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Abstract
Measures to increase the use of energy efficiency and renewable energy (EERE) technologies are
among the many tools available to planners for improving local air quality. These technologies
can both reduce generation from fossil fuel power plants and reduce their emissions. However,
quantifying the electric-sector emissions reduction caused by given levels of EERE technology is
complicated, since this calculation requires determining which power plants were offset by
renewable energy generation or demand-side reductions. Until recently, there had been little
discussion of what methods of quantification would be acceptable for the purposes of State
Implementation Plan (SIP) submissions to the Environmental Protection Agency (USEPA). This
situation began to change when USEPA issued general guidelines for including EERE projects in
SIP proceedings (USEPA, 2004). That document endorsed the use of EERE projects in SIP
submissions and laid the groundwork for quantification methods to be proposed. This paper
aims to contribute to the ongoing discussion of these issues by comparing three alternative
methods that were used in a recent SIP submission for the Shreveport-Bossier City Metropolitan
Statistical Area Early Action Compact. That submission had been posted in the Federal Register,
completed the public comment period, and was being formally adopted into the Louisiana SIP by
USEPA at the time of publication.
This analysis suggests that the energy conservation measures that were submitted for the
Shreveport SIP will reduce NOx emissions on the order of 0.04 tons per day during the ozone
season. Comparing three different methods for estimating this impact suggests that a simple
approach, which uses an average of the emissions rates for nearby power plants drawn from the
eGRID database, is precise and accurate enough to be used for very small projects like this one.
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Introduction
Background
The Shreveport-Bossier City Metropolitan Statistical Area (MSA) in northwest Louisiana is in
the process of taking several proactive measures to maintain and improve local ambient air
quality. The primary ambient air pollutant of concern is ozone; hence measures are being taken
to reduce the ozone precursors of volatile organic compounds (VOCs) and oxides of nitrogen
(NOx). One innovative measure that the MSA has pursued is the indirect reduction of NOx
through the installation of energy conservation equipment in 33 municipal buildings. This paper
outlines three different methodologies for calculating the power plant NOx emissions reduced by
implementing these permanent grid-connected energy efficiency projects in the ShreveportBossier City region of Louisiana.
The Shreveport-Bossier City MSA is comprised of Bossier, Caddo, and Webster Parishes in
northwest Louisiana. The MSA has recorded ambient ozone concentrations that approach the
maximum concentration permitted by the National Ambient Air Quality Standards (NAAQS) for
8-hour ozone concentrations. In order to ensure that air quality is maintained or even improved,
the MSA has committed to implement several candidate control measures through an Early
Action Compact (EAC) with USEPA. All EAC areas have voluntarily agreed to proactively
reduce ozone precursors, thereby reducing ozone, earlier than required by the Clean Air Act
(CAA) for the new 8-hour ozone NAAQS. One innovative NOx reduction measure that the
Shreveport-Bossier City MSA selected for inclusion in their EAC is a 20-year contract with
Johnson Controls, Inc. for the purpose of installing and maintaining energy conservation
equipment in 33 municipal buildings. Large energy efficiency projects such as this one will
reduce end-use demand, which in turn reduces generation at nearby power plants, ultimately
reducing their emissions.
The remainder of this paper proceeds as follows: The first section describes the results of the
analysis, summarizing results from three different methods used to quantify the emissions
reductions resulting from Shreveport’s contract with Johnson Controls. The discussion then
examines each of those methods in turn, and compares their results. The paper concludes with
recommendations for the use of quantification methods in the SIP process. Appendix 1 presents
a framework that may be useful in comparing different quantification methodologies and in
developing better estimates of the uncertainty in their results. Appendix 2 is Shreveport’s Early
Action Compact Progress Report and Appendix 3 is the Federal Register Notice for this project.
Scope of the Three Methods
This analysis compares three different methods for estimating the impacts of the energy
efficiency program, as described in the next section. These methods all estimate the marginal
impact of the end-use demand reductions. That is, the reduced generation after the demand
reductions is allocated across the power plants supplying the Shreveport area. After that
allocation, the emissions reductions are estimated for each plant and summed to yield to total
emissions reduction. The three approaches differ in how they allocate the generation reductions
among different power plants.
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These approaches do not consider the potential impact of the demand reductions on timing or
technology of future power plant investments. Finally, none of the approaches considered here
assess baselines or additionality—the question of whether some or all of the energy conservation
measures included in Shreveport’s EAC submission would have occurred had the city not
engaged Johnson Controls to undertake specific measures. These effects are beyond the scope of
the current effort.
Summary of Results
Table 1 compares the results of the different estimates. A calculation method developed by Art
Diem at USEPA, which we call the “Power Control Area Dispatch Method,” and the calculation
method developed by the LSU Center for Energy Studies (LSUCES), the “Economic Dispatch
Method,” produced estimates of 0.042 and 0.036 tons per day respectively. A third method, the
“Plant Average Method,” uses average emission rates for different subsets of power plants
serving the Shreveport area, and suggests that the impact might range from 0.024 to 0.058 tons
per ozone season day.

Table 1: Summary of Estimates
Result
Tons/O3 day
0.036
0.042
0.033
(0.024 to 0.058)1

Method
Economic Dispatch
Power Control Area Dispatch
Plant Average

Figure 1 provides an estimate of the probabilities associated with these estimates, in the form of
a curve tracing the probability that the true value is greater than the value shown on the x-axis.
This estimate suggests that the value will be between 0.035 and 0.045 tons per day with a
probability of 95 percent.

1

The range of results from the plant average method is from 0.024 to 0.058 pounds per ozone-season day. The
average of all the variants of this method, leaving out the US average figure, is 0.033 pounds per ozone-season day.
3

Figure 1: Range of Estimates of NOx Reductions2
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NOx reductions in the range of the estimates shown in Figure 1 will assist Shreveport in meeting
and maintaining compliance with the 8-Hour Ozone Standard. One of the suggestions from the
following discussion is that relatively straightforward methods are adequate to characterize the
impact of such small projects, while more complex methods may be required to assess the
impacts of larger projects. Adopting this viewpoint could significantly lower the staff and
technical resources needed by public agencies to quantify the emissions impact of EE and RE
measures.

Methodologies Used to Develop Alternative Estimates
As mentioned above, each of the approaches considered takes a different path in identifying the
generating units displaced by the electricity savings. Once the changes in generation in each
plant are estimated, the emissions reduction is calculated by multiplying each of those changes
by the appropriate NOx emission factor. To some extent all three approaches use the emissions
factors in the Environmental Protection Agency’s eGRID air emissions database. The
differences among them arise from their differing approaches to estimating the generation
reduction of each plant.
2

The confidence interval mentioned in the discussion of Figure 1 was estimated as follows. First, a single value for
the plant average method was calculated as the average of all the estimates except for the U.S. National average.
This was done so that the plant average method would have the same weight as the other two methods in the rest of
the calculations. That estimate, along with those for the economic dispatch and power control area dispatch methods
were then treated as three samples from a population of emissions estimates. Based on those three samples, we
calculated the standard error of the mean, which estimates the standard deviation of an average of three samples
from the population. Figure 1 uses a normal distribution with the mean equal to the average of the three samples
and standard deviation equal to the standard error of the mean. The 95% percent confidence interval is estimated as
the mean +/- two standard deviations. As discussed above, the result is a range of estimates from 0.035 to 0.045
tons per ozone season day.
4

Despite being subject to the limitations discussed in the previous section, all of the approaches
described below do present a generalized estimate of the opportunities for increased energy
efficiency to reduce overall power generation, air emissions, and greenhouse gas emissions.
More sophisticated power market modeling approaches could develop more detailed, and
arguably more accurate, results. Nevertheless, the results from these methods support the basic
premise that more energy efficiency can lead to displaced generation, which in turn, can lead to
lower emissions.
Ultimately, the State of Louisiana and USEPA determined which methodology should be
adopted into the EAC due to their regulatory authority and accountability. The intent of this
paper is to provide a neutral assessment of different estimation methods and critique the
strengths and weaknesses of those methodologies. All methodologies were conducted in parallel
and were provided the same amount of raw data. The base year for the analysis was calendar
year 2000 and the guaranteed energy savings of the contract is 9,121,335 kWh/yr as detailed in
the energy service contract between Johnson Controls and the City of Shreveport.
Economic Dispatch Method
David Dismukes and Dmitry Mesyanzhinov from the LSUCES developed an economic dispatch
model of the combined American Electric Power (AEP) and Southwest Electric Power Company
(SWEPCO) control area and applied it in this analysis. The model economically dispatches each
of the AEP-SWEPCO generating facilities on an hour-to-hour basis. Under an optimal economic
dispatch, generators are ranked, or “stacked” based upon their costs, with the lowest cost unit
being utilized first, and the highest cost unit being utilized last. The LSUCES model simulated
this economic dispatch for each hour of calendar year 2000.
Estimating the emissions reduction associated with energy efficiency measures follows a threestep approach. In the first step, a baseline economic dispatch case for the AEP-SWEPCO control
area is developed in order to approximate the normal dispatch of the system. The second step
develops a “change case” dispatch. In this instance, the “change case” is the introduction of
energy efficiency measures. The third step is to calculate the difference between baseline and
“change case,” which gives the plant-specific generation displaced by the energy efficiency
measures, and calculate the air emission reduction associated with that displacement.
The data used in this analysis came from a variety of sources that included Federal Energy
Regulatory Commission (FERC) Form 1s, Energy Information Administration Form EIA-411,
RDI International Power Generation Database, Utility Data Institute, information provided by
AEP-SWEPCO, and the eGRID database. The economic dispatch, or rank ordering, of facilities
was based upon fuel costs as a measure of marginal costs. Per information provided by AEPSWEPCO, imports to the system were assumed to be 15 percent of total load.
Power Control Area Marginal Dispatch Method
Art Diem from USEPA’s State and Local Capacity Building Branch has developed an
approximate regional marginal dispatch model that assesses emissions reductions in two stages.
First, this method estimates the percentage contribution of each relevant Power Control Area
(PCA) to the electricity consumption of the region where the demand reductions occur. These
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estimates are developed using data on the power flows between all the PCAs in both directions.
Second, this method develops estimates for the share of generation from each power plant based
on the total power generated in that PCA. Combining the two stages yields a percentage
contribution to the target region for each power plant within all contributing PCA’s.
Plant Average Method
This calculation approach relied strictly on the eGRID database using simple averages of the
emissions coefficients of different sets of power plants from the calendar year 2000 data (Source:
eGRID 2002PC). The generation reductions are assumed to be shared equally among all power
plants in each set of plants. The following are the different sets of power plants for which
emissions rates were averaged. Data was compiled for NOx emissions on an annual average and
for the ozone season. There may be other methods of dividing the eGRID data but these seemed
the most appropriate for calculating emission reductions for Shreveport-Bossier City MSA.










US National
NERC Region Southwest Power Pool (SPP)
NERC Sub-Region (SPP - South)
State-level (Louisiana)
State and primary power provider for Shreveport3(Louisiana and AEP)
Electric Generating Company for Southwest Electric Power Company (SWEPCO)
Power Control Area for American Electric Power (AEP West SPP/PCA)
Local Plants in the City of Shreveport and the Caddo Parish
Local Plants Supplying Shreveport4

The emissions rates were calculated directly from the eGRID database and multiplied by the
guaranteed annual and monthly load reduction of the 20-year energy efficiency contract.
Monthly load demand/reduction estimates are not currently available so the monthly load
reduction was calculated by dividing the guaranteed annual reduction by twelve. Johnson
Controls, Inc. has agreed to provide monthly load profile data, but the monthly load demand
profiles were not available at the time of publication.

3

Per telephone discussions in February 2004 between RJ Robertson of the Southwestern Electric Power Company
(SWEPCO) and Adam Chambers of NREL, American Electric Power (SWEPCO's parent company) supplies all of
the electricity consumed by the city of Shreveport. This was confirmed through subsequent telephone conversations
between David Dismukes of LSUCES, Louis McArthur of Louisiana DEP and Adam Chambers
4
Relies on LSUCES load distribution data and weighted eGRID emission factors.
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Results
The emissions coefficients estimated here range from a low estimate of 2.0 lbs NOx/megawatthour (MWh) to a high value of 4.6 lbs NOx/MWh. The lowest emissions impact estimate
considers only two natural gas fired plants within the Caddo Parish. The highest calculated
values were ozone season estimates obtained from the average of the plants in the State of
Louisiana. These extremes serve as upper and lower limits for all of the emission estimation
methods in this study.
Using the upper and lower emission estimates mentioned above, we calculated the maximum and
minimum emission reductions that could be achieved by the City of Shreveport and Johnson
Controls, Inc. energy conservation contract. Relying on the firm contracting obligation of
9,121,335 kWh/yr and the upper and lower bound of 2.0 lbs/MWh and 4.6 lbs/MWh we
estimated the lower and upper emission reduction bounds to be 8.9 and 21 tons of NOx/yr
respectively. (See Table 3.) In typical units used in SIP planning, these figures are equivalent to
0.024 - 0.058 ton/day.
More Detailed Comparison Across Methods
Table 2 gives the range of estimates developed for the emissions coefficients used in developing
the ozone season impacts summarized in Table 1. In particular, it shows all the variants of the
plant average method, and compares those values to the emissions coefficients of the two other
methodologies.
The average of all emission factors for the ozone season, shown in Table 2, is 3.32 lbs/MWh.
The average emission factor aligns most closely with the NERC Sub-Region emission factors
calculation methodology and the PCA Marginal Dispatch Modeling Approach. Although these
two are nearest the average emission value, all of the ozone-season emissions factors are within
the range 3.3 ± 1.4 lbs/MWh.

7

Table 2: Comparison of NOx Emissions Factors for
Assessing EE Projects in the Shreveport Area
Region

Annual NOx
Emissions
(Tons/yr)

PLANT AVERAGE METHOD
VARIANTS
National

5644353.87

O3 Season
NERC Region - SPP
O3 Season
NERC Sub-Region – SPP South
O3 Season
State – La.
O3 Season
State and Power Provider – Louisiana
& AEP
O3 Season
Electric Generating Company –
SWEPCO
O3 Season
Power Control Area
O3 Season
Local Plants Supplying Shreveport –
AEP Information
O3 Season
Local Plants in Shreveport and Caddo
Parish
O3 Season
POWER CONTROL AREA
DISPATCH METHOD
O3 Season
ECONOMIC DISPATCH METHOD

Average O3 Season
NOx
NOx
(Output
(Output
Rate
Rate
lbs/MWh) lbs/MWh)

2.96
2.92

2431268.00
354187.80

3.79
3.73

164189.51
219962.16

3.42
3.38

103484.54
118263.58

2.54
2.59

55812.95
11501.24

4.57
4.63

5107.37
40310.00

3.45
3.39

18674.85
73796.33

3.70
3.67

35478.18
3.72

3.79
632.77

1.95
1.95

488.07
3.47

3.37
35,169

O3 Season

2.95

17,967

AVERAGES

3.32
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2.85
3.30

Alternative Assumptions
Making the assumption that all energy conservation will occur during the ozone season (which is
not overly ambitious for Shreveport, LA) 5, the emission reduction increases to a range of 0.0490.12 ton/day (TPD). The total ozone season reduction using the midpoint of this range is shown
in Table 3 below as the “least conservative” case.

Table 3: Average, Upper and Lower NOx Emissions (Estimates)
Emissions Reduction
Average (3.3 lbs/MWh)
Conservative
Ef (1.95 lbs/MWh)
Least Conservative
Ef (4.63 lbs/MWh)

Annual Savings, tons

Ozone season,
tons

Ozone season,
tons/day

15.05

1.25

0.04

8.89

0.74

0.024

21.12

1.76

0.058

The above emission reductions are relatively small in SIP planning terms, so the next question to
be answered is “What quantity of energy savings is necessary to realize a 1 TPD reduction in
NOx emissions at the upper and lower bounds of the emission coefficients?” Achieving this
emissions reduction would require an energy savings in the range of 430 – 1,000 MWh/day to
reduce 1 ton of NOx in the Shreveport – Bossier City area, an annual energy savings of 160 – 370
GWh. At the project level, this magnitude of energy savings is unlikely but an aggregation of
several municipal projects, for example those arising in response to a policy, could achieve such
a significant emissions reduction.
Other Quantifiable Ancillary Benefits of Energy Efficiency
In addition to the NOx benefits realized by energy efficiency, there are other air pollutants and
greenhouse gas emissions that have also been avoided. Avoided pollutants include sulfur
dioxide, mercury, particulate matter, and carbon dioxide. In Table 4 we have estimated the
emission reductions of SO2, CO2, and Hg through the same methodologies that we have
quantified NOx.
The annual SO2, CO2, and Hg emission benefits estimated below were calculated by relying on
the averages in Table 4 and the previously mentioned contracted power savings of 9,121,335
kWh/yr. Other estimated emission reductions are:
 SO2 – 41,228 lbs/yr or 20.6 tons/year
 CO2 – 16,377,266 lbs/yr or 8,189 TPY
-4
 Hg – 0.27 lbs/yr or 1.4 x 10 TPY
5

The energy efficiency project could, in principle, concentrate most or all of its impact on the ozone season by
concentrating exclusively on air-conditioning loads, which occur almost entirely during the ozone season.
9

Particulate matter is more difficult to quantify accurately due to the broad variation in plantspecific control technologies, emission factors, and individual plant O & M. Qualitatively, there
will be emission reductions in particulate matter of all fractions (TSP, PM10, and PM2.5) because
fossil-fueled generation has particulate emissions and energy efficiency measures do not.

Table 4: Ancillary Benefits
Region

SO2 Annual
Reduction
(Output Rate
lbs/MWh)

PLANT AVERAGE
METHOD VARIANTS
National
NERC Region – SPP
NERC Sub-Region – SPP
South
State – La.
State and Power Provider –
Louisiana & AEP
Electric Generating
Company – SWEPCO
Power Control Area
Local Plants Supplying
Shreveport - Contact AEP
Local Plants in Shreveport
and Caddo Parish
POWER CONTROL AREA
DISPATCH METHOD
ECONOMIC DISPATCH
METHOD
AVERAGES

CO2 Annual
Reduction
(Output Rate
lbs/MWh)

Hg Annual
Reduction (Output
Rate lbs/GWh)

6.04

1392.49

0.0272

4.77

1959.93

0.0345

4.27

1936.65

0.0322

3.53

1386.28

0.0120

7.47

2135.38

0.0038

6.11

2180.52

0.0607

4.53

1932.30

0.0408

6.79

2263.99

0.0607

0.33

1304.10

0.0000

1.36

1463.27

N/A

N/A

N/A

N/A

4.52

1795.49

0.0302

Summary and Recommendations on Methods for Use in SIPs
This project represents an initial attempt to accurately quantify displaced emissions from gridconnected energy efficiency measures for SIP purposes. We applied three different methods to
quantify displaced emissions of NOx. We identified a lower bound of 0.024 tons per day and an
upper bound of 0.058 tons per day, with 95 percent confidence that the value lies between 0.035
and 0.045 tons per day. We also estimated reductions of other pollutants, the ancillary benefits
of a NOx emissions reduction measure.
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Based on the experience of this project, we recommend that SIP decision-makers may wish to
consider the consistency among different estimation methods, and the size of the project in
determining what types of analysis serve as sufficient basis for quantification of displaced
emissions. In this project, the relatively narrow 95 percent confidence interval shows that the
results are consistent across the different methods. The small project size also contributed to our
judgment that this analysis is a sufficient basis for SIP decision makers to select the quantity of
displaced emissions that will be attributed to these energy efficiency measures within the
Louisiana SIP.
Assessing the permanence of the emissions reduction is another key issue. A high level of
project certainty and permanence is required for SIP planning purposes. In the Shreveport
project, there is a high level of certainty that permanent emissions benefits will result from this
project due to the longevity and nature of the Performance Contract between Johnson Controls,
Inc. and the City of Shreveport. The 20-year Performance Contract provides details of the
expense, duration, and magnitude of the lighting system upgrades, mechanical system upgrades,
control system upgrades, water conservation upgrades, and other miscellaneous upgrades, and
guarantees the energy performance of the overall system.
Because this was one of the first projects to quantify EE emissions benefits for use in a SIP, there
was some uncertainty as to how the estimation methods would compare. The comparison of the
methods discussed above suggests that plant average methodology provides an adequate level of
detail for calculating the emission benefits of small projects, and we suggest a threshold of 500
MWh/O3 season day. The plant average approach provides a method that public agencies can
use with at a modest cost in staff resources. Above this or another agreed-upon threshold, more
accurate (and expensive) modeling approaches such as Power Control Area Marginal Dispatch
Modeling Approach and the LSUCES Economic Dispatch Modeling Approach may be required.
The purpose of this paper has been to contribute to the published literature documenting case
studies where energy efficiency and renewable energy has been used to improve ambient air
quality per USEPA’s Guidance on State Implementation Plan (SIP) Credits for Emission
Reductions from Electric-Sector Energy Efficiency and Renewable Energy Measures6. Although
the focus of this paper is on the quantification of emissions benefits, SIP submittals must also
demonstrate enforceability, permanence, and emission reductions must be surplus to prevent
double counting. Appendix 3 contains the May 12, 2005 Federal Register Notice for the
measures proposed under the Early Action Compact SIP submittal.

6

http://www.epa.gov/ttn/oarpg/t1/memoranda/ereseerem_gd.pdf
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Appendix 1: Unifying Framework for Comparing
Methodologies
This section gives a more precise characterization of each method used to develop estimates.

Basic Framework
As mentioned, the three methods described here represent three different ways of estimating the
fraction of the conserved electricity to be allocated to different power plants. That is, all three
methods can be represented by Equation 1.
Equation 1

T = S • ∑ wk E k
k

where
T is the emission reduction
S is the energy savings,
wk is the weight that gives the fraction of the energy savings allocated to the k-th plant,
Ek is the emission factor of the k-th plant
The summation is then the average emission factor of the plants offset by the electricity
conservation measure. In principle, k can be thought of as ranging over all the power plants in
the U.S. system, in which case some of the wk may be zero. In all three methods, the plant
emission factors are taken from the eGRID database.

Description of the Three Methods in Terms of this Framework
Power Control Area Marginal Dispatch Modeling Approach
This method proceeds in two stages. It first uses information about the exchanges of power
between power control areas (PCAs) to determine the shares of the generation from each PCA in
the electricity consumed in each PCA. This first stage of the analysis uses the shares of the
generation of all PCA’s in the PCA where the conservation occurs, say PCA1.
Equation 2

PCA1 = ∑ s k 1 PCAk
k

where sk1 gives the fraction of the consumption in PCA1 that comes from the generation in PCAk.
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The second stage combines the shares sk1 with estimates of the probability that each plant will be
on the margin, and thus be offset by reduced demand. This estimation procedure yields pj, the
probability that plant j is on the margin. The pj and sk1 can then be combined to yield the
weights wk in equation 1:

Equation 3

wk = ∑ s j1
j

∑pE
i

i

i∈PCAj

Plant Average Method
The plant average defines the weights wk as follows
Equation 4

wk =

Gk
∑ Gk
k

where Gk is the annual energy output of the k-th plant. In this case, the wk is simply the
generation share. The variants on this method allow k to range across different subsets of US
power plants.
Economic Dispatch Method
The LSUCES economic dispatch model is based upon the AEP-SWEPCO control area. The
model economically dispatches each of the AEP-SWEPCO generating facilities on an hour-tohour basis. Under an optimal economic dispatch, generators are essentially ranked, or “stacked”
based upon their costs, with the lowest cost unit being utilized first, and the highest cost unit
being utilized last. The LSUCES model conducted this dispatch for each hour of the year under
a 2000 test year. The LSUCES economic dispatch model relies on load contributions (in
percentages) from each plant supplying electricity to Shreveport. Load contribution data and the
corresponding supply percentages that were consumed by the Shreveport Metropolitan Area
were provided by AEP.
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