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ABSTRACT

This paper presents the results obtained in constructing and implementing a general
framework for performing comprehensive comparative assessment within the inter-agency
joint project on Databases and mEthodologies for Comparative Assessment of Different
Energy Sources for electricity generation. The project was established in 1992 by nine
international organizations. A short description of the DECADES project objectives,
structure and main components is given.

The technology inventory databases, which are a major part of the project, address all the
levels of different energy chains, from fuel extraction through electricity generation to waste
disposal. These databases support comparative assessment in the power sector, by providing
generic information as well as country or region specific information on existing technologies
and on those expected to enter the market in the next two to three decades.

The paper further touches on the types of assessment that can be carried out using the
methodology and databases developed. It point out in this regard the possibilities and
limitations of comparative assessments performed at the level of power plant, full electricity
supply chain and country or region electricity generation system. Illustrative results are
presented for comparisons performed at all these levels.

Case studies and workshops and seminars are one of the main activities carried out until now
for validation and dissemination of the DECADES Computer Tools. In those studies where it
was considered, nuclear power appeared to be cost effective for reducing emissions of CO2,
SCh, NO» and other greenhouse gases.

Finally, the paper briefly introduce the activities envisaged for the phase II of the DECADES
project which will focus on disseminating the current computer tools, providing training in the
use of the tools, and supporting country studies, and on development of new analytical
capabilities.

The paper concludes with some findings and remarks pointing out the usefulness of the
integrated framework for comparative assessment developed within the DECADES project in
support of decision making.

Keywords: Comparative assessment, technology inventory databases, energy chain, LCA,
electric system expansion planning, health and environmental impacts



1. Overview of the DECADES project

The environmental and health related impacts of different energy systems, including those
associated with the production of electricity, are emerging as significant issues for the coming
decades. This interest is highlighted by the current debate about health effects of pollution,
environmental damages due to acid rain and acidification of lakes, concerns about the ozone
layer and about the safety of nuclear power plants and radioactive waste management, and the
potential risk of global climate change introduced by increasing atmospheric concentrations of
carbon dioxide and other greenhouse gases.

In order to promote international co-
operation in efforts to meet this interest, the
joint inter agency project on databases and
methodologies fox* comparative assessment
of different energy sources for electricity
generation, called IXEGAIXES, was
established at the end of 1992. Nine
international organizations agreed to join
their efforts towards a common objective,
n a m e l y : to enhance capabilities for comparative assessment of different
electricity supply options and strategies in the process of planning and decision making
for the electricity sector. The part ic ipat ing o r g a n i z a t i o n s
s u r e : the European Commission (EC), the Economic and Social Commission for Asia and
the Pacific (ESCAP), the International Atomic Energy Agency (IAEA), the International Bank
for Reconstruction and Development (IBRD/World Bank), the International Institute for
Applied Systems Analysis (IIASA), the Nuclear Energy Agency of the OECD (OECD/NEA),
the Organization of the Petroleum Exporting Countries (OPEC), the United Nations Industrial
Development Organization (UN1D0) and the World Meteorological Organization (WMO).
Other international organizations such as the United Nations Environment Programme
(UNEP) and the World Health Organization (WHO) are contributing to the project within
their area of expertise.

The project is carried out jointly by the participating and contributing organizations that are
sharing information and resources within the framework of their respective programmes of
work, hi the IAEA, the DECADES project is essentially funded by the regular budget.
However, significant additional support has been provided by several Member States through:
information sharing, participation of national experts in meetings at no cost to the Agency;
extra-budgetary contributions; co-sponsoring of DECADES events such as the International
Symposium on "Electricity, Health and the Environment: Comparative Assessment in Support
of Decision Making", held in 1995 at Vienna, and secondment to the Agency of cost free
experts to assist regular staff carrying out specific tasks within the project.

It was recognized that there is a very broad range of topics to be addressed, but that not
everything could be covered in the project, which was defined for some 3 years, taking into
account the limits on available manpower and financial resources. The first phase of the
project focused on four main tasks: establishment of comprehensive databases in support of
comparative assessment studies and an user friendly information system; development of an
integrated software package for comparative assessment of energy chains and electricity
system expansion strategies; review of methodological approaches to comparative



assessment; and carrying out of case studies illustrating the use of databases and tools in
decision support studies for the electricity sector. The schematic structure of the project is
shown in Fig. 1. An outline and general overview of the DECADES project can be found in
[1]- .. _._
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Fig. 1 The DECADES project structure (1]

In order to meet the objective of DECADES, it is necessary to have a comprehensive and
consistent set of information and analytical models that support comparative assessment.
Such a set of data is broad and complex and includes a number of data already compiled and
stored in existing databases. Therefore, it was decided to adopt a modular approach and to
group the information in three main databases addressing respectively the issues of:
technology inventory; dose/response relationships for pollutants; and health and
environmental impacts assessment.

2. DECADES Phase I

In phase I of the DECADES project, the main effort has focused on establishing credible,
reliable and up-to-date technology inventory databases covering all steps in energy chains for
electricity generation by fossil fuels, nuclear and renewable energy sources. The Toxicology
Database (TOXDB) covers dose effect relationships for pollutants released by the different
electricity generating chains. The database on Health and Environmental Impacts of Energy
Systems for electricity generation (HEIES) gives information derived from published studies
on the assessment of impacts from different fuel chain facilities and electricity generation
plants.

2.1 Technology inventory databases



The technology inventory databases provide generic, as well as country and region specific,
information on technologies currently used or expected to be commercially available in the
next two to three decades. Two types of technology inventory databases were established: the
Reference Technology Database [RTDB] and the Country Specific Database [CSDB].

The RTDB, developed and implemented by the beginning of 1995, provides a comprehensive,
harmonized set of technical parameters, economic characteristics and environmental data for
energy chains using fossil fuels, nuclear power, and renewable energy sources for electricity
generation. Already, it has been distributed to a large number of selected users for testing and
evaluation. The structure of RTDB is described in detail in [2].

The technologies stored in RTDB cover all the steps in the energy chain, from fuel extraction
to waste disposal. Schematic diagrams, highlighting the boundaries of the chains, were
established for the different electricity generating chains using fossil fuel, nuclear power and
renewable energy (hydro, biomass, solar, wind, geothermal and waste incineration).
Furthermore, to obtain a higher level of generalization and to facilitate the data collection,
these diagrams were merged into a general one which is shown in Fig. 2.
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Fig. 2 A graphical representation of a generalized fuel chain [3]
(dotted boxes refer to the back end of a nuclear chain with a closed fuel cycle)

To meet the objective of providing comprehensive information on energy technologies, a
facility (e.g.. power plant, mine, fuel processing unit, etc.) is described in the database by



descriptive textual, schematic or pictorial information as well as numerical data (see Fig. 3).
The numerical data are divided into three main groups: technical performances, economic
characteristics and environmental and other impact data. Each numerical parameter can have
minimum, average and maximum values. A numerical entry has an attached comments field
to be used in describing the assumptions made, the values in original units of measure,
currency exchange rates, categories included in the numerical value, or a qualitative ranking
of the information. Furthermore, a general reference to the source of the data set for a facility
can be given, as well as specific references for individual data items, when different from the
general reference.
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Fig. 3 Characterization of a facility in RTDB and CSDBs

Textual or pictorial descriptive information can be included for technologies, sub-
technologies and facilities as well as for fuels, energy chains as a whole, or for steps in the
chain. Although this information is not essential it does help clarify the basis for the
numerical data. Additional information on RTDB capabilities can be found in [6].

The facilities included in RTDB were selected on the recommendations of experts in the
different energy chains. The basic criterion used for selecting a given facility is that it should
be representative, i.e., either widely used at present or expected to be available for large scale
use in the next decades. The collection of data and checking for consistency for RTDB was
started in 1993. Data collection forms, covering eleven energy chains, were designed and
distributed to different international organizations, institutes and organizations from Members
States of the IAEA, and to individual experts. Special efforts on data collection and checking
were carried out also by the EC, OECD/NEA, IBRD, OPEC etc. As a result of these
activities, data for the major energy chains, containing 280 typical facilities have been
collected.

The Agency has circulated the RTDB for peer review and organized several meetings to verify
the accuracy of the information contained in the database. The user's network provides a
mechanism for further checking consistency, and for complementing and updating the
information. However, owing to the nature of the information provided in RTDB. the
database will require maintenance and updating on a regular basis in order to keep pace with
technological developments.



The Country Specific Databases [CSDBs] are the second type of technology inventory
database developed within DECADES. These databases address the need to store specific
information on the country's existing electricity generating chains and electricity systems as
well as for candidate technologies for electric system expansion. The CSDBs, following the
structure of RTDB and supplemented with data specific to the electricity system (e.g., peak
load forecast, LDC curves, committed additions and retirements, etc.,) were constructed by
more than 15 countries., with technical support from IAEA. In 1995 another 12 countries will
establish new CSDBs.

The CSDBs contain: 2000 facilities, 1000 energy sources and 900 energy chains with over
60,000 numerical entries. At present, the CSDBs include both real facilities and typical
facilities derived by averaging the performance of several similar units. Both types of
facilities might be used for carrying out energy chain comparative assessments or electricity
system expansion studies within the DECADES project or for other applications.

The RTDB/CSDB technology inventories provide a comprehensive set of data and
information for use in comparative assessment of plant characteristics, full energy chain
characteristics and electricity system expansion strategies. The results obtained so far, the
feedback provided by users, and the high interest manifested by institutes, organizations and
universities in Member States are more than encouraging and demonstrate the usefulness of
these databases.

2.2. DECADES analytical framework for comparative assessment

Databases alone, however, are not sufficient for carrying out comprehensive
comparative assessment of electricity generation chains and strategies. Such studies require
analytical tools providing capabilities for analysing energy chains and electricity generation
systems, and for assessing impacts. The levels of comparative assessment addressed in the
DECADES project framework are presented in Fig. 4.
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Fig. 4 Levels of analysis in the DECADES project

2.2.1 Power plant comparisons

Several types of comparison at the power plant level can be carried out using the data stored in
RTDB/CSDBs. Reporting capabilities were developed to permit side by side display of the
data for different facilities in order to allow direct comparisons to be made. The following
section of the paper presents preliminary comparisons of generating efficiency, air emissions
and costs for the different technologies included in RTDB/CSDBs databases.
Figure 5 shows the range of net generating efficiency values for several technologies included
in RTDB. New technologies, with different combustion processes and advanced power



cycles, can exceed the best performance of conventional technologies. Significant
improvements in the generating efficiency are noted for technologies based on gas, while the
expected efficiency improvements for the other technologies appearto be only marginal.

Gas Biomass Solar

at 30

Fig. 5 Comparisons of generating efficiency for RTDB technologies

The generating efficiency data are strongly influenced by the characteristics of the fuel used,
maintenance of the power plant and other local conditions. Plant efficiencies vary from
country to country and in many countries are lower than the values presented in Fig. 3 for
coal, oil and gas technologies. Similar comparisons can be carried out for other technical
parameters such as forced outage or scheduled maintenance. Figures 4 illustrate the CO2
emission factors for the following types of power plants: pulverized coal with flue gas
desulphurization (PC+FGD), pressurized fluidized bed combustion (PFBC), integrated
gasification combined cycle (IGCC), gas turbine combined cycle (GTCC), oil fired steam
turbine (OSB). The plants have the same size (500 MW) and the coal fired plants use similar
fuels.

Fig. 4 CO2 emissions - power plant level
The highest CO2 emissions result from the coal fired options. These technologies show a
considerable range of CO2 emissions as a result of variations in efficiency of power
generation. GTCC has the lowest emissions. The emissions from oil fired units are within the
spread of the natural gas and coal and results, and depend upon the quality of heavy oil used.



The CO2 emissions obtained from the GTCC plant are less that half of those from the coal
options. The emission factors presented indicate a strong dependency on the fuel used,
generating efficiency, on pollution control measures included in different designs, and other
factors.
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Figure 5 shows the total capital requirements for pulverized coal fired plants, oil steam boiler
plants, gas turbine combined cycle plants and nuclear plants in several countries. As
expected, the total capital requirements vary from country to country, but never by more than
300-400 US$ interval for similar technologies.

Special efforts were made to develop and implement calculation algorithms to support a
modular approach to air pollution abatement technologies. This permits users to analyze the
influence such devices would have on the emissions and costs of a power plant. Calculation
algorithms were developed by Argonne National Laboratory (ANL), USA, for seven
abatement technologies: electrostatic precipitators, fabric filters, wet FGD, dry FGD, furnace
sorbent injection, hot SCR and cold SCR. Using these algorithms, a power plant module
containing up to three abatement technologies can be simulated. The module is constructed
using the data stored in RTDB/CSDBs and estimations are made for: capital and overnight
costs, fixed and variable operation and maintenance (O&M) costs, reagent consumption if
any, internal electricity consumption and the impact on electricity generating efficiency of
adding abatement devices to the power plant (see Fig. 6). Furthermore, the effects on
emissions and costs can be estimated at the level of either the individual energy chains or the
complete electricity system.
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2.2.2. Energy chain analysis

It is generally agreed that consideration of the environmental impacts only at the power plant
level is not sufficient. Although in some cases, like CO2 emissions, the power plant is the
major contributor in the energy chain, for other emissions and burdens other steps in the chain
and/or construction or dismantling stages are more important and they should be taken into
account in performing comparative assessment. In DECADES, secondary and other level
processes, e.g., the production of materials used for manufacturing components of an energy
facility itself, are taken into account to a limited extent. In this respect the results of LCA
studies are used to identify the situations where significant modifications occur due to
secondary emissions.

DECADES adopted a modular approach to energy chain representation. Each step in the
chain is considered as a separate module having specific data stored in the energy chain
database. In order to define a step, a specific facility is selected from RTDB or CSDBs.
Additional data such as distance for transportation, lead time for fuel processing for electricity
generation, specific design factors for selected facility, and types of auxiliary energy inputs,
are stored as step definition data. A fuel for the chain should also be selected from the energy
sources database. The coal chain representation is illustrated in Fig. 7. The upper part of the
diagram contains the energy sources, which in this case is bituminous coal, medium volatile.
The rest of the diagram contains the chain steps. The facility selected is shown near each step.
In the case shown, the electricity generation facility is a coal steam boiler using pulverized
coal, and the unit size is 500 MW. The specific mass flows (g/kWh) as well as transportation
distances are indicated on the diagram.

In order to simplify the construction of new chains, a reference or base chain has been defined
in the RTDB for every type of energy source. A new chain, called 'user type', is obtained by
cloning and modifying the reference one. Modifications could include: different facilities for
some steps, different fuel, different transportation distances, etc. The steps not to be
considered in a particular case, such as mining for imported coal chains, could be deleted.
Using the modular description of the chain and the procedure described above, a large number
of different chains can be defined very easily.
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Simple algorithms were developed to compute mass flows of fuel and waste during the
economic lifetime of the power plant and to calculate the levelized electricity generation costs.
In a first pass the calculations are carried out from mining to electricity generation and
modifications in characteristics of the primary energy source are taken into account. In a coal
chain, for example, the preparation step improves the heat value of the coal and reduces the
ash and sulphur content. In a second pass the calculation starts at electricity generation and is
carried out backwards to mining and forward to waste disposal. It is assumed that the energy
chain is in equilibrium i.e. the mass flows of fuel, byproducts and wastes per kWh(e)
generated are constant for a given technology configuration. However, fuel inventories as
well as lead and lag times in the energy chain are accounted for in the cost calculation. One-
time impacts like the initial fuel loading and the waste disposal from decommissioning are
distributed over the electricity generated during the economic life of the plant. For multi-
output steps, such as oil refining, allocation criteria are used.

The methodology presented offers a great flexibility in considering different options in energy
chains and can be used to determine emissions and costs for the full chain. In contrast to other
methodologies which use only one chain defined by average values for a country, the
DECADES approach allows the user to model real life situations and also to study the
sensitivity to modifications of different factors. However, one can construct and assess
several typical chains and then average the emissions and cost obtained.

Direct comparisons of different energy chains are possible using a side by side display,
combined with simple access to emissions, residuals and economic data. Figures 8 illustrates
results obtained for CO2 for a typical liquid fuel chain, several gaseous fuel chains (gas steam
boiler, gas turbine simple cycle, gas turbine combined cycle, steam injected gas turbine),
nuclear and biomass chains. The contribution of the power plant and of the rest of the chain
are presented separately.
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As for the power plant level comparisons, the results obtained using CSDB chains differ from
country to country. Although a lot of chains are based on domestic fuels, a significant number
are based on imported fuels and the mining steps therefore are missing. The situation is
similar for the nuclear chains because the fuel is imported in the majority of the countries
which established CSDBs. In some cases composite transportation steps had to be included,
for example combining sea and land transportation. Some countries also have power plants
that use a mix of fuels (e.g. coal and oil) or that switch from one fuel to another (e.g. oil to
gas) in different periods of the year.

It should be noted that the annual emissions calculations at the energy chain level are done for
an equivalent full power operation of the power plant without taking into consideration the
interactions with other chains and the generation dispatching specific to a real electricity
system. Significant differences may result when such interactions are taken into
consideration.

2.2.3 Electricity system analysis

The software package developed for DECADES is called DECPAC. The primary goal of this
model is to provide analysts and decision makers with an easy to use tool in support of
assessment of different expansion strategies over a period of several decades. It contains three
electric system analysis options, ranging from preliminary analysis based on screening curves,
to sophisticated least cost optimization with dynamic programming. DECPAC has core
features derived from the IAEA's WASP and ENPEP models with database support, an
enhanced graphical interface, improved computation of air emissions and other impacts and
extensive capabilities for presentating results.

11
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The main elements of DECPAC and the inter-linkage with the databases is presented in Fig. 9.
A detailed description of the model structure and capabilities is given in [5]. Some
fundamental features are:

• the model is integrated with the RTDB/CSDB databases. Information is exchanged
through data access routines. A graphical user interface was designed to create input files
for the model, to control the execution of the sub-modules, and to present the results.
Capabilities to import and export data in the format supported by WASP and ENPEP
models are also included. In this way the user's previous investment in the Agency
planning tools is protected and the exchange of information between RTDB/CSDBs and
other models is ensured;

• the electric system is represented by a mix of chains. Planning studies are constructed
using energy chains stored in RTDB/CSDB databases. Preliminary evaluations of
candidate facilities can be performed through the use of screening curves (annual
production costs versus capacity factor diagrams) before running the optimization model.
In the present representation, the back-end of the energy chains is not considered;

• a least cost expansion plan is devised using simulation methods and dynamic
programming to find the optimum strategy. This function is supported by the Electric
System Analysis Module (ELECSAM). The module can be used for screening purposes
or to perform a full economic optimization. In the screening mode a heuristic algorithm is
used to generate yearly configurations which span a wide range of possible expansion
strategies, and dynamic programming is used to select a low-cost strategy. The
optimization mode uses iterative passes to progressively improve the screening solution
until the optimum expansion plan is found;

• the primary energy supply analysis module (PRENSAM) determines the fuel requirements
based on the expansion plan provided by ELECSAM and calculates the mass flow of fuels
through the front end steps of the chains;

» the Environmental Analysis Module (ENVIRAM) calculates atmospheric emissions,
waste generation and land use over the planning horizon. The effect of installing air
pollution control devices on system expansion, total generation cost and emissions can be
analyzed in detail.

12
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The results of the system expansion plan obtained using screening and optimization modes are
presented in Figs. 10 and 11, respectively. For the screening mode, the approximation of new
capacity additions required for peak load over the study period is rough. The optimum
expansion plan, indicated by the optimization mode, smoothly follows the curve of capacity
required in the peak load.
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Fig. 11 Total installed capacity in thermal system- optimization mode

The total system cost is also calculated (see Fig. 12) and a breakdown of the costs is provided
in categories such as: construction, operation, production and energy not served. Additional
graphics for total electricity generation, capacity added, fuel consumption, environmental
control device costs and control device cost effectiveness are provided.

13
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Finally, air emissions, land requirements and solid waste are calculated, year by year and step
by step, for every energy chain included in the system, and totals for the entire electricity
system are given. As expected (see Fig. 13), the annual emissions of existing plants as well
as for expansion candidate plants follow the capacity factor variations.

Year

PL02 -ffi- ELZ1 -V - ELZ2 -fa- TOZ1

Fig. 13 SO, emissions - all steps in the energy chain (Croatia)

3. Case Studies and training activities

Last but not least in the DECADES programme of work and achievements, more than twenty
country case studies on comparative assessment of alternative strategies and policies for the
electrical power sector have been carried out, supported by the IAEA through a Co-ordinated
Research Programme (CRP). A detailed description of the CRP is given in [7].
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Some twelve scientific teams from different Member States, including Croatia, have been
testing the use of the DELCPAC for carrying out case studies the CRP. For Croatia, the results
and conclusions of the case study will be reported be during this under Symposium.

In those studies where it was considered, nuclear power appeared to be cost effective for
reducing emissions of CO2, SO2, NOX and other greenhouse gases. For example, some studies
showed that, although CO? emission reduction targets could be achieved without nuclear
power, its use would lead to significantly lower costs. The implementation of environmental
protection measures and policies, including more stringent atmospheric emission limits are
likely to increase the costs of fossil-fueled power plants that will have to comply with these
regulations by adding pollution abatement technologies and/or switching to higher quality
fuels(e.g. low sulphur coal) that are generally more expensive. Furthermore, global climate
change concerns are ieading many countries to consider policy such as carbon taxes, that
would affect the competitiveness, and /or limit the use, of fossil fuels for electricity
generation.

In most of the case studies carried out the natural gas combined cycle power plants which are
very attractive from the point of view of generating efficiency (58% or higher), capital
requirements and short construction periods were considered as candidates for electric system
expansion. However, operating experience for 1995 shows problems in the reliability of such
plants. Furthermore, the limited resources of natural gas, the losses of methane during
pipeline transponation as well as the service and technical support problems in developing
countries are additional reasons to be taken into account when considering this option.

Overall results showed that significant reductions of emissions and other environmental
impacts can be achived by improving the efficiency of existing facilities at different levels of
the energy chains including the fuel conversion and transportation steps, or by promoting co-
generation as a very cost effective option in many countries, especially where heat distribution
networks already exist for district heating. The rehabilitation of existing power plants, in
particular by adding pollution control technologies, was often found to be cost effective for
mitigating environmental impacts.

The co-operation that has been established through this CRP, involving experts from different
countries and having different scientific backgrounds, has proven to be extremely valuable
and effective. In particular, the co-operation and exchange of information and experience
between different teams who are confronted with similar difficulties, such as data collection,
technology description, fuel chain definition and comparison, and electric generation system
analysis, resulted in identifying and implementing common approaches for solving such
problems. The participation of experts in the fields of electricity system analysis, macro-
economics and environmental impact assessment led to a recognition of the need to reconcile
various concerns and priorities - e.g., alleviating local and global environmental impacts and
also addressing economic, social and security of supply issues - within a comprehensive
assessment of alternatives. The publication of the final reports from the case studies, after
their completion by mid-1996, will provide guidance to other countries on the use of
comparative assessment in decision support studies.

The dissemination of results to Member States has already begun in the first phase of the
project. One inter-regional workshop on use of the DECADES Computer Tools was held at
the end of 1995 at ANL (USA) and one similar regional workshop for Europe region was held
in 1996 in Poland. Other regional and inter-regional workshops will be held next year in
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Brazil and at ANL. Seminar and workshops were held in Canada, USA, UK, Brazil and
Republic of Korea. The high interest manifested by institutes, organizations and universities
in Member States in participating to these events as well as the number of proposals for
participating in the new CRP at the beginning of 1997 are more than encouraging, and
demonstrate the usefulness of the DECADES tools.

3. DECADES Phase II

The second phase of the DECADES project (1996-2000) focuses on disseminating the
current DECADES Computer Tools, providing user training in the use of the tools, and
supporting country studies, and on development of new analytical capabilities. The
DECADES Computer Tools developed in Phase I are already available for distribution upon
request.

3.1 Development Activities

The development activities in the second phase of the DECADES project, now in progress,
include: 1) enhancement of the current DECADES Computer Tools and development of
new tools which expand the scope of analysis; and 2) completion of a reference book on
methodological guidelines for enhanced electricity system planning for decision making.

The DECADES Computer Tools will be expanded to address more comprehensively the
issues of impact assessment and integration of impact indicators in the decision making
process. Enhancements currently under consideration include an increase in the number of
health and environmental impacts calculated, enhanced capability for regulatory analysis
(e.g. the use of economic instruments such as CCh tax), incorporation of external costs of
energy options (e.g. by monetizing the environmental and health impacts), use of multi-
criteria decision aiding techniques for analyzing quantitative and qualitative environmental
indicators, treatment of demand-side management options, and treatment of multi-fuel units
and combined heat/power systems in the analysis. Also, the most recent version of the
IAEA's WASP model (WASP-IV) will be integrated into DECPAC. This will permit the
analysis of pumped storage projects, give the user more control in defining the plant
maintenance schedule, and allow for the specification of group limitations (e.g. to limit the
operation of a group of plants based on fuel use or pollutant emissions). It is also under
consideration to address energy demand and supply issues outside the electricity sector.

The work on the development of a reference book on integrating economic, social, health
and environmental issues into policy making for the power sector was started during Phase I
of the DECADES project. The effort is led jointly by the IAEA and the World Bank's
Industry and Energy Department, with important contributions by other DECADES
organizations and national experts. This work will be continued during Phase II and the
book is expected to be completed by mid-1997. Issues such as integrated resource planning,
external cost valuation and internalization, and multi-criteria analysis and decision aiding
tools are being addressed. It is intended to help policy makers in designing a comparative
assessment framework adapted to their specific requirements and objectives, and in selecting
appropriate computer tools for carrying out decision support studies.

3.2 Training Activities and Support to Member States
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As the co-ordinating organization for the DECADES project, the IAEA plans to continue
maintenance and updating of the databases and software, and to provide training and support
in the use of these tools. Training workshops will be organized at national, regional and
inter-regional levels and liaison officers and user's groups will be established in order to
promote exchange of information and know-how among the users and to give feedback to
the software developers. Support for comparative assessment studies will be provided to the
Member countries through the Agency's Co-ordinated Research Programmes and Technical
Co-operation Projects. A new Co-ordinated Research Programme entitled "Case Studies on
Comparing Alternative Energy Mixes for Sustainable Development of the Electricity
Sector" will be launched in early 1997 and will extend over three years.

4. Concluding remarks

The methodology presented addresses broad issues in the comparative assessment of energy
chains and strategies, including the creation of comprehensive databases and integrated
analytical models. The results obtained so far within the DECADES project are very
encouraging and demonstrate the effectiveness of the methodological framework developed.
The computer tools have met with very high interest from the Member States, in particular
from developing countries and countries in transition, and several countries are already using
the databases and computer model presented in the paper. This success provides a sound
basis for looking ahead to some possible new directions, expecting that the participating
organizations will support continuation of the project.

7. References

[ 1 ] The DECADES Project - Outline and General Overview, DECADES Project
Document No. 1, IAEA (1995)

[2] Reference technology database (RTDB) - Overview and general description (in
preparation), IAEA

[3] IAEA, Reference technology database (RTDB) - User's manual (in preparation), IAEA
[4] IAEA, Reference technology database (RTDB) - Description of the computer structure

and data management system (in preparation), IAEA
[5] The DECADES software package (DECPAC) - Overview and general description of

software design functions (in preparation), IAEA
[6] Vladu, I.F., Energy Chain Analysis for Comparative Assessment in the Power Sector,

Proceedings of an International Symposium on Electricity, Health and the
Environment: Comparative Assessment in Support of Decision Making, Vienna, 1996;

[7] Bennett, L. L., Bertel, E., Derrough, M., Comparative Assessment in Power Sector
Decision Support Studies: Findings from the DECADES Project, Proceedings of an
International Symposium on Electricity, Health and the Environment: Comparative
Assessment in Support of Decision Making, Vienna, 1996; •

[8] Bennett, L.L., "Comparative Aspects on Energy Generation from Different Sources in
Terms of Environmental Cost", International Symposium on Ionizing Radiation, 20-24
May 1996, Stockholm, Sweden

[9] Bennett, L.L, "Comparative Assessment of Nuclear Power and Other Energy Sources:
The DECADES Project", CAN/CNS Annual Conference, 9-12 June 1996, Fredericton,
New Brunswick, Canada

[10] Murougov, V.M., Juhn, P.-E., Vladu, I.F., Langlois, L.M., Stevens, G.H., Bertel, E.,
"Comparative Assessment of Nuclear Power and Other Electricity Generation Options:
Economic and Environmental Issues", International Symposium on Nuclear Energy
and the Environment, 14-18 October, Beijing, China

17


