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ABSTRACT 

report information on energy savings and the associated 
emissions reductions from DSM programs are the Conservation 
Verification Protocols (CVP), the Greenhouse Gas Voluntary 
Reporting Program (VRP), and the Green Lights Program. 
The CVP were enacted to report the atmospheric emissions 
reductions of S q  and NOz. The VRP was mandated in the 
Energy Policy Act of 1992 (EPAct) Section 1605@) to report 
COz emissions reductions. Green Lights is a program designed 
to reduce emissions by encouraging energy-efficient ligJxing. 
In this paper we concentrate on how the verification methods, 
default emission factors and reporting mechanisms affect the 
accuracy of the reported energy and emissions savings. 
Additionally, we focus on the dynamic nature of predicted 
emissions reductions to gauge the accuracy of predictions over 
time. 

If conservation programs are designed to affect existing 
powerplants, if no load growth is anticipated, and if existing 
plants will not require replacement, a simple static analysis 
based on an existing resource mix may be acceptable. This 
approach is enhanced by defining base case, intermediate, and 
peak resources. However, if today’s decisions will affect 
tomorrow’s resource decisions, or if the estimates will be used 
to establish important milestones (such as emission credits), it 
is prudent to conduct an analysis that captures most incumbent 
uncertainties. These uncertainties include future resource 
decisions and the regional character of energy resources, which 

Three national reporting programs that either collect or 
may not be captured by national estimates and simple 
extrapolation techniques. While some estimation methods, 
such as use of default emission factors, produce reasonable 
national average numbers, the estimates may not be applicable 
to specific regions. The environmental and economic value of 
programs may be misstated. 

INTRODUCTION 

reductions in electricity consumption and potential air quality 
benefits. Establishing this link is important for technical and 
policy considerations in designing emissions reductions 
programs, tracking emissions reductions, establishing emissions 
markets, calculating the value of externalities from powerplant 
operations, or designing risk management programs. Currently 
the following three national programs rely on emission factors 
to either collect or report information on energy savings and 
associated emissions reductions from utility demand-side 
management programs: ’the Greenhouse Gas Voluntary 
Reporting Program (VRP), the Conservation Verification 
Protocols (CVP), and the Green Lights Program. Other 
agencies and programs use emission factors to calculate the 
environmental effects of their actions. Emission factors are 
average values that relate the quantity of a pollutant released to 
the atmosphere with an activity associated with the pollutant 
(EPA 1985). Emission factors may be developed for fuels or 
powerplants, or aggregated to form regional emission factors. 
These regional factors may be used to determine the effect that 

Atmospheric emission factors provide a link between 

“Pacific Northwest Laboratory is a multiprogram laboratory operated by Battelle Memorial Institute for the U.S. 
Department of Energy under Contract DE-AC06-76RLO 1830. 



a single action or program has on a combination of 
technologies, such as a mix of powerplants. 

values, the values calculated using emission factors are not 
likely to match actual emissions. In this paper we review how 
emission factors are used for the VRP and an environmental 
impact statement (EIS). Calculated emission factors and those 
taken from the literature are compared with factors developed 
from empirical data sets and the molecular content of fuels. 
Four methods of deriving regional state-level effects are 
reviewed. Additionally, we focus on the dynamic nature of 
predicted emissions reductions to gauge their accuracy over 
time using analyses completed as part of the EIS. 

Because emission factors are based on average or generic 

POWERPLANT EMISSION FACTORS 

Area Power Administration (Western, 1995; Baechler et al., 
1994a&b) from various sources that were either used as 
reported or included in calculations and converted to consistent 
units of pounds of emission per kilowatt-hour of electricity 
production (lbkwh). Generally, the reference reported tb 
ratio of the amount of emission of a particular substance to the 
amount of fuel used to produce the emission. We used 
powerplant heat rates to convert the emission factors to units of 
emissions per kwh of electricity generae.  

The literature on generic emission factors is inconsistent in 
its treatment of a s s~p t ions .  measured values, and 
calculations. 
approaches for calculating emission factors in its AP-42 
handbook, Compilation of Air PoUutant Emission Factors, 
@PA 1985, 1986, 1988, 1990, and 1991). 

Using approaches from EPA’s A P 4 Z  and other references 
the maximum, minimum, and average values for key pollutants 
for different powerplant types were calculated (Bradley, Watts, 
and Williams 1991; Gleick, Moms, and Norman 1989; Kinsey 
1992; NWPPC 1991; BPA 1992; CEC 1992; Shankle, 
Baechler, and Glover 1992; Ottinger et. a1 1990; ANL, 1988; 
and DOE 1983). Using the calculated and reported 
information in the references, choices were made for the 
purpose of environmental analysis. Considerations in choosing 
specific factors included consistency among the references and 
across the powerplant types, the number of reported values, 
and the manner in which calculations were presented. 

We developed powerplant emission factors for the Western 

The EPA offers one of the most comprehensive 

AGGREGATE REGIONAL SCALES 
As part of the development process for Section 1605@), 

several national workshops were held by the U.S. Department 
of Energy (DOE) and the Energy Information Administration 
(EIA). Workshop participants expressed the need for DOE to 
supply default atmospheric emission factors aggregated to the 
state level (e.g., California, Connecticut, etc.). 
regional emission factors. rather than relying solely on a 
national approach, should make the emission factors more 
representative (and therefore more accurate) of specific utility 
systems. Developing these scales requires that assumptions be 
made about the mix of powerplants serving the given regions. 
Regional emission factors are averages of powerplant emission 
factors weighted for the powerplant capacity or generation 
contained within the region. This approach is not likely to 
capture effects resulting from inter-regional transactions. 

to develop state-level emission factors for C02: (1) a capacity 
m e t h ~ ,  (2) a capacity and availability method; (3) a fuel- 
input method; and (4) for comparison, state-level factors 
developed from the EIA data (EIA 1994). The first two 

Developing 

Here we examine four different approaches that can be taken 

methods are based on powerplant emission factors shown in 
Table 1 and were used to calculate atmospheric emission 
factors for carbon dioxide (C02), carbon monoxide (CO), 
sulfur dioxide (S02). nitrogen dioxide (NO,), and nitrous 
oxide (N20). The Fuel-Input method and the EIA data was 
used to estimate only carbon dioxide emissions. 

into typical technology categories for each state in order to 
calculate state-level emission factors. The emission factors 
are calculated for each pollutant as the total mass of pollutants 
(in pounds) for each state divided by an estimate of the total 
net-generation for each state. The state-by-state generating mix 
for the non-renewable technologies was obtained from Tables 
6, 7. and 8 in the 1992 Electric Power Annual (EIA 1994) and 
from unpublished sources at the Energy Information 
Administration. Availability factors were used to weight plant 
operations. The availability factor is defined as the fraction of 
time, on an annual basis, when the generating plant is 
producing power. 

estimate state-level emission factors is a refined version of the 
capacity method. The primary difference between the two 
methods is that where the capacity method assumed the same 
availability factor for every State for a given technology, the 
capacity and availability method utilizes calculated availability 
factors for each State and powerplant type. The availability 
factors represent a fractional percentage of the year for which 
the technology is being used to produce power. 

two methods. The overall emission factor for each state is 
calculated by dividing the product of the total oxidized carbon 
and the molecular weight of C02  by the total net generation 
for the state. Note that this method is only used to calculate 
the C02 emission factor, as the carbon output does not vary 
significantly by technology. The other pollutants need to be 
calculated on a technology-specific basis. 

Another method of estimating emission factors is to rely 
on emissions and net generation that are reported in the 1992 
Electric Power Annual (EIA 1994) on a state-by-state basis. 
The annual emissions were obtained from Table 46 of the 1992 
Electric Power Annual (EL4 1994). 

The results of the different approaches are shown in 
Table 1. The mean national values for COz emission factors 
have a percentage difference of 17% when comparing the 
increment between the values with the maximum value. The 
minimum factor was generated by the capacity and availability 
method and the largest factor was generated by the fuel input 
method. The capacity method, capacity and availability 
method, and EIA method estimates are within 5% of each 
other. On a regional basis, all four methods have a similar 
trend of estimating lower emission factors in the New England, 
Mid Atlantic, Pacific Contiguous and Pacific Non-Contiguous 
regions while predicting higher emission factors in the Central 
regions of the country. The difference between the greatest 
and least values for each region, taken as a percentage of the 
greatest value, varies 7% to 35% across the regions. The 
differences are reduced markedly when the greatest values are 
not counted. In six of the ten regions, the fuel input method 
results in the greatest value. The capacity method results in 
three of the greatest values and the EIA method results in one 
of the greatest values. 
the least values. The capacity and availability results in four 
least values, and the capacity and the EIA methods each result 
in two of the least values. 

The capacity method uses the generation capacities grouped 

The capacity and availability method that we used to 

The fuel input method is a signScant deviation from the frst 

The fuel input method results in two of 



Table 1. Emission Factors by State and Region 
Emission Factors (IbMWh) 

Capacity Availability Input EIA 
Capacity and Fuel- Region State 

Connecticut 758.4 525.3 1,253.3 523.3 
New Maine 649.8 208.8 250.8 251.3 

1,42 1.7 
New Hampshire 758.8 595.5 583.9 679.5 
Rhode Island 1,367.5 1,383.5 2,022.5 1,818.2 

1,303.0 England Massachusetts 1,183.3 1,412.9 

Mid Atlantic 

south 
Atlantic 

........................................................................ ................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ................................... ..................................... 

EastSouth 
Central 

west-soutll 
Central 

1,537.0 
1,635.4 
1,379.0 
1.792.8 

11919.4 
1,895.8 
1,591.7 
3.642.1 

1,348.6 
1,633.8 
1,097.6 
1.852.3 

11619.5 
1,782.8 
1,288.0 
2.303.4 

West-North 



All of the approaches result in similar trends, although the fuel 
input method tends to result in estimates at one end of the range 
of values or the other, often resulting in the greatest value. A 
state-by-state comparison shows similar relationships to the 
regional presentation. 

CONCLUSIONS 
The use of emission factors is fraught with uncertainties 

about fuel types, powerplant technologies, selection of emission 
factors, aggregation techniques, and changes in powerplant 
efficiency and portfolios over time. However, we suggest that 
the use of emission factors can result in the identifcation of 
emission impact trends, although different approaches may vary 
in their specific estimates. 

One conclusion that can be inferred from our results is that 
more detailed information on operating characteristics and 
technologies is required on a local level, while less detdiled 
information (e.g.. national fuel consumption) works well for 
developing emission factors at a national level. However, these 
~ t i 0 ~ 1  estimates have greater inherent uncertainty than more 
refined regional aggregates. 

An aggregate type methodology may be appropriate for 
use in DOE'S W, since with a minimum of expense, the factors 
allow for ~ t i 0 ~ 1  tracking of emissions reductions. However, if 
the program moves from a voluntary to a mandatory market- 
based or other approach carrying greater direct consequences for 
participants, greater emphasis is likely to be placed on accuracy. 
Perhaps the most accurate source of emission factor data for 
fossil fuel sources will be obtained from actual measurements, 
such as the Continuous Emissions Monitoring (CEM) 
requirements under EPA's Acid Rain Program. 

The use of emission factors carries with it certain 
limitations. One limitation is that the factors seldom match the 
actual emissions of any given plant. For example, the factors 
developed for Western were designed to represent a coal plant 
burning western coal. This assumption, along with many finer 
details, does not correspond with many coal plants in the United 
States. Some of the specific systematic differences that may 
occur among emissions data are fuels containing different 
percentages of sulfur and ash, different emissions controls, and 
plants with varying efficiencies. Pulverized coal-fired plants 
exhibited a broad range of data on emissions. Because of their 
variety, these plants presented one of the more difficult data sets 
to evaluate. The values ranged from less than 1 lb/MWh of SOX 
(1 Ib/MWh = O.OOO6 kg/MWs) to more than 45 lblMWh of SOX 
for data from 12 different sources listing 22 values (many 
incorporating varying degrees of control). 

A second limitation stems from calculating avoided 
emissions based entirely on existing utility systems. This 
approach assumes that those systems will not change over time. 
Capacity expansions and reductions and improvements in 
operating efficiencies are not addressed. Planning actions by 
their nature affect technology selections in the future more than 
decisions already made. Thus, the most profound impacts on 
emissions will occur at the margin in the selection of new 
resources, not just with the operation of existing plants. 

Another limitation occurs when estimating methods assume 
that any reduction in generation would be spread equally across 
the mix of generation technologies employed in any given utility 
system. Even when adjusted for avagability, this approach tends 
to misapply demand-side management (DSM) activities that are 

timedependent. DSM activities that are used to shape loads will 
affect some generation resources more profoundly than others. 
If a DSM program is designed to save energy during the mid-day 
time period, a utility might be running all of their base load and 
peaking generating plants. In this case, an average emission 
factor that represents all of their plants may accurately represent 
their level of atmospheric pollutants. However, if a DSM 
program is targeted to only affect night time operations, the 
utility would want to use an emission factor that is representative 
only of their base plants running during that time period. 
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