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Abstract-

Argonne National Laboratory (ANL) has developed the
ENergy and Power Evaluation Program (ENPEP), a PC-based
energy planning package intended for energy/environmental
analysis in developing countries. The IMPACTS module of
ENPEP examines environmental implications of overall
energy and electricity supply strategies that can be
developed with other ENPEP modules, including ELECTRIC,
the International Atomic Energy Agency's Wien Automatic
System Planning Package (WASP-III). The paper presents
the status and characteristics of a new IMPACTS module
that is now under development at ANL.

1. INTRODUCTION

The ENergy and Power Evaluation Program (ENPEP) is a PC-based
energy planning package that is intended primarily for energy and
environmental analysis in developing countries. The package
consists of several technical modules that allow the user to
examine various aspects of energy planning, including macroeconomic
growth, associated energy demand, electric generating system
characterization, balancing of overall energy supply and demand,
electricity demand analysis, electric system expansion planning,
and environmental implications.

The IMPACTS module of ENPEP is being revised and enhanced to
address the environmental implications of energy supply and demand
strategies that can be developed using other ENPEP modules. One
possibility is to use ELECTRIC, ENPEP's PC version of the
International Atomic Energy Agency's (IAEA) Wien Automatic System
Planning Package (WASP-III), to determine the least cost
development plan for the electric generating system. The results
of that analysis can be passed automatically to IMPACTS to estimate

1 Work sponsored by the International Atomic Energy Agency and
the U.S. Department of Energy, Assistant Secretary for Nuclear
Energy and Assistant Secretary for International Affairs and Energy
Emergencies, under Contract W-31-109-Eng-38.



key environmental implications of the expansion plan. In this way,
it is possible to develop alternative expansion plans and
explicitly examine cost/environmental tradeoffs.

2. THE NEED FOR ENVIRONMENTAL IMPACT ANALYSIS

Environmental impact analysis in recent years has taken on
increasing importance in examining future energy supply/demand
strategies. For example, international lending organizations now
require borrowers to examine environmental implications in some
detail. Thus, environmental impact analysis is becoming a
requirement for serious energy planning efforts. A few of the
major concerns, with emphasis on air pollution as an example, are
outlined in this section.

Air pollution control is a major issue in electric power
development. Particulate emissions can lead to respiratory disease
and soiling. S02 emissions can lead to respiratory disease,
material damage, and acid rain. NO, emissions can lead to smog and
respiratory disease. C02 emissions are thought to contribute to
global climate change.

Energy technology-choice decisions cannot be made completely
on the basis of direct economic cost. An integrated planning
approach should include proper consideration of the social cost
factors. ... Prevention is generally less expensive than cure.

An environmental analysis of the energy system is a study that
addresses the impacts of energy on human health, human welfare, and
ecosystems.

An environmental analysis should be systematic, comprehensive,
and quantitative. In order for an environmental analysis to be
systematic and quantitative it must use accepted methodologies,
accepted data, quantify risks, and deal with uncertainty. The
study should be'fuel cycle comprehensive. The effects of energy
resource extraction, processing and conversion, transportation, and
land use should be quantified. The overall environmental impact
analysis should be an integrated process covering a wide range of
issues (e.g., air, water, land, solid waste, noise, heat,
radiation, resources, public health and safety, occupational health
and safety, public welfare, ecosystems, and global climate). A
complete evaluation may show that the•objectives cannot be met,
cost is too high, implementation is not practical, or resulting
impacts from control devices are unacceptable (e.g., air emission
control devices having a negative land or water impact).

3. ENVIRONMENTAL IMPACT ANALYSIS METHODS

A comprehensive environmental impact analysis of the energy
system will address the following issues:



Environmental residuals - the extent of the
environmental burdens (emissions, effluents,
land use, etc.) generated by the energy system
and affecting the environment.

Pollutant transport - the movement and
possible transformation of environmental
contaminants through physical media (air,
water, land) and through the food chain.

Exposure - the potential for exposure of human
populations and/or ecosystems to the
environmental residuals.

Effects - the human health and ecosystem
effects of exposure to the environmental
residuals.

Each of these issues requires a set of analytical procedures,
methodologies, and data to quantify the extent of the environmental
impact. To illustrate the process, consider air pollution, which
is one of the major environmental impacts of the energy system.

Air pollution residuals are measured as the emissions from
both energy-producing facilities (e.g., power plants and
refineries) and from energy-using facilities (e.g., industrial
boilers and automobiles). An air pollution residuals analysis
would begin with an estimation of emissions in the absence of any
controls on the facility. Next, information would be needed on the
available control technology (e.g., stack gas cleaning equipment
and process changes) and on its cost and effectiveness. Then, a
computation would be made of the emissions with controls in place.
The level of emission control required is determined by the type
and stringency of air pollution control regulations. These could
include emission limits (e.g., gms of S02 emitted per GJ of heat
input), fuel chemical content controls (e.g., limits on sulfur
content of coal), or required control devices (e.g., stack gas
scrubbers). A complete residuals analysis would determine the
quantity of air pollutants emitted under various scenarios of
control regulations and the cost of the controls.

Air pollutant transport is determined by the emission rate
from sources (i.e., the residuals analysis) and the details of the
local meteorology and topography. Some air pollutants are analyzed
for short-range transport (<100 km) while others must be considered
as long-range transport problems. Some air pollutants undergo
significant physical and chemical transformation that changes the
nature of their impacts (e.g., photochemical oxidants and acid
rain). There are numerous analytical methodologies available for
determining air pollutant transport and reactivity.



Exposure to air pollution is analyzed using measurements made
of ambient concentrations of pollutants and by estimating the
number and category of people (e.g., general public, high-risk
population such as those with respiratory ailments, workers)
exposed to them. This can involve issues such as the length of
exposure (e.g., instantaneous, 24-hour average, and annual average)
and the frequency of occurrence of the exposure. Exposure of
ecosystems (e.g., wildlife and agricultural crops) is also of
concern.

Effects of air pollution on human health are determined by
epidemiological studies of the population. These studies correlate
the level of air pollution'that a given segment of the population
is exposed to with the incidence of selected health effects (e.g.,
repiratory illness, eye irritation, and skin irritation).
Corrections are attempted for the effects of other factors that
might contribute to these conditions (e.g., cigarette smoking).
While epidemiological studies form the basis of an evaluation of
health effects, they are very difficult to carry out because of the
need for analyzing large groups to get statistical significance,
the complex interactions of other factors, and the wide range of
uncertainty inherent in the results. Epidemiological studies are
frequently supplemented by laboratory tests on human subjects or
animals. Non-health effects of air pollution on crops, materials,
ecosystems are determined by field observations and laboratory
experiments. There is a large body of research data on these
topics.

A comprehensive analysis of the impacts of air pollution from
the energy system would involve all of these steps: analysis of
residuals, transport, exposure, and effects. A majcr element of
this analysis would be the incorporation of feedback analyses. For
example, the results of an effects analysis could be used to
determine desirable exposure levels. This would then provide
information on how strict emission controls needed to be to insure
public health criteria are met. The iteration of the steps of the
impact analysis to determine the best methods of managing the
environmental impact is necessary for the results to be meaningful.

Other environmental impacts (e.g., water pollution, land use,
and solid waste) are handled in a manner analagous to air
pollution. The details vary somewhat but the procedure is
basically the same.

In addition to the evaluation of the individual impacts, the
combined impact must be considered. The most direct approach is
to use a common metric for all of the impacts (e.g., cost). This
is only a partial indicator and is generally recognized as
providing only a portion of the necessary information. A more
rigorous cost-effectiveness analysis, benefit-cost analysis, or
decision analysis is necessary to complete the picture.



4 . THE ENPEP APPROACH

4.1 Objective

ENPEP is a planning tool that focuses on che design of the
energy system. The IMPACTS module of ENVEP addresses the
environmental consequences of the development cf the energy system.
IMPACTS is not designed to carry out the comprehensive
environmental impact analysis described in Section 3. No one model
can be expected to do all of this work. Instead, ENPEP takes a
deterministic approach to assessing environmental effects.
Environmental risk is not considered. However, the user can easily
perform sensitivity analyses to establish a range of environmental
effects that could occur. Many times, this sensitivity analysis
includes a worst case analysis. This may be particularly important
for energy facilities that possess high consequence effects with
a low probability of occurrence. The IMPACTS module focuses on the
estimation of environmental residuals under varying regulatory
control strategies. It provides some information that can be used
to make rough estimates of transport and exposure, but this type
of detailed, location-specific analysis is not a primary goal of
the IMPACTS approach.

The IMPACTS module is designed to calculate the environmental
burdens and resource requirements for the energy system (electric
and nonelectric) that have been defined in the ELECTRIC and BALANCE
modules. The ELECTRIC module, which is the PC version of the
IAEA'S WASP-III, provides information about the electric components
of the energy system. Information about the nonelectric components
of the energy system are provideD by the BALANCE module, which
determines the balance between supply and demand for the entire
energy system. Results from these and other modules in the ENPEP
system are automatically formatted and loaded into the proper
IMPACTS files for analysis. If the user desires, the links with
the other ENPEP modules can be bypassed to use the IMPACTS module
as a stand-alone model to examine energy systems.

4.2 Approach

Two databases containing environmental and resource data are
distributed with the IMPACTS modale. These databases contain
typical energy, facility, and control device characteristics. A
hierarchy of menus is used, along with on-line abstracts and help
screens, to guide the user through the branches of the IMPACTS
module and to modify the existing environmental and resource data
to reflect country-specific conditions. The ENPEP Grafpack
Software is used to graphically display module results.

A systemwide approach is used to calculate the annual
environmental burdens for the energy supply system. In this
approach, effects on air, land, water, and human health and safety
are calculated for all activities in the fuel supply chains, from



the point of resource extraction or import through conversion or
processing. The annual labor, material, and capital resources
required to construct and operate energy facilities are also
calculated. In addition, important economic indicators, such as
annual expenditures for imported fuels and total system costs
(capital and operating), are reported. This environmental and
resource information facilitates energy planning and decision
making.

IMPACTS allows the user to define the scale of the analysis.
The scale of an environmental assessment determines the energy
systems that will be evaluated and the geographical boundary that
will be considered. The energy system can range from an individual
project (e.g., a coal-fired power plant or an oil refining complex)
to the entire energy supply system. The geographical boundary can
be defined as one specific region (e.g., a country) or as a
composition of different regions. Many times these regions are
associated with river drainage basins or areas of population.

The IMPACTS module has been designed to allow the user the
flexibility to study the electric and nonelectric components
separately and to aggregate the results to provide estimates of
environmental burdens and resource requirements for the entire
energy system. The main steps in an IMPACTS analysis are to:

1. Define a planning period of up to 30 years,

2. Select the appropriate ELECTRIC and/or BALANCE case,

3. Modify generic energy and facility databases to reflect
local conditions (if necessary),

4. Assign generic characteristics to the existing
facilities,

5. Define the control regulations,

6. Define the geographical distribution,

7. Perform the calculations, and

S. View the results.

The IMPACTS structure is shown in' Fig. 1. The calculations
are separated by impact category, so that users can examine one
impact category, such as air pollution, if desired. Regional
analysis is another option that the user can bypass if desired.
Building flexibility for users, efficiently obtaining large
quantities of data from other ENPEP modules, providing various
levels of reporting options, and keeping the calculations
meaningful without going into inapporpriate detail have been major
work topics in IMPACTS development.



Figure 1: IMPACTS Process Flow Diagram
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4.3 Methodology (Example of S02 Emission Control)

There are many options for controlling air pollution in the
electric sector. The options can be implemented through economic
incentives and regulations. In the BALANCE module, the user is
able to analyze the effects of economic incentives such as taxes
or credits on the selection of energy supply alternatives.
Regulations can be imposed as emission limits, fuel requirements,
and equipment requirements. The IMPACTS module assists in
analyzing the cost and effectiveness of emission control equipment,
fuel choice, combustion modification, plant siting, and technology
choice in meeting user-defined regulations.

As an example, the steps in an IMPACTS module analysis with
the objective of reducing population exposure to S02 from the
electric sector are listed here:



Step 1 - Define the planning period (e.g., 1991 - 2020).

Step 2 - Select a completed ELECTRIC case by entering the
appropriate case number. At this time, the capacity,
heat rate, generation, build schedule, and total capital
and fuel costs are retrieved for each ELECTRIC facility
(plant) and automatically formatted for further analyses.

Step 3 - Define the characteristics of the local generic energy
types. Each energy entry is identified by an energy type
and an energy number. The- following are some examples:

ENERGY TYPE ENERGY NUMBER DESCRIPTION

CBI 1 Bituminous coal-high sulfur
CBI 2 Bituminous coal-med. sulfur
CBI 3 Bituminous coal-low sulfur

Associated with each energy are physical, cost, chemical
content and land use parameters.

- Define the characteristics of the local generic
facilities and control devices. Each facility entry is
identified by a facility type and facility number. As
an example, facility type ESC and facility number 1 might
represent an electric steam coal plant with an 800 MWe
capacity. Some characteristics associated with each
facility type are acceptable energy types, emission
factors for pollutants, land use parameters, and possible
control devices. For this example, a wet scrubbing Flue
Gas Desulfurization (FGD) unit or a dry FGD unit could
be specified as a possible control device, and a medium-
or low-sulfur coal as a possible energy type for coal-
fired power plants.

Step 4 - Use the type and number references to assign generic
characteristics to the facilities brought over from the
ELECTRIC Module. If this assignment has already been
completed for a previous electric case, IMPACTS can
automatically make the assignment. Choose the generic
that most accurately represents the existing facility.
All impacts will be directly scaled based on facility
throughput. -

The user can add a facility that was not part of the
ELECTRIC case by entering a facility name and making the
generic assignment.

Step 5 - Use the IMPACTS Air Pollution Regulations Form (Fig. 2)
to define the air pollution regulation(s) to limit the
amount of SO2 emission. On the form, the user identifies
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the regulation. The next three lines identify the form
of the regulation: emission limit, required device,
and/or chemical content limit. To the right ar -; the
regulated energy types and the year that the regulation
goes into effect. Beneath the regulation information the
user identifies the facilities and regions to which the
regulation applies.

ENPEP Module: IMPACTS-2 Planning study: PrX~.£s Case: E l (I430ACT 2/28)

Air Pollution Regulations Ho. iH2 L1-T1"!.* - * -,.1*V J"~T'._ -
(Spaces to delete, Number + F7 to copy)

^ Energy Type No_. Start
Emission Limit: Pollutant JTL ~, Linit t IT* -^g/GJ input t. T E S ESS

Required Device: Device TT'l* . ~~ < "'-„"! ~*.T iJ "-" - %£&

Chemical Content: Chemical ? v. ̂  _̂. ~ .-~ * .v. Limit £>.;-:;,-_-% t - S»â

Anoly'Regulations to Facilities:
Facility Type: ^ „.„ *"„ -.. ? I? I .. T t — *- <»̂  . I Z
Facility No. : "• »u f^.J^'L-L v i-l1 *. ' Z*-
lapacts No. : . ' _ ._ . _ VI I ~Z *JZ .. ; «~» £ « 1" „ % L L ~ 1
New/Exist/All: i ^ i S s - i J t r L Z . l

ApDly Techniques in Regions:
Region Type : * „ „ > . . ! ; - * ~ .̂- _ •>*** \ ~ - "T.
Region No : * _ s" « i"vv.

 J J _ - "" „ L_I t Jl L - „ «. "'_-!
(Note: Blanks in type or number indicate universal applicability)

Press F4(CTRL) for NEXT(PREV) regulation
Fl for HELP, Esc to QUIT, F10 to CONTINUE

Figure 2: Air Pollution Regulations Form in IMPACTS

Step 6 - At this point all the facility information is entered.
The next step is to set up the geographical distribution.
The user can define different region categories each with
its own regional distribution (e.g., geographical
regions, water basin regions,-.population regions, . . . ) .
Different regional distribution categories can be used
to show that a facility has land impacts associated with
one geographical region and air impacts associated with
another. After setting up the region categories the user
can distribute the variables, facilities, or entire
impacts to different regions. For the SO, example, one
region category is defined on a population density basis
and the higher SO, emitting facilities are distributed
(sited) in the less populated areas.



Step 7 - Perform the calculations for the selected impact
categories (air). In each year IMPACTS applies the
impacts characteristics of a typical facility to all of
the facilities designated to be operating in the build
schedule (of course, the user can override any of the
default characteristics for any facility). For air
impacts, IMPACTS first computes the uncontrolled
emissions for each facility. Next, IMPACTS calculates
the controlled emissions and the associated cost of
control.

The controlled emissions are calculated by first adding
the control device to each facility that is required and
doe^ not have the device. A new emission value is
calculated and the device cost is added to the total cost
of control for the facility. If the facility cannot add
the required control device, the program will flag that
the facility is not in compliance. Next, the program
tests to see that the chemical content of the input
energy for each facility does not exceed the regulated
chemical content limit. If the chemical content limit
is exceeded, the program will switch to an alternative
energy type with a lower chemical content. A new
emission value is then computed. If there is no
alternative energy type, the program will flag that the
facility is not in compliance. Lastly, the program will
check to see that the emission limit is not exceeded.
If this limit is exceeded, the program will apply the
appropriate control device to meet the emission limit (if
possible) at a minimum cost.

Step 8 - View the reports. There are six summary reports summing
over different regions and facilities and one detailed
report displaying results for each facility in each
region. For air impact reports, the user may also view
an emissions, costs, compliance, or rank order report.
Figure 3 shows the type of graphical output that is being
included with the reports.

5. Conclusion

The IMPACTS module of ENPEP is intended to provide users with
the ability to examine environmental implications of alternative
energy supply and demand strategies. The module is currently under
development with land and air calculations virtually complete. It
is expected that the technical components of the module will be
available for IAEA testing in a?atumn 1990.
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