’s final
approval for projected electric generation plans. However, this study’s findings suggest that the
current least-cost analysisislimited. The Commission could place undue future cost risk on
immobile NC ratepayersif technologies with only the lowest stand-alone cost are closely
scrutinized. This study’s findings suggest that increased renewable electric generation can lower
expected portfolio cost and risk. However, to what end and at what cost diversity should be
pursued is still an unanswered question. NC annual integrated resource plans show no evidence
that renewable energy resources are rigorously assessed for their benefits and costs related to
system reliability, safety, intermittency, and transmission. NC can only be fully aware of these

costs and benefits if stand-alone costs are treated as atool rather than adecision rule.
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SECTION | INTRODUCTION

A. MOTIVATION

Since the 2005 Energy Policy Act’s enactment, efforts to diversify electric generation
technology and fuel sources have received increased attention from state and federal policy
makers. Recent policy has stressed the desire to increase electric generation from renewable
energy technologies and minimize an electric utilities’ dependence on a single fuel. Specifically,
the 2005 Energy Policy Act’s section 1251" required state utility commissions to consider fuel
diversity standards.

On August 8, 2007, the North Carolina Utilities Commission (Commission) declined to
adopt the goals embodied in the federa law. The Commission found that North Carolina (NC)
was already accomplishing the fuel diversity standard (Order Declining to Adopt Standards,
Docket No. E-100 Sub 108). Meanwhile, in NC’s 2007 legislative session, the General
Assembly enacted a mandatory renewable energy and energy efficiency portfolio standard. The
bill was signed into law on August 20, 2007. NC electric utilities must ensure that a specific
percentage of their retail electricity sales are created from renewable energy resources or saved
through more efficient electricity consumption. The law has several purposes but explicitly
affirms lawmakers’ intent to diversify electric generation resources (Session Law 2007-397).

Most will agree that diversity can be defined as deploying a mix of electric generation
technologies with different fuel sources and operating characteristics. However, to what end and
at what cost diversity should be pursued has been a point of contention. The following

comments best illustrate the complexity of the NC debate:

! Section 1251 amended the 1978 Public Utilities Regulatory Policy Act, section 111(d)(12).
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A vast majority (92%) of the electricity generated in North Carolina comes from large-scale coal (60%)
and nuclear plants (32%). This dependence on just two energy sources leaves the state’s economy highly
exposed to risks from changes in the price and supply of fuels in the national and international market.

- The Power to Choose: North Carolina’s Clean Energy Future

Authored by Environmental Defense

Fuel cost and the mitigation of fuel supply risks are two of several such factors. Perhaps the most
important factor in the least cost planning processis the reliability requirement that electric utilities must
meet. In addition, a utility must plan generation resources that meet the characteristics of its future load
requirements, such as peaking unit or baseload unit, each of which can dictate a different fuel option.
Also, there are considerations related to environmental constraints, siting, transmission and other
concerns.
- Direct Testimony of Julius A. Wright on behalf of Duke and Progress Energy Carolinas
North Carolina Commission Docket No. E-100, Sub 108

The Commission arbitrates the diversification and cost debate, because NC’s three
investor-owned electric utilities operate as monopoliesin aregulated service territory.
Collectively referred to as “electric utilities” in this paper, Progress Energy Carolinas, Inc.
(Progress Energy), Duke Energy Carolinas, LLC (Duke Energy), and Dominion North Carolina
Power (Dominion Power), provide non-competitive electric service in exchange for regulated
rates and practices.? This monopoly designation is granted, because a state has determined the
business of providing electricity isavital public interest; all state citizens should have adequate
and reliable electric utility service at reasonable rates; and integrated resource planning should
result in aleast-cost mix of power generation and demand-side resources® that achieve harmony
between the public utilities, their users and the environment. Integrated resource planning is at
the crux of the diversification debate, because it identifies least-cost electric generation plans.

Integrated resource planning is a process in which regulated electric utilities establish
plans that identify the power generation and demand-side resources necessary to meet their
customer’s future electricity needs. This plan involves a number of stakeholders (e.g.,

ratepayers, regulators, public advocates, utility representatives, environmental advocates, etc.)

2 Together, Duke Energy and Progress Energy supply approximately 95 percent of the utility-generated electricity
consumed in North Carolina (North Carolina Utilities Commission, 2006).

% Demand-side resources are electric utility sponsored programs and practices that move electricity demand to
different time-periods or reduce electricity consumption entirely.
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who critique the utilities’ processes and results. Thefinal plan incorporates several
considerations. an analysis of various demand and supply models, resource costs, environmental
quality, public opinion, stakeholder input, and the requirements set forth by the state public

utility commission (Lee, 1995).

B. OBJECTIVE AND MAIN LITERATURE

This study aims to assess the Commission’s least-cost technology interpretation and
diversification’s role in least-cost electric generation portfolios. In an integrated resource
planning proceeding, the Commission primarily assesses technology cost on a stand alone,
levelized cost” basis. The technologies are selected for more detailed analyses as long as they
satisfy aminimum reliability criterion.”

For example, in Progress Energy’s 2006 Integrated Resource Plan, the company
discusses its methodol ogy related to screening electric generation alternatives. Progress
Energy’s preliminary electric generation resource screening is based on commercial availability,
technical feasibility, and cost. The three terms are defined as follows:

(1) Commercial Availability: “The technology must be able to be built and operated on
an appropriate commercial scale in continuous service by or for an electric utility.”

(2) Technical Feasibility: “The evaluation of technical feasibility included the size, fuel
type, and construction requirements of the particular technology and the ability to match

the technology to the service it would be required to perform on the Carolinas system.”

(3) Cost: Thelevelized cost of energy production.

In this preliminary screening, the data is generic in nature and not site specific. Wood

and municipal solid waste (MSW) technologies are eliminated, because they have high levelized

4 A levelized cost is the present value of the total cost of constructing, operating and maintaining an electric power
plant, converted to a set of equal annual payments.
> Reliability generally refersto alevel of electric service without interruptions or deterioration in power quality.
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costs. Wind projects are eliminated, because it is assumed that the technology cannot reach high
enough capacity factors to be economically competitive with identified lower cost, conventional
fossil fuel technologies. Furthermore, it is simply stated that because wind cannot be

dispatched,® it is not suited to provide reliable peaking’ capacity (Progress Energy, 2006).

Progress Energy, as a firm, may have good reasons for not diversifying its electric
generation portfolio. The company may lack the technical expertise to build electric generation
that is considered non-conventional.® It may also lack the necessary financial incentives,
because state regulation may make conventional electric generation the least-risk choice in terms
of diting, permit approval and cost recovery. The Commission, however, does not solely
represent afirm or its interests; rather, the Commission is responsible to both the electric utilities

and the public.

Building non-fossil fuel and non-conventiona technologies may be beneficial in
constructing least-cost electric generation portfolios from a perspective that is greater than any
one firm (i.e., North Carolina society). Asan example, NC electric policy permits electric
utilities to recover fuel costs through an annual fuel adjustment clause. NC fuel charge
adjustments began during the 1970s in response to the rapid escalation of fuel prices. Simply
put, fuel costs can place financial strain on electric utilities if costs cannot be recovered in a
timely manner. The fuel clause adjustment ensures timely collection, but it also creates an
incentive to build electric generation that relies on fuels subject to annual recovery. Inthis

instance, electric utilities shift alarge portion of the risk inherent in fuel price volatility to

® Intermittent resources like wind cannot be scheduled for dispatch, because their fuel sourceis not stored.

" Peaking power plants operate infrequently to meet the electric system’s peak electric demand. Peaking power
plants operate less than 1,000 hours per year (NC Annual Report, 2006).

® Non-conventional refers to those electric generation resources that are not coal, nuclear, oil, hydroelectric or
natural gas power plants.
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customers. Therefore, a new coal power plant may be the least-cost investment to the firm, but it
may not be the least-cost investment from a societal perspective.

To gain further insight into potential least-cost investments and portfolios from a societal
perspective, stand-alone levelized generation costs are not enough. Rather, decision-makers can
employ the tools of finance theory to incorporate levelized generation costs with their associated
cost risks. NC’s electricity portfolio is vulnerable to the unsystematic risk that is specific to coal
and nuclear fuels (e.g., potential environmental regulations, a limited amount of fuel cost risk,
and uncertain construction periods). Unsystematic risk, also known as unique or diversifiable
risk, is specific to an asset and can potentially be eliminated. This reduction or elimination of
risk can be completed using diversification: a concept that financial investors have been
successfully applying for quite some time (Myers and Brealey, 2000).

Modern Portfolio Theory (MPT) was first introduced by Harry Markowitz in the Journal
of Finance. In his 1952 journal article titled Portfolio Selection, Markowitz (1952) used mean-
variance analysis to show afinancial investor could reduce a stock portfolio’s risk® through the
selection of stocks whose returns do not move exactly together. Using MPT, Markowitz
demonstrated that minimum-risk portfolios could be created for any given level of expected
return. These efficient portfolios showed that while individual stocks are unpredictable and high
risk, a portfolio of stocks can maintain an expected return given alevel of risk, because the
covariance of theindividual returns mitigates risk impacts from specific assets on the total
portfolio risk.

Since Markowitz’s original work, MPT has also been applied to portfolios of rea

assets.'® Awerbuch (1995, 2000); Berger (2003); Delaquil et. al. (2005); Lesser et. al. (2007);

° Risk is measured by returns’ standard deviations.
10 Real assets have ause value. Examplesinclude land and equipment.
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and Awerbuch and Y ang (2007) have specifically used MPT to stress the diversification
advantages that renewabl e energy technologies can have when applied to selecting electricity
supply options. Previous analyses have been applied to states or regions with a greater reliance
on natural gas. Thisisthe first mean-variance application in an electric generation region with
minimal electric generation (i.e., less than 3 percent) from natural gas (EIA, 2005). The study
aims to use expected cost-risk relationships to identify electric generation mixes that are superior
to the electric utilities’ projected 2017 electric generation portfolio. Although other variables
factor into the Commission’s final decision for approval of power plant construction, identifying
a resource’s expected portfolio cost and risk, in addition to its stand-al one engineering cost, can
merit further investigation into variables that are not rigorously assessed.™
The main body of this paper is divided into four sections:
Section I1: Presents the fundamentals of MPT and provides a two-asset example.
Assumptions and critiques of MPT’s application to electric generation are
presented.
Section |11: Provides adiscussion and presentation of the MPT model inputs.
Section 1V: Presents the MPT mean-variance analysis results and discussion.
The model combines empirically derived expected NC fuel cost risk with
empirical estimates presented in Berger (2003).

Section V: Conclusion and future work.

! North Carolinaannual integrated resource plans show no evidence that renewable energy resources are rigorously
assessed for their benefits and costs related to system reliability, safety, intermittency, dispersion, and transmission.
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SECTION I1: MODERN PORTFOLIO THEORY (MPT)

A. THE FUNDAMENTALSOF MPT

In MPT, risk is measured by the variance (c%) or standard deviation™ (o) of the expected
returns’ probability distribution (Seitz, 1990). Standard deviation is a measure of spread
interpreted as the distance between a single observation and the set’s average (Ramsey and
Schafer, 2001). Figure 1 shows the hypothetical past rates of return for astock. Imposed on this

histogram is a bell-shaped normal distribution. If the historical stock returns conform to a

Figure 1: Hypothetical Stock’s Historical Rates of Return
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normal distribution, the portfolio risk can be defined by the standard deviation. Thisisaresult
of a normal distribution’s properties. A normal distribution can be defined by two numbers: the
average or expected value and the standard deviation (Brealey and Myers, 2000). Assuming this
property holds, expected stock returns and the returns’ standard deviations can be used to
construct return maximizing portfolios subject to a specified level of risk.

Diversification reduces risk because returns of different stocks are not perfectly

correlated. Therisk that can potentially be diversified away is known as unique or unsystematic

3 (x, —Y)zj
2 The standard deviation of a set of numbers X;...X,is defined as ¢ =. ["1
n-1
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risk. Unique risk occurs, because many of the dangers that a company is subject to are business
or industry specific. Additionally, thereis non-diversifiable risk known as market or systematic
risk. Market risk arises, because there are economy-wide hazards that threaten all businesses.
Thisiswhy investors are exposed to market uncertainties and a baseline level of risk no matter
how many stocks are held in a portfolio (Brealey and Myers, 2000). Figure 2 showsrisk divided
into its two parts: unique and market risk. If only one stock is held, unique risk isimportant, but
as the number of securitiesincreases, diversification lowers unique risk, and hence, lowers the

overall risk associated with the portfolio.

Figure 2: Diversification Eliminates Unique Risk
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Initsfinancial context, portfolio theory relates the expected portfolio return, E(ry), to the
total portfolio risk, a,, which is defined as the standard deviation of past returns (Berger, 2003).
The expected portfolio return is the weighted average of the expected individual returns, E(r),

of securities in the portfolio:

10
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E(r,) = D5 -E(r)

N
S =1
=1
Where:
S isthe proportion of asset i in the portfolio, and
E(ri) isthe expected return for asset i.
The portfolio risk, ap, isequal to aweighted average of securities, but it is moderated by the
correlation coefficient, or co-variation between returns:
) N N
Op :;ZS "S- Py 00

i j=1

Where:
pij isthe correlation coefficient between two return streamsi and j.

o and g; are the standard deviations of returnsto asset i and j respectively.

Return is measured as Holding Period Return:  Ending Value- Beginning Value+ Period Cash Flow
Beginning Vaue

Figure 3 displays the portfolio variance cal culation matrix for atwo-stock portfolio. The

variance of atwo stock portfolio is the sum of the four boxes.

Fiaure 3: TheVariance of a Two Stock Portfolio

Stock i Stock j
. 2__2 _
Stock i SGi SiSjoij _Sisjpijgiaj

Source: Brealey and Myers, 2000

11
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The two-stock example can be easily extended to an n-stock portfolio. Figure 4 displays the
method of calculating portfolio risk for portfolios including three or more securities. The
diagonal cells marked in blue contain variance terms. All other boxes contain the stocks’

covariance terms, weighted by the product of the proportions invested.

Figure4: TheVarianceof an N-Stock Portfolio
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When there are many stocksin a portfolio, the number of co-variances greatly outweighs the
number of variances. Therefore, the variability of awell-diversified portfolio reflects mainly the
co-variances (Brealy and Meyers, 2000).

The analysis applied in this paper substitutes expected costs for expected returns.
Technology cost risk, ai, isthe weighted average of the individual cost risks. In an electric
generation model’s context, portfolio theory relates the expected portfolio cost, E(cy), to the total

portfolio risk, op, Which is defined as the standard deviation of past relative cost changes. The
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expected portfolio cost is the weighted average of the expected individual technologies’

generating costs, E(c;), in the portfolio:

N
E(cp) = T -E(c)

i=1

N
Ti :l
i=1

Where:
Ti isthe proportion of technology i in the portfolio, and

E(c) isthe expected levelized generating cost per kWh for technology i.
The portfolio risk, ap, is equal to aweighted average of technology costs, but it is moderated by
the correlation coefficient, or co-variation between costs:
N N
0,2) :ZZTi Ty pij 00
i=1 j=1
Where:

pij 1S the correlation coefficient between two cost streamsi and j.

o and g; are the weighted standard deviations of costs to technologiesi and j respectively

N
(o2 = z Ci . Gi
i=1
Ci isthe proportion of technology cost i in the total technology cost

B. DIVERSIFYING EXPECTED COSTS— AN | LLUSTRATION

Given two risky generation costs (e.g., coal and natural gasfuel cost), it isnot possibleto
assign asingle optimal portfolio combination. Rather, only arange of efficient choices, those
portfolios that minimize portfolio cost given a specific level of risk, can be identified. Decision-

makers will choose their own risk-cost combination based on preferences and risk aversion. The
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efficient portfolio will involve diversification whenever the costs of two or more assets are less
than perfectly correlated (i.e. p < 1.0). However the diversification effect is not significant when
positive correlations are high. Figure 5 illustrates the risk and costs for a two asset portfolio
given different correlation coefficients.

Figure5: Cost and Risk for a Two Asset Portfolio Given Different Correlation Coefficients
Cost and Risk for Two-Asset Portfolio

Given Different Correlation Coefficients (rho)
NC Historical Coal and Natural Gas Fuel Costs: 1989 - 1999
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Source: Own Calculation; EIA Sate Electric Power Price and Expenditure Estimates

In Figure 5, a perfect positive correlation (i.e., p = 1.0) implies that substituting natural
gasin a 100 percent coa portfolio provides no particular advantage. Replacing coa with natural
gas increases portfolio risk and cost in alinear manner. However, if coal and natural gas are less
positively correlated, the substitution of natural gas creates a portfolio effect. Portfolio cost
increases, but portfolio risk can be reduced. The portfolio effect strengthens as the correlation

coefficient approaches negative one.
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Examining renewable technologies using MPT is an important analysis, because
renewabl e energy technologies have a different cost structure in comparison to fossil fuel
assets.’* Renewable technologies are capital-intensive, but they have arelatively fixed cost
structure over time. These fixed costs show little fluctuation over time, or are uncorrelated with
major risk drivers such asfossil fuel costs. This relationship provides an opportunity for asset
diversification, because risk correlation coefficients should be negative or have aweak positive

correlation (DeL aguil, Awerbuch and Stroup, 2005).

C. ASSUMPTIONSFOR THE USE OF MODERN PORTFOLIO THEORY

MPT is subject to a set of assumptions that should be considered in the context of this
analysis. MPT assumes that:

(1) All investmentsare perfectly divisible. For an electric utility, this means that assets

can be readily sold and divided. Specific capacity needs are not perfectly divisible.

Electric generation assets are subject to other constraints such as supply reliability and

load characteristics that hinder a utility’s ability to liquidate these assets.

(2) Assetsarefungible. MPT assumes that the location of electric generation assets
does not affect the portfolio selection. This assumption implies that generating
technologies are not subject to fuel constraints, infrastructure needs, or transmission
constraints.

(3) Transaction costs are assumed to be zero. Transition costs from the actual to a
future 2017 portfolio are not accounted for in this analysis.

(4) Theunderlying distributions of returns'* are normally distributed. This
assumption was discussed in Part A of this section.

Critics of MPT’s application to electric generation portfolios argue that the assets
involved in afinancia portfolio are much simpler than the electric generation assets that an

electric utility holds (Hanser and Graves, 2007). Utilities must have a generation mix that meets

3 Thisis most true for renewable energy resources such as wind and solar. Utility-scale biomass facilities operate
under a cost structure that is more similar to traditional utility-scale generation. However, the cost of their fuel
resources may still show wesk positive correlations.

% |n this study, costs are analyzed instead of returns.
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the customers’ loads reliably. Thus, electric generation’s output cannot be characterized solely
in terms of cost and risk. Rather, generation choice aso includes the load profile of customers,
fuel availability, environmental restrictions, siting barriers, voltage support, and regulatory
practices and policies (Costello, 2007). Critics contend that there are legitimate engineering
reasons for preferring aless diversified portfolio that, if addressed, will come at a significant cost
(Hanser and Graves, 2007).

With respect to this critique, the following mean-variance portfolio analysis does not
conclude that the efficient portfolios should be pursued solely on the basis of the cost-risk
results. In fact, no prescriptive policy is reported. The challenges outlined above are critical to
the provision of safe, reliable electricity, and they should not be sacrificed. Rather, thisanalysis
focuses solely on the proper treatment of a technologies’ stand-alone cost, and the perspective
that a Commission, responsible for protecting all NC ratepayers, should assumein its effort to
identify and provide the least-cost electric generation portfolio for the State.

For example, an electric utility may use stand-alone engineering costs to demonstrate that
their least-cost asset isanew coa power plant. An analysis stopped at this juncture will show no
necessity for additional alternative technology cost investigation. However, a portfolio cost-risk
analysis may reveal that additional coal power plants increase NC ratepayer’s cost risk. The
same analysis may show that a higher cost technology maintains or reduces portfolio cost risk.
At this point, the engineering and political challenges outlined above must be considered. These
less studied complications may reveal incremental benefits and costs related to load profiles, fuel

availability, facility siting barriers, reliability, etc.
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SECTION I11: PORTFOLI10O DATA FOR NORTH CAROLINA

A. ELECTRICITY GENERATION AND CONSUMPTION

Consumers place two different requirements on NC’s electric power system. First,
electricity isdemanded at any instant in time. The utilities ability to meet instantaneous demand
isknown as capacity and is measured in watts. Figure 6 displays Duke and Progress Energy’s

installed NC generation capacity by primary energy source.

Figure6: Duke Energy and Progress Energy Capacity by Primary Energy Source
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Source: Duke and Progress Energy 2005 FERC Form 1 Filing

Customers also consume a given demand over aperiod of time. A utility’s output over a
given time period isreferred to as energy and measured in watt-hours (Hyman, 2005). Figure 7
highlights NC’s significant electricity consumption from coal and nuclear power plants. These
two primary energy sources account for more than 90 percent of the electric utilities’ produced

electricity.
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Figure7: 2005 NC Electric Generation by Primary Energy Source

30.9%

4.3%

1.4%

[l Coal B Nuclear
W Oil @ Natural Gas
H Hydroelectric H Biomass

Source: Data Derived from State Electricity Profile Figure 5: Electric Power Industry Generation by Primary Energy
Source, 1990 through 2005. http: //www.eia.doe.gov/cneaf/electricity/st_profiles/north _carolina.html

NC investor owned utilities account for 94 percent of the State’s electricity production,
while independent producers and combined heat and power systems produce the remaining 6
percent. Aside from coal and nuclear primary energy sources, the NC electric industry also
relies on biomass, hydroelectric, natural gas, petroleum, and pumped storage for electricity
generation. Petroleum accounts for less than 0.5 percent of electric utility generation.
Renewable energy sources are approximately 4.3 percent hydro and 1.4 percent biomass. An
important difference between NC’s energy consumption and capacity mix is the proportion of
natural gas. Although natural gas contributes little to the State’s total electric consumption, it
represents a significant portion of the State’s capacity. The majority of this natural gas capacity

is maintained to meet Commission required reserve margins.
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Both capacity and energy are critical elements in NC’s power system. Electricity cannot
be effectively stored, and NC’s power system must instantaneously balance generation and
demand. Therefore, utilities build generation capacity to meet the maximum instantaneous
demand that occurs on the system plus aregulated reserve margin. This paper does not focus on
instantaneous el ectric demand and power capacity, because the modeling and analysis is beyond
its scope. Rather, this paper focuses on the measure of electric consumption, energy.

The baseline amount of NC electricity consumption was developed from NC’s 2005
Energy Information Administration (EIA) state electricity profile and EIA Form 906, which
collects annual plant-level data on generation and fuel consumption from utility and non-utility
power plants. The 2005 total generation in Table 1 includes electricity generated by electric
utilities, independent power producers, and co-generators whose primary business purpose isthe

sale of electricity. The remainder of retail salesis assumed to be met through imports or

Table1: NC Actual and Projected Baseline Electricity Consumption

2005 2017

Energy Source

MWh % MWh %

Existing Coal 77,880,796 | 60.69% | 75,880,017 | 46.89%
New Coal - - 23,627,383 | 14.60%
Existing Oil 246,650 0.19% 221,086 0.14%
Existing Natural Gas 3,141,457 | 2.45% | 3,137,376 | 1.94%
New Natural Gas - - 1,732,527 | 1.07%
Existing Nuclear 39,981,739 | 31.15%| 39,981,739 | 24.71%
New Nuclear 6,381,614 | 3.94%

Total Generation 126,601,985 98.65% 156,313,084 96.59%

Importsor Purchases from Non-
NAICS 22 Facilities 1,733,015 | 1.35% | 5,519,597 | 3.41%

Total Retail Sales 128,335,000 100% 161,832,681 100%

Source: (Progress, 2006; Duke Energy, 2006; La Capra Associates, 2006)
MSW = Municipal Solid Waste
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purchases from non-NAICS 22 facilities.™

Projections for new electric generation between 2008 and 2017 are based on La Capra
Associates (2006). Their estimates are adjusted to reflect NC consumption only. Since NC’s
electric utilities maintain service territories in neighboring states,'® NC estimates must be
adjusted to isolate projected NC consumption. Adjustments for specific NC electricity
consumption are based on 2006 integrated resource plans and EIA Form 906. The estimation

processisoutlined in Section V.

B. TECHNOLOGY GENERATING COSTS

A levelized cost per megawatt-hour (MWh) permits a direct economic comparison
between generating units because costs’ total present value are converted to comparable
annualized payments. Expected generating costs for the existing and potential generating
technologies were primarily developed from La Capra Associates (2006). The cost for each
technology was calculated using a standard engineering cost methodology. Appendix A liststhe
levelized generating cost computation method and assumptions for each technology.

The resulting electricity generation costs for each technology are shown in Figure 8 and
Table2. To smplify the analysis, it was assumed that wind generation occurred in class four
wind sites, and new hydroel ectric power was generated from installations less than 10 megawatts
(MW). Average annual wind speeds are identified by classes from oneto seven. Classoneisthe
lowest, and class seven is the highest wind speed. Class three wind sites can produce economical
wind development projects, but class four and greater wind speeds are present at preferred NC

development sites (La Capra, 2006).

5 An NAICS 22 facility is a business that provides electric power. It is classified in the U.S. Census Bureau’s North
American Industry Classification System, Utilities sub-sector.
16 Service territories include South Carolina, North Carolinaand Virginia
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SEcTION |

Figure 8. Levelized Electric Generation Costsfor Technology Typesin 2017
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Table2: Levelized Electric Generation Costsfor Technology Typesin 2017

L evelized Technology Generation Cost

200.00 A
150.00
100.00
50.00
0.00 -

Energy Source
9y 2008 $s per MWh 2017 $s per MWh
Existing Coal 40.86 51.03
New Coal 75.42 94.18
Existing Oil 144.53 180.49
Existing Natural Gas (CT) 160.16 200.02
New Natural Gas (CT) 305.78 381.88
Existing Natural Gas (CC) 71.08 88.77
New Natural Gas (CC 95.93 119.80
Existing Nuclear 31.00 38.72
New Nuclear 75.70 94.54
Existing M SW 66.40 82.92
Existing Wood Waste 68.50 85.55
New Wood Waste 89.51 111.78
e

Existing Landfill Gas 45,78 57.18
New Landfill Gas 46.98 58.67

Existing Hydroelectric 6.00 7.49
New Hydroelectric 103.73 129.55
New Wind (Class | V) 62.99 64.04
New Poultry Litter 98.87 123.48
New Hog Waste 78.93 91.66
New Solar PV (Commercial) 202.79 229.73

Source: Own Calculation; (La Capra Associates, 2006)
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C. TECHNOLOGY CosT RIskS

Technology cost risk is the electricity generation cost’s year-to-year variability, measured
in standard deviation of the cost stream’s yearly rate of change. As described in Section |1, only
if distributions of the risk parameters are normal, will the historic standard deviations of relative
changes reveal enough information for risk assessment in mean-variance portfolio analysis.
Inherent in this method is the need to have historical time series that are robust enough to make
tests for normality meaningful. In this paper, the Jarque-Beratest is applied, and results are
found in Appendix B.

Unfortunately, public data sets for many renewable energy technologies hold little
historical data. This is due to renewable energy’s relative infancy in the electric utility industry.
Accounting for thisfact, this analysis makes an effort to empirically estimate the fuel and
operation and maintenance cost risk for NC electric generation shown in Table 3. Investment
risk is estimated using proxy procedures developed by Berger (2003).

Table 3: Componentsof Electric Generation Technology Cost Risk — Empirical Fuel and O& M

Technology Risk Estimates Table 3 Footnotes and Sources
(Holding Period Standard Deviation)

SR CVEVEN (VRO E(WI (a) Based on estimation procedure by Berger (2003)

Coal Existing

Coal New 0.2000 0.0288 0.1031 (b) Empirical estimates based on 1989-1999 EIA data
Oil Existing 0.0000 0.1863 1.3988

Natural GasExisting (CTs) 0.0000 0177205831 1 () Empirical estimates based on 1995-2004 data except
Natural Gas New (CCs) 0.1500 0.1772 0.5831 -

Nudlear Existing 0.0000 0.0350 01681 for MSW, Wind, Landfill Gas, Hog Waste and Solar
Nuclear New 0.2000 0.0360 0.1681 ]

Hydro Existing 0.0000 0.0000 0.3706 Wind serves as proxy for Landfill Gas, Hog Waste and
Hydro New 0.2000 0.0000 0.3706 Solar; empirical estimates based on 1999-2006 data
Imports 0.0000 0.1772 0.5831

Wood Waste Existing 0.0000 0.1737 0.29% MSW empirical estimates based on 1994-2003 data
Wood Waste New 0.2000 0.1737 0.299

MSW Existing 0.0000 0.0000 0.1569

Landfill Gas Existing 0.0000 0.0000 0.4267

Landfill Gas New 0.1500 0.0000 0.4267

Poultry Litter New 0.1500 0.1737 0.2996

Hog Waste New 0.0500 0.1813 0.4267

Wind (Class1V) 0.0500 0.2290 0.4267

Solar PV New (Commercial) 0.0500 0.0000 0.4267
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Berger (2003) estimated standard deviations and correlation coefficients for various
technologies’ investment and operation and maintenance cost risk. Berger (2003) assumed that
fixed operation and maintenance costs are similar to a debt equivalent risk. Fixed operation and
maintenance costs are contractual in nature, and the maintenance will be performed as long as
sufficient incomeis available. Inasimilar manner, the risk of interest rate paymentsisrelated to
available income; as long as sufficient income is present, debt will be serviced. A second set of
risk coefficientsis analyzed using the same empirically estimated fuel cost risk but substituting
Berger’s (2003) proxy procedures for investment cost and operation and maintenance cost

risks.'” The respective estimates are shown in Table 4.

Table4: Componentsof Electric Generating Technology Cost Risk — Berger Investment and O& M

Technology Risk Estimates

(Holding Period Standard Deviation)
Investment (a) Fuel (b) Variable O&M (a) Fixed O&M (a)

Coa Existing

Coal New 0.2000 0.0288 0.2000 0.0870
Oil Existing 0.0000 0.1863 0.2000 0.0870
Natural Gas Existing (CTs) 0.0000 0.1772 0.2000 0.0870
Natural Gas New (CCs) 0.1500 0.1772 0.2000 0.0870
Nuclear Existing 0.0000 0.0360 0.2000 0.0870
Nuclear New 0.2000 0.0360 0.2000 0.0870
Hydro Existing 0.0000 0.0000 0.2000 0.0870
Hydro New 0.2000 0.0000 0.2000 0.0870
Imports 0.0000 0.1772 0.0000 0.0000
Wood Waste Existing 0.0000 0.1737 0.2000 0.0870
Wood Waste New 0.2000 0.1737 0.2000 0.0870
MSW Existing 0.0000 0.0000 0.2000 0.0870
Landfill Gas Existing 0.0000 0.0000 0.2000 0.0870
Landfill Gas New 0.1500 0.0000 0.2000 0.0870
Poultry Litter New 0.1500 0.1737 0.2000 0.0870
Hog Waste New 0.0500 0.1813 0.2000 0.0870
Wind (Class 1V) 0.0500 0.2290 0.2000 0.0870
Solar PV New (Commercial) 0.0500 0.0000 0.2000 0.0870

Sources.

(a) Based on estimation procedure by Berger (2003)
(b) Empirical estimates based on 1989 - 1999 EIA data

17 v ariable operation and maintenance cost and construction period risk is estimated as equivalent to standard
deviation of returns of adiversified market portfolio like the S& P 500 Index.
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Separate from the fact that standard deviations of relative changes must be calculated
from normal distributions, it isimportant to select time series that represent expected variability
in the future. For example, Figure 9 displays NC’s electric power fuel expenditures. In order to
avoid the high price spikes for oil and natural gas in the early ‘80s and ‘00s, the time period for

risk assessment in the model’s base case ranges from 1989 - 1999.
Figure9: NC Historical Electric Power Fuel Expenditures
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D. TECHNOLOGY CORRELATION COEFFICIENTS

The correlation coefficient measures the relationship between two variables in terms of
closeness. It isadimension free measure between -1 and 1 that describes the degree of linear
association between two variables (Ramsey and Schafer, 2001). If the values of two variables
move in the same direction, the correlation coefficient will be positive. Variable values that
move in opposite directions will have negative correlation coefficients, while variable values

with no observed relationship will have a correlation coefficient value equal to zero.
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Similar to therisk analysis, two sets of correlation coefficients were assessed. Table 5
and 6 display empirical estimates for NC fuel and operation and maintenance cost correlation
coefficients. The subsequent paragraphs highlight unique challenges in coefficient estimation.

Table5: Empirical NC Fuel Correlation Factor Estimates

Fuel Correlation Factorsfor the North Carolina Electric Sector

Coal Oil NaturalGas  Nuclear Imports  WoodWaste
Coal 1.0000 -0.2076 -0.5525 0.2499 -0.5525 0.2766
Oil -0.2076 1.0000 0.2745 -0.1619 0.2745 -0.5448
NaturalGas -0.5525 0.2745 1.0000 -0.6907 1.0000 -0.3995
Nuclear 0.2499 -0.1619 -0.6907 1.0000 -0.6907 0.2587
Imports -0.5525 0.2745 1.0000 -0.6907 1.0000 -0.3995
WoodWaste 0.2766 -0.5448 -0.3995 0.2587 -0.3995 1.0000

Source: Own calculations using EIA State Electric Power Price and Expenditure Estimates

This analysis assumes that MSW, hydroelectric, and other renewable energy technologies
do not have fuel costs, so their correlation factors are zero and not shown in Table 5. Import fuel
correlation is estimated using the fuel correlation factors for natural gas. In many cases,
imported electricity is purchased at a price set by the marginal cost of the last increment of
generation for any period. Increasingly, natural gas generation isthe marginal electricity
production that sets the market clearing price.

Table6: Empirical NC Operation and Maintenance Correlation Factor Estimates

Operation and Maintenance Correlation Factorsfor the North Caroina Electric Sector

Coal NaturalGas Nuclear Qil Hydro Imports MSwW Wood Wind (Renewables)
Coal 1.0000 0.1903 -0.1699 -0.0500 0.1755 0.1903 -0.6837 -0.1927 -0.5568
NaturalGas 0.1903 1.0000 0.5614 0.1283 0.2997 1.0000 0.4125 -0.5306 -0.7310
Nuclear -0.1699 0.5614 1.0000 -0.2703 0.6732 0.5614 0.5512 0.0880 -0.2008
Oil -0.0500 0.1283 -0.2703 1.0000 -0.1955 0.1283 -0.0771 0.3955 -0.5523
Hydro 0.1755 0.2997 0.6732 -0.1955 1.0000 0.2997 0.2875 0.3501 -0.2039
Imports 0.1903 1.0000 0.5614 0.1283 0.2997 1.0000 0.4125 -0.5306 -0.7310
MSwW -0.6837 0.4125 0.5512 -0.0771 0.2875 0.4125 1.0000 -0.0960 -0.3577
Wood -0.1927 -0.5306 0.0880 0.3955 0.3501 -0.5306 -0.0960 1.0000 0.4533
Wind (Renewables) -0.5568 -0.7310 -0.2008 -0.5523 -0.2039 -0.7310 -0.3577 0.4533 1.0000

Source: Own calculations using FERC Form 1 filings

The cost risks and correlation factors for operation and maintenance outlays are more
difficult to estimate. In regulated utilities, maintenance outlays may be recorded as capital

improvements and depreciated over time. In NC, utility regulation creates a significant incentive
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to charge maintenance outlays to capital improvements, because the costs are included in the
utility’s rate base where they earn aregulated rate of return. The Federal Energy Regulatory
Commission (FERC) maintains records of operation and maintenance costs reported in electric
utilities’ annual FERC Form-1 filings. This data was used to estimate both standard deviations
and correlation coefficients for operation and maintenance costs.

Figure 10 displays the historical data used to calculate the empirical correlation
coefficient estimationsin Table 6. NC does not have MSW, wood, and renewable electric
generation assets that are reported in FERC Form-1 filings. Estimates were generated from
proxy power plantslocated in other regions.’® The negative correlative relationships were

unexpected and warrant further investigation. For example, coal and nuclear power plants are

Figure 10: Historical Operation and M aintenance Costs
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both baseload el ectric generation facilities that operate near full cycle, meaning they typically

operate more than 5,000 hours annually (NC Annua Report, 2006). A driver that would cause

18 Operation and maintenance cost characteristic proxies are MSW (Northern States Power Company’s Red Wing
plant), Wood and Poultry Litter (Avista Corporations’ Kettle Falls plant), and Other Renewables (Wisconsin Public
Service’s Lincoln Wind Farm)
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coal operation and maintenance costs to rise when nuclear operation and maintenance costs fall
cannot be identified. In addition, most renewable energy technologies lack a sufficient amount
of historical data to provide statistically powerful results.*® The Lincoln Wind Farm, used as the
renewable proxy, is the oldest identified non-biomass renewable energy project availablein
FERC Form 1 filings, and its reported data began in 1999. Figure 10 reveasthe volatility in
Lincoln’s operation and maintenance costs, which is most likely, not a prudent selection for
future expectations.

In summary, given sufficient historic data, investment and operation and maintenance
expected cost risk could be estimated in the necessary manner: standard deviations and
correlation coefficients of relative changes. | calculate empirical estimates for NC operation and
maintenance cost risk, but the results cannot be supported with identified causes. Due to the
uncertainty in the empirical operation and maintenance cost estimates, | rely on Berger (2003)
correlation coefficient and standard deviation estimates in the subsequent mean-variance
analysis. Table 7 displays the relevant correlation coefficients. Appendix C reports the mean-

variance portfolio analysis results from empirical calculations.

Table7: Berger Corréation Coefficient Estimates

Estimated Correlation Factorsfor All Technologies

I nvestment Fuel Variable O&M Fixed O&M
Investment 0.7000 0.0000 0.1000 0.1000
Fuel 0.0000 NC Empirical Data 0.0000 0.0000
Variable O& M 0.1000 0.0000 0.7000 0.1000
Fixed O&M 0.1000 0.0000 0.1000 0.7000

Source: Berger (2003); Own calculations using EIA State Electric Power Price and Expenditure Estimates

19 Appendix B lists all Jarque-Beratests. Although normality cannot be rejected, the test lacks statistical power.
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SECTION IV: APPLYING M ODERN PORTFOLIO THEORY TO

NORTH CAROLINA’SELECTRIC POWER GENERATION PORTFOLIO

A. NORTH CAROLINA MEAN-VARIANCE MODEL STRUCTURE AND CONSTRAINTS

The North Carolina mean-variance portfolio model built for this analysisis an excel
workbook containing support data, model inputs as described in Section 111, an optimization
worksheet, and model results. Excel’s internal solver function locates a minimum cost portfolio
subject to a specified level of risk and technology constraints.

In practice each electric generation technology has certain constraints that must be
accounted for in the development of realistic portfolios. For example, technologies are subject to
practical limitations of project development, equipment supply, and siting requirements.
Likewise, not all existing technologies will be retired in the study’s time period. Table 8 shows

the generating potentials for NC assumed as constraints in the portfolio optimization.

Table8: Technology Electric Generation Potentials

Lower Bounds Upper Bounds
Technology Potential MWh % of 2017 Consumption Potential MWh % of 2017 Consumption
Existing Coal 75,880,017 46.89% 77,650,800 48.00%
New Coal 0 0.00% 28,310,187 17.50%
Existing Oil 161,772 0.10% 1,617,725 1.00%
Existing Natural Gas 2,426,587 1.50% 3,235,450 2.00%
New Natural Gas 0 0.00% 8,088,625 5.00%
Existing Nuclear 39,973,985 24.71% 42,060,850 26.00%
New Nuclear 0 0.00% 28,310,187 17.50%
Existing MSW 80,886 0.05% 113,241 0.07%
Existing Wood Waste 323,545 0.20% 485,317 0.30%
New Wood Waste 0 0.00% 7,522,421 4.65%
Existing Landfill Gas 48,532 0.03% 161,772 0.10%
New Landfill Gas 0 0.00% 1,051,521 0.65%
Existing Hydr opower 4,044,312 2.50% 4,853,175 3.00%
New Hydropower 0 0.00% 1,779,497 1.10%
New Poultry Litter 0 0.00% 275,013 0.60%
New Hog Waste 0 0.00% 361,000 0.20%
New Wind Class (V) 0 0.00% 4,044,312 2.50%
New Solar PV (Commercial) 0 0.00% 361,000 0.20%
Imports 0 0.00% 16,177,250 10.00%

Source: Data Calculated from EIA Form 906, (Duke Energy, 2006; Progress,
2006; La Capra Associates, 2006)
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The new electric generation potentials for renewable energy technologies were estimated
based on the projections reported in La Capra Associates (2006). Their report analyzed landfill
gas, wood and vegetation, animal waste, wind, hydro, and solar photovoltaics. The consultants
adjusted their technical estimates to reflect practical consideration such as incompatible land uses
and competing resource uses. Solar photovoltaic potential was not estimated, because its
limitation is not availability. Rather, solar photovoltaics are limited by their high installation

costs. Table 9 displays La Capra Associates (2006) estimates.
Table9: LaCapraNew Renewable Resour ce Estimates

Practical Potential (MW) Practical Energy Potential (MWh)

Landfill Gas 150 1,000,000
Wood Waste 953- 1,239 7,500,000 - 8,100,000
Poultry Litter 105 800,000

Hog Waste 93 600,000

Wind (On-Shore) 500 - 1,500 1,300,000 - 3,900,000
Hydro* 66 - 425 300,000 - 1,700,000
Solar PV N/A N/A

* Depends on whether hydro greater than 10 MW isincluded

Source; La Capra Associates, 2006

The portfolio optimization potentials also account for the constraints established pursuant
to Session Law 2007-397: NC'’s legislation establishing a renewable energy and energy
efficiency portfolio standard (RPS). The legidation requires renewable energy to account for 7.5
percent of electric utilities’ retail sales by January 1, 2018.° Eligible renewable energy sources
include solar electric, solar thermal, wind, hydroel ectric power facilities with a capacity of 10
MW or less, geothermal, tidal energy and biomass.?* A minimum amount of electricity retail
sales must come from solar, swine waste, and poultry waste to comply with the standard. The

analysis accounts for the law’s January 1, 2018, specifications that:

2 The full standard isa 12.5 percent standard for investor-owned electric utilities and 10 percent for electric
cooperatives and municipalities. However, defined energy efficiency measures can aso be used for compliance.

7.5 percent is the minimum renewable energy requirement. This study does not analyze energy efficiency and refers
to the standard as an RPS.

2 Eligible biomass includes agricultural waste, animal waste, wood waste, energy crops, spent pulping liquors,
combustible biomass by-products, and landfill methane.
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(1) Poultry litter produces 900,000 MWhs.

(2) Solar and hog waste each account for 0.2 percent of NC retail sales.

Estimated additions and adjustments to electric generation from coal, nuclear, oil, natural
gas and existing hydroelectric power plants were based on data presented in the Commission’s
Annual Report (2006) and total electric generation reported by La Capra Associates (2006). The
Annual Report (2006) provides service territory data: meaning total MW capacity includes
demand outside North Carolina’s geographic boundaries.

To estimate NC electric generation, future planned capacity® is proportionally adjusted
based on historical electric generation proportions reported in EIA Form 906. Approximately 97
and 47 percent of the electric utilities’ planned new coal and nuclear power plant generation is
attributed to NC.

Progress Energy reports 2,760 MW of planned new capacity during 2006 — 2015 for its
service territory. Of the 2,760 MW, only 157 MW is specifically designated as additional
combustion turbine capacity fueled by oil and natural gas. Progress Energy has no planned
retirements, but forecasts 147 MW in coal power plant de-rates”® due to installed scrubbers
(Progress, 2006).

Duke Energy reports 4,850 MW of planned new capacity during 2006 — 2015. Of the
4,850 MW, Duke specifically designates 102 MW to come from hydro and coal power plant
efficiency improvements. The company also plansto retire 298 MW of combustion turbine
capacity and reports acoal power plant de-rate of 122 MW due to the installation of scrubbers

(Duke Energy, 2006).

2 Baseload capacity is assumed to have a .9 capacity factor
% A de-rate is a reduction in a power plant’s capacity measured in MW.
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B. EFFICIENT ELECTRICITY PORTFOLIOSFOR 2017 — RESULTS

1. IDENTIFIED EFFICIENT ELECTRICITY GENERATION PORTFOLI0S

Figure 11 displays possible el ectric generation portfolios subject to the constraints

discussed in Section IV, Part A. Figure 11 shows an infinite number of electric generation mixes

that could meet North Carolina’s projected 2017 electricity consumption.

Figure11: NC’s Feasible Region and Efficient Frontier
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Source: Own calculation; Mean-variance portfolio analysis using data sources described in Part 111
and constraints described in Part IV Section A.

Unique portfolio examples with different cost-risk relationships are represented by the

black diamonds. As discussed in Awerbuch and Y ang (2007), two electric generation portfolios

with near identical cost-risk relationships can have significantly different shares of each

generating technology. There are many combinations of technologies that can create the same

cost-risk relationship. The dashed red curve isthe efficient frontier. The efficient frontier

identifies al optimal electric generation portfolios. There are no feasible electric generation

portfolios below the frontier, and along the frontier, lower cost istraded for increased risk. The
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portfolios identified by black diamonds are inefficient, because feasible portfolios with lower

cost and risk can be obtained by moving down and to the left.

Before discussing identified portfolios, it is useful to examine individual technology’s

calculated expected cost and risk. Figure 12 identifies the cost-risk coordinates for selected

technol ogies used in the mean-variance analysis. The combined cost and risk dimensions

generally indicate the influence that individual technologies will have on portfolio risk. For

example, existing coal and nuclear electric generation are modeled as low cost and low risk

assets. These assets are low risk, because they have no investment risk,?* and little fuel and

operation risk.”® Therefore, the portfolio optimization model maximizes existing coal and

nuclear generation in most instances. The few exceptions occur on the efficient frontier’s

highest cost, lowest risk location.

Figure 12: Individual Expected Technology Cost and Risk

0.210

0.180

0.150

0.120

0.090

Levelized Cost ($2008/kWh)

0.060

0.030

0.000

0.000

* Solar PV
¢ Natural Gas CC (N)
+Wood-Waste(N)
* Coal (N) + Nuclear (N
*Wind ® Wood Waste (E)
= Coal (E) * Landfill Gas (N)
= Nuclear (E)
= Hydro (E)
0.020 0.040 0.060 0.080 0.100 0.120 0.140 0.160 0.180

Risk (Standard Deviation)

Source: Own calculation; Mean-variance portfolio analysis using data sources described in Section I11

# Existing technologies have no investment risk, because they are built and in operation.
% The reader is directed to Figure 9 to review historic fuel price volatility.
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2. COMPARISON TO EXISTING NC PoLicy
Figure 13 shows the expected cost and risk results for NC electric generation in 2017.

Figure13: NC’s 2017 Efficient Frontier and Potential Portfolios
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Source: Own calculation; Mean-variance portfolio analysis using data sources described in Section |11
and constraints described in Section 1V Part A.

A potential portfolio that meets the criteria established in NC’s RPS (¢ = 0.038, $0.052)
islessrisk than the projected conventional portfolio (¢ = 0.041, $0.051), but it is higher cost.
For a 7.3 percent reduction in cost risk, the model reveals an incremental portfolio cost of $91.1
million.?® However, portfolios do exist that are less risk and lower cost than the projected 2017
portfolio absent the RPS. The portfolio labeled “Efficient Portfolio” in Figure 12 is one example.

Figure 14 compares the hypothetical RPS, efficient portfolio, and the projected 2017
portfolio absent the RPS. Figure 14 illustrates that increased energy from natural gas creates
portfolios that reduce expected portfolio risk relative to the projected RPS and non-RPS

portfolios. This is driven by natural gas’s negative fuel cost correlations with coal and nuclear

% 2017 energy consumption is estimated to be 161,832,681 MWhs. 2017 energy consumption multiplied by
(0.0516-0.0510) equals 161,832,681,000 kWhs x (0.0516-0.0510) = $97.1 million.
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fuel costs. New natural gas reachesits upper limit in two efficient portfolios, but quickly fallsto
zero as greater risk istraded for lower cost. Renewable energy is greater in the efficient
portfolio, but does not meet the mandated standard.?’ Less new biomassis used in the efficient
portfolio, because its expected costs are higher than existing coal and nuclear electric generation.
On the following page, Figure 15 will explore the portfolio compositions along the efficient

frontier in greater detail.
Figure 14: NC’s 2017 Potential Portfolio Comparison
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Source: Own calculation; Mean-variance portfolio analysis using data sources described in Section |11
and constraints described in Section IV Part A.

%" Total renewable energy equals 9.06 percent, but new renewable energy equals 5.54 percent.
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Examining the portfolios along the efficient frontier reveal s the changes in composition
asincreased portfolio cost risk istraded for lower cost. Figure 15 displays the renewable energy
portfolio composition along the efficient frontier. Moving from high-risk to low-risk, wind and
landfill gas attain their upper limitsin all efficient portfolios. Their percentage share of
renewable energy is reduced as more renewable energy technologies enter efficient portfolios at

higher cost.

Figure 15: NC’s 2017 Projected Renewable Energy along the Efficient Frontier
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Source: Own calculation; Mean-variance portfolio analysis using data sources described in Part 111
and constraints described in Part 1V Section A.

Figure 16 shows natural gas and renewable energy replace new coal asrisk is reduced.
Wood waste, poultry litter,? coal and nuclear share similar positive fuel cost correlation
coefficients. Wood waste and poultry litter replace new coal in lower risk efficient portfolios
because it is assumed that their weighted investment risk is lower than new nuclear power plants.

In past studies of Virginiaand California, DeLaquil et. al. (2005) and Lesser et. a. (2007)

find new natural gasis replaced, not added at lower levels of risk. Thisresults from natural gas’s

28 poultry litter fuel cost risk estimates use wood waste fuel cost risk as a proxy.
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larger electric generation in the respective states, and their estimation of higher natural gas fuel
cost variances™ and | ess negative correlation coefficients.®® Although adding a volatile fuel
source in order to lower total portfolio risk may seem counterintuitive, the reader should recall
that the power of portfolio diversification liesin co-variances, not stand-alone risk or cost.
Natural gas is strongly negatively correlated with coal (p = -0.55) and nuclear (p = -0.69) fuel

cost risk. Portfolio cost risk can be reduced without alinear increase in expected portfolio cost.*

Figure 16: NC’s 2017 Portfolio Mix along the Efficient Frontier

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

3.7% 3.8% 3.9% 4.0% 4.1% 4.2%
Risk(Standard Deviation)

Percentage Share (%)

l Coal m Oil @ Natural Gas B Nuclear B Imports B Renewables

Source: Own calculation; Mean-variance portfolio analysis using data sources described in Part 111
and constraints described in Part 1V Section A.

% This paper estimates expected natural gas fuel cost risk equals 0.177, based on the time period 1989 — 1999.

Del aquil, Awerbuch and Stroup (2005) estimate 0.760, based on the time period 1985 — 2001. Lesser et. a. (2007)
estimate 0.291 based on the time period 1980 — 2005.

%0 |_esser et. al. (2007) estimate a coal/natural gas correlation coefficient equal to 0.53.

%! Refer to Figure 5.
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3. RELAXING PORTFOLIO OPTIMIZATION CONSTRAINTS

Sub-parts one and two in this section assessed the mean-variance results subject to strict
assumptions. Renewable electric generation was limited to La Capra (2006) estimated practical
potential and the legidlative mandates specified in Session Law 2007-397. Sub-part three relaxes
the model constraints in two ways. First, renewable energy’s technical electric generation
potential replaces all practical potentials. Table 10 compares the technical and practical
potentials used as constraints in the optimization model. Second, approximately 13.5 million
existing coal power plant MWhs are allowed to be replaced. Table 11 displays NC’s oldest coal
power plants and their 2005 electric generation.

Table 10: Technical and Practical Potentials used as M odel Constraints

Technical Potential (MW) Technical Energy Potential (MWhs)  Practical Energy Potential (MWh)

Landfill Gas 240 1,682,000 1,052,000
Wood Waste 2,270 17,897,000 7,525,000
Poultry Litter 175 1,380,000 971,000
Hog Waste 116 762,000 324,000
Wind (On-Shore) 9,600 25,229,000 4,046,000
Hydro Assumption Not Relaxed Assumption Not Relaxed 1,780,000
Solar PV 486 809,000 324,000

Source: Own calculation; Adapted from potential estimates and capacity factorsin La Capra (2006)

Table11: NC’s Oldest Coal Power Plants

Duke and Progress Energy NC Coal Power Plants Greater than 45 Years Old

Owner 2005 Electric Generation (MWhs) Capacity (MWSs) Original Construction Date Last Unit Installed
Buck Duke Energy 1,647,010 370 1941 1953
Riverbend Duke Energy 1,835,789 466 1952 1954
Dan River Duke Energy 649,313 290 1949 1955
Allen Duke Energy 6,415,484 1,155 1957 1961
W.H. Weatherspoon [Progress Energy 797,575 166 1949 1952
Lee Progress Energy 2,049,537 402 1951 1962

Source: 2005 FERC Form 1 Filings

Coal power plants are selected, because NC may accrue improved air quality benefits if

renewable energy can reliably replace coal.** In addition, federal greenhouse gas legislation will

% This study does not attempt to quantify these benefits, because air quality impacts are dependent on location,
climate, fuel quality and other factors not studied in this analysis.
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likely be enacted in the study period 2008 - 2017. In the event that greenhouse gases are

regulated, NC customers could immediately incur higher electricity costs if electric utilities’

existing coal power plants are not exempted from financial penalties. Therefore, NC may also

accrue financial benefitsif existing coal can be replaced.

Figure 17 compares the “relaxed” versus “strict” model assumptions. The efficient

frontier maintains a similar expected cost range, but the expected portfolio risk range decreases.

Figure17: NC’s 2017 Efficient Frontier Comparison
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Source: Own calculation; Mean-variance portfolio analysis using data sources described in Section

I1, constraints described in Section 1V Part A, and relaxed constraints.

The efficient frontier’s reduced expected risk range is attributable to wind’s increased role in

efficient portfolios. Wind electric generation is greater than 9 percent in all efficient frontier

portfolios. Theincreased reliance on wind creates portfolios largely composed of wind, existing

coal and existing nuclear. Ignoring existing hydroelectric generation, these three technologies

exhibit the lowest expected risk.
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Figure 18 compares the hypothetical RPS, efficient portfolio and the projected portfolio

absent the RPS electric generation compositions. Figures 17 and 18 illustrate that increased

Figure 18: NC’s 2017 Potential Portfolio Comparison — Relaxed Modd Constraints
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Source: Own calculation; Mean-variance portfolio analysis using data sources described in Section
I11, constraints described in Section 1V Part A, and relaxed constraints.

energy, primarily from wind, can reduce expected portfolio risk with no increase in expected
cost. Shown in Figure 17, the identified efficient portfolio reduced expected portfolio risk 13.8
percent,® relative to the non-RPS portfolio. This expected risk reduction occurs without an
increase in expected cost. Primarily, new wind electric generation displaces existing and new
coal. Other electric generation sources remain relatively consistent.

Examining the renewable energy portfolio composition along the efficient frontier,
wind’s continued portfolio dominance is clearly illustrated in Figure 19. Moving from high-risk

to low-risk, wind reaches its upper limit at portfolio risk equal to 3.7 percent. Existing

% Percent change i's calculated: (0.0406 - .035)/.0406 = 13.79 percent.
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hydroelectric and new landfill gas generation is maximized in all efficient portfolios. Wind’s
renewable energy percentage share is greatest at 3.9 percent but reduces as wood waste, poultry
litter, and hog waste enter the efficient portfolio. Solar electric generation isincluded in

efficient portfolios with the lowest expected risk.

Figure19: NC’s 2017 Projected Renewable Energy along the Efficient Frontier — Relaxed Modé Constraints
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Source: Own calculation; Mean-variance portfolio analysis using data sources described in Section
I, constraints described in Section IV Part A, and relaxed constraints.

The full portfolio composition along the efficient frontier is not shown, because the
findings are displayed in Figures 18 and 19. Moving from higher to lower risk, wind and
biomass resources displace existing and new coal electric generation. Wind is the primary
substitute, and this study’s findings suggest that wind can provide arisk reduction benefit to
NC’s electric generation portfolio at no increase in expected portfolio cost. To the extent wind
electric generation can reliably substitute for coal, NC can reduce its expected portfolio risk and

most likely accrue air quality and regulatory risk mitigation benefits.>*

 Regulatory risk refers to the previous greenhouse gas discussion on pages 35-36.
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SECTION V: CONCLUSION AND FUTURE WORK

This study’s results do not indicate a specific future electric generation portfolio or

prescribe a particular policy. Rather, the results reveal potential expected cost and risk reduction
benefits through diversification. Major findings include:

(1) Natura gas €electric generation can reduce expected portfolio cost risk, because its fuel
cost risk is negatively correlated with coal and nuclear historical fuel cost changes.

(2) Existing coal and nuclear electric generation is difficult to replace, because the electricity
sources exhibit low expected cost and risk.

(3) Renewable energy, combined with increased natural gas electric generation, can reduce
expected cost and risk by replacing some expected coal electric generation.

(4) Session Law 2007-397 may create el ectric generation portfolios that are more efficient
than the projected electricity portfolios absent a renewable portfolio standard.

(5) Wind electric generation can play apivotal role in cost risk reduction, because it exhibits
expected low cost and risk.

(6) New biomass can also reduce expected portfolio risk, if itsinvestment cost risk isless
than new coal or nuclear power plants.

In terms of expected portfolio cost and risk, these findings suggest stand-alone levelized
generation cost analysisis not enough. For example, wind and biomass electric generation are
often discarded in qualitative planning stages based on individual cost or technology constraints.
However this study’s results show wind and biomass’s individual cost and risk characteristics
can produce positive portfolio effects — reduced expected cost and risk.

Individual firms may have acceptable reasons to not diversify their electric generation
portfolio. Lack of technical expertise, inadequate financial incentives, or regulatory constraints
may encourage an electric utility to rely on alimited set of electric generation technologies and
fuel sources. However, the Commission does not solely represent afirm or itsinterests; it must

balance both the electric utilities’ and public’s needs. It isthe need to balance that makes MPT a
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useful tool to analyze electric generation options and gain further insight into potential expected
least-cost investments; insight not revealed in stand-alone levelized electric generation costs.

| recognize many variables factor into the Commission’s final approval for projected
electric generation plans. Reliability, safety, transmission constraints, and load profiles are just a
few examplesillustrating the complexity involved in integrated resource planning. However,
this study’s findings suggest that the current least-cost analysisislimited. The Commission
could place undue future cost risk on immobile NC ratepayers if technol ogies with only the
lowest stand-alone cost are closely scrutinized. This study’s findings suggest that increased
renewable electric generation can lower expected portfolio cost and risk. However, to what end
and at what cost diversity should be pursued is still an unanswered question. NC annual
integrated resource plans show no evidence that renewable energy resources are rigorously
assessed for their benefits and costs related to system reliability, safety, intermittency, and
transmission. NC can only be fully aware of these costs and benefitsif stand-alone costs are
treated as a tool rather than a decision rule.

| intend to refine the methods presented in this study and consider the reported results
preliminary. Future work includes a more in-depth analysis of historical capital and operating
costs. Sensitivity analyses will be performed on the completed model and additional work will

focus on quantifying other costs and benefits briefly identified in the preceding paragraph.
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APPENDIX A: TECHNOLOGY COST DATA

Appendix A provides the engineering cost methodology and assumptions used to

compute levelized technology costs. Individual charts display assumptions for each technology,
which are primarily derived from La Capra (2006).

Engineering Cost M ethodology

Step 1: Computation of Sinking Fund Factor and Fixed Charge Rate

Discount Rate
(1+ Discount Rate)Number of LevelizedYears -1

Sinking Fund Factor =

Levelized Fixed Charge Rate = (1) I nterest and Net Income + (2) Book Depreciation + (3) Income Taxes

(1) Levelized Interest and Net Income

Discount Rate Discount Rate
Note: Assume flow through accounting and no income tax credit; WACC = Weighted Average Cost of Capital

L evelized Inferest & Net Income WACCx(l— Book Depreciation  Sinking Fund Factorumper of Le\/elizedYearsj

(2) Levelized Book Depreciation

. - 1
Levelized Book Depreciation = —
Book Depreciation
(3) Levelized Income Taxes
0 . .
Levelized ncomeT axes= _TaxRate x| Book Depreciaton— Tax Depreciatdbn+ Yo EquityxCostof Equity x Levelized nterest& NetIncome
1-TaxRate WACC

Step 2: Computation of Capital Recovery
Discount Rate

(1+ Discount Rate)NUmoerof Years _q

Capital Recovery Factor = Discount Rate+

Step 3: Computation of Fuel, Variable and Fixed Operation and Maintenance Costs
:lNumberof LevelizedYears

1| @+ Inflation Rat(y
(1+ Discount Rate)

Levelized Unit Costs = Unit Cost x . :
(Discount Rate - Inflation Rate)

x Capital Recovery Factor

Step 4: Computation of Investment Costs

Levelized Investment Cost = Capacity x Installed Unit Cost x Levelized Fixed Charge Rate
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New Coal

Parameters - Installed cost estimate based on Duke's August 2007 estimate of 1.8 billion and escalated to 2017

APPENDIX A

Plant Type Pulverized Coal Installed Cost $/kw 2,809.94
Plant Fuel Coa Cost of Debt 0.08
Modeled Project Size; MW 750.00 Cost of Equity 0.13
Capacity Factor 0.90 Tax Depreciation Life 20.00
Fuel Cost; $/mmBtu 361 Tax Rate 0.40
Heat Rate; btu/kWh 9,100.00 Book Depreciation Life 40.00
Fixed O&M Cost; $/kw-yr 39.36 Debt % 0.50
Variable O&M Cost; ¥MWh 6.56 Insurance; % of Capital Cost 0.00
Property Tax; % of Capital Cost 0.00 Equity % 0.50
- - Levelized Years 20.00
Emission Cost Inflation 0.03
Sulfur; $/ton 0.00 Debt Term 25.00
Nitrogen; $/ton 0.00 Discount Rate 0.10
Carbon; $/ton 0.00 Escalation Factor 0.03
Particulate Matter; $/ton 0.00 WACC 0.10
Mercury; $/Ib 0.00 Year Nominal Dollars 2017

Levelized Cost of Electricity

Total Levelized Fuel Cost 200,242,071 $s’MWh 33.86
Total Levelized Variable O& M Cost 40,008,406 $YMWh 6.77
Total Levelized Fixed O& M Cost 30,447,797 $/MWh 5.15
Total Levelized Investment Cost 286,216,516 $YMWh 48.40
Total 556,914,791 $s/MWh 94.18

Annual MWhs

Total Installed Cost
Capital Recovery Factor
Levelized Factor
Sinking Fund Factor

5,913,000
2,107,456,262
0.10
10.09
0.02

L evelized Cost of Electricity Components

Levelized Fixed Charge Rate 0.14

Interest and Net Income FCR Component  0.08
Depreciation FCR Component  0.03

Tax FCR Component 0.03

Escalation Factor Calculation

TO (2006) TO + 2 (2008) TO + 11 (2017)
Fuel 2.75 2.89 361
Installed Cost - 2,250.00 2,800.94
Fixed O&M 30.00 3152 39.36
Variable O& M 5.00 5.25 6.56




APPLYING MODERN PORTFOLIO THEORY TO NORTH CAROLINA ELECTRIC POWER GENERATION

APPENDIX A

New Nuclear
Parameters

Plant Type Nuclear Installed Cost $/kw 4,371.02
Plant Fuel Uranium Cost of Debt 0.10
Modeled Project Size; MW 1,100.00 Cost of Equity 0.13
Capacity Factor 0.90 Tax Depreciation Life 15.00
Fuel Cost; $mmBtu 0.66 Tax Rate 0.40
Heat Rate; btu/kWh 10,000.00 Book Depreciation Life 40.00
Fixed O&M Cost; $/kw-yr 78.73 Debt % 0.50
Variable O&M Cost; ¥MWh 3.94 Insurance; % of Capital Cost 0.00
Property Tax; % of Capital Cost 0.00 Equity % 0.50
- - Levelized Years 20.00
Emission Cost Inflation 0.03
Sulfur; $/ton 0.00 Debt Term 25.00
Nitrogen; $/ton 0.00 Discount Rate 0.10
Carbon; $/ton 0.00 Escalation Factor 0.03
Particulate Matter; $/ton 0.00 WACC 0.11
Mercury; $/lb 0.00 Year Nomina Dollars 2017
Total Levelized Fuel Cost 58,678,995 $/MWh 6.77
Total Levelized Variable O&M Cost 35,207,397 $/MWh 4.06
Total Levelized Fixed O& M Cost 89,313,539 $/MWh 10.30
Total Levelized Investment Cost 636,721,371 $/MWh 73.42
Total 819,921,302 $IMWh 94.54

Levelized Cost of Electricity Components

Annual MWhs

Total Installed Cost
Capital Recovery Factor
Levelized Factor
Sinking Fund Factor

Fuel

Installed Cost
Fixed O&M
Variable O& M

8,672,400
4,808,122,434
0.10
10.09
0.02

Levelized Fixed Charge Rate 0.13
Interest and Net Income FCR Component  0.09
Depreciation FCR Component  0.03

Escalation Factor Calculation

TO (2006) TO + 2 (2008)
0.50 0.53
- 3,500.00
60.00 63.04
3.00 3.15

Tax FCR Component 0.02

TO + 11 (2017)
0.66
4,371.02
78.73
3.94
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New Natural Gas - Combined Cycle

Parameters
Plant Type Gas Combined Cycle Installed Cost $/kw 917.91
Plant Fuel Natural Gas Cost of Debt 0.08
Modeled Project Size; MW 250.00 Cost of Equity 0.13
Capacity Factor 0.50 Tax Depreciation Life 20.00
Fuel Cost; $/mmBtu 10.50 Tax Rate 0.40
Heat Rate; btu/kWh 7,000.00 Book Depreciation Life 25.00
Fixed O&M Cost; $/kw-yr 15.75 Debt % 0.50
Variable O&M Cost; $¥MWh 2.62 Insurance; % of Capital Cost 0.00
Property Tax; % of Capital Cost 0.00 Equity % 0.50
- - Levelized Years 20.00
Emission Cost Inflation 0.03
Sulfur; $/ton 0.00 Debt Term 15.00
Nitrogen; $/ton 0.00 Discount Rate 0.10
Carbon; $/ton 0.00 Escalation Factor 0.03
Particulate Matter; $/ton 0.00 WACC 0.10
Mercury; $/1b 0.00 Y ear Nominal Dollars 2017
Levelized Cost of Electricity
Total Levelized Fuel Cost 89,398,032 $s’MWh 81.64
Tota Levelized Variable O& M Cost 3,192,787 $s/MWh 292
Total Levelized Fixed O&M Cost 4,373,681 $s’MWh 3.99
Total Levelized Investment Cost 34,217,699 $s’MWh 31.25
Total 131,182,199 $s’MWh 119.80

Annual MWhs

Total Installed Cost
Capital Recovery Factor
Levelized Factor
Sinking Fund Factor

Fuel

Installed Cost
Fixed O&M
Variable O&M

1,095,000
229,478,571
011
10.09
0.02

Escalation Factor Calculation; Source: (La Capra Associates, 2006)

TO (2006) TO + 2 (2008)
8.00 8.41
- 735.00
12.00 12.61
2.00 2.10

Levelized Fixed Charge Rate 0.15
Interest and Net Income FCR Component  0.07
Depreciation FCR Component 0.04

Levelized Cost of Electricity Components

Tax FCR Component 0.04

TO + 11 (2017)
10.50
917.91
15.75
2.62
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Poultry Litter
Parameters
Plant Type Fibrowatt Installed Cost $/kw 3,840.25
Plant Fuel Poultry Litter Cost of Debt 0.08
Modeled Project Size; MW 35.00 Cost of Equity 0.14
Capacity Factor 0.90 Tax Depreciation Life 20.00
Fuel Cost; $/mmBtu 3.18 Tax Rate 0.40
Heat Rate; btu/kWh 13,000.00 Book Depreciation Life 20.00
Fixed O&M Cost; $/kw-yr 98.41 Debt % 0.70
Variable O&M Cost; $MWh 13.12 Insurance; % of Capital Cost 0.00
Property Tax; % of Capital Cost 0.00 Equity % 0.30
- - Levelized Years 20.00
Emission Cost Inflation 0.03
Sulfur; $/ton 0.00 Debt Term 15.00
Nitrogen; $/ton 0.00 Discount Rate 0.10
Carbon; $/ton 0.00 Escalation Factor 0.03
Particulate Matter; $/ton 0.00 WACC 0.10
Mercury; $/lb 0.00 Y ear Nominal Dollars 2017
Levelized Cost of Electricity
Total Levelized Fuel Cost 13,493,731 $s/MWh 48.90
Total Levelized Variable O& M Cost 4,289,171 $s/MWh 15.54
Total Levelized Fixed O&M Cost 4,080,261 $sMWh 14.79
Total Levelized Investment Cost 19,414,485 $sMWh 70.36
Total 41,277,648 $s’MWh 149.59

Levelized Cost of Electricity Components

Annual MWhs

Total Installed Cost
Capital Recovery Factor
Levelized Factor
Sinking Fund Factor

Fuel

Installed Cost
Fixed O&M
Variable O& M

275,940
134,408,877
0.12
10.09
0.02

Levelized Fixed Charge Rate 0.14
Interest and Net Income FCR Component  0.07
Depreciation FCR Component  0.05
Tax FCR Component  0.03

Escalation Factor Calculation

TO (2006)
2.42
75.00
10.00

TO + 2 (2008)
254
3,075.00
78.80
10.51

TO + 11 (2017)

3.18

3,840.25

98.41
13.12
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New Wood Waste
Parameters

Plant Type Biomass Installed Cost $/kw 3,543.02
Plant Fuel Wood Waste Cost of Debt 0.08
Modeled Project Size; MW 25.00 Cost of Equity 0.14
Capacity Factor 0.90 Tax Depreciation Life 20.00
Fuel Cost; $/mmBtu 2.69 Tax Rate 0.40
Hesat Rate; btu/kWh 13,000.00 Book Depreciation Life 20.00
Fixed O&M Cost; $/kw-yr 98.41 Debt % 0.70
Variable O&M Cost; $MWh 13.12 Insurance; % of Capital Cost 0.00
Property Tax; % of Capital Cost 0.00 Equity % 0.30
- - Levelized Years 20.00
Emission Cost Inflation 0.03
Sulfur; $/ton 0.00 Debt Term 15.00
Nitrogen; $/ton 0.00 Discount Rate 0.10
Carbon; $/ton 0.00 Escalation Factor 0.03
Particul ate Matter; $/ton 0.00 WACC 0.10
Mercury; $/1b 0.00 Y ear Nominal Dollars 2017
Total Levelized Fudl Cost 8,164,743 $sMWh 41.42
Total Levelized Variable O& M Cost 3,063,693 $/MWh 15.54
Total Levelized Fixed O&M Cost 2,914,472 $/MWh 14.79
Total Leveized Investment Cost 12,794,168 $MWh 64.91
Total 26,937,077 $/MWh 136.67
Annua MWhs 197,100 Levelized Fixed ChargeRate 0.14
Total Installed Cost 88,575,606 Interest and Net Income FCR Component  0.07
Capital Recovery Factor 0.12 Depreciation FCR Component  0.05
Levelized Factor 10.09 Tax FCR Component  0.03
Sinking Fund Factor 0.02

Escalation Factor Calculation

TO (2006) TO + 2 (2008) TO + 11 (2017)
Fuel 2.05 2.15 2.69
Installed Cost - 2,837.00 3,543.02
Fixed O&M 75.00 78.80 98.41
Variable O&M 10.00 1051 13.12
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APPENDIX B: JARQUE-BERA NORMALITY TEST RESULTS

The Jarque-Bera test examines the statistic, JB:

3B = Dx{s2 JK=3 _3)21
6 4
Where:
n=sample size
S = Skewness
K = Kurtosis

The Jarque-Bera statistic follows a chi-squared, 2, distribution with two degrees of freedom. If
the statistic exceeds the limits given in table B-1, the assumption that the analyzed variable
follows anormal distribution must be rejected.

TableB-1: Upper Limitsfor Jarque-Bera Test

2 Digtribution Yields

Significance Level (%) g
10 4.605
5 5.991
1 9.210

Source: Berger (2003)

Table B-2 displays the Jarque-Bera test results.

Table B-2: Jarque-Bera Statistics

Historical Fuel Expenditures: 1989 - 1999

Historical Production Expenditures:
(1995 — 2004); (1995 — 2003), M SW;

(1999 — 2006), Win

Sample Size (n) Skewness Kurtosis Jarque-Bera Statistic
Cod 10 -1.35 4.17 3.59
Qil 10 0.37 2.02 0.63
Natural Gas 10 0.26 2.22 0.36
Nuclear 10 0.37 2.96 0.23
Wood Waste 10 -0.47 2.29 0.58

Cod 9 -0.36 2.02 0.56
Oil 9 0.37 3.16 0.21
Natural Gas 9 0.24 1.85 0.58
Nuclear 9 -0.02 2.45 0.11
Hydroelectric 9 -0.46 2.02 0.67
Wood Waste 10 0.50 2.21 0.67
MSW 9 -1.28 4.21 3.01
Wind 7 0.49 1.52 0.92

Source: Own calculations based on EIA State Electric Power Price and Expenditure Estimates; FERC Form-1

Filings.
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APPENDIX C: EMPIRICAL MODEL RESULTS

Appendix C reports the empirical model results that need to be further researched. Table

C-1 reports the empirical operation and maintenance cost coefficients, which were not used in
the base model. | do not report the results as main findings, because historical operation and
maintenance cost data for al technologiesislimited. In addition, estimated correlation
coefficients exhibit relationships not easily explained. For example, coal and nuclear power
plants are both basel oad el ectric generation facilities that operate near full cycle, meaning they
typically operate more than 5,000 hours annually (NC Annual Report, 2006). A driver that
would cause coal operation and maintenance costs to rise when nuclear operation and
maintenance costs fall cannot be identified. In addition, most renewable energy technologies

lack a sufficient amount of historical data to provide statistically powerful results.®

Table C-1: Empirical NC Operation and Maintenance Correlation Factor Estimates

Operation and Maintenance Correlation Factorsfor the North Caroina Electric Sector

Coal NaturalGas Nuclear Qil Hydro Imports MSW Wood Wind (Renewables)
Coal 1.0000 0.1903 -0.1699 -0.0500 0.1755 0.1903 -0.6837 -0.1927 -0.5568
NaturalGas 0.1903 1.0000 0.5614 0.1283 0.2997 1.0000 0.4125 -0.5306 -0.7310
Nuclear -0.1699 0.5614 1.0000 -0.2703 0.6732 0.5614 0.5512 0.0880 -0.2008
Oil -0.0500 0.1283 -0.2703 1.0000 -0.1955 0.1283 -0.0771 0.3955 -0.5523
Hydro 0.1755 0.2997 0.6732 -0.1955 1.0000 0.2997 0.2875 0.3501 -0.2039
Imports 0.1903 1.0000 0.5614 0.1283 0.2997 1.0000 0.4125 -0.5306 -0.7310
MSW -0.6837 0.4125 0.5512 -0.0771 0.2875 0.4125 1.0000 -0.0960 -0.3577
Wood -0.1927 -0.5306 0.0880 0.3955 0.3501 -0.5306 -0.0960 1.0000 0.4533
\Wind (Renewables) -0.5568 -0.7310 -0.2008 -0.5523 -0.2039 -0.7310 -0.3577 0.4533 1.0000

Source: Own calculations using FERC Form 1 filings

Figure C-1 displays the empirical expected cost and risk results for NC electric
generation compared to the base model reported in the study’s main body. The applied electric
generation assumptions are the strict assumptions using renewable energy practical potential and
estimated conventional electric generation. The expected cost ranges along the efficient frontiers

arerelatively similar. However, thereis a marked difference in expected risk. The highest risk

* Appendix B lists all Jarque-Beratests. Although normality cannot be rejected, the test lacks statistical power.

61



APPLYING MODERN PORTFOLIO THEORY TO NORTH CAROLINA ELECTRIC POWER GENERATION

APPENDIX C

portfolio along the efficient frontier shows a reduced expected portfolio risk equal to 14.3

percent, while the lowest risk portfolio shows a reduced expected portfolio risk equal to 19.4

percent.

Figure C-1: Empirical Efficient Frontier Compared to Study Efficient Frontier
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Source: Own calculation; Mean-variance portfolio analysis using data sources described in Part 111

and constraints described in Part 1V Section A.

Analyzing the composition along the efficient frontier in Figure C-2, all new renewable

electric generation technologies except hydroelectric and wood waste reach their constrained

upper limitsin low risk portfolios. The negative correlation coefficient assigned to wind, solar,

hog waste and landfill gas operation and maintenance costs strengthens the technologies’

diversification properties. Solar only enters least-risk portfolios, but the majority of renewable

electric generation maintains upper limitsin al efficient portfolios.
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Figure C-2: NC’s 2017 Projected Renewable Energy along the Efficient Frontier — Empirical M odéel
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Source: Own calculation; Mean-variance portfolio analysis using data sources described in Part 111
and constraints described in Part |V Section A.

Figure C-3 displays the entire portfolio compositions along the efficient frontier. New
coal generation is displaced by renewable and natural gas electric generation. Imports, which are
modeled to represent natural gas fuel cost risk, also enter the portfolios at low expected costs.

Figure C-3: NC’s 2017 Portfolio Mix along the Efficient Frontier — Empirical M odel
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Source: Own calculation; Mean-variance portfolio analysis using data sources described in Part 111
and constraints described in Part 1V Section A.
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