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1.

INTRODUCTION

The Integrated Resource Plans (IRP) filed in North Carolina by Duke Energy Carolinas (DEC) and Duke
Energy Progress (DEP) in September 2018 reflect business as usual for the two utilities. The plans, which
run through 2033 and include the Duke service territory in both North and South Carolina, rely heavily
on new natural gas capacity. Together, they add more than 9,000 megawatts (MW) of new combined
cycle and combustion turbine capacity over the 15-year analysis period from 2019 to 2033 to both meet
anticipated increases in electricity demand and to replace certain retiring coal units. Renewable
additions are comprised of solar photovoltaic (PV) and battery storage resources but are added in
minimum amounts sufficient to comply with North Carolina House Bill 589.
Synapse performed a rigorous, scenario-based analysis to evaluate an alternative clean energy future
compared to the more traditional portfolio of fossil-fueled resource additions included in Duke Energy
Carolinas and Duke Energy Progress’s (collectively Duke Energy) IRPs. The clean energy future analysis
included resources such as solar, wind, energy efficiency, and battery storage. These resources were
offered to the EnCompass electric sector model to provide both energy and capacity, and to meet future
reliability requirements as coal resources in the Carolinas approach retirement. This report compares
one such optimized Clean Energy scenario to a Duke IRP scenario. Synapse analyzed the benefits of this
modeled clean energy future on the electric power system, emissions, public health, job creation, and
electricity customer rates and bills.
Renewable resource options, in addition to those modeled by Duke Energy, are comparably costeffective to new natural gas for North Carolina ratepayers and offer other benefits to the state.
In the Clean Energy scenario, the EnCompass model is allowed to select the most cost-effective future
resource build. In contrast to the Duke IRP scenario, the model chooses to build out solar and storage
resources to meet future capacity and energy needs with zero incremental natural gas-fired unit
additions. Coal generation declines between the Duke IRP and Clean Energy scenarios, lowering the
electric system production cost and reducing emissions of carbon dioxide (CO2) while maintaining
system reliability. Emissions reductions of additional air pollutants result in health benefits to North and
South Carolina, avoiding hospital and emergency visits and lost work days. Total revenue requirements
of the Clean Energy scenario are lower than in the Duke IRP scenario, and North Carolina consumers see
lower electricity rates as a result. Under the Clean Energy scenario, North Carolina consumers also use
less energy due to the increased energy savings associated with the High Energy Efficiency scenario from
the Duke Energy IRPs. When coupled with the decrease in rates, residential consumers in the state see
their average annual electricity expenditures decline by approximately 2.5 to 5.5 percent.
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2.

SCENARIO ANALYSIS

Synapse used the EnCompass capacity expansion and production cost model, licensed by Anchor Power
Solutions, to examine two different future energy scenarios in the Duke Energy service territories from
2018 to 2033:
Duke IRP: The Duke IRP scenario reflects the anticipated energy resource future as outlined in the most
recent Duke Energy IRPs. Specifically, the Duke IRP scenario assumes:
o

The slate of planned resource additions already contracted or under construction, and
the “optimized” natural gas combined cycle and combustion turbine plants selected
during the IRP process. Duke Energy Carolinas and Duke Energy Progress were modeled
as operating in a single Duke Energy service territory, but this does not assume the
“capacity sharing” modeled by Duke in its IRPs as part of its Joint Planning scenario.
Rather, the resource additions assumed by each utility in its individual IRPs are included
and modeled as part of this scenario.

o

Cost and operational data as outlined in Duke’s discovery responses to North Carolina
Utilities Commission Staff and other intervenors. In the absence of available data,
Synapse relied on the Horizons Energy National Database (the primary data source for
the EnCompass model) or other industry-recognized sources.

o

Retirement dates for certain existing coal generators that are consistent with the utility
IRPs.

o

Must-run designations for coal units in the service territory, which force coal units to
run regardless of price and reflect historical regional generation patterns.

Clean Energy: The Clean Energy scenario reflects an optimized view of the Duke Energy service
territory with relaxed assumptions around operation and up-to-date renewable costs:
o

The utility reserve margin is set at 15 percent (versus 17 percent in the Duke IRP
scenario). This lower reserve margin was selected to be consistent with North American
Electric Reliability Corporation (NERC) standards. It also reflects the assumption that as
older units with higher forced outage rates retire and are replaced with new capacity,
the reliability of the system is improved.

o

Must-run designations for coal units are removed.

o

Projected load includes the increased electric demand associated with the recent
electric vehicle goal established in North Carolina Governor Roy Cooper’s Executive
Order Number 80.

o

Energy efficiency is provided as a supply-side resource based on the High Energy
Efficiency scenario in Duke Energy’s IRPs.

Synapse Energy Economics, Inc.

North Carolina’s Clean Energy Future

2

o

Renewable costs are based on the 2018 NREL Annual Technology Baseline1 or Lazard’s
Levelized Cost of Storage Analysis.2

o

The Clean Energy scenario incorporates all planned resource additions outlined in the
Duke IRPs that are currently under construction or necessary to comply with North
Carolina’s renewable procurement regulations but excludes the “optimized” natural gas
combined cycle and combustion turbine units that were selected by the System
Optimizer model to meet reserve margin constraints in and after 2025.

o

The model can choose to build generic utility-scale solar, storage, wind, and paired
solar-plus-storage resources in any amount (e.g. no restrictions were placed on either
total or incremental renewable capacity), in addition to traditional natural gas-fired
generating resources.

More information on the modeling structure, including detail on topology, load, fuel prices, and other
assumptions, can be found in Technical Appendix A.

1 National Renewable Energy Laboratory (NREL). 2018. 2018 Annual Technology Baseline. Golden, CO: National Renewable

Energy Laboratory. Available at: https://atb.nrel.gov/.
2 Lazard. 2018. Lazard’s Levelized Cost of Storage Analysis: Version 4.0. Available at:

https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2018/.
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3.

RESULTS

3.1.

Electric Sector Modeling

New generating capacity is constructed during the analysis period to meet the respective reserve
margins in both the Duke IRP and Clean Energy scenarios; however, the type of capacity constructed
differs between scenarios. The Duke IRP scenario relies heavily on generic natural gas-fired combined
cycle and combustion turbine units, with renewable resources (solar PV and battery storage) added only
in amounts sufficient for Duke Energy to comply with North Carolina House Bill 589. The Clean Energy
scenario, on the other hand, relies on a slate of clean energy resources to meet its reserve margin
requirement that includes energy efficiency, utility-scale storage and solar, and paired solar-plus-storage
resources. EnCompass model results are presented here for the entirety of Duke Energy’s service
territory in both North and South Carolina.
Figure 1, below, shows the generating capacity in the Duke IRP and Clean Energy scenarios in 2033, as
compared to Duke’s actual capacity mix in 2019. As shown in Figure 1, approximately 55 percent (22
GW) of Duke’s installed capacity in 2019 is fossil fuel-powered thermal (coal- or natural gas-fired), 27
percent (10.7 GW) of capacity is nuclear, and the remaining 18 percent (7 GW) comes from
hydroelectric, renewable, and distributed energy resources. By 2033, the proportion of fossil-fired
resources in the Duke IRP scenario is unchanged at 56 percent (27 GW), while clean energy resources
have increased modestly to 23 percent (11 GW).
Figure 1. Duke Energy modeled nameplate capacity by scenario, 2019 and 2033
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In contrast, gas and coal resources in the Clean Energy scenario drop to 32 percent (18 GW) of the
capacity mix by 2033, and renewable energy resources comprise 49 percent (27 GW) of the utility mix.
Nuclear capacity remains constant in both scenarios throughout the period. Notably, the EnCompass
model makes the choice to retire the Allen coal plant at the end of 2019, accelerating the retirement
from Duke Energy’s anticipated dates of 2024 (for Units 1–3) and 2028 (for Units 4–5). While the coal
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capacity is the same at the end of the analysis period for both the Duke IRP and the Clean Energy
scenarios, the latter retires a portion of this coal capacity earlier in the analysis period and thus has a
lower volume of coal capacity during that time.
As shown in Figure 2 below, the fuel mix in Duke’s service territory changes very little over time in the
IRP scenario. Coal generation drops from 21 percent in 2019 3 to 17 percent in 2033, while natural gas
generation increases over the study period from 19 percent to 25 percent. Renewable generation
increases only slightly over the study period, from 4 percent in 2019 to 7 percent in 2033. Note that
these percentages do not match those shown in Duke Energy’s IRPs in Figure 12-F on pages 69 (Duke
Energy Carolinas) and 71 (Duke Energy Progress). This is due to the different assumptions used by Duke
Energy and Synapse around operational parameters of individual units and the regional market price of
energy.
Figure 2. Modeled generation in the Duke IRP scenario, 2019 and 2033
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In the Clean Energy Scenario, shown in Figure 3, renewable generation makes up 21 percent of the fuel
mix in 2033 as compared to 7 percent in the Duke IRP scenario. Natural gas generation falls to 9 percent
of total generation in 2033, as compared to 25 percent in the Duke IRP scenario in that same year.
Imports make up a greater percentage of the generation in the Clean Energy scenario as the model takes
advantage of lower out-of-system energy costs. Notably, coal generation is markedly lower in the Clean
Energy scenario than in the Duke IRP scenario in 2019, and this immediate decrease can be attributed to
the removal of the “must-run designations,” which are present in the Duke IRP scenario and force units
to run without consideration of their variable costs.4 Duke’s coal-fired power plants are some of the

3 Note that approximately one-third of the coal generation shown in 2019 is exported to neighboring utility service territories

rather than being used to meet Duke Energy’s own load requirements.
4 Must-run designations are set by Horizons Energy, the developers of the National Database used by the EnCompass model.

They are based on Horizons’ observations from EPA’s Continuous Emissions Monitoring (CEMS) data as well as data from
Energy Information Administration (EIA) Form 923. In setting the must-run designations, Horizons assumes that coal
generators will retire a coal asset rather than running it under high stress (e.g. daily shut-down) situations for any period of
time.
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more expensive resources to operate in both scenarios. With the must-run designations applied, the
Duke IRP scenario alternates between importing and exporting energy as it seeks to find a use for the
costly must-run coal generation that has been forced into the electric grid. In contrast, coal generation
falls at the beginning of the analysis period in the Clean Energy scenario when the must-run designations
are removed.
Figure 3. Modeled generation in the Clean Energy scenario, 2019 and 2033
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Figure 4 shows the total production cost associated with each scenario over the course of the analysis
period. The Clean Energy scenario is considerably less expensive from an operational perspective than
the Duke IRP scenario for two primary reasons. First, we note an immediate cost decline in the first year
of the analysis period due to the removal of the must-run designations, as described above. Production
costs immediately drop by 28 percent when uneconomic coal capacity is no longer forced to generate. In
the absence of this coal-fired energy, EnCompass substitutes no- and low- variable cost energy from
other sources.
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Figure 4. Duke Energy total production cost by year by scenario
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From a reliability perspective, Duke Energy meets its hourly demand requirements in all modeled days
and hours during the analysis period. The Clean Energy Scenario maintains the required 15 percent
reserve margin and EnCompass projects no loss-of-load hours and sees zero hours with unserved
energy, even with the increased electric demand associated with the addition of new electric vehicles
under Executive Order Number 80.
Figure 5 and Figure 6, below, show energy generation on January 3, 2028—a representative winter peak
day—for the Duke IRP and Clean Energy scenarios. Both scenarios rely on nuclear generation and some
level of energy imports to meet demand in peak hours and then export energy during the midday
trough. The Duke Energy scenario dispatches must-run coal units throughout the day, and uses a mix of
natural gas-fired, hydroelectric, and some solar generation to meet the hourly peaks. The modest
amounts of battery storage capacity are charged in the early morning and midday hours. Conversely, the
Clean Energy Scenario uses very little coal, less natural gas-fired generation, and relies on a greater mix
of resources. Battery capacity is charged via solar generation during both an extended morning period
and the midday trough, which allows batteries to discharge during evening hours to help meet the
evening peak. Duke Energy’s hourly load requirements are shown by the solid line. The area between
the dashed line and the solid line in the two Figures represents the time in which battery resources are
being charged, whether by solar resources within Duke’s service territory or via imported energy. The
area between the solid line and the dotted line represents energy exports.
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Figure 5. Sample winter peak generation by fuel type, January 3, 2028, Duke IRP scenario

Figure 6. Sample winter peak generation by fuel type, January 3, 2028, Clean Energy scenario

Finally, as expected based on the substantial difference in carbon-free capacity and generation between
the two scenarios, the CO2 emissions in the Clean Energy scenario are well below those in the Duke IRP
scenario. The removal of the must-run coal designations immediately leads to a reduction in CO 2
emissions of almost 17 million tons in 2019. Though both scenarios see overall emissions decline, the
gap between the two widens by the end of the period, when the Duke IRP scenario continues to emit
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almost 50 million tons of CO2 while the Clean Energy scenario emits just under 30 million tons. Figure 7
depicts this widening gap, with both scenarios accounting for emissions associated with energy imports.
Again, these volumes will differ from those reported by Duke Energy in Figure A-3 of each of its IRPs
given the operational differences between generators that exist between the Company’s modeled
scenario and the Synapse Duke IRP scenario.
Figure 7. Duke Energy CO2 emissions by year by scenario
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Synapse also examined an Accelerated Coal Retirement scenario in order to examine the ways in which
advancing certain coal unit retirements changes system emissions and costs. This scenario accelerates
Duke’s retirement of the Roxboro Units 3 and 4 to December 2030 and the retirement of Marshall Units
1 and 2 to December 2032. As shown in Figure 8, the EnCompass model chooses to make up for the
retired coal capacity through capacity purchases from surrounding states.
Figure 8. Duke Energy modeled nameplate capacity with Accelerated Coal Retirement, 2019 and 2033
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Production costs are extremely similar between the Clean Energy and Accelerated Coal Retirement
scenarios, as shown in Figure 9. Costs drop slightly in the Accelerated Coal Retirement scenario in 2030
as the Roxboro 3 and 4 and Marshall 1 and 2 retirements move forward in time compared to the other
scenarios. Energy imports increase slightly in the Accelerated Coal Retirement scenario as a replacement
for the generation from these retiring units.
Figure 9. Duke Energy production cost by year by scenario
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We see a comparable decrease in emissions after 2030 in the Accelerated Coal Retirement scenario, as
shown in Figure 10.
Figure 10. Duke Energy CO2 emissions by year by scenario
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The following sections examine the impacts to human health, customer rates and bills, and state GDP
and jobs of the Clean Energy scenario as compared to the Duke IRP scenario. Because the Clean Energy
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and Accelerated Coal Retirement scenarios were so similar, we limited our analysis to the differences
between the Duke IRP and Clean Energy scenarios only.

3.2.

Health Impacts

Synapse used the CO-Benefits Risk Assessment (COBRA) tool to assess the avoided health impacts in
both North Carolina and South Carolina due solely to the change in emissions associated with our
modeled Clean Energy scenario. Developed for the U.S. Environmental Protection Agency (EPA) State
and Local Energy and Environment Program, COBRA utilizes a reduced form air quality model to
measure the impacts of emission change on air quality and translates them into health and monetary
effects. For this analysis, Synapse used modeled emissions (SO2, NOX, & PM2.5) from the Duke IRP
scenario as a baseline and compared them to modeled emissions from the Clean Energy scenario. The
health and monetary benefits described below are those avoided by the Clean Energy scenario.
COBRA can estimate a number of detailed health impacts, including adult mortality, infant mortality,
non-fatal heart attacks, respiratory hospital admissions, cardiovascular-related hospital admissions,
acute bronchitis, upper respiratory symptoms, lower respiratory symptoms, asthma exacerbations,
asthma emergency room visits, minor restricted activity days, and work loss days due to illness. A subset
of those specific health impacts is shown in Table 1, with the numbers in the table representing the
number of hospital visits and work loss days that could be avoided under the Clean Energy scenario.
Table 1. Avoided health impacts of the Clean Energy scenario
Hospital

Hospital
Year

Admits,
Respiratory

Admits,
Respiratory
Direct

Hospital

Hospital

Hospital

Emergency

Admits,

Admits, Lung

Admits,

Room Visits,

Asthma

Disease

Cardio

Asthma

Work Loss
Days

2020

6.0

4.3

0.5

1.2

7.1

10.8

2,398

2025

5.9

4.3

0.5

1.2

7.0

10.7

2,372

2030

4.9

3.5

0.4

1.0

5.8

8.9

1,966

2033

4.8

3.4

0.4

0.9

5.6

8.6

1,911

In 2020 the difference in Duke Energy’s electric system dispatch in the Clean Energy scenario avoids
approximately six respiratory-related hospital admits, seven cardiovascular-related hospital admits, and
11 asthma-related emergency room visits in North and South Carolina compared to the Duke IRP
scenario. Notably, COBRA projects similar avoided health effects at the end of the modeling period
(2033) compared to 2020. This is largely due to the removal of coal must-run designations in the Clean
Energy scenario, which leads to an immediate decrease in emissions of air pollutants as coal generation
drops. The Duke IRP scenario keeps uneconomic coal units online and, when not forced to generate, the
Clean Energy scenario utilizes low-pollutant nuclear and renewable resources to generate in the place of
coal. Thus, there is a sizeable difference in emissions between the two scenarios from the beginning of
the period. The Duke IRP scenario slowly ramps down its reliance on coal-fired generation over the
course of the analysis period, causing the gap in emissions avoided health impacts to narrow over time.
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In addition to physical health effects and the costs of associated medical treatment, illnesses related to
air pollution impose other costs on society, which include lost productivity and wages if a person misses
work or school and restrictions on outdoor activity when air quality is poor. Table 2 shows low and high
estimates of the monetized value of these total health benefits. These numbers place an economic value
on all of the avoided health impacts modeled in COBRA, plus the value of minor restricted activity days
and work loss days.
Table 2. Monetary benefits of all avoided health impacts under the Clean Energy scenario

Total Health

Total Health

Benefits, Low

Benefits, High

2020

$196,778,415

$444,771,642

2025

$194,592,175

$439,830,666

2030

$161,291,821

$364,570,301

2033

$156,736,570

$354,274,856

Year

The avoided health impacts and monetary benefits associated with the emissions reductions in the
Clean Energy scenario vary by county, with the largest impacts seen in the most populous counties in
North and South Carolina. Figure 11 shows the distribution of the monetized total health benefits across
North and South Carolina in 2028. As one might intuit, greater benefits are realized in those counties
with larger populations, where a larger number of people are affected by the local air quality.
Figure 11. Total health-related monetary benefits ($ high estimate) of the Clean Energy scenario by county, 2028
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3.3.

Rate and Bill Impacts

Revenue requirements are lower under the Clean Energy scenario than in the IRP scenario, due primarily
to the lower production cost associated with the operation of Duke’s power plants. Capital expenditures
in the IRP scenario are lower than in the Clean Energy scenario, as they represent only the cost of
renewable procurement up to the levels specified by NC House Bill 589, along with North Carolina’s
portion of new, “optimized” combined-cycle and combustion turbine units added by Duke Energy post2025. The Clean Energy scenario contains additional revenue requirements associated with capital
spending on renewable resources over-and-above HB 589 levels and administration costs associated
with incremental energy efficiency, but the fuel and operations and maintenance (O&M) savings from
the operation of low- and no-variable cost resources lowers the total revenue requirement. These
numbers do not include spending on transmission and distribution. Those revenue requirements are
shown in Figure 12.
Figure 12. Revenue requirement of the Duke IRP and Clean Energy scenarios, North Carolina
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Note that Duke Energy’s capital cost assumptions were used for the resources in the IRP scenario.
Synapse used capital costs for standalone solar and battery storage, wind, and paired solar and battery
from NREL and Lazard. Duke’s capital cost estimate for solar capacity from 2019 to 2033 is lower than
the Synapse assumption, and the solar cost component of the capital spending revenue requirement is a
conservative one.
Ratepayers in North Carolina save money under the Clean Energy scenario. Synapse calculated the
estimated change in the rate components associated with capital spending and production costs. These
values were taken from EnCompass and were allocated to North Carolina based on the percentage of
Duke energy sales occurring in the state in 2017 according to EIA data. In the Clean Energy scenario, the
increased spending on energy efficiency programs was added to this value. Total costs were then
divided by Duke’s energy sales to all customer classes to arrive at an average retail rate impact in each
scenario that is associated with capital cost, production cost, and incremental energy efficiency
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spending.5 We found that for any given year during the analysis period, ratepayers can expect to save
anywhere from a minimum of .24 cents/kWh to a maximum of .48 cents/kWh, as shown in Figure 13,
which translates to a savings of 4 to 9 percent over the study period.
Figure 13. Estimated average retail rate impact of the Duke IRP and Clean Energy scenarios
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In order to estimate the total change in residential customers’ electricity bills under the Clean Energy
scenario, the average retail rate was multiplied by an assumed energy consumption by residential
customers of 1,000 kWh per month, or 12,000 kWh per year. This was assumed to represent the
component of residential rates associated with capital, fuel, variable O&M, and incremental energy
efficiency spending (in the Clean Energy scenario). Costs associated with Transmission, Distribution, and
Customer Charges were taken from slides 22 and 23 of the presentation entitled North Carolina’s Public
Utility Infrastructure & Regulatory Climate presented by the North Carolina Utilities Commission in
October 2018.6 A single weighted average of the sum of these costs for DEC and DEP was calculated
based on the number of residential customers in each state, and was added to the capital/production
cost component.
The lower production costs (fuel and variable O&M) in the Clean Energy scenario lead to immediate
savings in customer electricity rates compared to the Duke IRP scenario. Under the Clean Energy
scenario, North Carolina consumers also use less electricity under the Enhanced Energy Efficiency
program. Lower electricity use,7 coupled with the decrease in rates, causes residential consumers in the

5 For more information on the rate and bill impact calculation methodology, see Appendix A.
6 This presentation is available at: https://www.ncuc.net/documents/overview.pdf
7 Annual electricity use was calculated by dividing Duke Energy’s forecasted energy sales by the forecasted customer count.
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state see their average annual electricity costs decline by $27–$58 per year, or approximately 2.5 to 5.5
percent, depending on the year. This savings is shown in Figure 14.
Figure 14. Estimated residential bill impact of the Duke IRP and Clean Energy scenarios
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Clean Energy

Economic Impacts

Synapse used the IMPLAN model to evaluate the impacts of the Clean Energy scenario on employment,
income, and Gross Domestic Product (GDP) in North Carolina. IMPLAN is an industry-standard model
that can be used to evaluate the impacts of changes in direct spending patterns on a state’s economy.
For this analysis, North Carolina-specific spending impacts were determined by allocating Duke costs
and spending based on North Carolina’s proportion of system-wide energy sales. IMPLAN’s framework
enables us to assess not only impacts in directly affected industries, but also impacts on industries that
serve as suppliers to directly impacted industries or that serve employees of directly and indirectly
impacted industries. Synapse evaluated macroeconomic impacts resulting from changes in direct
spending on the construction of each generation resource type, the operation of generation resources,
and the installation of energy efficiency measures. We also assessed impacts associated with changes in
disposable income among households and businesses facing lower (or higher) energy costs under the
Clean Energy scenario.
Figure 15 displays the average annual North Carolina employment impacts of the Clean Energy scenario
relative to the Duke IRP scenario in each of three five-year periods covering the IRP study timeframe.
We find modest positive net positive employment impacts in each period, as positive impacts associated
with re-spending of energy savings and increased spending on energy efficiency and renewable energy
resources outweigh negative impacts associated with decreased spending on coal and natural gas power
plants. Over the full IRP study period, our results indicate an average annual increase in North Carolina
employment of approximately 3,000 full-time jobs.
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Figure 15. Average annual employment impacts of Clean Energy scenario relative to Duke IRP scenario

Figure 16 presents a similar picture regarding impacts on income of North Carolina residents. Our results
indicate that the net increases in employment drive modest net increases in total income. Over the
period from 2019 through 2023 we estimate net increases in average annual income of approximately
$110 million.
Figure 16. Average annual income impacts of Clean Energy scenario relative to Duke IRP scenario
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Figure 17 displays results for North Carolina state GDP. In this case, we find small net negative impacts,
as GDP decreases associated with reduced spending on construction and operation of fossil fuel
resources outweigh increases driven by greater spending on renewables, efficiency, and the wider
economy. Over the period from 2019 through 2033 we find an average annual net GDP decrease of
approximately $10 million. The discrepancy between this finding and our employment results reflects
the fact that renewable resource and retail industries tend to be more labor-intensive than fossil fuel
industries.
Figure 17. Average annual GDP impacts of Clean Energy scenario relative to Duke IRP

We note that all of these macroeconomic impacts are quite small in the context of North Carolina’s
economy. For example, our finding of an average annual employment increase of 3,000 amounts to less
than 0.1 percent of the total number of jobs in North Carolina. 8 Similarly, an annual GDP impact of $10
million amounts to less than 0.01 percent of North Carolina’s GDP.9
To summarize, Synapse performed a rigorous, scenario-based analysis to evaluate an alternative clean
energy future compared to the more traditional portfolio of fossil-fueled resource additions included in
Duke Energy’s IRPs. In contrast to Duke’s preferred resource portfolio, we found that the EnCompass
model chooses to build out solar and storage resources to meet future capacity and energy needs with
zero incremental natural gas-fired unit additions when allowed to select the most cost-effective future
resource build. Coal generation declines between the Duke IRP and Clean Energy scenarios, lowering the

8 Total employment in North Carolina is currently approximately 4.5 million. See https://www.bls.gov/news.release/

laus.nr0.htm.
9 2017 North Carolina GDP was approximately $540 billion. See https://fred.stlouisfed.org/series/NCNGSP.
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electric system production cost and reducing CO2 emissions while maintaining system reliability. Our
modeling shows that renewable resources are comparably cost-effective to new natural gas for North
Carolina ratepayers and offer other benefits to consumers in the state, including a decrease in the
number of hospital visits related to poor air quality, electricity rate and bill savings for consumers, and
increased employment.
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Appendix A. TECHNICAL APPENDIX
Synapse used EnCompass to model resource choice impacts in Duke’s service territory in North and
South Carolina. Developed by Anchor Power Solutions, EnCompass is a single, fully integrated power
system platform that provides an enterprise solution for utility-scale generation planning and operations
analysis. EnCompass is an optimization model that covers all facets of power system planning, including:
•

Short-term scheduling, including detailed unit commitment and economic dispatch, with
modeling of load shaping and shifting capabilities;

•

Mid-term energy budgeting analysis, including maintenance scheduling and risk analysis;

•

Long-term integrated resource planning, including capital project optimization,
economic generating unit retirements, and environmental compliance; and

•

Market price forecasting for energy, ancillary services, capacity, and environmental
programs.

Synapse used the EnCompass National Database created by Horizons Energy to model the Duke service
territory. Horizons Energy has benchmarked dispatch and prices resulting from its comprehensive
dataset to actual, historical data across all modeling zones. More information on EnCompass and the
Horizons dataset is available at www.anchor-power.com.

Topology and Transmission
Synapse modeled two detailed areas with full unit-level operational granularity, the Duke Energy utility
service territory, and the remaining SERC region comprised of North Carolina and South Carolina.
Additionally, we modeled external contract regions representing the SERC and PJM balancing areas. We
relied on transmission assumptions from the EnCompass National Database, displayed in Figure 18
below. Energy transfers between SERC NC-SC and the Rest-of-SERC and PJM regions are subject to a
default 3.44 $/MWh tariff. Capacity transfers are unlimited within SERC regions. Energy from the PJM
and Rest-of-SERC regions are priced at recent historical energy prices and escalated throughout the
period.
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Figure 18. Duke IRP modeling topology and energy transfer capabilities

Peak Load and Annual Energy
For the Duke Energy territory, Synapse relied on annual energy and peak load as defined in the 2018
Duke Energy Carolinas and Duke Energy Progress IRPs. Synapse used annual energy and peak projections
from the NERC Long-term Reliability Assessment for the SERC-NC-SC region. We utilized hourly load
shapes supplied by Horizons Energy in the EnCompass National Database for all modeled regions.
Synapse also performed analysis in the proprietary Electric Vehicle Regional Emissions and Demand
Impacts Tool (EV-REDI)10 to model the load required to meet the electric vehicle (EV) target set in North
Carolina Executive Order No. 80 (80,000 EVs by 2025, and an annual 5 percent increase through the end
of the period). The additional EV load is included in the Clean Energy scenario.

Fuel Prices
For natural gas prices, Synapse relied on NYMEX futures for monthly Henry Hub gas prices through
December 2019. For all years after 2019, Synapse used the annual average prices projected for Henry
Hub in the AEO 2018 Reference case. We then applied trends in average monthly prices observed in the
NYMEX futures to this longer-term natural gas price to develop long-term monthly trends. Delivery price
adders for Zone 5 are sourced from the EnCompass National Database. Coal prices, from the Central
Appalachia supply basin, and for the Carolinas delivery point are also sourced from the EnCompass
National Database. Gas and coal price forecasts are shown in Figure 19 and Figure 20 below.

10 More information on EV-REDI is available at: http://www.synapse-energy.com/tools/electric-vehicle-regional-emissions-and-

demand-impacts-tool-ev-redi
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Figure 19. Natural gas price forecast – Henry Hub and Zone 5 Delivery Point

Figure 20. Coal price forecast – Central Appalachia Basin and Carolinas Delivery Point

Programs
Synapse modeled two major environmental programs: the North Carolina Renewable Energy & Energy
Efficiency Portfolio Standard (REPS) and the carbon price forecast outlined in the 2018 Duke Energy IRPs.
The REPS requires that 10 percent of electricity sales be met by renewable resources—stepping up to
12.5 percent in 2021—and up to 25 percent of the requirement can be met through energy efficiency
technologies (40 percent after 2021). The carbon price outlined in the Duke IRPs begins at $5/ton
(nominal) in 2025 and escalates at $3/ton annually.

Duke IRP Planned Resources
The Duke IRP scenario includes all planned additions, upgrades, and retirements described in the Duke
IRPs, shown in Table 3 below, as well as generic combined cycle and combustion turbines added by the
System Optimizer model in 2025 and beyond (“modeled additions”).
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Table 3. Duke IRP capacity (MW)
TYPE

PLANNED ADDITIONS

PLANNED RETIREMENTS

Coal

MODELED ADDITIONS

4,553

CC

560

173

Hydro

260

1

Nuclear

56

CHP

81

CT

402

Solar

673

Storage

232

843

5,352

3,220

Clean Energy Scenario Projects
For the Clean Energy scenario, Synapse allowed five generic project options in both North Carolina and
South Carolina. They include onshore wind, 11 utility-scale battery, utility-scale solar, and a paired utilityscale battery and solar project. For these projects Synapse uses NREL’s Advanced Technology Baseline
projections and Lazard’s Levelized Cost of Storage 2018 report to define cost and operational
parameters.

Other Assumptions
Synapse made additional adjustments to our core modeling assumptions in consultation with the North
Carolina Sustainable Energy Association. We list those assumptions below.
•

In the Clean Energy scenario, the Duke territory has a required reserve margin of 15
percent, while the Duke IRP case uses the 17 percent reserve margin outlined in the
Duke IRPs.

•

Battery resources have a firm capacity credit of 75 percent throughout the analysis
period, consistent with the recent study entitled Energy Storage Options for North
Carolina and prepared by North Carolina State University.

•

Coal must-run designations are applied in the Duke IRP scenario and are removed in the
Clean Energy scenario.

•

Energy efficiency is modeled as a supply-side resource in the Clean Energy scenario
based on the Enhanced Energy Efficiency case described in the Duke IRPs. It is priced at
the levels outlined in the 2016 Duke Energy North Carolina DSM Market Potential Study.

•

Carbon dioxide emissions associated with energy imports in each of the scenarios are
calculated using a declining annual average emissions rate for generation in PJM.
According to the region’s emissions report 2013-2017 CO 2, SO2 and NOx Emissions

11 Offshore wind was not offered to the EnCompass model in Duke Energy’s service territory. However, it was offered to the

external NC-SC region and was not selected by the model.
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Rates,12 emissions of CO2 have declined over the past five years. We applied this
declining rate to the PJM System Average in 2017 to project future emissions rates.
These rates were then multiplied by the volume of energy imports in each year, and
calculated emissions were added to emissions from Duke’s units to determine total
annual CO2 emissions from all sources.

COBRA Modeling Assumptions
The U.S. EPA’s COBRA model contains baseline emissions estimates for the pollutants PM 2.5, SO2, NOx,
NH3, and VOCs for the year 2017. Users can adjust these estimates up or down, and the model utilizes a
reduced form air quality model to estimate the effects of these emission changes on ambient particulate
matter. It then calculates avoided health and monetary benefits associated with the emissions changes
consistent with U.S. EPA practice. For more information visit https://www.epa.gov/statelocalenergy/cobenefits-risk-assessment-cobra-health-impacts-screening-and-mapping-tool.
To estimate the health and economic impacts of NOX and SO2, Synapse utilized annual emissions outputs
from the EnCompass model scenarios for the Duke service territory in North and South Carolina.
Emission rates were based on the following specific assumptions:
•

EnCompass approximates NOX and SO2 emissions using unit-specific emission rates, as
defined in the Horizons Energy National Database.

•

For this project, Synapse incorporated an average PM2.5 emissions rate for all coal fuels
in EnCompass of 0.027 lb/mmBtu. This emissions rate is in line with emission rates
compiled by Argonne National Laboratory for GREET Model Emission Factors for Coaland Biomass-fired Boilers and by EPA for the Avoided Emissions and generation Tool
(AVERT).

Synapse assumed a 7 percent discount rate for all COBRA analyses. Additionally, the COBRA analysis
relies on historical county-level emissions allocations and assumes no county-level shifting.

Rate and Bill Impacts
Synapse used spreadsheet analysis to estimate the impact of the Clean Energy scenario on estimated
electric rates and bills in North Carolina. Customer electric rates in a given year are made up of a
number of components, including, but not limited to: utility capital expenditures inclusive of
accumulated depreciation and an approved rate of return; the cost to a utility of generating the
electricity necessary to meet customer demand; utility spending on any energy efficiency programs; and
the volume of sales to customers.

12 Available at: https://www.pjm.com/-/media/library/reports-notices/special-reports/20180315-2017-emissions-

report.ashx?la=en
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We determined utility capital expenditures for the Duke IRP scenario using Duke Energy’s anticipated
future resource portfolio and capital cost trajectories for the resource technologies added to its capacity
mix. In their IRPs, DEC and DEP do not differentiate between new thermal capacity added in North
Carolina versus South Carolina, and thus capital expenditures on new natural gas-fired resources were
allocated to states based on the proportion of customer sales. Renewable additions were assumed to be
necessary to comply with North Carolina HB 589 and capital expenditures were allocated to North
Carolina ratepayers. In the Clean Energy scenario, the capital expenditures associated with the volume
of renewable additions necessary for HB 589 was again allocated to North Carolina, with any capital
expenditures from renewable additions above these volumes being allocated between North and South
Carolina based on forecasted energy sales.
Production costs (fuel and fixed and variable O&M) in the two modeled scenarios were allocated
between DEC and DEP based on forecasted energy sales. The volume of energy sales expected to occur
in North Carolina versus South Carolina was calculated using the historical ratio of 2017 sales found in
the most recent EIA 861 data. The historical percentage of sales occurring in North and South Carolina in
DEC and DEP service territories was applied to the anticipated energy sales contained in the utilities’
IRPs.
Program administration costs for energy efficiency are from the 2016 Duke Energy North Carolina DSM
Market Potential Study and the 2016 Duke Energy South Carolina DSM Market Potential Study, both
done by Nexant Consulting.
Estimated average retail rates were calculated by summing anticipated capital expenditures, production
costs, and incremental utility energy efficiency costs, and dividing by total sales in North Carolina.
Though actual rates differ between different customer classes, for the sake of this analysis we assumed
one standard electricity rate across customer classes, referred to in the text as the “average retail rate.”
In order to estimate the total change in residential customers’ electricity bills under the Clean Energy
scenario, the average retail rate was multiplied by an assumed energy consumption by residential
customers of 1,000 kWh per month, or 12,000 kWh per year. This was assumed to represent the
component of residential rates associated with capital, fuel, variable O&M, and incremental energy
efficiency spending (in the Clean Energy scenario). Costs associated with Transmission, Distribution, and
Customer Charges were taken from slides 22 and 23 of the presentation entitled North Carolina’s Public
Utility Infrastructure & Regulatory Climate presented by the North Carolina Utilities Commission in
October 2018. A single weighted average of the sum of these costs for DEC and DEP was calculated
based on the number of residential customers in each state, assumed to grow at real rate of 2 percent
per year, and was added to the capital/production cost component.

Modeling Economic Impacts
The differences in capacity, generation, emissions, and system costs between the Clean Energy and
Duke IRP scenarios drive differences in employment, income, and state Gross Domestic Product (GDP).
Synapse used the IMPLAN model to evaluate the impact of the Clean Energy scenario on each of these
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macroeconomic indicators in North Carolina. 13 IMPLAN is an industry-standard input-output model that
relies upon historical economic relationships to evaluate the effects of changes in direct spending
patterns on employment, income, and GDP within a given study area. For this analysis, Synapse assessed
impacts resulting from changes in spending on the following economic activities:
•

Construction of generating resources

•

Installation of energy efficiency measures

•

Operation and maintenance of generation resources

•

Consumer and business re-spending of energy savings

Our analysis accounts for three types of impacts: direct, indirect, and induced.

Direct impacts
Direct impacts consist of changes in employment, income, and GDP within energy resource sectors
immediately impacted by the change in resource plan between the Duke IRP and Clean Energy
scenarios. For example, direct employment impacts may consist of additional jobs for contractors,
construction workers, and plant operators working on the building or operation of a power plant.

Indirect impacts
Indirect impacts are changes in employment, income, and GDP within sectors that serve as suppliers to
directly affected industries. Examples of such sectors include turbine manufacturers and manufacturers
of energy-efficient appliances. Note that our analysis only accounts for impacts among suppliers located
within North Carolina.

Induced impacts
Induced impacts result from residents spending more or less money in the local economy. For energy
resources, these impacts result from: (1) changes in disposable income among employees in directly and
indirectly impacted industries and (2) changes in energy expenditures by North Carolina electricity
customers.
Direct inputs to our economic impact modeling consist primarily of vectors of changes in spending by
and on various industries. These inputs are generally direct outputs from our EnCompass modeling. They
include changes in spending on the construction and operation of each type of electricity resource (e.g.,
natural gas power plants, solar power plants, battery storage facilities). For each industry, Synapse

13 IMPLAN is a commercial model developed by IMPLAN Group PLC. Information on IMPLAN is available at: http://implan.com/.

Synapse Energy Economics, Inc.

North Carolina’s Clean Energy Future

25

allocated the total change in spending across the available IMPLAN industry categories based on data
from the National Renewable Energy Laboratory’s JEDI model14 and supplemental Synapse research.

14 Available at: https://www.nrel.gov/analysis/jedi/
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Appendix B. QUALIFICATIONS AND EXPERIENCE
About Synapse
Synapse Energy Economics is a research and consulting firm specializing in energy, economic, and
environmental topics. Since its inception in 1996, Synapse has grown to become a leader in providing
rigorous analysis of the electric power sector for public interest and governmental clients.
Synapse’s staff of 30 includes experts in energy and environmental economics, resource planning,
electricity dispatch and economic modeling, energy efficiency, renewable energy, transmission and
distribution, rate design and cost allocation, risk management, benefit-cost analysis, environmental
compliance, climate science, and both regulated and competitive electricity and natural gas markets.
Several of our senior-level staff members have more than 30 years of experience in the economics,
regulation, and deregulation of the electricity and natural gas sectors. They have held positions as
regulators, economists, and utility commission and ISO staff.
Services provided by Synapse include economic and technical analyses, regulatory support, research and
report writing, policy analysis and development, representation in stakeholder committees, facilitation,
trainings, development of analytical tools, and expert witness services. Synapse is committed to the idea
that robust, transparent analyses can help to inform better policy and planning decisions. Many of our
clients seek out our experience and expertise to help them participate effectively in planning,
regulatory, and litigated cases, and other forums for public involvement and decision-making.
Synapse’s clients include public utility commissions throughout the United States and Canada, offices of
consumer advocates, attorneys general, environmental organizations, foundations, governmental
associations, public interest groups, and federal clients such as the U.S. Environmental Protection
Agency and the Department of Justice. Our work for international clients has included projects for the
United Nations Framework Convention on Climate Change, the Global Environment Facility, and the
International Joint Commission, among others.

Relevant Experience
Modeling Gas-Fired Plant Alternatives in New Mexico
Client: Sierra Club | Project ongoing
On behalf of the Sierra Club, Synapse is performing modeling of the electric system in New Mexico using
the EnCompass model in both capacity expansion and production cost modes. Synapse is
comprehensively modeling zero-emission alternatives to a new utility-proposed gas-fired generation
option intended to replace the retiring San Juan Generating Station units in New Mexico in 2023. The
modeling accounts for the interconnectedness of the electric power grid in the Desert Southwest region,
including detailed representation of generation units in Arizona and New Mexico (and portions of Texas
and California), and aggregated treatment for resources in the rest of the West. Synapse has found that
a combination of utility-scale and small-scale solar PV, utility-scale battery storage, and incremental
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wind resource procurements would provide Public Service of New Mexico with a less-expensive, and
lower-emitting alternative than its proposed gas-fired generation, while meeting all reliability
requirements.
Nova Scotia Power Generation Utilization and Optimization Study
Client: Nova Scotia Utility and Review Board | Project completed August 2018
Synapse was asked to conduct an Integrated Resource Planning-type analysis on the overall utilization
and optimization of Nova Scotia Power’s coal and thermal generating fleet. Synapse used the PLEXOS
electric sector simulation model for both capacity expansion and production cost purposes to estimate
the costs associated with various unit retirement pathways and resource replacement options.
Value of Solar Implications of South Carolina Electric & Gas Fuel Costs Rider 2018
Client: Southern Environmental Law Center | Project completed May 2018
Synapse provided analysis and expert testimony on behalf of the South Carolina Coastal Conservation
League and the Southern Alliance for Clean Energy for South Carolina Electric & Gas’ (SCE&G) 2018
annual update of solar PV avoided costs under PURPA. Witness Devi Glick submitted testimony (Docket
no. 2018-2-E) regarding the appropriate calculation of benefit categories associated with the value of
solar calculation for PURPA QF rates and for Act 236 compliance.
Avoided Energy Supply Costs in New England
Client: AESC Study Group | Project completed March 2018
Synapse and a team of subcontractors used EnCompass and other tools to develop projections of
electricity and natural gas costs that would be avoided due to reductions in electricity and natural gas
use resulting from improvements in energy efficiency. The 2018 report provides projections of avoided
costs of electricity and natural gas by year from 2018 through 2035 with extrapolated values for another
15 years. In addition to projecting the costs of energy and capacity avoided directly by program
participants, the report provides estimates of the Demand Reduction Induced Price Effect (DRIPE) of
efficiency programs on wholesale market prices for electric energy, electric capacity, and natural gas.
The report also provides a projection of avoided costs of fuel oil and other fuels, non-embedded
environmental costs associated with emissions of CO 2, avoided costs of transmission and distribution,
and the value of reliability. The 2018 AESC study was sponsored by a group representing all of the major
electric and gas utilities in New England as well as efficiency program administrators, energy offices,
regulators, and advocates. Synapse conducted prior AESC studies in 2007, 2009, 2011, and 2013.
Clean Energy for Los Angeles
Client: Food & Water Watch | Project completed March 2018
The Los Angeles City Council has mandated that the Los Angeles Department of Water and Power
(LADWP), the largest municipally run utility in the United States, analyze powering 100 percent of
demand with renewable energy. To date, LADWP's efforts have been insufficient, as the utility has only
published an analysis of a slight increase over current renewable energy targets and is not planning to
finalize its 100 percent renewable study until 2020 at the earliest.
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Food & Water Watch engaged Synapse to analyze a potential pathway to 100 percent clean energy in
Los Angeles by 2030 using the EnCompass model. The modeled scenarios in the Clean Energy for Los
Angeles report include a substantial amount of storage capacity. The two 100 percent renewable
scenarios build between 2 and 3 gigawatts of storage capacity which is dispatched liberally in order to
shift generation from solar resources to meet demand in the region. Our analysis included hourly
modeling that demonstrated exactly how storage could be charged and dispatched over the course of
the day to meet the utility’s needs.
In our study, we found that it is possible for LADWP to exclusively use renewable resources to power its
system in every hour of the year. What's more, we found that under one of the clean energy pathways
analyzed, the transition to 100 percent renewable energy in every hour of the year can occur at no net
cost to the system. The resulting report, Clean Energy for Los Angeles, provides a roadmap for how to
achieve 100 percent renewables by integrating and harnessing renewable energy more efficiently and
investing in additional efficiency, storage, and demand response.
Although the report only focuses on a single city, the results are important and applicable to many other
parts of the country. Los Angeles's four million residents make the city larger than 22 entire states, while
the annual energy served by LADWP is greater than sales in 13 individual states, indicating that if this
transition is possible in Los Angeles, it is feasible in other parts of the country as well.
An Analysis of the Massachusetts RPS
Client: E4theFuture | Project completed August 2017
Synapse Energy Economics joined with Sustainable Energy Advantage (SEA), as well as members from
NECEC, Mass Energy Consumers Alliance, E4theFuture, and other organizations to analyze the current
state of regional renewable portfolio standards in light of many of new policy actions that have been put
into place over the last several years. These policy actions include new legislation requiring long-term
contracting for renewables and other resources in Massachusetts, Connecticut, and Rhode Island,
revised incentives for distributed generation resources, changes to RPS polices in other states in New
England, proposed Massachusetts-specific CO2 caps, and newly-revised forecasts for electricity sales that
take the full impact of new energy efficiency measures into account. The Synapse team used the
EnCompass model for this analysis.
Clean Power Plan Reports and Outreach for National Association of State Utility Consumer Advocates
Client: National Association of State Utility Consumer Advocates | Project completed August 2015
Synapse supported the National Association of State Utility Consumer Advocates and its members in
addressing the EPA’s proposed Clean Power Plan in a manner that is cost-effective and efficient from an
electricity consumer perspective. Prior to the release of the rule, Synapse presented to NASUCA
members key issues regarding the details of the proposed rule and the primary compliance options that
may be available to states. Following the rule’s release, Synapse prepared a report focusing on the
details of the rule as proposed. Recognizing that stakeholders have a wide range of reactions to the
EPA’s Plan, the intent of the report is to be a common resource to help all of NASUCA’s members think
through a broad range of potential implications of various compliance approaches to their respective
consumers—whatever their individual state’s positions. Synapse presented on the findings
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of Implications of EPA’s Proposed “Clean Power Plan” at the 2014 NASUCA annual meeting in San
Francisco, CA.
Synapse used its Clean Power Plan Planning Tool (CP3T) to perform multi-state analysis of the proposed
rule to identify and explain a variety of challenges and opportunities related to multi-state compliance,
including how states with dissimilar renewable technical potential, states with utilities that cross state
boundaries, states with existing mechanisms for cooperation, etc., may approach regional compliance
with the Clean Power Plan. Pat Knight, the lead developer of CP3T, provided a webinar for NASUCA
members giving an overview of key issues surrounding the Clean Power Plan, as well as a walkthrough of
CP3T’s multi-state functionality. Synapse also prepared a report presenting the results of the analysis,
presented at the NASUCA 2015 Mid-Year Meeting.
As a third element of Synapse’s Clean Power Plan support to NASUCA members, Synapse prepared a
report on best practices in planning for implementation of the Clean Power Plan. The report serves as a
guide for consumer advocates to the logistics of developing a state implementation plan, with advice in
areas such as stakeholder engagement, evaluating resource options, deciding on reasonable
assumptions, identifying appropriate modeling tools, and selecting and implementing a plan.
Long-Term Procurement Plan Rulemaking
Client: California Office of Ratepayer Advocates | Project ongoing
Synapse is providing technical and expert witness services to the California Office of Ratepayer
Advocates in connection with the Long-Term Procurement Plan proceeding affecting the three largest
investor-owned utilities in California: Southern California Edison, Pacific Gas and Electric, and San Diego
Gas and Electric. As part of this project, Synapse conducted modeling of the California ISO (CAISO) area
using PLEXOS to assess loads and emissions throughout California based on various California Public
Utilities Commission scenarios. Synapse analyzed model inputs, assumptions, forecast projections, and
outputs, and examined alternatives including renewable energy integration and retirement scenarios.
Synapse’s modeling enabled determination of areas within California that would be capacity
constrained.
Best Practices in Electric Utility Integrated Resource Planning
Client: Regulatory Assistance Project | Project completed June 2013
Synapse prepared a report for the Regulatory Assistance Project examining best practices in electric
utility integrated resource planning. Synapse researched and discussed specific integrated resource plan
(IRP) statutes, regulations, and processes in Arizona, Colorado, and Oregon; examined "model" utility
IRPs from Arizona Public Service, Public Service Company of Colorado, and PacifiCorp; and developed
recommendations for prudent integrated resource planning. Our report provided recommendations for
both the IRP process and the elements that are analyzed and included in the resource plan itself. These
elements include load forecast, reserves and reliability, demand-side management, supply options, fuel
prices, existing resources, and environmental costs and constraints, among others.
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