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ESTIMATING EFFECTS OF ENERGY PLAMWYG ON ENVIRONMlENTAL IMPACTS IN "HI3 
wEsrERN UNITED STATES 

Michael C. Baechler and Janet N. Cothran 
Pacific Northwest Laboratory 

INTRODUCTION 
As part of their long-term planning process, utilities . . 
and government agencies are choosing power generation 
and conservation strategies that will effect environmental 
interactions for decades to come. In the United States, 
power marketing administrations within the U.S. Department 
of Energy have a strung influence over the strategies to be 
implemented in large multi-state regions. 

Pacific Northwest Laboratories (PNL) prepared environmental 
impact statements (EIS) for two power marketing agencies, 
the Western Area Power Administration (Western) and Bonnevdle 
Power Administration (Bonnevdle). The Western EIS assessed 
the effects of integrated resource planning (lRP) on the public 
utilities western serves, while the Bonnevdle EIS assessed 
the effects of acquiring new energy resources in the Pacific 
Northwest. The results were found using models that simulated 
utility systems. In both cases, environmental impacts were 
nduced when the conservation strategy in question was con- 
sidered. This paper describes the results of the environmental 
analyses for the two agenciea and compares the results with 
those of another simplified approach that relies on attributing 
emissions of new resources based on an extrapolation of existing 
capacity. 

Western 
The Western Area Power Administration (Western) is an agency 
of the U.S. Department of Energy charged with marketing and 
transmitting federally produced electricity throughout a 1.3 
million-squaro-mile geographic area. Western proposes to 
establish an Energy Planning and Management Program 
(EPAMP) to replace its now concluded Conservation and 
Renewable Energy (C&RE) Program. The EPAMP would 
require Western's long-term firm customers to implement 
integrated resource planning (IRP) to help enhance efficient 
electric energy use. Pacific Northwest Laboratory (PNL) is 
helping Western b k s e s s  the environmental impacts of its 
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proposed program by preparing an environmental impact 
statement (EIS) (Western 1994) for Western. PNL is one of 
DOE'S national multiprogram research laboratories and is 
operated by Battelle Memorial Institute for DOE under Contract 
DEAC06 76 RLO 1830. 

In the EIS potential program aimponents have been combined to 
form 12 alternatives. A No-Action A I t e d v e ,  waz based on 
existing program features as defined in the c&RE program. The 
program altematives .were grouped according to their PMI 
provisions as follows: 

PMI Extension AIternatives - The first group, known as the 
PMI extension alternatives, would give Western's existing 
customers relatively long-term extensions of major percentage 
of the Federal power resource currentIy committed to them 
subject to certain provisions. These provisions include the 
percentage .of the docation, the term of the contracts, 
establishment of a resource pool, and the manner in which the 
pool would be used. Contracts for resource extensions would 
be signed upon receipt of a customer's initial IRP by Western. 

0 PMI L i i  Extension Aknatives - The second set, 
known as the PMI limited extension alternatives, would extend 
resources for 10 years fiom the date of IRP approval, a 
relatively short time period. This short extension period is 
intended to provide Western's existing long-tenn firm power 
customers with a term adequate to facilitate the development 
of an IRP and effectuate associated action plans. The 
extension would act as a bridge to give Western time to 
develop project-specific marketing plans and the customers 
time to develop and implement alternative resources in 
reaction to any change of markctable resources as identified in . the project-specific marketing plan. Contracts for resource 
extensions would be signed upon approval of a customer's 
initial IRP by Western. 
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0 PMI Non-Extension Alternatives - The third set, known 
collectively as the PMI nonextension alternatives, would not 
feature any marketing of resourax under the proposed 
Program. Customer integrated resource planning would take 
place in accordance with the Energy Policy Act of 1992, 
and marketing criteria would be separately developed on a 
project-specific basis. 
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Cogeneration 

Fuel Switching 
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Bonneville 
BonneviUe is also a power marketing administration of the 
U.S. DOE. Bonneville’s responsibilities include m&g load 
growth through the acquisition of new resources in addition, to 
marketing existing federal resources. This is an unique role 
among the PMA’s. The Northwest Power Planning Act 
authorized the BonnevillePower Administration to aqukenergy 
from conservation and generation to mcet the electricity needs of 
its wholesale customers. Bonnevue estimates that by the year 
2010, assuming high load-growth of 1.8% per year, energy needs 
in the Northwest may out pace generation by 5,000 average 
megawatts (aMW) (Bonneville 1992 and 1993). For purposes of 
analyzing environmental impacts, Bonneville developed 12 
alternatives for meeting increased loads over the next 20 years 
(Bonneville 1993). These alternatives arc summarized in Table 

Bonnevitle continues doing business as usual. Bonneville chooses new resources based upon 
minimizing system total cost, without accounting for environmental externalities. 

Bonneville includes environmental extemafities in dcuhting total system cost. This is the 
benchmark case against which other cases are compared. 

This alternative moves lost opportunity and discretionary conservation resources to the top of the 
resourcestack. . 
A greater amount of conservation is emphasized than in the previous alternative, reflecting 
conservation measures that,may become cost effective within the planning horizon but that carry 
additional risk because of their unproven nature. 

One part of this alternative emphasizes conventional coal. Another subpart of this alternative 
emphasizes clean coal technologies, including fluidized bed and coal gasification. 

Nuclear plants WNP-1 and WNP-3, currently mothballed, are completed. 

Combustion turbines will be the first resource used to meet load growth. 

Hydro, solar, wind, and geothermal arc moved to the top of the resource stack. 

Cogeneration resources am emphasized first. 

This d t e d v e  includes fuel switching as a Bonnevitle program. 

This alternative emphasizes the use of long-term finn contracts with California and Canada to supply 
new energy to the region. 

1. Each plan emphasized one energy source (e.g., conservation, 
cogeneration, renewables, nuclear, imports, or coal) and 
combined the emphasized sources with other types of resources. 
PNL (Glantz, et a1 1992) performed air quality analyses, risk 
assessments, and economic valuations of the alternatives. 

e a l y s i s  adapted an existing model used for regional 
policy simulation-analysis of policies of a nature similar to that 
contained in Western’s Program. The existing model, the 
Conservation Policy Analysis Model (CPAM), was developed for 
the Bonneville Power Administration to examine resource and 
rate impacts of alternative conservation programs at an aggregate 
level for the Pacific Northwest. New versions of CPAM 
continue to evolve and are actively maintained for planning 
analyses at Bonneville. A similar model, FOSSIL2, albeit far 
more comprehensive fsom both an energy and geographical 
standpoint, served as the basis for the integrating framework for 
the 1991 National Energy Strategy (EIA 1991). We refer to the 
’revised model as RRIM, or the Resources and Rates Impact 
Model. 

-- 

TABLE 1. BONNEViLLE RESOURCE PROGRAM ALTERNATIVES 
. _ .  .. . 

II Description 
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The model is comprised of five sectors that represent different 
aspects of a single or composik electric utility system. The 
most detailed of the sectors was the electricity demand sector, 
which used an end-use modeling approach to forecast electricity 
demand and conservation. This sector kept track of the growth 
in the demand of energy services and electricity based on the 
growth in the region's economy, changes in the price of 
electricity, and the combination of user-specxed consemation 
investments to be tested with the model. The most important 
determinants of electricity demand were the growth rata for 
residential housing, commercial floor space, industrial activity, 
and irrigated acreagclcropland. A fundamental assumption was 
that consumers would select the most cost-effective combination 
of fuel, appliance type, and efficiency in order to satisfy their 
need for energy services. For more information on RRIM see 
Kavanagh et. al. 1993. 

For Bonneville's EIS the overall selection of resources was 
analyzed using BonneviUe's model, developed with the Power 
Planning Council, entitled ISAAC (Integrated System for Analysis 
of Acquisitions). ISAAC simulates acquisition of resou& and 
operation of the power system over a wide range of uncertainties 
(e.g., load growth, resourcesupply, water conditions, fuelprices, 
aluminum markets). Pacific Northwest Laboratory (PNL) 
analyzed the dispatch of specific facilities based on using least 
cost resources first. 

MODELING RESULTS 
For Western's EIS, Environmental effects were evaluated for: 
air quality (C02, SO,, NO,, and TSP), waste water production 
and water consumption, thermal discharge, solid waste (ash from 
combustion of coal), and land-use. Simiir effects were analyzed 
for the Bonneville EIS. The Bonneville study found more on 
specific localities and included dispersion modelling, and Human 
and Ecological Risk Assessment. For purposes of this paper, we 
focus exclusively on air quality impacts. The impacts identified 
in both EIS analyses were d i y  related to modelled changes in 
regional electricity generation operations and acquisitions. 

Westem Trends 
Several general trends arc apparent from the analysis. F i t ,  all 
Program Alternatives would tend to result in fewer adverse 
impacts in comparison to the No-Action Alternative. This trend 
is true for all of the physical environmental impacts ah@ and 
most of the economic impacts, and can be amiuted to increased 
customer investment in demand-side resources instead of power 
plant construction. The estimated emissions for each alternative 
arc shown in Table 2. Another trend is seen in the quantities of 
impacts over time. Impacts that arc tied to coal combustion, such 
*as SO, emissions and ash production, tend to peak in the year 
2005, then decline or remain constant. This trend mirrors the 
quantity of electricity generated from coal plants. Between 1995 
and 2005 generation from coal plants tends to increase as these 
plants arc used to meet increasing loads in areas with surpluses 
of generation capacity at present. f i r  2005, the use of coal 
plants tends to decline as the plants age and arc replaced with 
less capital intensive new technologies, such as combiied-cycle 
combustion turbines. Mth  all alternatives, impacts that tend to 
result from all thermal power plants, such as thermal discharge 
and C02 emissions, show a steady increase over time, although 
the Program Alternatives arc estimated to result in fewer impacts 
than the No-Action Alter-native. 

A final trend is found in the distinction between impacts resulting 
from generation and those resulting from the construction of new 
capacity. Impacts related to new capacity include land use and 
construction employment. The differences among each alter- 
native's effects on these categories tend to be slightly magnified 
in comparison to the effects resulting from generation. This is 
due to the focus on only new development, without the influence 
of existing generation plants. Existing plants, which tend to 
dominate the effects of new plants, have a much greater influence 
on the effects resulting from electricity generation. The effects 
shown for land use illustrate this trend most clearly. 

TABLE 2. ESTIMATED EMISSIONS FOR EACH ALTERNATIVE 

Alr Emlsrlons 
SO, (lOOO1 of tons) 259.49 259.64 259.89 11 -3.66 I -3.50 1 -3.25 
NO, (lo001 of tons) 

TSP (looO1 of tons) 1 

563.70 564.12 564.74 
-9.60 -9.78 . -8.55 
50.73 50.77 50.82 

440.06 440.44 441.03 
4-81. -0.77 -0.72 

ialon 

5 6 7 8 
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' 260.41 260.41 
~ -2.73 -2.73 

565.94 565.94 
-7.36 -7.36 
50.92 50.92 
-0.62 -0.62 

442.51 442.51 
-7.37 -7.37 



sox 
2000 2010 

119793 138906 

119306 133728 

120522 133798 

1991 

3614 

3614 

3614 

114475 

120974 

117568 

119132 

159550 92651 

168968 92651 

160071 92651 

159028 92651 

117777 158507 

Resources 

Coal 

CT 

CCCT 

Renewables 

Western Lited Extension Bonneville Base C!t 

Existing Modeled 2015 Extrapolated Existing Modeled 2010 
2015 

84,205 326,424,738 425,300,659 23,047,560 48,302,640 

6911 

2072 148,530,694 10,465,209 3,705,480 

2078 11,522,705 10,495,514 

3 1,300,192 34,905,918 210,240 

, 

Cogen 39,244,800 

- Table 3. Total Regional Emissions (tons) Resulting From Fossil Fueled Power Plants As Estimated in the Bonneville Analysis 

Alternatives TSP 

1991 

Status Quo 69818 

Base Case 69818 117117 I 159028 I 92651 
69818 119097 1 157534 I 92651 Fuel Switching 5873 

5769 * 69818 118472 I 133832 I 3614 Nuclear 

1218786 1 :zz 1 
115414 

119375 133728 

6012 I 8132 69818 Imports 

Cogeneration 

Combustion 
Turbiie 

69818 

69818 

~ 

118785 156700 

127612 I 144293 I 3614 7090 I 9314 Coal 69818 

121287 . 137169 :,":: 
,120279 133659 

6116 I 8236 Clean coal .  69818 

5838 I 7750 High 
Conservation 

69818 

~~ ~ 

116908 I 159028 1 92651 119306 I 133728 :i:z 
119723 133798 

Conservation 69818 

69818 Renewables 

TABLE 4. Comparison of Modeled and Extrapolated Results 

;e 

Extraplated 
2010 

93,886,739 
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FIGURE 1. Cited Extension 

A similar process was followed for the BOMCV~~IC results, except 
that the simplified estimates were compared with ISAAC results 
rather than RRIM results. Figure 2 compares results for the 
extrapolated calculation with those based on the ISSAC analysis 
for the BonnevilIc Base Casc; . 

. :r 
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150 

100 

50 

0 

FIGURE 2. Base Casc Alternative 

Table 4 compares the percentage differences between the 
modelling and extrapolated methods for the Western Limited 
Extension alternative and the Bonnevac Base Case a l t e d v c .  

For the Bonneville numbers, the average M w  for each existing 
technology was divided by the total existing average Mw to give 
a percentage. 

There were several existing coal plants listed so for case of 
calculating, all coal was grouped together leaving two 
technologies, Eastern Washington Nuclear and total Existing 
coal. : 

These percentages were then multiplied by the estimated average 
M w  for the year 2010 giving the projected average Mw for E. 
Washington Nuclear and Total Existing Coal for the year 2010, 
assuming no change in the technology ratios. These numbers 
were then multiplied by 8760 hdyr to convert to MWh. This 
was done for three of the B O M C V ~ ~  alternatives, the Status Quo, 
Base Case, and CTs. Once Mwh had been calculated, the 
numbers were multiplied by an emission factor for each 
technology for C02, SOX, NOx, and TSP giving Ibs of pollutant 
emittcd. The modeled numbers wcrt also converted to MWh and 
multiplied by emission factors for comparison. The majority of 
the difference between the BOMCV~~IC modeled numbers and the 
calculated method can be attriiuted to the fact that the BoMevilIe 
model included many ncy technologies in the year 2010. The 
base year included only coal-fired powerplants. 
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CONCLUSIONS 
The use of RRIM and ISSAC to predict future changes in utility 
actions added a level of sophistication and complexity to the 
Western and Bonneville analyses that the extrapolation approach 
may. have avoided if accurate load forecasts were available. 
Several modelling and system averaging approaches are discussed 
in the literature (see Vie et al. 1991). 

The extrapolation approach used system averages of existing 
technologies, extended into the future. Using this approach at its 
s'iplest, any reduction in generation would be assumed to be 
spread qually across the mix of generation technologies 
employed in any given utility system. This approach is not 
unlike those that calculstc effects for a single year and implicitly 
assume they will remain unchanged in the future. Federal 
reporting programs that rely on these type of techniques include 
the Conservation Verification Protocols and the Gncnhowe Gas 
Voluntary Reporting Program. 

A comparison of the modelled approach and the extrapolation 
approach reveals differences ranging from about 2% to about 
48%. This range is influenced by the degree that the effects 
result fiom new or existing plants and the contrasts in emission 
factors between existing and projected plants. The more impacts 
are tiki to existing trpes of technologies, the more likely it 
appean that extrapolation works. In the Western analysis we 
found that no new coal plants are built to meet future load. The 
majority of CO2 emissions come h m  existing plants that have 
long lives. -Further, future gas fircd plants continue to emit 
substantial amounts of COz. Thus, we found only a 2% 
diierence between the averaging technique and the modelling 
technique. 

For the BonnevilIe analysis the range extends from about 15% to 
about 47.9%. This range is skewed however, because we 
excluded hydropowerwhich currently provides the bulk of Pacific 
Northwest power. If hydropower were included in the base of 
existing r e soum,  the percentage diierences would have been 
much greater. Hydropower emits no air pollutants and its 
inclusion would tend to mask the environmental benefit of 
avoiding future thermal rwources. 

If utility conservation programs arc 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 the existing resou~c(: mix may be acceptable. This approach 
is enhanced by defining base case, intemediite, and peak 
resources. However, if today's decisions will affect tomormw*s 
resource decisions, or if the estimates will be used to establish 
important miIestones (such as emission credits), it is prudent to 
conduct an analysis that captures most incumbent uncertainties. 
These uncertainties include future resource decisions, which arc 
not captured by simple extrapolation techniques. 
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